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Abstract

DIFFERENTIAL EFPECTS OF HORPHINE OR CENTRAL HECHANISES
OF REWARD AS ASSESSED BY INTRACRANIAL SELP-STINULATIORN
by

frances Ruth Jackler

Advisor: Professor Solomon S. Steiner

The present study examined tvo hypotheses:
(1) that morphine, a high-abuse-liability drug, has a
facilitative effect on central ®revard® mechanisas
and (2) that morphine has differential effects within
the reward systex(s). The study consisted of two
experimsents. Each of the hypotheses was confirmed.

In the first experisment, rats implanted vwith
dorsal brainstea (DB) and hypothalamic (HYP)
electrodes bar-pressed for ICSS at tvo current
intensities at each electrode placement eight hours a
day during six days each of pre~drug saline, morphine
(2.5, 5.0, 7.5 or 0.0 mg/kg) and post-drug saline
conditions. Based upon Duncan a posteriori tests for
site x drug condition x day x hour interactioms, the
data for each electrode vere classified as displaying

®primarily® depressant effects, ®primarily®

iii



facilitative effects, a biphasic pattern or
®pegligible® effects. Thirteen electrodes ’ vere
classified as displaying a biphasic pattern and one
electrode vas classified as displaying ®prisarily®
facilitative effects; these results support the
hypothesis that morphine has facilitative effects on
central revard system(s) . Each electrode within eight
of the fourteen animals Treceived differential
classifications of morphine effect; in fact, during
the initial hours post—-injection tvo animals tested at
the 2.5 mg/kg dose displayed significant facilitations
at the BYP electrode while the DB electrode displayed
significant depressant effects. These results are in
support of the hypothesis that nwmorphine has
differential effects within central revard system(s).
In addition, most animals shoved differences in
pattetns‘in the time~course of effects at the two
electrodes. In several anismals, the DB electrode
seemed to react as though it had received a
functionally higher morphine dose than the
corresponding HYP electrode; the DB electrode
appeared comparatively more likely to show significant
depressant effects and less 1likely to Adisplay

facilitative effects.
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There vere several general trends as a result of
hour and day. Depressions tended to occur most often
during the first two hours post-injection while
facilitations tended to occur most often tvo to five
hours post-injection. In general, at those electrodes
displaying a biphasic pattern of effects,
facilitations initially appeared during the second or
thira day of morphine administration. Repeated
morphine adainistration appeared to modify tﬁe
temporal patterning of these effects: the duration of
depressions shortened and facilitations had an earlier
hour of onset. Tolerance to the depressant effects
vas  observed frequently and seemed to occur
occasionally to the facilitative effects. Sisilar
morphine effects vere generally seen at both current
intensity values vwithin each electrode. The highest
morphine dose (10.0 mg/kg) tended to elicit smore
depressant effects and the 1lover nmorphine doses
(particularly 5.0 ng/kg) tended to elicit more
signficant facilitations.

There appeared to be a tendency tovard a
depression in ICSS rates during post-drug saline
testing; this occurred primarily on the first day of

post-drug saline testing. By the fifth day of



post-drug saline testing, most electrodes displayed
rates vwhich vwvere not significantly adaifferent from
pre—drug saline testing. The d4rug effects on ICSS
rates vwere dissociated from those observed on other
behavioral measures and thus were not artifacts of
concoritant changes in activity levels.

Experiment 2 investigated the effects of 2.5, 5.0
and 10.0 mg/kg morphine on rate-intensity functions
from DB and HYP electrodes. ICSS testing began three
hours post-injection to maximize the 1likelihood of
eliciting facilitations at the 10.0 mg/kg dose. The
results indicated monophasic effects vithin electrode
placements; depressant effects were sosevhat more
likely to be displayed at the higher current inteasity
values tested vithin' an electrode. The highest
morphine dose (10.0 mg/kg) elicited only depressant
effects. Pacilitations occurred at omne electrode
tested at the 5.0 mg/kg dose. Although it was not
analyzed statistically, it appeared that DB electrodes
shoved more signficant effects than corresponding HYP

electrodes.
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Graph of 1CSS response rate by day by
74L - worphine (7.5 ma/kg) - DB
¢lectrode - high intensity (60 ud).
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Graph of 1CSS response rate by day by
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Graph of ICSS response rate by day by
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electrode - hioch intensity (35 uA).
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The underlying physiological mecnanisms by which
oriates asiter mood states have been a source of
inauiry over many years. The oriates are wvell known
for their analgesic properties as vell as £for their
psycholouical ettects (beaver, Wallenstein, Houde €
hogers, 1969; Be¢ecner, 1959),. Opiate users report
that the (<{rug rroduces a euphoria, a high, a feeling
of well-being (Haertzen, 1966; Koldb, 1925); +this is
belicved to he a reason why opiates are abused. These
subjective reports suggest that opiates have some
influence on limbic system structures, specifically
those involived 1in reiurorcerent. Studies on the
-phvsiology of motivation ané emotion (e.g., hunger,
thirst, sex, rage) and subsequently or reinforcement
have indicated that the physical substrates of these
helLaviors are 1limbic system pathways (Olds, 1977;
Yapez, 1937) . ~ Several studies, which have been
published sincz the present study was first designed,
have cemonstratec the er¥istence in the central nervous
system o0fZ opiate receptors, thc locations of which
parallel brain areas involved ir the reinforcement
systern () (Pert & Snvaer, 1973; Simon & Biller, 1978;
Stedn 5 telluzzi, 197&; uanl, Chillers & Snyder, 1978).

The DpIeSent sSeries of exreriments tested the



hypotreses that opiates affect the functioning of the
reinforcement <cystem(s) and that the actions of
opiates are site-specific.

With the discovery that rats will work to deliver
electrical stimulation to their braimns (0lds & Milner,
19%4) a technique emerged whica allowed direct
examination o«f ©pharwacologically induced alterations
in the reinforcement value of stimulating specific
neural sites. The nethod of intracranial
self-stirulation (ICSS) hacs been used to study the
so-calleac reward or pleasure center(s) (0lds & 0Olds,
1965). ICEE is a nmethoé that directly, although
artitficially, stimulates brain pathweays. The response
of the animal (bar press) 1leadés to a direct
stimulation of the area under the electrode (Ranck,
1975) . The animal controls the rate of stirmulation
(reinforcerent) for any given stimulation parameter
(€eQey wave torm, electrode placement, current
intensity) set by the experimenter; in additiom, in
certain  experimental desians the response of the
animal can modify the parameters of stimulation (e.g.,
threshold titration: Maurcus & Xornetsky, 1974; Stein
£ kuy, 1960; Toschel & Yinteman, 1966). Also, an

acdvantage of ICSS is that the investigator can adjust



parareters judiciously to elicit stable behavior
(i.e., self-stimuiation at a specified rate from
tiffercnt sites and/or at a rance of rates at several
current intensities within a site) and then to
superimpose one or more arugs to assess the effects on
this stable behavior.

ICSS ognas been used to test | directly the
reinforcine pronerties of rsychoactive drugs
(amphetarine: Eilman, Ackerrann, Zoduar, Jackler &
Steiner, 1976; Phillips & ¥Fibiger, 1973; Stein, 1964;
Wauquier & VYiewneueers, 1974:; barbiturates: Olds &
Travis, 1960: n1neuroleptics: Phillips, Brooke &
Pibicer, 197%; Stark, Turk, Kedman & Henderson, 1969;
rinor tranaquilizers: Oldgs & Travis, 1960; 0Olds, M.,
1966; Stark et al., 1969). 1f the opiates also affect
reinforcement behavior as measured by ICSS, then ICSS
may be & suitabie animal test rodel. Several
preychoactave druys have produced differential effects
at cifferent neuroanatomical sites within the
reinforcemrent <csysten(s) as measured by ICSS. Por
example, the d-isomer of amphetamsine is more active
tharn the 1l-isowser oI amphetamine at noradrenergic
sites, whereas the d- ana l-isomers are egually potent

at dovanineraic sites (Fhillips & VYibicer, 1973



£llman et 2l., 1976). The differential effects are
indicative of dilferent neurotransmitters present at
each site. Thus, ovriates aight also be expected to
have site-specific actions within the reinforcement
csysten (s) as measured by ICSS.

Morpkire, the opiate analgesic often administered
ir clinical situations, is also the drug most studied
in determining tne mechanisrs of action of the
oviates. MAlthough heroin is the oriate wost often
abused, it exerts its pharmacolooic actions in the
brain in the tormr of morphine, following hydrolysis of
the Leroin nolecule. The blood brain barrier tends to
impede the entiry oi morphine into the brain, while the
barrier is considerably less effective against heroine.
Tuus, the rate of entry to the brain and subsecuently
tue time to onset ot action in the brain of injected
heroin is earlier than that of injected morphine. As
a result, the effective dose of heroin is less than
that needed for morpkine (Jaffe & PMartin, 1975).
Thus, a probable cause of the high abuse of heroin
rather than morphine is the more rapid onset and
increased waanitudae of etfects wupon injection of
heroin. Tc study more efiiciently the mechanisms of
actior of opiates, it is of interest to study the

actions o morolLine qairectly.



The dual action hypothesis of morphine physical
dependence was rrovoseu by Tatum, Seevers and Collins
(1929) and states that (1) Jirect pharmacological
action of{ morphine produces both deyression and
stimulation in the central nervous system, (2) the
depression is Jjorinant, and even masks the stimulant
effects, during the early rphases of drug action and
(3) the stimulant effects are of lonocer duration than
the depressive c¢tfects and therefore, the later stages
of drug action are characterized by hyperexcitability.
These depressarnt and stimulant actions may be
indicative of differential rechanisms as well as
neuroanatorical sites of action of morphine. I1f the
behavioral biphasic nature of morphine is a reflection
of these sugygested dual effects of the drug within the
reinforcenent system(s), then chanrges that occur in
ICSS response rates might be a sensitive reflection of
the drug's eftects. Therefore, the ICSS technigue
micht serve as & tool with which to becin to identify
and diferentiate among neuroanatorical mechanisms and
sites of action.

when the present study was initiated, there were
three studies in whach the ceftfects ot morphine on ICSS

were tecteé. The results of two studies suaaested



site-specificity (0lds, 19%9; 0Olds & Travis, 1960) and
the results of the third study (Adams, Lorens &
Bitchell, 1972) demonstrated the time-dependent and
facilitative effects that were proposed by the dual
action hypothesais. As of January 1979, rore than
twenty additional studies have appeared in the
literature. Acute adwministration of high morphine
doses (yreater than or eoual to 20.0 mg/kg) produced
deprecssions in hvpothalamic (HYP) ICSS rates which
co-varied with hypoactivity (Glick, rarsanico,
Zimnerfserg & Charavp, 1973; lorens & "itchell, 1973;
warcus & lornetsky, 1974; Schaefer & Holtzman, 1977;
van der Kooy, Schiff & Steele, 1978; #auquier &
Niemegeers, 1976; Wauaquier, Niemeceers & Lal, 1974;
Zvartau, 1Y77). 1In contrast, acute administration of
lower morphine doses (0.3-15.0 no/kq) produced
biphasic cffects: initial ICSS rate depressions
followed by facilitations (Aaams, Lorens §& Mitchell,
1972; bozarth & Reid, 1977; bush, Push, Miller & Reid,
1976; Glick & Rapaport, 1974; Holtzrman, 1976; Kelley &
Reid, 1977; Liebman & Segal, 1977; Lorens, 1972, 1976;
Loreus & Mitchell, 1673; Maroli, Tsanc & Stutz, 1978;
®arcus & Kornmetsky, 14Y74; 0lés, M. 1676; 0lds &

Travis, 196 03 Oornpctein & Huston, 1977; Pert &



Hulserus, 197%; Schaeter & holtzman, 1977; Wauquier &
Niermegeers, 197¢). Tolerance develorved to morphine's
depressant effects uvon 1CSs responding, since
repeatcd adadwinistration of the same morphine dose
shortened the duration oi 1CSS depressions, vwhile
facilitating ICSS rates sooner (Bush et al., 1976;
click €& PRapavort, 1974; Lorens, 1976é; Lorens &
“itchell, 1973; Schaefer & Holtzman, 1977y .
Withdérawal from morvhine generally produced a return
to pre-drug HYP ICSS rates (Bush et al., 1976; Glick &
Rapaport, 1974; Lorens, 1976), although withdrawal
£rom hiogter moryhine douses (100-200 mg/ka) facilitated
ICSS rates (Glick et al., 1973).

Another teature of morphine-induced changes in
1CSS respondinc is that these effects are
site-specific. Pollowing morphine administration
septal rlacements produced facilitations (0lds &
Travis, 1960) . Medial prefrontal cortex ICSS
rlacements supported earlier respounse rate

facilitations than did HYP JICSS ©placerents (Loremns,

1970) . Larger ICSs respousc rate facilitations
occurred followino nmorrhine injections at electrode
placerents more than 0.3 mre dorsal to the substantia

nigra, pars comituacta or more than 0.2 1mn lateral to



the ridline of cerntral gray than at placements
directly inpinging upon these resvective structures
(Liebman & Segal, 1977). The results of this latter
study parallel the difterential effects that d- and
l-amplietanine exert uvon these placements (Ackermann,
Steiner, Foduar, Spielman, Halperin & Ellman, in
press; Ellman, Ackermann, Ekoénar, Jackler & Steiner,
1975, 197¢; Phiilips & Fibicer, 1973). A study using
intracerebral morjihine injections reported that
ventral tegmental and HYP ICSS rates either increased
following posterior 4Y¥YP micro-injectious or exhibited
biphasic etfects following micro-injection in
intermediately-locatec areas (bBroekkamp, van den
pogaard, Heijuen, Rops, Cools & van Rossum, 1976) .
Thus, several studies have reported differential
ef{fects o rorphine ou 1CSS that seem to indicate
dose~ and site-specificity of action. Since both
fibers and neurons are activated during stimulation of
a braiu area, one cannot specifically infer whether
the drug is acting directly on those fibers and/or
neurons, or whether the effects are indirect. There
are sSeveral lines of information, such as labelling of
peurotrancmitters and mapping of receptor sites, which

cal. be correlated with the location of electrode tips



and the corresponuiing ICSS data to enable vpredictions
to be made about site-specificity of drug action.
However, even if opiate receptors are located in the
area of au electrode placement, the effects observed
canuot automatically be assumed to he due to direct
activation o0f those receptors because behavior does
not reside within a particular neuroanatomical
structure. We are dealing with a whole animal; there
appear to be several systems of pathways within the
brain, and cystems interact with one another.
However, the law of parsimony would suggest that if
difterences 1in drug effect on ICSS are noted among
different electrode placements, then drug actions are
directly or indirectly affecting those sites and
subsecuently onc¢ or pore neuroanatomical systees,
differently.

The resulte of several studies testing the
etfects of psychoactive druqs on JICSS suggest a
neurochemical basis of action, i.e., drugs affect
neurokumorai transmitter substances (0lds, J., 1961:
Foschel & Finteman, 1963; Stein, 1964). Certain drugs
clearly exhibit differential effects on
Scil=~ctimuietion at different loci. Por example, the

a- and 1l-isomers of amphetamine are approximately



ecually potent in iacilitatino resvonse rates from the
substantia nigra, wnile d-amphetamine is 7 to 10 times
more potent than l-amphetarine in facilitating
hypothalawic self-stimulation (Phillips & Fibiger,
1973; Ellsan et al., 1976). This pharmacological
differentiation has been correlated with the
édistribution of catecholamineryic peurotransmitters.
Uugerstedt (1971) has found the substantia nigra to be
prirarily doraminerqic and the lateral hypothalarus to
be innervateé by noradrenergic fibers.

At the time this study wvas bequn numerous
attenpts vere being made to correlate the
pharmacoloagical effects of morphine with several known
neurotransmitter substances, particularly
norepinephrine, dopamine, serotonin and acetylcholine.
Shortly thereafiter Pert & Snyder (1973) reported that
there are opiate receptors in the brain and that these
receptors appear to parallel the distribution of
acetylcholine TecCcptors. Two years later Hughes
(1975) demonstrated the existence of an endogenous
oviate-like substance. It is nowvw clear that there are
several encogenous opiate systems within the brain and
pituitary ané that morphine exerts many of its primary

effects witnin these systems; however, recent evidence
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still suagests that some behavioral effects noted are
due to interactions of the endoocenous opiate-like
system(s) with one or more other neurotransritter
systenmns.

In the present study, corsal brainstem (DE) and
HYP ICSS sites were selected because of their
suggested involvewent in opiate-mediated Dbebhavior.
both sites support stimulation-produced analdgesia
(talagura & Kalrk, 1973; Mayer & Lliebeskind, 1974;
®aver, Wolfle, Rkkil, Carder & Liebeskiné, 1971; Rose,
1974; Segal & Sanagberg, 1977), but differ in other
respects. Ds ICES sites possess high densities of
opiate receptors while BYP ICSS sites possess moderate
deusities of opiate receptors (Atweh & Kuhar, 1977b;
Hiller, Pearson & Simon, 1973; FKuhar, Pert & Snyder,
1973; Pert, Xuhur & Snycder, 1976). Differences in the
sensitivity to the opiate antagonist naloxone have
been Geronstrated between these sites. 1In a study
usine a separate groups design, electrodes in the DB
(locus coeruleus) were more sensitive to naloxone®s
suppressaut effect on 1ICSS rates than those in the HYP
(Stein & belluzzi, 1978). The present study enables
us to determine waether +t1hese sites also react

differentially to roryphine. In addition, our

11



multiple-irplant desian enables us to examine the
issue of whether any nrorphine effects are a result of
site-specificity of opiate action as opposed to
individual dif:ierences amongq animals in their
sensitivities to the Gruge.

The primary purpose of the proposed series of
experiwents was to stucy the ouestion of whether
morphine ¢ifferentially affects the positive
reintorcezent systerns. Morphine ray have a
facilitative as well as a depressant effect on ICSS
response rates. These two effects may reflect the
time course of action of morrhine; i.e., morphine may
initially cause a depression on the central nervous
systen, which is then followed by a ‘*rebound’
facilitation. On the other hand, these effects may
reflect site specitic actions of nmrorphine on the
central nervous svsten; i.e., porphine nay
differentially affect discrete neurcanatomical sites,
tacilitating the actions of certain areas of the
central rnervous system while depressing the actions of
others. It is also possible that mornhine might act
on the central nervous syster by a corbination of
these two mechanises; 1.e., morrhine way exhibit

cifferences in tise ccurse of its depressant and/or

12



facilitative effects witLin discrete neuroanatomical
sites.

The main experiment (FExperiment 1) investigated
both the possibility of neurocanatomical specificity as
vell as time course of action of morphine within the
*reward? system (s) as measured by intracranial
seli-stimulation (ICSS). Two bipolar electrodes were
implanteé within each animal; each electrode was aimed
at a discrete and distant neurocaratomical site. The
time course of the effects of morrhine on ICSS rates
of respondédinac at each of the 1two electrode sites
witnin an animal was exarminea for eight hours
following injection.

Experiment 2 was Gesigned to ascertain the
effects of worphine on ICSS rate-intensity functions
obtained from +two different electrode sites within
each animal and serves as an adjunct to the first
experiment. The (£first experiment was designed to
ascertain time coursc etfects of morphine, and
therefore repeatedly measured the effects of morphine
on 1CSS elicited by a laimited number of current
inrtensities from eacl clectrode site. The effects on
ICSS of many crugs, however, are often best detected

by a rarge of stimulation parancters. Manipulating
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current level yields a ‘'rate-intensity' function. The
effects ot the urua on response rates are compared to

saline at each ot the current intensity values.
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Experiment 1: The effects of rorphine on 1ICSS
Rationale

This experiment examines tvo hypotheses:
(1) NDoes morphine, a high-abuse-liability drug, have a
facilitative effect on central “reward" mechanisas?
anad (2) Does morphine, as other hich-abuse-liability
drugs, aifect some "reward®™ areas in a manner
different from the way it affects other "reward®
areas? In other vords, does morphine have
site-specific eifects within the revard system?

There is evidence which suggested that different
electrode sites yielding similar behavioral effects
upon stimulation may have differential drug
sensitivities (illman et al., 1970; Phillips &
Pibiger, 1973). Reports of the acute effects of
morrhine on selr-stirulation suggested that the
effects differ as & function of site of stimulation
(0lds & Travis, 1960). However, Treports of the
chronic effects of nmorphine on self-stisulation
sucgested that the variability within a subject at an
electroce site may be dGue to initial depressant
ef{ects of rorpkine to which tolerance may develop

(Adams et al., 1972).
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1t was docided that the effects of repeated
administration of morptine on self-stimulation tested
for several hours adaily at tvo different electrode
placements within an animal would be studied. This
testing procedure allowed for a time course of the
effects of a single administration of the drug to be
assessed each day at each electrode placement.

As an additional index of the drug'’s effects,
observations of cemeral activity were made both during
saline baseline tests as well as during morphine
teste. morphine is known to have general depressant
effects on behavior, e.a., increased pain threshold
and respiratory derression (Jaffe & Martin, 1975). 1In
cats and rats, stimulart effects have been reported,
€.9., increases in stcreotyped behavior (kElasig, et
al., 1973). Keports of hurar opiate addicts suggested
that there are e¢ffects opposite to the devressant
effects: liese ettects are commonly referred to as a
"rush®", or a "“euphoria"“ (Jaffe, 1975). PFacilitative
ciftects of mnmnorpvhine on ICSS behavior have been
reported in the rat (Adams et al., 1972; Liebman &
Segal, 1977; Liorens, 1976). These facilitative
effects on ICty behavior may be accounted for by

either a general stimulant effect on behavior or may
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be a result of specific actions of morphine within
revara sites. Thercfore, in an effort to determine
vhether a facilitation in ICSS behavior correlated
with an increase in general activity levels (i.e.,
increased rmotor output), observations of general
activity levels were made (see below).

Examining 1CSS behavior obtained fromz two distant
anéd discrete central reward sites within an animal
provides a control in the determination of the
specificity of fucilitative effects of nmorphine. If
tue facilitative e¢ffecis vwere nonspecific, both sites
within ap animal woulda evidence a facilitation in
response rates. The behavioral watches allowed me to
ansver the gquestion: Do individual rats show
facilitations in all behaviors, including ICSS
benavior, or 1is a facilitation evidenced in ICSS
behavior specific within the reward system(s)?

Another advantagce ot nultiple implantations
within an animel is that of creatly reducing
subject-speciiic variability in comparisons between
different electrode placements. Each animal vas
tested at both electrode nlacements; general behavior
was observeé auring vure-druwo saline, wmorphine and

post-aru? saline concitions. 1In efiect, each animal
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served as its own control in the experiment; the
treatment of each aaditional animal served as a
replication of the experiment.

dethod

Subijects. Twenty-six male albino rats
(Holtzpan Sprague-bawley) weighing 350-515 grams at
the time of operation were used. BAll animals wvere
houseé indéividually aué maintaineé on an ad libitum
food and water schedule.

Surgery. Animals vere anesthetized wi th
Fouitlesin (Jensen, 2 al/ky, i.p.). Bipolar stainless
steel electrodes (Plastic Products,
M$-303-.018-,312~-55-.010), completely insulated except
at the tips, were implanted usino a Kopf stereotaxic
instrurent. A1l animals were implanted with two
bipular rairs of electroces; one electrode vpair was
aimed &t the lateral hypothalamus (HYF), the other vas
aimed at the dorsal brainstex (PB) in the area of the
rostrzl lucus coeruleus. The coordinates tfor the
stereotaxic placements 0of these electrodes vwere
modifications of those of Zeman & IJInnes (1963), De
Groct (1$59) &nd Xonic ana Klivpel (19¢3). 1In these
modificatiorns, the lambCa and bregma suture 1lines

served as points of reference for the derivation of
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stereotaxic coordinates. Setting the incisor bar at
-£.0 rr lowered the angle of the rat's head in the
stercotaxic instrument and thereby allowed parallel
implantation of Dboth bipolar electrode pairs, while
avoiding the puacture of the transverse sinus during
the implantation of the locus coeruleus electrode.
The coordirates for the lateral hypothalamus implants
vere: 0.3 mm anterior to the miédroint between lambda
pcint and breoma, 1.5 mm lateral to the mid-sagittal
suture, anrnd 8.7 mm ventral ¢to the surface of the
skull. The locus coeruleus coordinates vere 0.3 mm
posterior to lambda line, 1.0 mm lateral to the
-mia-sagittal suture, and 7.0 mm ventral to the surface
of the skull. Lambda 1line was a hypothetical
transverse line determined in relation to lambda point
(see Figure 1). Lambda point was that point where the
occivital bLones meet the mid-sagittal suture. Three
stainless steel cortical screws were attached to the
skull. These screws serve as anckors to hold a cap of
dental acrylic to “the skull. The dental acrylic
formed a solid, immobile bond with the plastic caps of
the electrodes.

Alparatus. Animals were trainec¢ to press a bar

for electricali stiwulation delivered to each electroae
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site. intracranial self-stimulation (ICSS) tests were
run in a vlexigiass operant chambher (20 cm x 20 ocm x
22 cm). A Tretructable dar (4 cm x 2 cw, Scientific
Prototype), located 4 cm above a grid floor, protruded
into the chamber. Depression of this bar activated a
rmicroswitch. The number of bar presses per minute was
automatically recorded by solid state and
electro-mechanical programming eauipment; rate of
response was the (Jdopendent variable. Lach resyponse
was reinforced with a 2% msec train of 60 Hz,
siuusocidal wave stimulation to one bipolar electrode
placement on a continuous reinforcement schedule.
Stimulus intensity, measured in microamperes, wvas
under the cortrol of the experirmenter and varied
according to the demands of the experiment. Current
aprlied to the tip of the electrode served as the
reinfcrcineg staimulus (hanck, 1975). Wave form and
stimulus intensity were continuously monitored bf
observing the voltage drop across a 100 ohm resistor
in series with each bipolar elctrode on a differential
input Hewlitt Fackard #1200-E cathode ray
oscilloscore. Each pair of the aniralts bipolar
electrodes was separately isolated <Zrom both ground

anéd from the other electrode pair.
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Preliminary testing. Fourteen days after suraery

each animal was tested to determine if electrical
stirulation of the two electrode sites would serve as
a reintorcer for tne bar-press response. Animals vere
shaped by the method of successive approximations at
several intensities from 15-250 microamperes (ud)
during @daily ninety-minute sessions. Training began
with the HYP clectrode. The process was then repeated
for the Db electroce. Arimals were shaped at several
current intensities at eacn electrode placement for a
winimum of 15 cays. A stringent criterion for
inclusion was erplioyed ip this stucdy. Rates produced
{ror both electroae vlacements had to exceed ten
responses per minute on three consecutive dJdaily
testing sessions. Twenty of the 28 rats tested wet
this criterion. The eight animals not meeting this
criterion were sacrificed.

Yrocedure. Two current intensities were chosen
for each electrode placerment and were tested daily for
eight consecutive hourly sessions. Initially there
were to be six hours ot testino cach day; however, the
data of the first aninal (378) indicated that a longer
Gaily testing schedule was requireéd to ontimize the

likelihood of elicitine tacilitatione in ICSS rates,
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especially following the hich dose (10.0 ma/kq).
Therefore, all otaer animals were tested for eight
hourly testing sessions per day. Each hourly session
consisted of four 7-min ICSS periods in which the data
irom the last five rinutes constituted the dependent
variable. To miniwmize stigulus carry-over effects,
the first two minutes of each seven-rinute period were
not included in the data analysis. Changes in current
iutensity occurred cdurinc one-minute periods between
successive seven-ninute periods. Durinmg anb hourly
test the bar was available to the animal for
28-pinutes: four seven-minute periods, each period
separated by one minute durinc which the bar wvas
retractel vhile site and stimulus current values were
changec. buriug the remainder of the hour, the bar
vas retracted. Thus the bar was unavailable 32
minutes ol each hour. Animals wvere oiven priming
stimulation i£ they dicd not initiate responding during
the first minute of each seven-minute period.

The basic desian of the study presupposed that
saline baseline response rates at an clectrode

placement renained cstabhle throughout the experiment.

=z

egative contrast eifects are particularly evident in

paradigms that sawmprle ICSS resvonse rates at more than
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one stamulus intensity (Trowill, Panksepp & Gandelman,
19€9), particularly when druag effects interact with
current efiects (Maroli, Tsang & Stutz, 1978: Steiner
& Stokely, 1973). Pour rrocedures were implemented to
control for these effects: (1) treating the first two
minuies of each seven minute period separately, (2)
usinc a low current intensity which elicited
supra-taresnold, rather than threshold, response
rates, (3) preseuting the two current intensities in
ascendina order, aund (4) presenting the electrode
vlacenent which sunvortea lover peak ICSS rates tirst.

rilot gata Jenonstrated that if the low
inteunsity value wvwas that which elicited threshold
rates of respounding, that the animal extinguished ICSS
behavior both within and across days at this intensity
value: i.e., the animal would self-stimulate only at
the hioher intemnsity value. However, vhen the animal
vas ¢iven unb intensity value which elicited response
rates between threshold and peak, the aniemal would
consistently respond at both intensity values.
Therefore, although it may have been desirable to
obtain information svecifically ahbout morphine effects
on taresholu iCss behavior, a compromise wvas

necescitated because of the experinental design since
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the animals were each tested for long periods of time.
Thus, one current intensity within each electrode
placement supported ICSS rates which vere above
operant levels but below peak rates (Lthe low intensity
value) and the secoud current intensity yielded peak
ICSS rates (the hich intensity value).
kelated to this, results of pilot experiments

indicatef that more counsistent ICSS rates within and
across days wegre obtainea within each test session
whken the low intensitv values were rresented prior to
the hich inteusity values, particularly when the ™less
preferred® site (i.e., the site which elicited lover
responsc rates at the high intensity) started the
session. In adcéition to rrelirminary testina sessions,
each animal wvas tested vwith a particular sequence of
site uand current intensities at least 144 times (six
days each of Lrre-drug saline, drug and post-drug
saline for eight sessions per day). Within a few days
animals were not only observed to position themselves
at the bar Jjust prior to its return following the
one-minute time-outs, but also at the bcginning of
€acCh test sessioh, 1i.e., following a 28-minute
time-ovt. Lnimuls approachked the "bar“® before any

¢lectro-mechanical switches were activated and,
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theretore, without anv external viesible orxr audible
signals. Thus, the anirals, cue to the regularity of
the testing procedure, "learned"™ when the bar would
enter tle box and, apparently, the order of
presentation of sites/intensity stiruli. During the
pilot study when presentation of 1low and high
intensities were alternated within a site, e.q.,
Db-low, Dv-Ligh, H2YP-low, HYP-high, animals would not
approach the lar, nor once activated could they be
shaped to the bar. In anthrovomorphic terms, the
animals coxparea the "reward values"™ of the stirmuli
and, once the presentaticl <sequence was "learned®,
would "choose™ when to work. This frequently occurs
in a descending rate—-intensity function and is called
the "little-pig" effect. Thus, due to the apparent
iearning of the testing sequence, the "little-pig"™
effect necessitated, not only the use of an
above-threshold current intensity for the low
intensity value, bat also necessitated the order of
presentatior of intensities and sites within each
animal. Thus for each animal, the electrode placement
which surportec 1lower peak ICSS rates was tested
durinc the first anc thira vperiods, while the

electrode placement which supporteé higher peak ICSS
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rates was tested during the second and fourth periods.
The lower current intensity selected for each
electrode placement vas tested during the first two
periods, while the higher currernt intensity for each
clectrode placement wvas tested during the second two
periods of each hourly session. PFor example, if an
animal respondec less for stimulation at the peak
intensity value at the Db electrodéce than at the HYP
electrode, then each hourly test for this animal wvas
as follovws: DE-iow intensity; HYP-low intensity;
DE-hion intensity; HYP-hiah intensity.

Six anirals were eliminated from the experiment
éduring tle preliminary 6-hr testing sessions. Pour
animals either lost their electrode assemblies or
died. One animal extinguished ICSS responding for
both electrode placements hy the fourth session of
each dey. One aniral became +too active to handle.
Fourteen animals entered the drug testing procedure.

when ICSS responding over daily and hourly
‘sessions stabilized, each auimal entered an eighteen
dav testing sequence, consisting of six days of saline
paseline, six duys of rorphine adrinistration, and six
days of saline witudrawal. Fach day, five minutes

prior to the seccona 1CSS test session, either saline
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or morthine was injected (1 ml/kg, s.c.). PFach aniral
was then testea over the seven subsequert consecutive
hours (vost-injection hours 1-7). The first test
session o0f the day corresponded to twenty-four hours
folloving an injection administered on the previous
dey (rost-injection hour 24). Four édifferent doses of
morphine, solubilized in 0.9% normal saline, vere
utilizeéd in the study: 2.5, £.0, 7.5 and 10.0 wmg/kg
(neasured as tlhe salt). Each arimal vwas tested with
one anag only one dose aduring the six drug days. T he
2.5, 5.0 anéd 10.0 rg/ke mnorphine doses were each
tested in four rats; the 7.5 mg/kg morphine dose was
tested ir two rats.

To monitor drug effects upon other opiate-related
behaviors, three daily behavioral watches, each of
5-min duration, were conducted imnediatelv prior to
the rre-injection (24th-hr), 1st-hr post-injection and
S£th-hr post-injection 1Css sessions. Locomotor
activity (determined by the number of traverses across
the grid floor subuivided into 5 cm x S cm squares),
wet shakes, shudders, and rearings wvwere counted for
the 5-min perioce, while instances of aeneral behavior,
such as gyroorming/snitfing, masticating, and

sterecotyped biting/licking of the crid floor were also
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noted. In addition, a 1-ain observation was made
immediately prior to the other \ICSS sessions to
observe whether -stereotyped biting/licking behavior
occurred.

1hLe behavioral wvatches also served as
an additional measure to verify that a drug had been
administereé properlye. Occasionally the full dose
and/or volure of @& druc was not aiven. The
experimernter notea this at the tire of injection,
e.0., "the rat strucgled when injected and an
indeterminate amount of druy entered the animal."
Morphine's effects on veneral behavior are consistent
{(tlasic et al., 1973). 0f tje experimenter believed,
at the tire of injection, that an incorrect dose of
morphine hLad been given to an animal and if the
behavioral data were aberrant aund, therefore,
corroborated this belief, then, and only then, vere a
day's c¢ata (plus the aata tor the followino drug day)
not incluced in tne data analysis.

Nistology. Pollowing completion of the
experiment(s), eacnh animal was overdosed with
Louithesin (2 ml, i.p.) ané perfused@ intracardially
with & 9% saiine solution followed by a 10% formalin

solution. The aninal was then cecapitated, and its
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brain rermoveé and storec in a 10% {formalin solution.
The brain was frozen and sectioned at 40 microns on a
Spencer £60 microtome. The sections containing
clectrode tracts were collecteé and stored in 10%
tormalin for at leust three days, before being mounted
on glass slices and stained with luxol fast blue and
cresylviolet according to the method of Kluver and
barrera (1953). Electrode 1locus was determined by
microscepic examination of the sections by two raters
uninformed as to tune behavioral results.

Data_analvsis of ICSS_response rates. Data for

each arimal were analyzec¢ independently by means of an
aLulysis of variance, repeated nmeasures design, on
five faciors (5-way ANOVE). The derendent variable
was the number of responses per minute (R). To
norralize the cdistribution of the data, 0.5 was added
t¢ each value of the dependent variable and a
square-root transforr was perforred (sq. rt. (R ¢
0.5)). The factor "ninute® (number of
responses/minute) served as the error term for testing
the five main effects and their interactions. The
five main factors wele site, dreg condition,
intencity, day ard hour. Site consisted ot two croups

(bb and 1Y¥F); crug concition (drugconéd) consisted of
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three groups (pre-drvc saline, morphine and post-drug
saline); intensaty (intensty) consisted of two groups
(iow current intensity and Ligh current intensity);
day counsisted of siz gyroups (six days/drug condition):
hour consisted of eight dgrouos (eight hourly test
sessions daily, with the exception ot animal 37,
which was tested six hourly test sessions daily).\
runcan a posteriori tests were performed on the
main effect o! site, tre site x drugcond interactiosn,
the site x druccond x intensity interaction, as well
as on the site x drugcond x day x hour interaction (o

level = .01). The a posteriori comparison of the main

effect o1 site shows whether, collapsed over all
factors, resoonse rates elicited at each electrode
placement within an animal differed significantly. It
was telt that the contribution ol the main effects of
drug condition, intensity, day and hour would be best
explored via the Duncan a posteriori tests of the site
x drucconéd, site x druacond x intensity and site x
drugcond x Gay x hour interactions.

The Duncan a posteriori test of the site x
drugcond interactions enableé us to classitfy each
c¢lectrode rlacement into an overall pattern of

morphine effect. 1his wculc inJicate whether morphine
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diffcrentially affected each electrode within an
animal (collapsing over inteunsity, day and hour).

The Duncan a posteriori tects of the site x

drugcond x intensity interactions enabled us to
determine if morphine sigaificantly affected each
intensity similarly within a site, collapsina across
davs ané hours.

The Duncan a posteriori tests of the site 1

drugcond x day x hour interactions enabled us to (1)
study the timc course orf drug e¢ffects, both within a
Cay as weli as across days of each electrode placenent
and (2) make descriptive corparisons of the tiwe
course of mporphine's eftects on ICSS rates at each

electrode placement within an animal.
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Besults

Yigures 3 and 8 are schematic representations of
the electrode placements for the rats which completed
Experisent 1. Table 1 presents the histological
location of each electrode placement. The 2.5, 5.0
and 10.0 m/kg morphine doses were each tested in four
doubly-inplanted rats; the 7.5 mg/kg morphine dose vas
tested in tvo doubly-implanted rats. Bach rat
received repeated administration of one wmorphine dose.

The HYP electrode placements were localized
primarily in the area of the lateral hypothalamus,
vith some electrode placesents impinging laterally om
the crus cerebri amnd other electrode placesments
bordering medially on the medial hypothalamic nuclei.
One HYP electrode (37E) vas localized in the posterior
hypothalamic nucleus. Host of the DB electrodes vere
localized in or near the locus coeruleus nucleus or
anteriorlly along its wmajor efferent, the dorsal
noradrenergic bundle (PNB). One DB electrode (8G) was
localized as impinging upon the mesencephalic V¥
nucleus and another DB electrode (58F) was localized
as impinging upon the medial longitudinal fasciculus

(MLF) .
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Table 2 presents a summary of the results of the
overall S-way ANOVA procedure. For each anisal, the
significance level of the overall F-statistic vas
-0001. K-square source is an expression of the
variance accounted for by the five factors and the
interaction terss. The lowest R—-square value vas 0.57
and the highest value was 0.98. Thus, for each arieal
the <{actors site, drugcond, intemnsity, day, hour ard
tteir interactions accounted for more than 0 percent
of the variation in thke dependent variable.

Tables 3-16 present the results of the complete
S-way ANOVYA proceéure for each individuval anireal.
Table 17 presents the R-square value for the five
factors and the interaction terms <for each animal.
The rmain effect of site was significant at the .0001
level in thirteen of fourteen animals; the p-level of
the fourteenth animal (86F) vwvas .0762. Table 18
presents the results of the Duncan a posteriori tests
for tre main effect of site, cocllavsing over all other
factors. In 10 amnimals, the DB electrode elicited
sigrificantly lover rates than the HYP electrode,
vhile in three anisals, the DB electrode elicited
significantly higher rates (animals 37P, 58F, 21C); in

the fourteenth animal (86F) the DE electrode elicited
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rates higher than the BYP electrode, hovever the
difference failed to reach significance. Although the
P-value of the main effect of site is independent of
all other factors and interactions, the a posteriori
test of the main effect of site collapse the data
across all other factors, and presents sosevhat
different results than if pre~drug saline rates are
looked at independently. Table 19 presents the data
for pre-~druq saline, collapsing over intemnsity, day
and thour. Although the differences vere not measured
statistically, the mean response rate for the DB
electrode was 1lower than for the corresponding HYP
electrode in 12 animals (exceptions: 37¢ and 58¥F):
tte Bmaximal response rate for the DB electrode was
lover than for the corresponding FYP electrode in 13
animals (exception: 37E); and the standard error of
the w»ean vwas smaller for the DB than for the
correspondiﬁq HYP electrode in all fourteen anirals.
A point of possible irportance when iuterpfeting the
results is that the HYP electrode of animal 37E,
uclike any of the other thirteen animals, vas
localized within the posterior hypothalamic nucleus.
Thus, vwhen the data are collapsed across

intensity, it appears that dﬁrinq the pre-drug saline
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condition DB electrodes generally elicited lover mean
and maximdl response rates and a ssaller degree of
variability than the correspondina HYP electrodes. To
further explore this, Duncan a posteriori tests vere
perforred comparing the mean response rate for
pre-drug saline elicited by the highk current intensity
values at each site for every animal (see Tables
20-21). The difference between rates elicited at each
site was significant for all fourteen animals; twvelve
animals had a significantly greater rean response rate
for the HYP electrode than for the corresponding DB
electrode and in tvo animals (37t and 86F) the DB
electrode elicited a significantly higher  nmean
response rate.

The rain effect of intensity was significant at
the .0001 level in 13 of the 14 animals; the p-level
for the 148tk animal (37E) was .0784. Tables 20 and 21
are summaries of the response rates of each intensity
at each site during pre-drug saline condition for each
animal. Although not statistically tested, several
other within-animal trends may be noted. Animal 37,
the only animal in which the main effect of intensity
ics not significant, had similar wmean and maximal

response rates at both the 1low and high curreat
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intensities within each site during pre~drug saline.
As can be seen in Tables 20 and 21, other animals also
displayed similar pre-drug saline response rates (mean
or maximal) at both the intensity values within an
electrode; howvever, such instances generally occurred
at only one site vithin an anisal, and more often at
the DB electrode. 2lso, in several instances, a
higher waximal response rate (bhut not mean response
rate), as well as a larger standard error of the mean,
vere displayed fros the lower current value tested
vithin an electrode placement.

The main effect of drng condition was significant
at the .0001 level in all animals. The main effect of
day had a significant P-value, at p-level < .01 in 13
of the 14 animals (exception: 86F). The main effect
of hour vas significant at the .0001 1level for all
fourteen animals.

The Duncan a posteriori tests wvere performed on
the site x drugcond interactions and the results are
summarized in Table 22. The F-value of the site x
drugcond interaction vas significant in 12 of the W
animals at p-level < .0001. 1In agreement with the
initial hypotheses that wsorphine has interactive

effects wvithin sites of reinforcerent, the site x drug
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condition interaction reached significance (=< = .01)
in twelve of 1 animals; two animals alrost reached
significance (animal 58P, p=.05; animal 76F, p=.10).
The results of the Duncan tests of the site x
drugcond interaction, which collapses the data over
day, hour and intensity, indicated that both electrode
placements within nine apinals shoved similar drug
effects: seven animals had a significanmt depressant
effect of morphine at both electrode placesents, one
animal (215) had a significant facilitative effect of
sorphine at both electrode placerents and one animal
(96) failed to show a significant site x darugcond
interactive effect at either the DB or RYP electrode.
Yive animals shoved differences in the site x drugcond
interactions. One animal (78E) shoved a significant
depressant effect at the DB electrode, vhile the site
x drugcond interaction for the HYP electrode failed
to reach significance. Two animals shoved a
significant facilitative effect at one electrode
placerent (86 - DB, 36 -~ HYP) while the site x
drugcond interaction effect for pre-drua saline and
morphine failed to reach significance at the second
electrode vlacement. The tvwo other animals (88F and

B6F, both tested at 2.5 ®»g/kg wmorphine) had a
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significant depressant DB x nmorphine interaction
effect vith a concoaitant significant facilitative HYP
x vworphine interaction. 2Although the comparisons of
morphine effect at each site cannot be tested directly
statistically within the context of the present
experisent, the data of animals 84F and 86F most
clearly support the initial hypothesis that w=orphine
differentially affects brain reinforcement sites.

The nature of the similarities and differences in
drug effect bhetwveen electrode placements vwithin each
animal is explored in greater detail via Duncan a
posteriori tests on the site x drugcond x day x hour
interactions (see below).

To test statistically the interactive effects of
electrode placement, rorphine and current intensity,
Duncan a posteriori tests were performed on the site x
drugcond x intemsity interactions. Table 23 presents
the results of these tests. The F-value of the site x
drugcond x intensity interaction was significast in 11
of the 18 animals at p-level < .01; animal 74F had
p-level < .02 and animals 66F and B&PF had p-level <
«05. The Duncan a posteriori tests (oK = 0N
indicated that within the DB electrodes, 11 of 1§

animals shoved effects in the same direction at both
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intensities; nine animals shoved depressions and two
animals shoved facilitatioms in rates. The DB
electrodes of the other three animals (3G, 186 and 96G)
shoved significant depressions at the lov intensity
value, vhile the high intemnsity value failed to shov a
significant difference in ICSS rates. Within the B8HYP
electrode placements, eight of the fourteen animals
shoved effects in the sawme direction at  Dboth
intensities; four anisals showed significant
depressions, tvo anisals (at 2.5 w»g/kg morphine)
shoved significant facilitations and tvo animals
(75P-7.5 mag/kg: 216-5.0 mg/kg morphine) failed to show
an overall significant effect of drug at either
intensity. Of the six HYP electrodes which showved
differences in morphine effect in the drug x site x
intensity interaction, three shoved significant
effects at only one intensity value; three animals
(98F, 186 and 9G) showed a significant depressant
effect at one intemsity value and a significant
facilitative effect at the second intensity value.

In summary, based upon the Duncan tests on the
site x druvgcond x intemsity interactions, 19 of 28
electrode Placements displayed similar wmorphine

effects at both the lov and high current intensity
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values tested. Only three of the remaining nine
electrode placements had significant site x wmorphine
interactions in opposite directions at each intensity
value. These apparent discrepancies in morphine
effect at the two intemsities vithin an electrode
placement are discussed 1later in more detail.
Bowever, at this point I wvould like to mention that
certain effects may tend to cancel out when collapsing
data across factors in perforeing the Duncan a
pesteriori tests. Por instance, the HYP electrode of
animal 78r failed to shov a significant effect on the
site x dérugcond x intensity interaction Duncan a
posteriori tests; howvever, if the data are examined by
hour, it can be seen that both intensities responded
similarly to morphine administration: response rates
initially below and then above the SeCela of
morphine, i.e., a biphasic effect. The site x
drugcond x day x hour interaction a posteriori tests
confirs that morphine had a biphasic effect by hour
across days (see Table 33; Pigures 23-28). Thus, the
Duncan tests of the site x drugcond x intemsity
interactions indicate that gemnerally morphine affects
both intensities im a similar fashion, while Duncan
tests of the site x drugcond x day x hour elaborate

further on the ¢ffects within and across days.
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Tables 23-51 present the results of the Duncan a
posteriori tests (< = .01) for the site x drugcond x
day x hour interaction effects. The results of these
tests are discussed in conjunction vith Pigures 5-130.
The site x drugcond x day x hour Duncan a posteriori
tests do not directly test differences in magnitude of
morphine effects across days or hours, since all
comparisons are made between pairvise means of saline
and worphine response rates. However, certain trends
magnitude of effects are discernible fror the graphed
data. Pigures 5-60 present the ICSS data for pre-drug
saline, morphine and post-drug saline expressed as the
mean of the six days per drug condition. Pigures
61-116 present the 1CSS data for pre-drug salipne
expressed as the mean response rate over the six days;
and for nmorphine, expressed as the (1) mean of days
1-2, (2) mean of days 3-8 and (3) zean of days 5-6.

Pigures 117-130 present, for each animal, the
data for locomotor activity (as measured by the number
of box crossings for pre-drug saline, morphine and
post—drug saline) expressed as the mean of the six

days per drug condition. As previously noted for
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animals  B&P and 8er, there was evidence for
specificity of wmorphine action within the brain
reinforcement systea (s), as evidenced by differential
drug effects om ICSS rates at the two electrode
~ placesents vithin an animal. However, 1locosotor
activity served as an additional indicator of whether
morphine®s effects on ICSS behavior can be dissociated
from those on general behavior. At this point,
comparisons based upon visual inspection of the
graphed data vill be made. The data for locoaotor
behavior vere analyzed statistically by grouping
animals together by dose. The results of the grouped
apalysis are presented later.

Based upon the pattern of significant site x drug
x day x hour interactions during hours 1-7 and days
16 (i.e., 42 comparisons), each electrode placement
vas given a classification for pattern of morphine
effects. The four possible patterns were (V)
®primarily® depressant, (2) *"primarily® facilitative,
(3) biphasic, i.e., both depressions and facilitations
in ICSS rates, and (8) *negligidble® effects. If

significant depressions and/or significant
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facilitations occurred in only twvo or fewer of the 82

possible comparisons (5% chance), then that effect was
regarded as negligible and the data vere classified as
though the two or fewver significant effects did not
occur. Por example, Table 25 presents the results of
the Duncan tests for the site x drugcond x day x hour
interaction for the BYP electrode of animal 37P. This
electrode meets the criteria for a classification of
shoving a "primarily® depressant effect since there
vere more than two significant depressions, but only
tvo significant facilitationms. Table 52 presents a
sumpary of the pattern classifications for each
electrode placement based on the site x drugcond x day
x hour Duncan tests. Table 53 presents a cosparison
of the morphine effect based on the results of the
site x drugcond Duncan tests vith the classification
received based on the site x drugcond x day x hour
Duncan tests.

The results of the analysis of the site x
drugcond x day x hour interactions for each animal are
presented for each rat, beginning with those animals

vhich received the highest morphine dose (10.0 mg/k9).
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Following repeated administration of 10.0 w»g/kg
morphine, animal 378 displayed depressions in ICSS
rates fros both intensities at both electrode
Placements (see Tables 28-25; Piqures 5-8 and 61-68).
In this animal, a "bad®™ shot was administered on what
vas to be the fifth day of wmorphine administration.
Therefore, the data <from that day as vell as the
folloving day vere not included vithin the analysis
and days labeled S and 6 were actually drug
administration days 7 and 8 (see HNethods section).
Although the Duncan tests for site x drug x day x hour
indicated tvo instances of significant facilitations,
viseal inspection oF Pigures 63-64 suggest that the
magnitnde of the facilitations vere not large. Both
the DB and HYP electrodes of this animal wet the
classification criteria of a “primarily”® depressant
pattern of morphine effects on ICSS rates. The site x
drugcond DPuncan tests had also indicated a depressant
effect of wmsorphine at each electrode placement.
Locomoctor activity vas within the range of the s.e.n.
of Fre—drug saline immediately after wmorphine
injection and 2b-hours post-—sorphine injection;
hovever, at S-hours post-morphine injection locomotor

activity was above the s.e.nm. of pre-drug saline.
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Although not tested statistically, the effects of
morphine on ICSS rates appear dissociated froa those
or locomotor activity.

Animal S8F received repeated adsinistration of
10.0 mg/kg morphine and displayed significant
depressions froa each electrode placement (see Tables
26-27; Pigqures 9-12 and 65-68). This animal also
received a "bad®™ shot. This occurred on wvhat was to
be the fourth day of wrorphine administrationg
therefore, the data <from that and the following day
vere not included within the analysis and days labeled
4,5 and 6 vere actually drug administration days 6,7
and 8 (see HNethods section; animals 37E and 58P
received the only known instances of “bad®™ shots).
The Duncan tests for the site x drugcond x interaction
had indicated that both electrode placements of these
animals had depressant effects on ICSS. Both the DB
and 9YP electrodes of animals 58P also wset the
criteria for the *®primarily"® depressant pattern of
norphine effects based upon the site x drugcond x day
x hour Duncan tests. The mean Tesponse rate for
sorphine davs 1-2 was somewhat belov those for the
later days during the first fewv hours post-injection

at both intensities of each electrode placement. The
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measure for locomotor activity during morphine
administration was within the s.e.m. of pre-drug
saline for each bebavioral wvatch post-injection.
Thus, it appears again that the effects of morphine on
general behavior did not reflect the effects of
morphine on ICSS behavior.

knimal 76PF also received repeated administration
of the 10.0 wg/kg dose of wporphine. The site x
drugcond Duncan tests indicated that both electrode
rplacements had depressed ICSS rates during msorphine
administration; hovever, visuval inspection of tbhe
graphed data indicate, and the site x drugcond x day x
hour Duncan tests confira, that bDoth electrode
placements displayed significant facilitatioms as well
as significant depressions over the eight hours
sampled (see Tables 28-29; Pigures 13-16 and 69-72).
The facilitations occurred primarily on the
fourtt-hour post-injection, with the first occurrence
on the sedond day of morphine adeinistration for both
sites. Figures 69-72 indicate that the magnitude of
the depressions was larger and the durations were
longer for morphine days 1-2 than for days 3-4 and
5-6. both electrode placements, therefore, met the

criteria for a biphasic patterm classification. The
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site x drugcond interactions indicated <that the
overall effects vithin each site vere depressant. The
site x drugcond x day x hour interactions indicated
that there vas a complex interaction of morphime with
day and hour. Somevhat fewver significant depressions
occurred over the six days. Both electrode placements
displayed instances of significant facilitations in
ICSS rates during morphine administration in the later
hours of most days. The graph of locosotor activity
(Pigure 119) shows that during morphine
administration, the animal moved slightly less
immediately following injection and moved slightly
more during the fifth-hour post-injection. Thus, the
initial depression in ICSS rates may be correlated
with the depression in locomotor activity immediately
post-injection. Locomotor activity vas not measured
during the fourth-hour post—injection, when most of
the significant facilitations in ICSS rates occurred.
Puring the fifth-hour post-injection, hovever,
locomotor activity was slightly above the s.e.m. of
pre~drug saline, at which time ICSS behavior vas
generally depressed or not significantly different
from pre-drug saline. Therefore, it is difficult to

deterxine to what extent the facilitations in ICSS
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behavior correlate vith morphine’s effects on general
behavior in this animal.

Animal 98P received repeated administration of
10.0 rg/kg morphine. The Duncan tests on the site x
d rugcond interactions showed that both electrode
placements had significant overall depressant effects.
The results of the site x drugcond x day x hour
interaction Duncan a posteriorj tests are presented in
Tables 30-31. In the Duncan tests of the site x
drugcond x day x hour interactions, the DB electrode
had several significant depressions in ICSS rates, but
only +twvo significant facilitatioms. Both Pigures
17-18 and 73-78 ipdicate that JICSS rates during
morphine administration vere generally above the
s.e.n. of pre-drug saline, primarily dauring the
tLird-hour post-injection, although these reached
statistical significance for only a total of twvo
instances within the context of the site x drugcond x
day x hour Duncan tests. Thus, based upon the
criteria described earlier, this electrode is
classified as having displayed a wprisarily®
depressant pattern of morphine effects. Although the
site x drugcond interaction for the HYP electrode

indicated that this electrode placerent bad an overall

88



depressant morphine effect, the site x drugcond x day
x hour Duncan tests shoved many instances of
facilitations as well as depressions in ICSS rates
during sorphine administration (see Table 31). This
electrode, therefore, meets the criteria for tbhe
classification of a biphasic pattern of wsorphine
effects. Pigures 19-20 and 75-76 indicate that the
facilitations occurred primarily at the lov intensity
value, as wvas also indicated statistically in the
Duncar a posteriori tests of the site x drugcond x
intensity interactions. The data for the HYP
electrode of this animal present a good example of the
importance of parceling out orthogonal interaction
effects. When the data are collapsed over intenmnsity
and day and hour (the site x drugcond interaction),
the a posteriori tests indicated a depressant effect
of morphine. When the data are collapsed across day
and hour (the site x drugcond x intensity
interaction), each intensity shoved opposite wmorphine
effects on 1ICSS response rates. When the day x hour
interactive effects are combined with these factors
(the site x drugcond x day x hour interaction) thereby
collapsing across intensity, the facilitative effects

of the lov intensity value are so strong that the



Duncan tests showed many instances of significant
facilitations. As vwith the other anisals that
received 10.0 =ng/kg morphine, the first tvo days of
morphine adsinistration elicited sosevhat lover
response rates than did days 3-8 or 56 during the
first fev hours post—injection. This morphine-induced
depression vaned during days 3-6, indicating
tolerance. The measures for locomotor activity during
morphine administration were belov the s.e.n. of
pre-drug saline immediately folloving injection, but
vere within the s.e.n. thereafter (see Pigure 120).
Thus, there is some indication of correlation of
depressant action on ICSS and general behavior
immediately following injection in this animsal;
hovever, the facilitations in ICSS rates seen 5-hours
post-injection appear to be dissociated froa the
effects of morphine on general behavior at that tise.
Aniwal 78E received repeated administration of
7.5 mg/kg morphine. The site x drugcond interaction
Puncan tests indicated that both electrode placerments
had significant depressant effects during morphine
administration. The DB electrode had several
significant depressions, but only two significant

facilitations in the site x drugcond x day x hour
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interaction Duncan tests (see Table 32). The data for
this electrode placement, therefore, met the criteria
for "primarily” depressant effects on ICSS rates. is
with animal 94F, graphs of the data (see Pigures 21-22
and 77-78) indicate that there were instances in which
ICSS rates during morphine adrinistration were above
the s.e.m. of pre-drug salime, primarily during the
fifth-hour post-injection for the lov intensity value
but during the fourth-hour post-injection for the high
intensity value. Thus, probably due to slight
difference in time-course of the facilitative effects
of morphine being reflected at both intemnsity values
the site x drugcond x day x hour interaction tests,
(vhich collapse across intensity) indicated only two
instances of significant facilitations. Although
displaying an overall depressant effect on the Duncan
tests of the site x drugcond interaction, the HYP
electrode met the criteria for a biphasic pattern of
morphine effects based on the Duncan tests for the
site x drugcond x day x hour interaction (see Table
33). Bost of the facilitations occurred during the
fourth- and fifth-hours post-injection (see Pigures
23-24 and 79-80) . The depressant effects were

slightly greater for ihe first two days of wmorphine

51



for the lov intensity value at both electrode
placerents. Locomotor activity during morphine
administration fell within the s.e.nm. of pre-drug
saline for all three behavioral watches, indicating a
dissociatiorn between morphinme®s effects on ICSS and
locomotor activity (see Figure 121).

Animal 4G also received repeated adsinistration
of 7.5 mg/kg morphine. The DB electrode displayed a
facilitative effect on the site x drugcond Duncan
tests and met the criteria for ®prisarily®
facilitative morphine effects based upon the site x
drugcond@ x day x hour interaction Duncan tests (see
Tabhle 34). The high intenmsity, hovever, dia
consistently display rates belov the s.e.m. of
pre-drug saline on the first-hour post-injection (see
Pigures 25-26 and 81-82); hovever, only the Duncan
test for the first-hour on the first day of of the
site x drugcond x day x hour interaction yielded a
significant depression im ICSS rates. Pacilitations.
occurred postly two to four bours post-injection. The
BYP electrode had failed to show a significant site x
drugcond interaction; howvever, the site x drugcond x
day 1 hour interaction Duncan tests indicated several

instances of both depressant and facilitative effects
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of swmorphine and met the criteria for a classification
of a hiphasic pattern of sorphine effects (see Table
35). This is another good example of the importamnce
of studying the interactions of the tise-—course of the
drug®s effects. Pacilitations occurred prisarily
during the fifth-hour post-injection (see Pigures
27-28 and 83-88). The facilitations at the DB
electrode vwere of a saaller magnitude and the
depressions at the BYP electrode vere of a larger
magnitude for the first few bhours post—injection on
the first tvo days of morphine administration than on
subseauent pairs of drug-days (see PFigures 81-88).
Thus, the drug®s effects vere bpore depressant the
first tvo days at both sites. Locomotor activity
during morphine administration vas below the s.e.m. of
pre—drug saline ismedaitely post—injection and
slightly above the s.e.n. at the fifth-hour
post-injection (see Figure 122). Thus, there may be a
correlation between wmorphine'’s effects on ICSS
behavior and locomotor activity in this animal.

Animal 75P received repeated adsinistration of
5.0 =mg/kg wmorphine. Both electrode placements
displayed a significant site x drugcond depressant

effect and also met the criteria for ®primarily®
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depressant pattern of wmorphine effect or ICSS (see
Tables 36-37; Pigures 29-32 and 85-88) . The
depressant effects were of a 1larger magnitude the
first tvo days of drug administration than drug days
3-8 or 5-6. Locomotor activity vas within the s.e.m.
of pre-drug salipe during the first- and fifth-hours
post-injection but was slightly below 28-hours
post-injection (see Pigure 123). Since ICSS rates
wvere depressed during the first- and fifth-hours
post-injection and generally not significantly
different 28-hours post-injection, morphine®s effects
on these behaviors appear to be dissociated.

Animal 66F received repeated administration of
5.0 ®»mg/kg morphine. both electrode placenments
displayed depressant effects on the site x drugcond
interaction Duncan tests. The DB electrode showved
several instances of significant depressions for the
first tvo hours of most days on the site x'drngcond x
day ¥ hour Duncan tests; there wvas only one instance
of significant facilitation in rates (see Table 38).
Thus, this electrode met the criteria for ®primarily®
depressant morptine effects based upon tte site x
drugcond x day x hour Dumcan tests. Visual inspection

of the graphed data indicate that there was a trend
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tovard facilitations folloving the first tvo days of
morphine administration (see Pigures 33-38 and 89-90).
Por the HYP electrode, ¢the site x drugcond x day x
hour interaction Duncan tests and the graphed dJata
indicated that morphipe elicited both depressions and
facilitations in ICSS rates and met the criteria for a
biphasic pattern of sorphine effects (see Pigures
35-36 and 91-92, Table 39). Pacilitations occurred
mostly on the fourth-hour post-injection. The first
tvo days for each intemsity at both electrode
placements had larger depressions for longer durations
post-injection than on subsequent pairs of days.
Locomotor activity was belov the s.e.m. during the
first-hour post-injection but within the s.e.m. of
pre—-drug saline during the Sth- and 28th-hours
post-injection (see Pigure 128). Thus, although there
may be a correlation immediately following injection
betveen YCSS and locomotor activity, the effects were
dissociated during the fifth-hour post-injection.
Animal 3G received repeated administration of 5.0
mg/kg sorphine. The DB electrode failed to shov a
significant difference during morphine administration
and tbhe BYP electrode shoved a significant overall

facilitative effect on the site x drugcond interaction
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Duncan tests. Both the DB and the HYP electrodes met
the criteria for biphasic effects based on the site «x
drugcond x day =x hour interaction Duncan tests (see
Tables 40-41; Pigures 37-40). Unlike the data for
most other electrode placesents, the depressions in
this rat tended to occur during the later hours
post—-injection. The facilitations occurred primarily
durino the third bhour post-injection at both electrode
placenments. ICSS rates were somevhat lower
immediately folloving morphine injection om days 1-2
than 3-8 or 5-6 for both intensities at each electrode
placement. Locomotor behavior vas vithin the s.e.m.
for pre-drug saline for all three behavioral wvatches.
Since there were significant facilitations in ICSS
rates immediately following injections in ICSS rates
and significant depressions during the fifth-hour, it
appears as though there was a dissociation of morphine
effect betveen ICSS an general locomotor behavior (see
Pigure 1295).

Animal 276 received repeated injection of 5.0
mg/kg morphine. Both electrode placements shoved a
facilitative effects on the site x drugcond
interaction Duncan tests, but met the criteria for a

biphasic rpattern of sorphine effects based upon the
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site x druacond x day x hour interaction Duncamn tests
(see Tables 842-43; Pigures &81-44 and 97-100).
Pacilitations occurred primarily during the third-hour
post-injection in both intensities at both electrode
placements. The comparative magni tude of the
facilitations appeared larger and occurred more often
than depressions (see Pigures 81-44 and 97-100), and
this may be vhat is being reflected in the apparent
differences betveen the results of the site x drugcond
interaction and site x drugcond x day x hour
interaction Duncan tests. Locomotor activity was
belov the s.e.m. of pre—drug saline during the 1st-
and 28th-hours post-injection but within the s.e.n.
during the S5th-hour post-injection (see Pigure 126).
Since ICSS rates vwere often facilitated during the
first-hour post-injection, the correlation, betveen
morphine®s effects on ICSS and locomotor activity,
although not tested statistically, would apparently be
lov.

Animal 84P received repeated administration of
2.5 mg/kg morphine. The Duncan a posteriori tests of
both the site x drugcond, as vwell as the site x
drugcond x day x hour interactions indicated that

morphine depressed 1ICSS rates at the DB electrode
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while sorphine facilitated ICSS rates at the HYP
electrode (see Tables 88-45; PFigures 85-848 and
101-108) . Thus, this animal shoved a Clear
dissociation of wsorphine effects at each electrode
placement. Visual inspection of the graphed data also
indicate that morphine had depressant effects at the
DE electrode and facilitative effects at the HYP
electrode. The dissociation is w»ost obvious during
the second-hour post-injection during which the
facilitations occurred most often and the magnitude of
facilitations wvas most consistently the largest.
There appeared to be an effect of day, in that tbhe
mean response rates wvere coaparatively lower for both
intensities at both electrode placements immediately
post-injection for days 1-2 of morphine administration
than for days 3-4 or 5-6. The data for this anisal
clearly confiras the initial hypothesis that morphine
has facilitative effects on central revard systeas(s)
and that these effects may be site-specific.
Locomotor activity wvas below the s.e.m. of pre-drug
saline for the fist-hour and above the s.e.n. for the
fifth-hour post-injection (see Pigure 127). Since
morphine®s effects on ICSS rates elicited at Dboth

electrode ©placements vwere in opposite directions
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during the first-hour post-injection, the correlation
of wmorphine®’s effects on ICSS behavior and locomotor
activity would apparently be lovw.

Animal 86P received repeated administration of
2.5 mg/kg morphine. The DB electrode had a depressant
effect and the HYP electrode had a facilitative effect
on the site x drugcond interaction Duncan Tests.
Based on the results of the site x drugcond x day x
hour interaction Duncan tests, the DB electrode met
the criteria for a "primarily"™ depressant pattern of
effects: hovever, the HYP electrode met the criteria
for a biphasic pattern of morphine effects (see Tables
86-87; Pigures 89-52 and 105-108) . The magnitude of
effects for the first two days of morphine
administration was in the direction of slightly more
depressant effects at the high intensity of the DB
electrode and slightly 1less facilitative effects at
the HYP electrode. As in the case of animal 36, tbke
depressions at the HYP electrode of 86F occurred at
the later hours of the day. The first two hours
post-injection shoved only significant depressant
effects at the DB electrode while <the HYP electrode
shoved only significant facilitative effects. Thus,

for the first tvo hours post-injection, animal B86F
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also showed a clear dissociation of morphine effects
at the DB and HYP electrodes. s in the case of
animal 8sar, which also received repeated
administration of the lowest morphine dose tested in
the present study (2.5 mng/kg), the DB electrode
displayed significant depressions vhile the
corresponding HYP electrode displayed significant
facilitations. Locomotor activity was Dbelow the
s.e.2. of pre-drug saline for the first-hour
post-injection and within the s.e.m. thereafter.
Again, since morphine®s effects vwere dissociated at
each electrode placement during the first-hour
post-injection, any correlation of morphine effects on
general behavior and ICSS behavior vould of necessity
be lov.

Animal 186 received repeated administration of
2.5 »g/kg morphine. Both the DB and HYP electrodes
had an overall depressant effect based upon the site x
drugcond interaction Duncan tests. The DB electrode
met the criteria for a biphasic pattern of nmorphine
effects based on the site x drugcond x day x hour
interaction Duncan tests. (see Table 48; Figures 53-54
and 109-110). The figures indicate that the

facilitations occurred primarily at the high
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intensity; in fact the magnitude of the facilitations
was larger on the first two days of morphine
administration, i.e., the mean of days 1-2 wvas not
only above the s.e.m. of pre-drug saline, but also the
s.e.n. of norphine days 3-8 and 5-6, especially at the
fourth- and fifth-hours post-injection. The BYP
electrode had only two significant depressions in the
site x drugcond x day x hour interactions for the
seven consecutive hours post-injection and therefore
met the criteria for *"negligible® worphine effects
(see Table 89; Pigures 55-56 and 111-112). Both of
the significant depressions in ICSS rates at the BHYP
electrode occurred during the first day of morphine
administration. The site x drugcond 3x intensity
interaction Duncan tests had indicated that the low
intensity displayed depressant effects while the high
intensity displayed facilitative effects. The graphs
of the data show tﬁat, particularly for the first
three-hours post—-injection, the mean response rate§
during worphine adaministration for the low intensity
were lover than those for pre—drug saline while rates
for the high intensity vere above those for pre-drug
saline (see FPigures 55-56 and 111-112). Thus, this

electrode placement consistently displayed opposite
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effects at each intensity valuve Jduring morphine
administration. of the 28 electrode placements
tested, only this electrode placement consistently
showed Adifferential d4rug effects at each intensity.
It should also be pointed out, that for the BHYP
electrode of animal 186G, the mean response rate during
pre—drug saline at the high intensity was 191.3 with
Al S.f€.B. of 1.05, and that during morphine
administration rates of over 240 responses per minute
vere elicited, vhile the 1low intensity had a mean
response rate of 19.6 vith an s.e.m. of 2.16 during
pre-drug saline and responded, on the average, less
than ten responses per minute during morphipe
administration (see Table 21). Thus, each intensity
value tested the extreme ends of this animal’s
"rate-intensity”™ function. The relatively mnegligible
effects indicated by the site x drugcond x day x hour
interaction Duncan tests, may be reflecting a similar
relative magnitude of effects at each intensity value.
Thus, although this electrode received a
classification of ®negligible® pattern of effects
based upon the criteria, it does appear as though
morphine did affect response rates, but due to the

fact that bDoth intensities displayed an opposite
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direction of effects, unlike most other electrode
placements tested in this study, it is difficult to
categorize the effects in a clearcut fashion. As with
most other electrode placements, the first two days of
drug administration had lover mean response rates for
the first-hour post-injection than on days 3-8 or 5-6.
Locomotor activity was belov the s.e.». Oof pre-drug
saline immediately post-injection and within the
s.e.n. thereafter (see Pigure 129). Although not
tested directly statistically, the degree of
correlation betveen morphine®s effects on ICSS and
locomotor ‘behaviors would probably be low, since the
BYP electrode displayed differential effects at each
intensity value, and since the DB electrode shoved
some trends tovard facilitation during the S5th-hour
post-injection.

dnimal 9G received repeated administration of 2.5
mq/kg morphine. Both electrodes failed to shovw a
significant wmorphine effect on the site x drugcond
interaction Duncan tests. The DB electrode met the
criteria for biphasic effects based on the site x
drugcond x day x hour interaction Duncan tests (see
Table 50; Pigures 57-58 and 113-118) . The

depressions, as in the case of both electrode
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placements of 36 and the HYP electrode of 86F,
occurred primarily at the later hours of the day. The
facilitations occurred most often on the second-hour
post-injection and prisarily on the later days of
testing. The HYP electrode met the criteria for
"negligible® pattern of morphine effects based on the
site x drugcond x day x hour interactions Duncaxn tests
(see Table 51; Pigures 59-60 and 115-116); vithin the
seven consecutive hours of testing each day, there
vere two instances of significant depressions on the
first aday and tvo instances of significant
facilitations on the last day of morphine
administration. The site x drugcond x intensity
interaction Duncan tests had indicated@ that the 1low
intensity had@ displayed an overall depressant effect
vhile the high intemsity had displayed an overall
facilitative effect. The graphs indicate that the lovw
intensity had response rates below the s.e.mn. the
first-hour post—-injection as well as during the later
hours of the daily testing sessions. During the
third- and fourth-hours post-injection, the low
intensity displayed facilitatioms. The ICSS rates
elicited by the high intensity, hovever, wvere

generally at or above baseline, with the highest
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response rates occurring tvo-  to three-hours
post-morphine injection. Thus, both intensities
displayed facilitations in rates during the third-hour
post-injection (see Pigures 59-60 and 115-116) . To
determine vhether the facilitation for the third-hour
would reach significance if the data were collapsed
across day as well as intensity, since the =sean
response rates during morphine adsinistration wvas
above the s.e.m. at both intensities the Duncan a
posteriori tests (c<X= .01) vere performed op the site
(BYP) x drugcond (morphime) x hour interactions for
each hour. The Duncan tests indicated that response
rates during sorphine administration were
significantly depressed immediately post-injection and
significantly facilitated during the third- and
fourth-hours post-morphine injection. Thus, although
the site x drugcond and the site x drugcond x day x
hour interactions indicated that this electrode had
negligible morphine effects on ICSS rates at this
electrode placement, there vas a trend toward
depressions immediately post-injection and
facilitations during the third- and fourth-bhours
post—-injection. As with most other animals, the wmean

for the first two days during morphine administration
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displayed somevhat lower response rates than during
days 3-8 or 5-6. Locomotor activity was above tbhe
S.e.n. for pre-drug saline for all three behavioral
vatches during morphine administration (see rigure
130) . Since the HYP electrode had a tendency towvarad
depressions immediately post-injection and the DB
electrode had both depressions and facilitations
during the 5th— and 28th-hours post-injection, the
correlation with locomotor activity, although not
tested statistically, vould probably be low.

Table 53 presents a summary of the results for
the site x drugcond and site x drugcord x day x hour
interactions. The tvo hypotheses tested in the
present experiment were (1) does wmorphine facilitate
the revard system(s) in the brain as measured by
intracranial self-stisulation and (2) are there
- indications that these effects might be site-specific
as defined by differences in morphine effect at the
tvo electrode placemernts within an animal. The site x
drugcond interactions indicated that five electrode
placements had a significant overall facilitative
effect of morphine on ICSS rates; with no instances of
a facilitative effect based on the Duncan tests for

the <site x drugcond interaction occurring at the
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highest morphine dose (10.0 mg/kg). Based wupon the
results of the Duncan tests for the site x drugcond x
day x hour interactions, 15 electrode placesents vwere
classified as displaying facilitative effects.
Thirteen of these electrode placements also had
depressant effects vhich generally occurred prior,
vithin and across days, to the facilitations. Based
upon the Duncan tests of both the site x drugcond and
site x érugcond x day x hour interactions, one animal,
68F, had a clear dissociation of morphine effect at
either electrode placesent: depressions at the DB
electrode and facilitations at the HYP electrode.
Another animal, 86F, also had results that clearly
indicated site-specific effects of sorphine on ICSS
rates: the site x drugcond interaction indicated, as
in the case of animal 88P, depressant actions at the
DB electrode and facilitative actions at the BHYP
electrode. The site x drugcond x day x hour
interactions met the criteria, vhich I had set, for a
biphasic pattern at the BYP electrode; howvever, the
facilitations occurred immediately post-injection at
vhich time the DB electrode was exhibiting depressant
effects. Thus, the data for tvo animals, each tested

at the lovest morphine dose (2.5 mg/kg) indicated that
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morphine has differential effects vithin the rewvard
syster(s) .

Thus, of the 14 animals tested, 2 animals vwere
classified wvith opposite patterns of drug effects at
each electrode placement, 6 animals received
differential, though not opposite classifications of
drug effects at each electrode placesent and the data
for the other six animals were classified with the
same pattern of drug effects at both electrode
placements, but presented a somevhat different time
course of effects at each electrode placement (see
Tables 28-52; Pigures 61-116). The differences in
morphine effect at both electrode placements cannot be
tested directly statistically within the context of
the 5-way analysis of variance. Visval inspection of
the data and the results of the site x drugcond x day
x lhour interaction Duncan tests, hovever, seeam to
iidicate a trend regarding diffetential morphine
effects at the tvo electrode placements within each
animal. Six DB placements wvere classified as either
displaying facilitative or Dbiphasic drug effects.
Bine HYP electrodes wvere so classified. PFurthersore,
four of the nine HYP electrodes shoved significant

facilitations vhile the corresponding DB electrodes
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met the criteria for "primarily®™ depressant effects.
This may be anr indication that the DB is receiwvng a
functionally larger morphine dose than the HYP. This
is correlated with the fact that facilitations tended
to occur more often at the lover doses and during the
later days of drug administration at the higher
sorphine doses. Twvo anisals (96 and 186) that
received the lovest morphine dose (2.5 »g/kg) met the
criteria for biphasic pattern of morphine effects at
the DB electrode, vhile the BHBYP electrode met the
criteria for the classification of ®negligible®
morphine effects. This represents further evidence
that the DB site may be more semsitive to morphine
than the BRBYP site. Based upon the histological
localization of the electrode placements, a simple
relationship between localization within a particular
nuoclear group and morphine does not sees possidble froms
the present study. The electrodes wvere 1localized
vithin a fairly large area withir the hypothalamic
and dorsal brainstem areas. This, together with the
fact that four doses of morphine wvere studied, makes
difficalt a precise loalization of those areas most

likely to elicit facilitations in ICSS rates during
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mnorphine adainistration. Howvever, the present
experiment was designed to study the question of
vhether differemces in pattern of drug effects are
more likely attributable to differential reactions
vithin the rewvard system, or vhether the differences
are attributable to differential reactions of morphire
on general behavior asong animals. The fact that
differences in pattern of morphime effect occurred in
the within-animal, wultiple implant design 3in eight
animals indicates that aorphine acts soaewhat
differentially on the central rewvard system(s).

The present study does not persit a direct
statistical analysis of the data across anisals;
therefore, the comparative effects of wmorphine dose
cannot be analyzed directly. If the data had been
analyzed across animals, then it would not have been
possible to study the effects of drug within each
electrode within an animal, the prime focus of the
present study. Bowever, some general statements can
be made regarding morphine effects across animals,
ircluding the comparative effects of dose, based upon
visual inspection of the interaction teras of the fiwve

main factors.
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Table 17 presents a susmary of the R—sguare value
of each source in the S5-way AXOVA for each animal.
R~square is the percent variance accounted for by each
main factor and interaction term with each animal.
Visual inspection of the table indicates that for each
animal the variance was accounted for by slightly
different pattern; of effects. The mean R-square for
each term serves as an index of the orthogonal amount
of variance accounted for by each source. The largest
proportions of the variance appear to be accounted for
by the main effects of site and intensity and the
interaction of site and intensity. This may reflect
{1) the lower mean response rates of the DB electrode
compared to those of the HYP electrode within an
animal; (2) intensities chosen to sample both lov and
high response rates within the animal®s rate-intensity
function; and/or (3) a generally ssaller difference
between the low and high intensity rates of the DB
site compared to those of the corresponding RYP site.
Although it is not a statistical measure, one can look
at the interaction teras in which drug and intensity
interact versus those teras in which intensity
interacts with other factors. When this was done a

trend appeared which supported those seen visually in
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the graphed data and statistically in the Duncan
post-hoc tests for each intensity value at each site:
intensity contributed 1least to the interactions with
drugcond. That is, morphine generally had similar
effects at each electrode placement within an animal.
The time course of drug within a day contributed the
most in relation to drugcond, the time course of drug
vithin a day contributed the most to the variance in
the dependent variable; site and day factors
(time-—course of drug effects over repeated daily
administration) contributed toward a somevhat 1lesser
amount of the variance in the dependent variable.

The interactions of morphine with site have
already been discussed. 1 fev statements can also be
made about the interactions of morphine vith day and
hour. The time—course of morphine, both within a day
and across days, seemed to be influenced by the dose
of morphine. Although not directly tested
statistically, it appeared that the higher doses wvere
more likely to elicit depressions in ICSS rates. The
lower doses, particularly the 5.0 mg/kg dose, seesed
more likely to elicit facilitations in ICSS rates.
The data show that morphine can elicit facilitative

effects without first displaying a Adepressant effect
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on 1CSS rates. This indicates that the facilitation
is a specific effect and not a "rebound® effect. In
nine of thirteen electrode placements which met the
criteria for a biphasic pattern of drug effects, the
depressant effects occurred prior to the facilitative
effects (Tables 24-52; Pigures 61-116). At the 10.0
mg/kg dose, in particular, the facilitative effects
did not occur consistently until the third or fourth
days of drug administration, and occurred most often
at the third or fourth hours post-injection. There
may be a general depressant effect of the drug to
which tolerance develops, since a9 of 56
intensity-electrode combinations displayed more
depressions during the first two days of wmsorphine
adlinistra;ion than on subsequent days. In general,
the depressant effects occurred during the first few
hours post—injection and the facilitations occurred
prisarily tvo to four hours post-injection; appearing
comparatively soopner after injection at the lower
morphine doses. Opon repeated morphine
administration, facilitations often occurred earlier
folloving injection, and occassionally the data
reached significance for fewver hours, i.e., in some

electrode placements there vas indication of tolerance
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occurring to the faciliitative effects (see especially
rables 31, 841, 42 and 85).

Twenty—four hours post-imjection, ICSS rates were
generally not significantly different froama baseline.
Based on the results of the site x drugcond x day x
hour interaction Duncan tests, 12 electrode placewments
shoved no significant differences 2&-hours
post-injecton and five showed only one significant
effect. Of the 16 electrode placements that displayed
one or wmore significant differences in ICSS rates
24-hours post—-injection, only four had ome or msore
instances of a facilitation. Thus, it appears that if
there is a residuval drug effect 28~hours
post-injection, it is a depressant effect. Based on a
visuval inspection of the tables, there does not appear
to be a strong correlation between dose or effect of
drug during the hours post-injection, and the
likelihood of having a significant effect 28-hours
post-injection.

Tables 54-58 summarize the results of the
statistical analysis of the data obtained during the
behavioral obervation periods. Since the data were
mostly of an ordinal nature, the data were analyzed by

dose to imncrease the pumber of cases. PFigures 117-130
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present graphically the data for locomotor activity
for each animal. Pigures 131-138 present the data for
stereotyped biting behavior by dose.

Immediately after being injected with a dose of
10.0 »g/kg, animals displayed ataxia, exopthalmia and
piloerection. The animals became fizxed in one
position, with their hindlimbs often £falling 1limsp
through the grid floor of the cage. The animals
gradually regained limb support, stood on the griad
floor and continuously gnaved the grid floor.
Palpating the animals produced no overt responding.
Eventually the animals began to ambulate. At this
point they could be shaped to press the bar to receive
electrical stimulation to an electrode placement.
Prior to this time, attespts to shape the animals to
bar press vere unsuccessful. The dramatic behavioral
effects of wmorphine disinished wupon repeated drug
administration. Polloving administration of lower
morphine doses somevaht less severe behavioral effects
vere noted.

In general, the level of spontaneous wet shakes,
shudders, rearings and locomotor activity during
morphine administration vas not significantly

different fror those daring pre—drug saline.
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Actually, the data for the highest and lowest morphine
doses were not significantly different from baseline
on any of these measures; however, the data for the
5.0 mg/kg group were significantly derressed on all
but the nusber of shudders and the 7.5 mg/kg group had
fever rearings. Pigures 117-130 indicate that
immediately post-injection 1locomotor activity was
below the range of the s.e.m. of pre-drug saline in 9
of the 18 animals. Thus, although the differences
vere not significant when nmeasured wvithin a dose,
there were some indications of a general depressant
trend. One factor tkat may account for for a decrease
in Jlocomotor activity, is that stereotyped biting
behavior was, in general, significantly facilitated
for the first fewv hours post-injection. Anecdotal
reports, particularly for those animals that received
10.0 =mg/kg morphine, indicated that often the animals
vould literally *1lift*® one end of the operant chamber
off the ground with their teeth as they vere biting
the griad flooring. Table 57 indicates that
stereotyped biting behavior vas significantly
facilitated during the first four hours post-injection
following 10.0 and 7.5 mg/kg morphine and dZuring the

second- and third-hours post-injection followina 5.0
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mg/kg morphine; however, following 2.5 mg/kg wmorphine
the difference failed to reach sianificance. Although
not tested directly statistically, there appeared to
be a positive correlation betveen dose of morphine and
the number of occurrences of stereotyped biting
behavior. Thus, stereotyped biting behavior appears
to be a sensitive measure of morphine effect.

General behavioral activity, except for
stereotyped biting behavior, vas generally not
significantly different from sorphine. This, together
with the fact that often each electrode placement
vithin an animal displayed d2ifferential effects,
indicate that the correlation between morphine’s
effect on ICSS and general behavior would be low.
Since stereotyped behavior occurred most often at the
10.0 =mg/kg wmorphine dose, which also displayed
somevhat ROTre depressant and fewer facilitative
effects, might indicate that this is a competing drive
and correlate with the depressant effects in 1ICSS
bebhavior. Bo behavior measured in the present study
appeared to correlate with the facilitatioms in ICSS.
This, together with the fact that during the first few
hours post—-injection, two animals (83F and 86M

displayed facilitations at the DB electrode placement



while the HYP electrode ©placement Jdisplayed
depressions in ICSS rates, indicate that morphine does
have specific effects within the revard system(s).

The present study was not designed to fully
determine the extent or pattern of withdrawal effects
on ICSS or general bebavior. Withdraval vas not
precipitated, nor were animals tested for an
additional time period if the 1ICSS data looked
adberrant upon visual inspection. In general, it can
be seen that ICSS rates vere not significantly
different from baseline during the six days of
post-drug testing.

The results of the site x drugcond x days x hour
interaction Duncan tests for post-drug saline are
presented in Tables 28-51. Pigures 5-60 present the
data graphically. The data will be presented in
gereral terss, beginning with those anisals which had
received the 10.0 mg/kg morphine dose.

Animal 37E had a depressant wmorphine effect at
both electrode placements during repeated
administration of 10.0 =mg/kg morphine. During the
first day of post—-drug saline testing, both electrode
placements displayed a few instances of depressant

effects. On subsequent days there vwere a fev
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instances of significant effects, but generally the
rates vere not different from those of pre-drug
saline. Animal S4F displayed depressant effects at
both electrode placesents during repeated
administration of 10.0 mg/kg morphine. On the first
day of post-drug saline several instances of
significant depressions in rates occurred at both
electrode placements. Subsequently the DB electrode
had only one more significant depression. The HYP
electrode had a few instances each of significant
depressions and facilitations during the early hours
of the next two days of post-drug saline, and then
appeared to have rates equivalent to pre-drug saline.
Animal 76F displayed a biphasic pattern of effects at
both electrode placesments during repeated
administration of 10.0 ng/kg wmorphine. During
post—drug saline, there vwere several instamces of
depressant effects on most days. The graphed data
indicate that at both sites, although the @mean
response rates for both intensities were belowv those
of pre-druc saline, the rates for the 1lov intensity
vere further from baseline. The rates for the later
hours post-injection were generally not significantly

different from baseline. Thus, it appears that there
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may have been some residual effects during post-drug
. saline in this animal. It should be pointed out that
this animal had several instances of significant
facilitations during morphine administration, thus if
tke depressions reflect a change in baseline, the
facilitations seen during drug adeinistration would be
reflecting a comparatively larger magnitude of
effects. Por Animal 98P, the DB electrode data met
the criteria for a depressant pattern of effects and
the BYP electrode data met the criteria for a biphasic
pattern of effects during repeated administration of
10.0 mg/kg morphine. During post-drug saline both
electrodes displayed significant depressant effects;
tlke DB electrode rates seemed equivalent to baseline
by the fourth day post-msorphine administration,
wvhereas the HYP electrode seemed to still have some
residuval effects during the 1last three days of
withdraval:; however, these occurred mainly during the
niddle hours of the daily testing sessions.

Mnimal 74E received repeated administration of
7.5 mg/kg morphine and the data met the criteria for
depressant effects at the DB electrode and a biphasic
pattern of effects at the HYP electrode. During

post-drug saline the DB electrode had a fev instances
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of depressant effects during the first three days and
one imstance of a significant facilitation on the
fourth day: subseguently the data vas not
significantly different froms pre-drug saline. The BYP
electrode had two instances of facilitations and on
the last two days of pre-drug saline testing there
vere no significant differemces in rates. Thus, this
animal appeared to have only a slight residual drug
effect. BAnimal 86 received repeated administration of
7.5 w=ng/kg wmorphine and the data met the criteria for
®prisarily® facilitative effects at the DB electrode
and a biphasic pattern of effects at the HYP
electrode. During post—-drug saline the DB electrode
had three instances of depressions and the HYP
electrode had tvo instances of facilitations and two
depressions. Thus, the data for this animal also
displayed fev residual effects.

Animal 75P had a depressant pattern of effects at
both electrode placerments during morphine
administration (5.0 =mng/kg). During post-drug salirpe
both electrode placements had depressant effects on
the £first three days, and the HYP electrode continued
to shov significant depressant effects through the

sixth day. Visual inspection of Pigures 31-32
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indicate that during post-drug saline the low
intensity elicited rates that vere wmore severely
depressed than the high intemsity value. Thus, it is
possible that some of the depressant effects displayed
during post-drug saline, and perhaps even during
morphine adwinistration, might reflect a change in
threshold. Animal 66F received 5.0 ma/kg morphine and
the data for the DB electrode met the criteria for
®"primarily® dJdepressant effects and for the HYP
electrode wmet the criteria for a biphasic pattern of
effects. The DB electrode had only one instance of a
significant facilitatiorn during post-drug saline and
thus shows little residual effect. The HYP electrode
had several significant depressions, but these
occurred primarily during the middle hours of the day.
Visual inspection of the data seem to indicate that
the rates vwvere just below the range of the s.e.a. of
pre—drug saline for the early hours of post-drug
saline. The data for animal 3G met the criteria for
biphasic drug effects at both electrode placements
during admeinistration of 5.0 mo/kge morphine. During
pust-drug saline the DB electrode had four isolated
instances of significapnt effects and generally the

data appear equivalent to that of pre-drug saline.
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The HYP electrode shoved several significant
depressions on the first day of post-drug saline, but
then appeared to have data eguivalent to pre-drug
saline. Animal 216 wmet the criteria for a biphasic
pattern of effects at both electrode placements during
administration of 5.0 »g/kg morphine. During
post-drug saline the DB electrode had a few instances
of significant facilitations and the HYP electrode had
a fev instances of "“primarily® depressant effects.
Both electrodes appeared to have 1little resideal
effect of drug.

Por animal 88F the data for the DB electrode pmet
the criteria for ®primarily® depressant effects while
for the HYP electrode met the criteria for *prisarily”
facilitative effects. Both electrodes had significant
facilitations during post—drug saline; the DB
electrode had only tvo instances while the BYP
electrode displayed several through the fourth day of
post—-drug saline, and none thereafter. Thus both
electrode placements apparently had no residual effect
by the fourth day. The data for 86 met the criteria
for ®"primarily® depressant effects at the DB electrode
and a biphasic pattern at the HYP electrode during

administration of 2.5 mg/kg morphine. Both electrode
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placements had a fev significant depressant effects
during ©post-drug saline, vwith the BYP electrode
showing a somevhat larger number. In general, the
data for both electrode placements appeared to be
eugivalent to that of pte-drng saline. The data for
186 met the criteria for a biphasic effect at the DB
electrode and "negligible® effects at the HYP
electrode during administration of 2.5 mg/kg morphine.
During post-drug saline the DB electrode displayed
several significant depressions on the first day
post-injection and during the first tvo hours
post-injection on subsequent days. Thus, the data for
this electrode placement seemed to indicate residual
effects and/or a change in Dbaseline (see Pigures
$3-58). The HYP electrode showved only a few
significant depressions during post-drug saline,
mostly during the initial hours post-injection on the
first three days. This electrode placesent displayed
differential effects at each intensity value during
morphine adesinistration. Pigures 55 and 56 indicate
that during post-drug saline ICSS rates for the low
intensity were belovw those of pre-drua saline and the
rates for the high intensity wvere somevhat above those

of pre-drug saline although not as high as during



morphine administration. Thus, it is difficult ¢to
determine whether the data during morphine
administration reflects a change in baseline rates of
responding, or vhether the effects noted during
post—drug saline reflect a residual effect from
sorphine administration. Bovever, it must again bdbe
pointed out, that this wvas the only electrode
placement to shov such conflicting effects at each
intensity value; apparently this is also the case for
the post—-drug saline ICSS data. For 9G the data met
the criteria for a biphasic pattern of effects at the
DB electrode, and *negligible®™ effects at the BYP
electrode (vith a trend tovards significant
facilitations) during administration of 2.5 w»g/kg
morphine. During post-drug saline, the DB electrode
displayed several instances of depressant effects,
primarily on the first tvo days, and tvo instances of
facilitiative effects. Pigures 57-58 indicate that
the Lhigh intensity had generally equivalent rates to
those of post-drug saline. The BYP electrode bhad
several instances of depressions during post-drug
saline; however these vere fairly isolated and these
depressions are likely reflecting variability in rates

at the lov intensity value (see Figures 60-61).
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Thus, although a "return to baseline®™ was not
tested directly statistically, visual inspection of
the data indicate that of the tventy—eight electrodes,
20 clearly shoved little or no residual effects. The
data for seven electrode placements had rates fairly
cosparable to those of pre-drug saline, particularly
at the high intensity by the later days of testing.
Only one electrode placement (18G-~HYP) had data that
is difficult to interpret, i.e., vhether the effects
seen during post-drug saline are reflecting a
vithdraval effect and/or a change in baseline
responding. Tventy electrode placesents showed
»painly® significant depressions, and six ®mpainly”
significant facilitations during post-drug saline. 1
trend could not be seen, upon visual inspection,
betwveen the effects during morphine administration and
those seen during post-drug salinme. Also, a trend vas
not evident ﬁetween electrode 1locus and effects
displayed during post-drug saline. Thus, there
appears to be a tendency tovard depressions in ICSS
rates during post-drug saline, as well as 28-hours
post-injection (see above), however the present study
does not enable predictions as to the cause or effects

of particular results.
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During the post-drug saline condition the
animals® general behavior vas similar to that Aduring
pre—drug saline; there vwvere no behavioral sigms of
morphine withdrawval syndrome (wvet shakes, writhing,
jumping, etc.). Tables 58-58 present the results for
the statistical test on geperal behavior, analyzed
vithin dose. Pigures 117-130 present the data for
locorotor activity for each anisal and Pigures 131-13%
present the data for stereotyped bditing bDehavior,
grouped by dose. The only significant effects
occurred at the 5.0 umng/kg dose; a decrease in
locomotor behavior 5- and 28-~hours post-injection and
a decrease in rearing 23-hours post-injection.
Pigures 117-130 indicate that during the first-hour
post-injection the s.e.n. of pre- and post-drug saline
overlapped for twelve of the fourteen animals. As
during pre-drug saline, stereotyped biting behavior
generally did not occur. ’

Thus, upon termination of repeated morphine
admsinistration, <typical vwithdrawal signs did not
appear, although dJdecreases in behavioral levels 4did
occur. The general behavioral effects vere
dissociated from those on ICSS during withdrawval as

vas also the case during morphine treatment.

87



Discussion

The results of Experiment 1 confirmed the
hypotheses that acute administration of sorphine
exerts (1) facilitative effects upon ICSS response
rates and (2) differential effects within the central
revard systea(s). Repeated morphine administration
modifies the temporal patterning of these effects.
Puring post-drug saline, decreases im ICSS rates
occur. These effects are generally dissociated from
those on general behavior.

Neuroanatosical specificity to morphine’s effects
on ICSS has been previously suggested, however all of
these studies esployed separate groups designs
(Leibman & Segal, 1977; Lorems, 1976; Olds £ Travis,
1960) . Experiment 1 demonstrated that w»orphire
differentially affects I1CSS rates elicited at
neuroanatomically discrete brain sites wvithin an
animal. Base@ upon the results of the statistical
apalyses, the data for each electrode placeament were
classified as displaying *primarily*® depressant
effects, "primarily® facilitative effects, a biphasic
pattern or ™negligible® effects. Pleven electrode
placements were classified as displaying ®primarily®

depressant effects, 13 electrode placesents were



classified as displaying a biphasic pattern, two
electrodes vere classified as displaying "prisarily®
facilitative effects and tvo electrode placements vere
classified as displaying "pegligible™ effects. Thus,
15 of the 28 electrode placements displayed
facilitations in ICSS rates. Of the 118 anisals
tested, five animals clearly showved differential
results at each electrode placement. For the initial
hours post-injection, tvo of these animals displayed
only depressant effects at the DB electrodes while the
BYP electrodes showed only facilitative effects.
Thus, both facilitative effects of morphine as well as
differential effects of morphine within the central
revard system(s) vere demonstrated in the present
study. Although not tested dairectly statistically,
there appeared to be a correlation with dose: the
higher msorphine doses tended to display more
éepressant effects and the 1lover wmorphine doses
appeared more likely to display facilitative effects
on ICSsS rates. With slight exceptions, both
intensities vithin a givenm electrode placement showed
the same drug effect. The pattern of effect seems to
be related to the discrete neuroanatomical sites being
stimulated; however not enough placements were tested

at each éose to drav conclusions about the precise
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neuroanatomical structures responsible for the
morphine effects. Often the two tips of an electrode
placement impinged upon two different neuroanatoaical
areas, thus possibly obscuring a drug effect
correlated wvwith only one of the»s. Purther vork
investigating morphine’s effects upobn ICSS
site-specificty with the HYP and DB has been reported
by »y laboratory (¥elsomn, Brutus, Wilson, PFarrell,
Ocheret, Ellman & Steiner, 1977). Since the inception
of this experiment, other studies have reported
differences in sorphine®’s chronic effects upon ICSS
from distant, discrete brain sites including:
facilitations in the cingulate and wmedial frontal
cortices (Lorens, 1972, 1976), a biphasic pattern in
tke lateral hypothalamus (Adams et al., 1972: Bush et
al., 1976:; Lorens, 1976; Lorens & Mitchell, 1973) and
depressions in circumscribed areas of the =midbrain
central gray and substantia nigra, pars coampacta
(Liebran & Segal, 1977 . The present study is the
first to have demonstrated differential effects within
each of tvo electrode placements within an animal.

The data of Experiment 1 indicated that DB

electrodes tended to display wmore instances of
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significant effects, vhich vere most often rate
depressions, than did corresponding BHYP electrodes.
Pive DQ electrodes displayed a depressant pattern of
effects vwhile the corresponding AYP electrodes
displayed biphasic patterns of effect. In addition,
tvo DB electrodes displayed biphasic patterns of
effect wvhile the corresponding HYP electrodes had
®"negligible® effects. The DB area may recei;e a
functionally larger sorphine dose than the HYP area
since wmore depressions vere found fros this area;
higher sorphine doses generally produce moTe
depressions in ICSS rates (Bush et al., 1976; Lorems,
1976 ; Lorens & Bitchell, 1973; the present study). If
the DB receives a functionally higher morphine dose,
then the depressant effects might mask some of the
facilitative effects. The locus coeruleus might be
more strongly affected by systemic morphine than the
lateral hypothalamus because there is a higher density
of opiate receptor sites (Atwveh & Kubhar, 1977c; Riller
et al., 1973:; Kuhar et al., 1973; Pert et al., 1976).
In addition, the DB is more sensitive than the HYP to
systemic injections of the opiate antagonist naloxone
as measured by ICSS rates (Stein & Belluzzi, 1978).

The area of the fourth wventricle has been found to be
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more sensitive than the area around the lateral
ventricle to microinjections of opiate antagonists as
peasured by wvithdraval signs elicited (Laschka,
Teschemacher, MHBehraeir & Herz, 1976). Thus  the
difference in pattern and duration of effects on ICSS
rates desmonstrated in BEixperiment 1 may reflect
differences in the amount of morphine delivered to the
two neurocanatoxical sites and their semsitivities to
the drug.

The wechanisms nunderlying depressions in ICSS
appear to be both dose- and site-dependent. The
depressions may be either a direct effect on the
revard system(s) or a nopspecific incapacitation,
although these effects need not be mutually exclusive.
Tatus, Seevers & Collins (1929) hypothesized that
sorphine had two effects, a generalized depressant
effect vwhich wmasks a more specific facilitative
effect. The toleramce observed to the depressions in
ICSS response rates supports this bhypothesis. The
dose-response characteristics of the depressions
coupled vith the data fros the lowvest dose (2.5 mg/kg)
in which facilitations vith 1no initial depressions

appeared, also supvort this hypothesis.
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In addition to a nonspecific incapacitation
hypothesis, there is evidence in the data that
supports a specific depressant action on some reward
sites. Eleven electrode placements exhibited
wprimarily” depressant effects in ICSS rates. Five of
these occurred following administration of 10.0 »g/kg
norphine; Lovever, these ®"pure®™ depressions cannot be
explained on the sole basis of a high dose effect for
the folloving reasons: 1) similar ®pure® dJdepressions
folloved the administration of the lovest dose of
sorphine (2.5 mg/kg) at electrode placements in tvo
animals; 2) vwvhile showing ®"primarily® depressant
eifects at one electrode site, these animals (8&F ¢
86F) sisultaneously showed facilitations at the other
electrode site; 3) other electrodes at the highest
dose (10.0 mg/kg) exhibited facilitations; and 8) any
late—appearing facilitation as part of a biphasic
pattern would very likely have been detected, since
1CSS was sampled as long withirn a day as any study in
the literature which reported ®pure® facilitations or
a biphasic pattern of effects folloving administration
of even higher doses of smorphine (Adams et al., 1972;

Bush et al., 1976: Loremns, 1972, 1976é). The existence
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of site~specific ®"pure® depressions has been reported
by otkers as well (Liebman & Siegel, 1977). Thus, the
sites at which electrodes exhibit ®pure®™ depressions
shov a fundamental difference (lack of a facilitation)
from sites that exhibit a biphasic pattern or *pure®
facilitations. Therefore, vhile nonspecific
incapacitation certainly plays a role in detersining
ICSS rates following morphine, it camnot account for
all response rate depressions.

One factor which may account for the relatively
large namber of electrodes exhibiting ®pure®
depressions in this study compared to others is
differences in stimulation parameters, particularly
vith respect to the relative duration in whichk current
is *flowing"” wvithin each stimulus train. In studies
using biphasic square waves (Adams et al., 1972:
Lorens, 1972, 1976; Lorens § WNitchell, 1973)
facilitations were noted upon the first day of drug
administration following a morphine dose of up to 20.0
Bg/kg. In studies nutilizing sine wvaves, as in
Experiment 1, "pure®™ depressions vere noted following
administration of up to 15 mg/kg morphine for at least
four days (Bush et al., 1976; Liebman & Segal, 1977;

van der Kooy et al., 1978). During sine vave
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stimulation current is continuously flowing within
each stimulus train. In studies employing square wave
stisulation, howvever, there are dJdiscrete periods
during which current is not flowving. Perhaps
techniques employing continuous current flow are 1less
sensitive to the facilitative effects of morphine than
are intermittent stisulation techniques. 1If one of
morphine’s effects is to potentiate the excitability
characteristics of some revard peurons, then an
intermittent form of stimulation wvould be =more
sensitive to morphine’s facilitative effects by
alloving many opportunities within a stisulus train
for the increased excitability to be apparent.
Conversely, a continuous stisulation technique, vwhich
would drive ®reward® neurons both in the saline and
msorphine comnditions, would only allow the increased
excitability to become apparent at the emnd of each
stisulus triin. A direct coaparison of both
techniques on pw»sorphine®s effects on ICS§ rates at
circumscribed brain sites has not been reported in the
literature. There are other factors, including
grouped vs. individual subject analysis, vhich may
contribute to the relative differences in results

reported asong studies.
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In Experiment 1, three electrodes displayed

facilitations vith no prior depressions in ICSS rates.
In addition, five other electrodes displaying a
biphasic pattern showed facilitations issediately
post~injection on at least one drug day. "pPure®
facilitations observed in JICSS rates support the
hypothesis that morphine potentiates the reinforcesment
value of 1ICSS amd is not dependent upon a prior
depression. 7YThe facilitative effects of p»porphine as
measured by ICSS bar-press rates are similar to those
obtained using other dJdependent measures, such as
shuttle box (Levitt, Baltzer, Evers, Stilwell & PFurby,
1977) and threshold titration (Esposito & Kornetsky,
1977y . The results of Experiment 1, shoving
morphine-induced facilitations, are congruent with the
hypothesis that: all drugs of abuse that have been
studied with ICSS have the common property of showing
facilitations at some sites (Steiner, 1976).

Tolerance to the depressant effects of =morphine
on ICSS rates clearly occurred as other studies have
reported (Adams et al., 1972, Bush et al., 1976;
Lorens, 1976; Lorens & Mitchell, 1973). Experisent 1
suggests tolerance to the facilitative effects in some

rats but not in others. Only one other study has
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reported clear evidence of tolerance +to msorphine's
facilitative effects (Glick et al., 1978). Several
studies, hovever, clais to have found no evidence of
the development of toleramce to the facilitative

effects of morphine on reinforcinc brain stimulation

(bush et al., 1976; BEsposito & Kornetsky, 1977;

Lorens, 1976; Ormnsteir & Hustomn, 1977). Site-specific
differences in the development of tolerance to the
facilitative effects of d-amrhetamine have been
reported (Anderson, Leith & Barrett, 1978). Thus,
site w®may play a role in the observed toleramce to the
iorphine facilitation of 1CSS, since there is a
precedent of site-specificity in the development of
tolerance to the facilitative effects of
d-amphetarine, which is also a drug of abuse, on the
revard system.

Upon termination of morphine injection, typical
vithdraval signs as described by others (Buckett,
1964; Partin, WVikler, Eades & Pescor, 1963) did not
appear. This was expected since the morphine doses
vere low and am oriate antaconist was not used to
precipitate vithdraval. ICSS may even be a wmore
sensitive reasure of withdreval than general

bekavioral activity, since deprecsions were seen 28
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hours post-injection in the morphine condition as well
as for several days during post-drug saline.

Several studies, all of vhich used a
single-iwplant design, have indicated that the effects
of opiates on ICSS are dissociated from those on
general activity levels (Koob, Spector & Neyerhoff,
1975; Lorens & Ritchell, 1973: Orpstein & Huston,
1977; Shizgal, Bellisle, Winmer & Amit, 1978) . 1In
Experiszent 1, differences in the morphine effects at
both electrode placements often occurred within test
sessions. Therefore, differences in morphine’s
effects on ICSS rates are not artifacts of concomitant
clanges in activity levels.

Thus, the effects observed vwere a result of a
complex interaction of drug condition (including
dose), time post-injection, site, number of days of
drug administration, and stimulation current

intensity.
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Experiment 2: Effects of morphine on
rate~intensity functions.
Ratjopale

The eight-hour daily testing procedure precludes
an assesspent of the effects of rorphine onm a £full
rate intemsity function. Since a drug may exhibit
different effects along the rate-intemnsity <function
(Steiner & Stokely, 1973), it would be important for
the interpretation of the results of Experiment 1 ¢to
show vwhether Bmorphine has differential effects at
different current intensities. This experiment vas
designed to determine the effects of several doses of
sorphine on ICSS rate-intemsity functions.

Betbhod

Subjects. Twvelve male albino rats (Holtzman
Sprague Davley) weighing 250-315 grams at the time of
operation vwere used. All animals vere maintained on
an ad libitum food and vater schedule and were housed
within each site individually.

Surger Apparatus elimira estin n
Bistology. The details of these methods are the same
as describeéd in Experiment 1. Six cf the twelve rats

tested met the criteria to be included in this
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experisent; i.e., rates produced fros both -electrode
placerents had to exceed tgn responses per minute on
three consecutive daily testing sessions. The six
animals not meeting this criterion either did not
press from one electrode or had variable rates.
Procedure. Each day an animal was allowved to
se¢lf-stisulate for a 96-minute session which was
divided into tvelve seven-ainute periods, separated by
one-minute time-outs. The data for the last five
minutes of each seven—sinute period served as the
dependent variable (as in Experiment 1). To control
for the order effects, stimulation wvas counterbalanced
with each site tested first in an A-B-B-1 sequence
(Site A-intensity 1, Site B-intensity 1, Site
B-intensity 2, Site A-intensity 2.....5ite B-intensity
6, Site A-intensity 60. During the first two
seven-ainute periods for each electrode placement,
stimulation intemnsities vere sufficiently low so that
the animals® response rates over the last five minutes
of tie period were below an arbitrarily-defined
response threshold of ten respomses per rinute. Por
each electrode placement, the third, fourth and fifth

internsities, presented in ascending order, sustained
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self-stimulation behavior at rates vhich approached or
reached optimal responding. The sixth intensity
elicited either peak rates or a decresent in response
rate, characteristic of an inverted U0 rate-intensity
function. The HYP electrode was tested first in each
daily testing procedure, except for twvo rats (19F and
156) , vhich extinguished pressing wvhen the DB
electrode was tested first. In these instances it wvas
necessary to begin each daily testing session with the

DB electrode (see Bethod, Experirent 1).

Animals vere given priming stisnlation if they
did pot initiate responding during the first minute of
each seven-ainute period; rats vere never primed
during the last five rinutes.

When rate-intensity functions stabilized, each
animal entered a nine day testing secuence, consisting
of three days of pre-drug saline, three days of
morphine and three days of post-drug saline. Each
day, three hours prior to the daily ICSS test session,
either saline or sorphine vas administered; this tise
period vas selected, based upon pilot data froms
Experiment 1, to increase the likelihood of sampling

facilitative effects of morphine on ICSS, particularly
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folloving administration of the highest morphine dose
(10.0 =g/kg) . Each animal vwas tested with one and
only one dose of morphine during the three drug dJays.
Three doses of norphine were tested in the third
experiment: 2.5, 5.0 and 10.0 mg/kg.

Pive minutes prior to ICSS testing, the rat's
general behavior was monitored in a five-ainute
behavioral watch, as described in Experiment 1.

Statistics. Since rate-intenmsity functions vwere
sanpled only once per day and changes in time-course
of drug effects were not being measured, the data were
analyzed with a series of two-way analyses of variance
vith repeated measures on all factors. The drug
conditions analyzed in this fashion were pre-drug
saline (3 days), worphine (3 days) and post-drug
saline (3 days). The experisental design is day
nested within drug condition by current intensity, the
data for each electrode placement analyzed separately.
Duncan a posteriori tests vere perforsed on both the
overall morphine effect (collapsing over all current
intensities) as well as the interaction of drug
condition x current intemsity (within intensity) for

each electrode placement (x=.01).
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Results

1 schematic representation of the electrode
placements for the anisals vhich coaspleted Experiment
2 appear in Pigures 135 and 136 and is detailed in
Table 59. Six animals completed the experiment. Tvo
anirals vere tested per morphine dose: #&1E and 19F at
10.0 =mg/kg, 156 and 106 at 5.0 mg/kg and 86 and 76 at
2.5 ng/kg. The rate-intensity functions for each
electrode placement are graphed in Figures 137-1a8.
Although it was pnot tested directly statistically,
there appeared to be a site-specific difference in
pre-drug saline rate-intensity fanctions: DB
electrodes mOTE often had ®"inverted-U® shaped
functions, vhile BYP electrodes more often had “ogive®
shaped functions.

Individual ANOVA tables for each electrode
placement arranged by site appear in Tables 60-61.
A1l electrode placements had a significant main effect
of current intensity. Borphine effects appeared
either as significant main effects of drug condition,
drug condition x current intensity or both the main

and interaction effects. Duncan a posteriori tests (o«
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<.01) were performed on the interaction of drug
condition 2 current intensity within each electrode
placesent (see Tables 62-63). Tvo such comparisons
were made: pre-drug saline vs. morphine and pre-drug
saline vs. post-drug saline. The electrode placements
displayed ICSS rates that were either significantly
depressed or significantly facilitated or else &no
instances in which the p-level vas < .07; no electrode
Placerent had a significant depression at one
intensity and a significant facilitation at another
intensity. Bach electrode placement received a
pattern classification for morphine effects on ICSS
rate-intensity functions that wvas based upon the
direction of effect obtaine@ on the Duncan a
posteriori test (X = .01). Only five of the 12
electrode placements displayed significant morphine
effects on the site x drugconad x intensity
interactions.

Pollowing administration of 10.0 mg/kg morphine,
significant depressions occurred at the DB electrodes
of the animals &81E and 19F for both the third and

fourth current intensity values. 1CSS rates at the
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HYP electrodes in both anieals did not Aaiffer
significantly from pre-drug saline at a p~level of <
-01.

Polloving administration of 5.0 »mg/kg morphine,
the DB electrode of animal 156 had a significant
depression in ICSS rates at the fourth current
intensity value. The DB electrode of animal 106G had
signific;nt facilitations in ICSS rates for the first
three intensity values as well as a facilitative
effect in the overall site x drugcond interaction. 1s
at the 10.0 ung/kg dose, I1ICSS rates at the BYP
electrodes in both animals did not differ
significantly fros pre—-drug saline at a p-level of <
-01.

FYolloving administration of 2.5 mg/kg wmorphire,
the HYP electrode of animal 86 displayed a sigrificant
depression in ICSS rates for the third current
intensity value. ICSS rates at the DE electrode of 8G
ané both electrode placements of 76 vwere not
significantly different from pre-drug saline at a
p-level of < .01.

Rlthough differences in drug effect across sites

cannot be directly tested statistically within the
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context of a twvo-way analysis of variance, the DB
electrode appeared to be more affected than the
corresponding HYP electrode within the animals tested
in the present experiment. 1In fact, four of the five
electrode placements vhich displayed significant
morpbine effects were those aimed at the DB area.
Only one electrode placement (106-DPR) displayed
sigpificant facilitations in ICSS rates and this was
following the 5.0 mg/kg morphine dose. These
facilitations occurred at the lower current intensity
values vhile the depressions displayed at electrode
pPlacements in the other animals occurred at
intensities higher vithin their rate-intensity
functions; however, vithin the context of the present
data amalysis, it camnnot be determined vwhether there
is a statistically significant trend tovard
facilitations in ICSS rates occurring at lower current
intensity values than depressions.

The Durcan a posteriori tests of the overall
effects of drug condition (collapsed across current
intensity) for each electrode placerpent indicated
that JICSS rates returned to baseline during post-drug

saline condition (p<.01). The results of the Duncan
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tests on the drugcond x  intemsity interactions
for each electrode placement are sumsarized in
Tables 62-63. ICSS rates during post-drug
saline following administration of 10.0 =g/kg
morphine dose, vwvere not significantly different from
those of pre-drug saline for any current
intensity value at any electrcde placement. During
post-érug saline following the lover =morphine doses,
five electrodes displayed rates significantly
different from pre-drug saline; in general, the effect
vas displayed at only one of the six current intemsity
valoes tested per electrode placement (see Tables
62-63).

Behavioral observations of general activity were
made five minutes prior to ICSS testing: i.e., the
third-bhour post-injection. Tables 64-65 present the
results of these statistical tests. Wher the data are
combined across dose, no significant differences in
behavior vwere moted at a p-level of < .01. Thus, as
in Experiment 1, the morphine effects on ICSS rates
appear to be dissociated from those on general

behavior.
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Discussion

The effects of eorphine on ICSS rate-intensity
functions vere studied, as a supplement to Experisent
1, to nmore fully determine wvhether or not morphine
differentially affects behavior at the 1lower and
higher current intensity values within an electrode
pPlacement. The results indicated that all electrode
placesents displayed monophasic effects of wmorphine:
Bo electrode placements displayed both significant
depressions and faciltatioms.

T™he effects of morphine om ICSS rate-intensity
functions vere studied three hours post-injection to
maximize the lixelibhood@ of eliciting wmorphine’s
facilitative effects followving the highest (10.0
mg/kg) nwmorphine dose. However, following this dose,
no significant facilitations in ICSS rates (p<.01)
vere noted; although significant depressions occurred
at the DB electrodes of both animals. Following the
5.0 »g/kg dose, significant facilitations vere
displayed at the D3 electrode of oue amimal. PNo other
facilitations were noted.

Orly five of the 12 electrode placements tested

displayed significant effects, and only at a maximsum
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of three of the six current intensities tested per
electrode placement. The apparent lack of effects at
sost current intensities wvithin each electrode
placement may be related to the fact that ICSS was
only sampled during a single time interval
post-injection. . Although not tested statistically,
each morphine dose, as noted in Experisent 1, appeared
to have a different time course of effect: the lower
the dose the shorter the duration of depressions and
the earlier the onset of facilitations. Thus, in
Experiment 2, by keeping the time of testing ICSS
followving drug administration constant across dose
conditions, as is desirable in a parasetric study,
the primary facilitative effects followving
adeinistration of 5.0 and 2.5 mg/kg morphkine doses may
have passed but may not yet have occurred for the 10.0
»g/kg morphine dose. The first experisent d4id not
study the effects of morphine on complete
taté-intensity functions because of the mature of the
experimental design. Since the purpose of this third
experiment wvas to supplesent the first experiment, it
did not include all categories of groups (e.g.,

parametrically studying the influemce of interval
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post—injection to rate-intensity ICSS testing) which
may have enabled stronger statements on the effects of
morphine on rate-intensity functionms.

Also of note is that of the five animals in which
significant morphine effects on ICSS rates vere
detected, four displayed these effects only at the DB
electrode while the data at the corresponding BHYP
electrode vas not significantly different from
baseline. Thus, although not tested statistically,
the DB electrodes appeared more likely to show
significant effects than the corresponding RYP
electrodes. This supports the hypothesis that DB may
receive a functionally higher morphine dose than the
HYP area.

The effects of morphine vwere not directly
compared across intensities, however the results of
Experiment 2 indicated a greater likelihood of noting
facilitations than depressions at the lower intensity
values. Changes in threshold following wmorphine
administration have been reported in studies utilizing
threshold determination (Esposito & Kognetsky, 1977;
Relley & Reid, 1977; Harcus & FKornetsky, 197a;
Ornstein & Buston, 1977), baseline threshold value

(Lorens, 1976) and rate-intemnsity functions (Maroli et
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al., 1978; 0Olds, 1959). In these studies, thresholds
were generally 1lowvered, however raised and unchanged
thresholds wvere also reported vwhich appeared to be
dependent upon site, dose, time post-injection,
tolerance and stimulus parameters. The wmethods used
and the comparative results oﬁtained wvithin these and
the present study provide additional support for the
hypothesis that continuous stimulation techniques may
be 1less sensitive than intersittent stimulation
technigues for studying morphine-induced facilitatioms
on the reward systen(s) (see Discussion, Experiment
.

Experiment 1 demonstrated that within an
electrode placesent, norphine gemnerally has depressant
effects followed by facilitative effects wvithin, as
well as across days. When the results of Experiment 2
are viewed in this light, it appears that a chronic
study such as Experiment 1 in which ICSS rates at
particular current intensity values tested@ over
several sessions per day is a more efficient model for
observing morphine®s effects on eultiple electrode
sites within an animal; especially vhen the effects of
several drug doses are to be studied. Although not

directly tested statistically, the results of
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Bxperisent 2 support the dose-~ and site-specific
depressant and facilitative trends suggested by the
data obtained in Experiment 1 and further sugaests
that morphine may differentially affect response rates
at different current intensities and that these
factors say contribute to the apparent discrepancies

in results reported among studies.
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Geperal Discussion

The present series of experiments demonstrated
that morphinme has facilitative as wvell as depressant
effects on ICSS behavior. In fact, most electrode
placerents displayed depressions followed, within
and/or across days, by facilitations in ICSS rates.
In general, higher nmorphine doses elicited more
instances of depressions and 1lover pwmorphine doses
elicited more facilitations of ICSS rates. The twvo
electrode placements within each animal often had
significant effects that were opposite in direction
duering particular test sessions; in general, the DB
electrodes had more depressions within a day and upon
repeated drug adsinistration than the corresponding
BYP electrodes. The rate-intensity data also
indicated similar dose amnd site trends. Thus,
morphine does appear to have direct effects on central
revard system(s). The present data are in support
with the ™dual action™ hypothesis of morphine (Tatum
Seevers & Collinms, 1929), vhich suggests that there is
a general depressant effect of morphine that masks a
specific facilitative effect on the central nervous
systex. This bhypothesis would predict that with

administration of lowver doses of sorphine it would be
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more likely to observe the facilitative effects. The
general differences observed betveen electrode sites
within animals support previous studies that report
site-specific differences vhen using separate—-groups
design (Liebman & Segal, 1976; Lorens, 1976) .

Since opiate receptor sites bhave now been
extensively wmapped (Simon & HRiller, 1978; Ohl,
Childers & Snyder, 1978), it would be beneficial to
investigate the differemces in 1ICSS rates upon
administration of wmsorphine and enkephalins at sites
possessing high vs. low receptor densities. This
might also begin to answver whether the trend for DB
electrode placements to appear as though it received a
functionally larger morphine dose than BYP electrodes
is due to differences in the amount of drug passing
though the blood~-brain-barrier and subsequently
arriving at these brain sites, or due to the
differences in the relative amount of receptor sites
at eack of these brain areas. Also, as more specific
biochemical techniques become available, chemical
mranipulation of the endogenous opiate-like substances,
together with the JCSS technigques, =might further
indicate the mechanisms responsible for sorphine’s

effects on central reward mechanisms. It would also
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be of interest to study the effects of larger doses of
sorphine aderinistered over 1longer tise periods to
determine vhether (1) facilitative effects occur upon
the development of tolerance to the depressant effects
and (2) there are more obvious withdraval effects, as
measured by ICSS rates, in am animal ®“addicted®™ ¢to

morphine and, if so, whether these effects are

site-specific within the central revard system (s)?
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Table 2

SUMMARY TAZ2L: 5-;37 ANOVA (pre-drug saline vs, morchine
and post-cdrug salline)

n
O

[l]

3ac_# 2  mear sguare 'sxvor) P-vaiue = __ I-scusre ’sazoe)

27z 172ed 1.7236 28,77 .occL J.8"
547 2204 7. 4823 S.34 2231 2.37
TEF 2304 1,734l 20.40 .CCCL C.8¢
47 2304 §.8172 18.25 . 2021 2.7%
742 2304 ¢,2758 7.3 » CCCL .38
4G 2304 £.4083 28,21 L3021 .87
78R 2304 2.862. 44,30 » 3221 3.82
6€EF 2304 3.2908 7.30 + 2072 T.EE

3G 2304 5.3477 .7 O3 .78
2lG 2304 1.,8808 29,24 .CCC J.88
847 2304 l.3Cl2 .82 Neloion] .35
85F 2304 L1.4238 3.09 .22C1 C.5C
igc 2204 2.2387 35.9¢2 .CCTCl Q.54

£l 2304 Q.32€07 21.37 L CCCL .28

Dependent Variasl2 = sc. TT. {resz/min - C.3°

8 cested 3Lx sessicrs /dav



DEPENDENT VARIABLE:R- SQ. RT.

SOURCE
HODEL
ERROR

CURRECTIED YOTAL

SULKLL

SHIE

DRUGCOND

INTENS TY

0AY

HOUR

S1TE*LRUGCUND
STVLSIMTENSYEY
SITE*DAY

STTE*HUUR
DRUGCOND ¢ INTENSTY
DRUGCOND*DAY
DHUGCO D *HOUR
IRIENS TY *DAY
INTENS TY 2HOUR
DAY*HOUR
SYTLALRUGCUN® INTENSY
SITEADRUGCUND4DAY

ST TE*DRUGCOND # IR
SLYCALINTENSTYSOAY
SIIE*INTENSTY4HOUR
ST VE*DAY #HOUR
URUGCONG*DAY*HIRIR
DRUGCOND*INVTENST *DAY
DRUGCONR® INTENS TH#HOUR
INTLNS TY #DAYSHUUR
S1TE*DRUGCUMDAYSHOUR
SITE*DRUGC*INTEN*DAY
SLTEPDRUGCHINTEPHOUR
SITESINVENS*DAYSHOUR
DRUGC® INTEN®DAYHOUR
STVESDRUCINTS UAY SHOU

DF

431

1728

2159

c
h

- -
NV IOODONVRMNVMWVEN-

- N
L

MR A e N e AR A
coveooovooow

TABLE 3 .

(R + 0.5)
SUM OF SQUARELS
1914T.03765919
297B.43344670

22126.27110649

ANOVA SS

Y096.60834845
2108.15101748
5.649489963
375.1185%1790
979.147984460
130.73434173
38.30013898
$2.00268737
182.69973061
1.31627664
403.09506433
2561.195)1842
18.56038125
50.37167667
450.586506486
16.6193290)
AT4.21812697
193.636127117
43.04007285%5
33.48490554
179.87836¢690
6T0.49709673
120.2600%140
%4.30068412
167.76382559
337.93457662
45.24257716
47.64461259
161.66371639
240.04495623
217.291871599

5—~WAY ANUVA3 37

(MORPH INE-10.0 HG/KG)

[ 4

0.0001

STD DEV

1.31287108

ANALYSIS OF VARIANCE PROCEDURE
HLAN SQUARE F VALUE
44.4642653749 25.17

1.72363047

F VALUE P
5277.59 0.0001
611.54 0.0001
3.19 0.0744%
43.53 0.0001
113.61 0.0001
40.24 0.0001
22.22 0.000}
6.04 0.0001
21.20 0.0001
0.38 0.6827
23.43 0.0001)
148.59 0.0001
2.15 0.05¢)
5.84 0.0001
10.46 0.000)
5.40 0.0048
10.11 0.0001}
11.23 0.0001
4.99 0.06002"
3.89 0.0018
4117 0.000)
71.78 0.0001
6.98 0.000}
3.15 0.000%
3.4)3 0.0001
3.92 0.0001
2.62 G.0036
2.16 0.0022
3,75 0.0001
2.719 0.0001
2.52 0.0001

R-SQUARE

0.865389

C.Ve
20.4443
R MEAN

6.41543022

pet



/
TABLE 4 .

DEPLNOINY VARTABLE:R: SQ. RT. (R ¢ 0.5)

SOURCE OF
HODLL 575
ERROR 2304
CORRECTED TafaAL 20879
SULRCE DF
Siit 1
DRUGCOMND 2
INTENSY 1
DAY 5
HOUR ?
ST1TE*LURUGCOND 2
SEVE4INVENSTY 1
STVESDAY H
STTE*HUUR 7
PRUGCOMND® INTENSTY 2
DRUGCUOND $DAY 10
DR UGCOND #HUUR 15
IHTENS YY$UAY 5
INTENS TY #10UR 7
DA Y&HOUR 35
SITLCDRUGCON® FNTENST 2
SLIEL*ORUGCONDIDAY 10
ST VE#BRUGCOND ¢HOULR 14
SIVECINTENSTIVAUAY 5
STTES) LTENSTYQHOUR 7
ST YL YDAV SHOUR 35
DRUGCOND *D AY *HUUR 70
DRUGCOND* THTENST $DAY 10
CRUGCON® INTENS T$HOUR 14
INTENS TYSDAYSIIOUR 35
STTCADRUGCO*DAY? HUUR 10
STIE40RUGC Y INTENTDAY 16
STTESORUGE $ INTESHOUR 14
SITE*IHIENSSOAYOHOUR 35
DRUGC® INTEN*DAY@IIDUR 10
STVUESORUSEHISOAY SR 10

SUM UF SQUARES
22985.80932452
17239.80096594

40225.610290406

ANOVA SS

2361.39360414
3757.57008053
2145.29265300
313.99392420
2530.49356777
44.38335009
121.5%6795005
34656220340
392.01639473
1719.99530109
938.15463116
2014.98196196
27.00155592
374.29591197
625.62811018
153.49365730
318.492454068
413.51271365
05.68222922
185.674709145
325.76230985%
1527.45797617
105.07938989
199.61000071
406.133361759
943.3710808495
60.52951541
473.85716523
319.57848408
583.377125903
710.06886.6452

5-WAY ANOVA:

(HORPH INE-10.0 HG/KGY

MEAN SQUARE

39.97532056

1.48255250

F VALUE [4
315.59 0.0001
251.09 0.0001
286,71 0.04001
8.3y 0.0001
48.31 0.0001
2.97 0.0517
1L.25 0.0001
9.26 0.0001
T.48 0.0001
12.03 0.0001
12.54 0.0001
19.24 0.0001
G.72 0.6095
7.15 0.0001
2.39 0.0001
10.26 0.0001
4.26 0.0001
3.9 0.0001
2.29 0.0431
3.54 0.0009
k.24 0.1547
2.92 G.0001
1.42 0.16M
1.91 0.0217
1.55 0.0210
L.00 0.06001
0.81 0.6201
4.52 0.0001
1.22 0.1750
1.11 0.2443
1.36 0.0279

ANALYSIS UF VARIANCE PROCEDURE

F VAIUE P R-SQUARE
5.34 0.0001 0.571422
STD DEV
2.73542547

C.Ve

55.9032

R HEAN

4.89314251
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DEPENDENT VARIABLE:R: 5Q. RT.

souce
HODEL
ERROR

COURKECTED TOTAL

SOURCE

S1IE

DRUGCOND

INTENS TY

DAY

HOUR

S 1E*DRUGCUND
STIESINVENSTY
SITE*DAY

ST TESHLUR
DRUGCUND® INTENSTY
UKUGCOND*OAY
RRUGCOND *HOUR

INTENS TY®DAY

T8 TENS TY $HOUR

DA YOHUR
STVESDRUGC (I TN ENSY
ST1E*ORUGCONDSDAY

ST VE*DRUGCOND *HOUR
SITECINTENSTY®DAY
STILSINTENSTYSHOUR
S11F20AY $HOUR
DRUGCUND 4DAY ¢HOUR
DRUGCOHD S INTENST SDAY
DRUGCONS INTENSTHOUR
TN TENS TY S$DAYSHOUR
STIC*DRUCCO2DAYSHOUR
STILCORUGL * FNTEN*DAY
STILSDRUGC *INTE *HOUR
STILSINYENSSDAYSHOUR
DRUGC* INYENSDAY*HOUR
STV SURUS INT *DAY #I0U

OF
5715
2304

2879

i~
n

-

w
NS VMIEONAWVE N =N

-
L AC R N -

- (b s me e W e e wd
COVIrOoOWVMIOOW

Tame 7 .

{R + 0.5)
SUM OF SQUARES
18632.95806504
9650.07043030

28483.820849534

ANUVA SS

260.15856541
255.22116369
49715.83960179
14.80241356
469.94195150
483.233791785
1647.730661064
142.17215050
420.74004999
0.69311438
£45.72552488
2384.40213068
59.18589541
66.66174290
©02.857527199
33.90353437
257.622414517
690.01168909
61.25059599
266.83217458
3£0.14074045
733.7197223613
178.85090479
619.42295324
368.65989110
T46.18889857
45.69376200
285.4066T7343
361.15142001
T26.61726515
147.04022411

S5~HAY ANUVA: T4E

- (MURPHINE~ T.5 MG/KG)

ANALYSIS OF VARIANCE PRUCEDURE

4

0.0001

STO DEV

2.06774065

MLAN SQUARE f VALUE
32.40514446 T.58
4.27555140
F VALUE
60.85 0.0001
29.85 0.0001}
1163.79 0.0001
3.50 0.0039
15.03 0.0001
56.51 0.000])
385.348 0.0001
6.65 0.0001
I4.06 0.0001
0.10 0.9008
10.42 0.0001
39.63 0.0001
2.77 0.0169
2.2) 0.0294
3.23 0.0001
3.96 0.0191
6.03 0.0001
11.54 0.0001
2.87 0.0139
8.92 0.0001
2.41 0.0001
2.45 0.0001}
4.18 0.6001
10.35 0.0001
2.406 0.0001
2.49 0.0001
1.07 0.3829
4.77 0.0001
2.41 0.0001
2.43 0.0001
2.59 0.0001}

R-SQUARE

0.654159

C.V.

46.5425

R MEAN

4.44269733

8¢ 1



DEPENDENT VARJABLESR- SQ. KT,

SOURCE
MODLEL
ERROK

CORRECTIED TOV¥AL

sounCe

S11€

DRUGCOMD

INTENS TY

DAY

HOUR

ST TL*DRUGCOND
SLTESINTEMSTY
S11E4DAY

ST VL*HOUR
DRUGCOND*INTENSTY
DRUGCUND*DAY
DRUGCOND *HOUR

INTENS TY®DAY

TN JENS 1Y #HOUR
DAYSHGUR
SITECDRUGCON® INTINST
ST TE*DRUCCONDODAY

S IECORUGLOUNDAHOUR
SITEAINTENSTY®DAY
STTE4INFENSTYSHOUR
SLIL*DAYSHOUR
DHRUGCONDSDAYSHOUR
DRUGCOND S INTENSTSDAY
DRUGCON® INTENSTSHUUR
INTENS TYSUAY*HOUR

ST ILP*ORUGCOCDAYS HOUR
STUEADKUGC ¢ INVENSDAY
STTE*DRUGC*INTE*HOLR
SLIL*L I ENS*DAYEIOUR
DRUGC* INTENCDAY® HOUR
STV ¢BRUSINT DAY L)

OF
5715
2304

2879

=
b

-
NVaN,rONGVEND RSN -

[

el
-0

TABLE %v .

{R ¢+ 0.5)
SUM UF SQUARES
87056.68620921
126456.03437008

99512.72051929

ANUVA SS§

69375.900067064
804.58984388
908.89831176
180.20909303
872.97442984

1053.48314711
843.63160863
442.57132431
409.7663599)
363.56036664
523.990065423

1518.23846535

44.T71594775
308.32485995
726.72161481
771.680302102
427.54890405
1579.665461338
45.25987030
236.95260090
334.79609%63

1843.006162467
203.91010892
503.00707104
374.73327181
60L3.07668086
150.54990019
2645.1723222s6
410.307620649
81%4.95216717
748.38765776

S~MAY ANUVA: 46

(MURPH ENE-

ANALYSES OF VARJANCE PROCEDURE

MEAN SQUARE

151.40293254
5.40626492
F VALUE [
12832.50 0.0001
T4.41 0.0001
182.92 0.0001
6.67 0.0001
23.07 0.0001
97.4)3 0.0001
156.0L5 0.0001
16.37 0.0001
10.83 0.0001
15.13 0.0001
9.69 0.0001
20.06 0.0001
1.65 0.1412
8.15 0.0001
3.84 0.0001
7.18 0.0008
7.91 0.0001
20.087 0.0001
l.07 0.1362"
6.26 0.0001
1.77 0.0037
4.87 0.0001
3.1 0.0001
6.065 0.0001
1.98 6.0006
2.12 0.00013
2.19 0.0020
3.24 0.0001
2.1 0.0001
2.15 0.0001
1.98 0.000})

T+.5 MG/KG)
F VALUE [
28.01 0.0001
STL DEV
2.32513161

R-SQUARE

0.874830

C.V.
28.7286
R MEAN

8.09344898

6e1



DEPENDENT VARJABLEZR: SQ. RV,

SOUKCE
MODEL
ERKOR ~

CURRECIED TOFAL

SOURCE

SIVE

GRUGCOMND

INTENSTY

DAY

HOUR

S3 TE*URUGCOND
SITESINTENSTY
STIE*DAY

STTL*NOUR
DRUGCOND ¢ INTENSTY
ORUGCOND #DAY

DR UGCUND *HOUR

INTENS TYSDAY

THIENS TY *HOUR

DA Y$HOUR
STTE*DRUGCUON® INVENSY
S1IE*DRUGCUND DAY

S 1 VE*DRUGC OND $HOUR
SITECINYENSTYYODAY
STICOINTENSIY*HOUR
ST TE*DAY YHOUR
DRUGCOHD DAY #31IUR
DRUGCOND* INTENST *DAY
ORUGCONS INYENSTSHOUR
INTINS TYSDAY*HOUR

ST *DRUGCOADAYSHOUR
SITE*DRUGC S INTINODGAY
STTECDRUGC *INTESHOIR
STTESINTENSPDAYSIHIUR
DRUGCS INTEN®DAYS HOUR
STTESDRUSINT* DAY OV

DF

515

2304

2879

=
-n

-

w
NV VP ONG VNN

-
~w~wvseo

- e ) ey W
CoOVIrOOVIMIOOV

TABLE Q .

{R ¢ 0.5)
SUM OF SQUARES
69537.25647493
6205.47814958

T5T742.73662451

ANUVA SS

19946.37517697
4732.07959694
1569.22724974
1860.07470261)
1278.89334214
1525.96422397
4632.63200644
1102.47319047

145.77970156
1345.40215613
3131.20094742
1036.06771969

816.82957378

490.28626341
1419.77753021

T160.177600464
1578.00343180
1238.07647417

686.16679206

335.23817500

947.20790701
2657.23567423
1527.01732539
1284.78790412

985.37209684
1660.38)99186

692.606197253

555.21290720

615.93556737
1080.73069058
1297.55574206

5—WAY ANOVA:

T5F (HORPH INE— 5.0 MG/KG)

ANALYSES OF VARTANCE PROCEDURE

MLAN SQUARE

120.93436257

2.69334989

F VALUE ¢
7405.79 0.0001
878.47 0.0001
2810.34 0.0001
138.12 0.0001
67.8) 0.0001)
283.28 0.0001
1720.03 0.0001
81.01 6.0001
39.56 0.0001
249.76 0.0001
116.26 0.0001
27.50 0.0001
606.66 0.0001
26.01 0.0001
15.0¢ 0.0001
14112 0.0001
58.59 0.0001
32.86 0.0001
50.95 0.0001
17.78 0.0001
10.05 0.0001
14.09 0.0001
56.13 0.0001
34.07 0.0001
10.45 0.0001
8.61 0.0001
25.72 6.0001
14,02 0.0001
6.53 t.0001
5.73 0.000)
¢.88 ©.0001

F VALUE P R-SQUARE

44 .90 0.0001 0.916072
STL LEV

1.64114286

C.V.

20.3255

R MEAN

8.07431334

OrT
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DEPENDENT VARBABLEZR: SQ. RT.

SOURCE
HODEL
ERRUR

CORRECTED TOTAL

SULRCE

S1(t

DRUGCOND

INIENS Y

DAY

HOUR

SIIE*DRUGCUND
STIESINTENSTY
STIEsDAY

ST IE*HOUR
DRUGCUND®INTENSTY
DRUGCHIN*DAY
ORUGLOND*HOUR
INTENS 1Y #DAY
INTENS VY SHOUR
ODAYSIZNUR
SITE*DRUGCON® INTENST
S11E*LKUGCUND *DAY
STTE*DRUGCOND*HOUR
STTE*INTENSTYSDAY
SITESINTENSTEY ¢HOUR
STYEYDAY*HOUR
ODRUGCHND *DAY *HOUR
DRUGCOND S INTENST ¢DAY
DRUGCON® LIHTENSTOHMR
THTENS TY $DAY2HOUR
STILSDRUGCUSDAY*IIOUR
STTECDRUGC S INTEN®DAY
STITE+DRUGC + INTE*HOUR
SITE*INTENSeDAYSHOUR
DRUGCH INTEN*DAYSHOUR
STV DRV INT DAY HIOU

DF
515
2304

2879

k=4
-

Ll

w
NV LS ONY VNN

L
~yeo

o e e ay e
covesioOUMLOOW

VABLE // .

(R ¢+ 0.5)
SUM UF SQUARLS
35999.84599629
12321.12414107

48320.97013736

ANOVA SS

850.77876094
165.42833224
135062.26101691
81.99792142
19968.48094107
216.224821710
58097.63695450
176.76668799
110.33594680
189.087217153
443.63992444
2324.36438534
109.03653636
1181.20136448
540.48338962
628.61502957
855.02869574
91.48403059
239.07413458
205.385794717
337.42983519
7159.61852906
288.56414119
1211.78606934
311.60498032
419.02724167
1032.8546311713
322.93320070
393.23987758
466.196566883
628.39306611

P

0.0001

STD DEV

2.31251165

5-WAY ANOVA: 36 (MORPH INE- 5.0 MG/KG)
ANALYSES OF VARJANCE PROCEUURE
MLAN SQUARE F VALUE
62.60842782 11.71
5.34771013
F VALUE 4
159.09 0.0001
17.34 0.0001
2524.087 0.0001
3.07 0.0093
53.39 0.0001
20.22 0.0001
1102.83 0.0001
&.61 0.0001
2.95 0.0046
17.75 0.0001
8.30 0.0001
31.0% 0.0001
4.08 0.00)2
31.56 0.0001
2.09 0.0001
58.71 0.6001
15.99 0.0001
1.22 0.2515
8.94 0.0001
5.49 0.0001 .
1.80 0.0028
2.03 0.0001
5.40 0.0001
16.19 0.0001
1.6 0.0087
1.12 0.2349
19.31 0.0001
4.31 0.0001
2.10 0.0002
1.25 0.0842
1.8 0.0004

R-SQUAKE

0.745015

C.v.

24.2564

R MEAN

9.53362161

A A
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DEPENDLNT VARIABLE:IR?3Q. RT.

SUURCE
MODEL
ERRUR

CORRECTED TOTAL

SOURCE

SIVE

DRUGCOTND

INTENS TY

DAY

HOWLR

S1TE*DRUGCOND
STUTESYNTENSTY
SITE*DAY

STLIE+HOUR
DRUGLHNU*INTENSTY
ORUGCUND*DAY

DR UGCOND *HOUR
INTENSTYSDAY

THIENS TY *HOUR
DAYAHO IR
STVE*DRUGCON® INTENST
S1 VE*DRUGCUNDODAY

S1 L *DRUGCOND $HOUR
SIVESINTENSIVeLAY
SITE*INIENSTYSHOUR
SIVE*DAY $HIOUR
DRUGCOND#DAY S HOUR
DRUGCOND® INTENST 00AY
ODRUGCONS INTENS I #HUUR.
TNTENS TY DAY SHDUR
SLIE4OPUGCOYDAYS HIBUR
SITE*DRUGC*INTENADAY
SITL*DIUGC*INTE*IOUR
SLIE*I NIENS*DAYSHOUR
DRUGC S INTENRSDAYSHOUR
SITECDRUSINTODAY shOU)

Df

575
2304

28719

o
-

-

W
NV VI ONNRNEN NN

-
LRV N -

-l o e w W
POoOVIrOOVIOOW

1abLE /3 .

(R ¢+ 0.5)
SUM OF SQUARES
7M97.112680083
36089.27055442

10886.30323524

ANOVA SS

2100.74389552
185.34026572
352.09983658
254.00924743

91.35460405
379.88549088
586.00100193
178.26896684
457.92853420

13.8577770)
162.58749746
209.26029810

10.0113%135

11.89607400
199.76445389

1.481796130
247.32478953
4689.38132655

16.56897549

29.23560430
135.87167408
184.96713974

52.40576609

52.23391208
122.75554340
108.99611099

45.512927152

50.67315101

81.49150536
171.285)5228
133.91117413

5—HWAY ANOVA: 84F

MEAN SQUARE

12.516717171

1.60124590

¢ VALUE I
1311.94 0.0001
57.87 0.0001
219.89 0.0001
31.73 0.0001
8.15 0.0001
118.62 0.0001
365.97 0.0003
22.27 0.0001
40.85 0.0001
4.33 0.0133
10.15 0.0001
9.33 0.0001
1.25 0.2821
1.06 0.38¢61
3.56 0.0001
0.46 0.6284
15.45 0.0001
21.83 0.0001
2.07 0.0857
2.61 0.0112
2.42 0.0001
1.65 0.0007
3.2 0.0003
2.33 0.0034
2.19 0.0001
1.6y 0.0004
2.64 0.0016
2.26  0.0047
1.45 0.06419
1.53 0.0035
1.19 6.1314

ANALYSIS OF VARIANCE PROCEDURE

F VALUE

1.82

(HORPHINE— 2.5 MG/KG)

P

0.0001

STD DEV

1.265450345

R-SQUARE

g.661111

C.V.
19.6016
R MEAN

6.45560740

A4S
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DEPENUENT YARIADIE:R-5Q. RT.
SUIRCE OF
HOLEL 575
ERROR 2304

CORRECTED TOTAL 2879

SOURCE

i~
-

SIE

DRUGCUND

INTENS TY

DAY

HOUR
S1YE*LRUGCUND
SLIESINVENSTY
S1it*DaAY
STTESHOUR
DRUGCUHOCINTENSTY
DRUGCONDSDAY
ORUGCUND*HOUR

- INVENS TY4DAY
INTENS TY HHIOUR

DA YSHOUR
S11C«DRUGCON® INTENST

L L

W
NPV PrON B Nal VN

ST ESDRUGCUHLADAY 10
S VE*DRUGCOND IR 14
SLIECINTENSTYSDAY 5
SITE*INTENSTY#IOUR 7
S1 1L+ AY #IHOUR a5
BRUGCOND *DAY *HOUR 70
DRUGCOND S INTENST*DAY 10
DRUGCON INTENST*LILUR 14
INTCHS TY#DAYIIOUR 35
STTESHRUGCOSDAYS HOUR 70
SITEPDRUGCSINIENSDAY 10
SIIC*DRUGC*INTE *HOUR 14
SITE*THIENS*DAY*HIOUR 35
DRUGCY INTENCDAYCHOUR 70
SLILDRUSINTI* DAY IV 70

——

TANLE /I3 .

R ¢+ 0.5)
SUM UF SQUARES
8U574.01425769
5388.39388293

85962.40014062

AHOVA SS

11487.21202182
400.53565715
50480.620452171
60.170336¢6
1403.65581352
131.36277871
11839.93830446
21.030734717
24.24061345
495.26097704
324.55154272
183.157971523
149.10451773
584.15017840
264.93592230
T1.57596961
26.62491235
91.00681709
27.00256402
42.24407909
98.89631545
390.834332%4
194.0416%610
238.50134298
168.29242240
402.00262562
112.02%160830
106.96024810
152.95753254
229.630175540
282.07672818

S~HAY ANOVAS

ANHALYSES OF VARIANCE

186 (MORPH INE- 2.5 MG/KG)

MEAN SQUARE

140.12872045

2.33871262

F VALUE P
4911.77 0.0001
87.34 0.0001})
21584.719 0.0001
5.15 0.0001
85.74 0.0001
20.08 0.0001
5062.59 0.0001
1.80 0.1007
L1.48 0.1685
105.68 0.0001
13.68 0.0001
5.59 0.0001)
12.75 0.0001
35.60 u.ooo!l
3.24 0.0001
15.30 0.0001
4.13 0.0001
2.80 0.0604
2.31 0.0415
2.58 0.0120
1.21 0.1874
2.44 0.0001)
8.30 0.0001
7.28 0.u001
2.06 0.0003
2.46 0.0001}
4.79 0.0001
3.33 0.0001
1.87 0.001e
1.40 0.0164
1.12 0.0002

PROCEDURE

F VALUL

59 .92

P

0.0001

STL DEV

1.52928500

R-SQUARE

0.937317

C.V.
24.8807
R HLAN

6014646443

9bT



DEPLNUERNT VARIABLE:X: SQ. RY.

SIMRCE
HODEL
ERROR

CORRECTED TOTAL

SOURCE

STIE

DR UGCOND

FNIENS TY

DAY

HOUR

S VL ¢DRUGCUND
SETLPINTENSTY
STTE*DAY

STIEAHUUR
DRUGCOND* ENTENSTY
DRUGCUNDODIAY
DRUGCOND #310UR
INTENS TY *DAY
INTINS TY #HOUR
DAY*HOIR
STVE*DRUGCON® INTENST
SEVE*DRUGLOND®DAY
STILADRUGC OND *HUUR
STTESINTENSTY2DAY
SITESINTENSTYOHOUR
S11L¢DAYSHOUR
PRUGCOND DAY *1HOUR
DRUGCOHD® INTENST *DAY
ORUGCONS INTENST ¢)HOUR
INVENS TV 2UAY SHOUR
SEIE*DRUGCOSDAY®HOUR
SITE*DRUGC*INTINDAY
STVESDRUGC*IHTE SHDUR
SLUESINTENSOTDAYSHOUR
CRUGLO INTENSDAY*HOUR
SLIECDRUSINT 4 DAY eHIOU

OF

575

2304

2079

b4
b4

-

w

-
~wweC

- W AN e ey A e e L
cowsrCOWVIOCW

VABLE /6 .

R ¢ G.5)
SUNM OF SUUARES
12515.61158709
2282.60123652

14798.41282561

ANOVA S§

5332.93562245
491.65477057
191.273084023
292.34794520
116.11513941

19.41095311
25.771225848
59.705926417
147.004028106
110.07955801
621.080701701
627.81727463
68.20120108
35.32416916
770.04943738
40.36805891
151.84164035
227.57908624
30.49060463
T6.83781043
139.900006793
1626.06802971
73.26618909
85.U09667414
126.26693010
435.63B24939
22.79503082
93.62624932
50.32376574
177.45110934
239.30913961

5-WAY ANOVA: 9%

(HORPHINE- 2.5 HG/KG)

ANALYSIS OF VARIANCE PROCEDURE

HEAN SQUARE F VALUL P
21.76662885 21.97 0.0001
0.99071234 57D DEV
0.99534534
F VALUE
5382.93 0.000)
2648.13 0.0001
193.07 0.0001
59.02 0.0001
16.74 0.0001
?.80 0.0001
26.01 0.0001
12.05 0.0001
21.20 p.0001
55.56 0.0001
62.069 0.0001
45.26 0.0001
13.78 0.0001
5.09 0.0001
22.21 0.0301
20.317 0.0001}
15.33 0.0001
16.41 0.0001
6.6 v.0001
1t.08 0.0601 '
4.03 0.000}
23.40 0.6001
T.45 0.0001
6. 19 6.06001
3. b4 0.0001
6.28 0.0001
2.30 0.0110
6.5 0.0001
1.68 0.0076
2.56 0.0001
3.45 0.0001

R-SQUARE

0.845754

Ve

11.1704

R MEAN

8.90574852

Lv1



TABLE /7 .
R-SGUUARL VALUE OF EACH SUOURCE IN THE 5-WAY ANINA FOR EACH ANIMAL

SOURCE 37 54+ TOF 94F T4E 46 I5F COLF 36 216 04F 86F 186 96 MEAN
SITE -4 -06 04 11 -01 -70 .26 03 .02 -01 19 «00 13 <306 166
ORUGCOND 10 .09 .05 04 -01 01 .06 .01 .00 -01 02 «02 .00 .03 3.1
INTENSTY « 00 =05 .35 -12 17 -01 .10 -i8 .28 26 -03 -08 59 .01 16.1
DAY .02 .01 -00 <01 .00 .00 «02 .01 .00 .01 -02 «00 .00 «02 1.5
HUUR «04 «06 -03 <01 .02 01 -02 04 04 01 .01 03 .02 <01 2.5
SITE *DRUGCOND .00 .00 .00 «01 .02 01 .02 .02 +00 .00 .03 -04 -00 .00 1.1
SITE*INTENSTY .00 -00 - 04 <09 06 <01 «08 .13 12 «34 .05 «006 14 -00 1.9
STIE*DAY .00 .01 -00 .00 -00 00 -01 .00 .00 -00 .02 .00 .00 -00 0.3
SIVESIIOUR .01 .01 .00 01 .01 .00 -0l -00 .00 -01 -04 «06 00 =01 1.2
DRUGCOND® THTENST Y +00 .00 -02 .01 -00 .00 .02 -00 .00 .00 .00 -00 -01 <01 0.5
DRUGCOND 4 DAY .02 .02 -01 03 02 .01 «04 01 .01 <00 «01 -C0 .00 .04 1.6
DRUGCOND *HOUR .12 .05 .07 -04 .08 .02 .01 .08 .05 -02 .02 -02 -00 -04 4.4
THIENSTY*DAY .00 .00 -00 .00 «00 «00 .01 .00 00 -00 00 .00 -00 -00 0.1
ENTENSTY #1OUR .00 01 .02 «01 .00 .00 .01 .01 -02 .00 .00 -00 .08 .00 0.6
DAY*HOUR .02 -02 02 03 «02 .01 .02 .01 01 .02 .02 01 00 05 1.9
STTE*DRUGCON® INT ENST .00 .00 «00 .01 00 .00 «01 .00 01 -00 .00 -0l =00 .00 0.3
SITE*DRUGCONDADAY -0l .01 -00 .01 -01 -00 02 01 <02 00 .02 <01 00 «01 0.9
S1VE*DRUGCUND® HUUR .0} .01 .01 .02 .02 .02 .02 01 .00 .00 -04 -09 -00 .02 1.9
SITESINTENSTYSDAY .00 -00 00 .01 00 =00 01 .00 +00 .00 .00 -00 -00 00 0.1
SITESINTENSTY#IDUR .00 «00 .00 .00 .01 .00 .00 -00 .00 .00 .00 -02 «00 -01 0.3
STVE ¢DAY O HIWR .01 «01 .01 .02 .01 <00 «01 .00 01 .01 01 <01 .00 .01 0.9
DRUGCONDSDAY HIILUR .03 04 04 04 .03 .02 04 02 -C2 -03 .02 -02 -00 -11 3.3
DRUGCOND* INTENST *OAY 01 .00 «00 -00 «01 00 .02 00 <01 01 .00 00 00 .01 0.5
DRUGCUNS INTENS T#iuiUR .00 .00 .01 .01 «02 .01 .02 .00 03 .01 -00 .01 -00 .00 0.9
INTENSTYSDAYSIOUR .01 .01 .01 .02 -0l .00 «01 .01 -01 .01 .01 <01 00 .01 0.9
SETE*DRUGCO* DAY HOUR -02 .02 .02 .03 .03 .01 02 .02 .01 +01 .02 -03 00 «03 1.9
STIE*ORUGC® INTEN DAY G0 .00 .00 .00 .00 00 .01 .00 .02 00 00 00 .00 00 0.2
ST *DRUGCHINTE*HOWR .00 .01 -01 .01 -0l -00 -01 .00 .01 .00 -00 -01 -00 .61 0.6
SITESINIENS#DAY®HOUR .01 .01 .01 02 .01 -00 .01 .01 .01 -01 .01 «01 .00 +00 0.9
ORUGC* INTENIOA Y HOUR -0l .01 .03 <04 -03 -0} .01 .02 .01 .02 02 02 00 01 1.7
SIILPORUS INT DAY $HINY .0} .02 .02 .03 .03 01 .02 .02 .01 «02 .01 «02 -00 .02 1.7

3% T
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Table 18
Duncan a posteriori tests (&= .01):
Site
Uose .
(mz/%z) Rat # DB vs. EY?
10.C 37E -+
S4p +
76F -
SLF -
7.5 7Uz
Lg
5.0 75F -
66F -
3G -
21G +
86F =
18G -
SG -

- = response rate, collapsing across all factors,
less at DB than HY2 electrode
+ = response rate, collavsing across all factors,
greater at DE than HYZ electrcde
= p> .01
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Taole 19

RE-DRUG SALIZNE 2CLLAFSING ACROSS INTENSITY

-
Site Teatad
Vaximum Maxi Pir st rer
X Yalue sStd, Zrr. X Value £<d. Tr», Hourle Sessizn
GZ.4 1z0 C.5823 28.3 32 Z.73 =T
48,2 79 c.ss 43.3 1c4 2.83 3
22.7 &C c.7 Z&.2 pRSn lee3 2T
42.3 1) 1.07 140.3 o358 4,48 ivr
30.2 37 « 59 2l.3 313 1.30 >3
17.7 75 lell 18l.3 223 o4 -
38.8 37 J.51 1¢z.2 290 2.8 jor)
5C. 3 34 3.78 oR,8 2CE 2.58 o2
88,8 173 Le868 128.2 224 3.88 3
48,9 z 2,72 g&.1 139 2.81 2T
324 g7 T.4L 47,3 104 L.12 8
34.8 pins Le52 37,3 224 3.38 23
31.C 3 1.08 12¢8.4 238 4.1 -3
54,2 1l4 2.3 1il.9 w43 .30 =ir
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Table 2O

RESPONSES/X¥IN DURING 2RE-DRUG SALINE: 28

NTENSITY ZIGE INJENSITV
_  Maximum Jurrent _  Maximum
X Value Szd. Irr, (24} X Jalue zd.
- =
84,0 1z2e L3 57 9.8 s
38.8 7 1.83 54 £3.8 74
18.8 ge .22 27 8.8 €3
44,39 84 l.82 16 Sc.0 8s
28.4 2l 1.48 §0 ZE.C g7
lE.9 75 .82 198 ig.4 o6
8.8 87 C.g7 78 8.2 S .53
46.3 g3 1,22 3 5&¢.2 24 ~.12
72.8 173 2.34 g€ 13C.3 141 .22
48.9 90 l1.48 1= s$l.2 g2 l.54
3.2 37 C.84 i9¢ 3l.0 sC
32.3 RhRe) Z.04 21 78.8 el
3.1 3¢ 230 9¢ 43.C 3s
54.9 1i4 l.382 7% £3.% 2z



75F
g7

3G
216

84F
86F
186

I3

-
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Table 21
RISPONSES/MIN ICURING PRE-DRCG SALINE: UYP

INTENSITY HI® INTENSITY

- Maximmum Surrem _ Maxizmum

p3 Jalue std, =xr, f34) X Value 3td., Erv
28.4 32 .12 42 £G.4 5C .21
24.2 15C 2.60 28 £3. 1¢ .98
13.2 99 l.42 4@ 83.2 1= c.¢”7
79.3 223 $.30 $7 2CZ.i cs . J€
14,2 216 2.18 3C 48,8 i1 ~.7B
e.7 224 4.17 87 2iC.8 3 .08
57,1 290 4.38 88 217.2 281 C.2E
£3.3 173 3453 38 lég.l 2CE z.cg
54.8 213 3.85 €7 197.0 22¢ Z.82
14,7 €6 l.2¢ S 1lcS.4 1és 1.30
I7.3 96 l1.48 4¢ ga,.2 104 P
47.0 208 4.27 38 87.8 224 .11
13.8 g 2.18 42 1:21.3 238 .08
1z.7 143 1.28 4Z 111,90 134 .3
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Table 99 Duncan a posteriori Tests ( & = .0l):

leG
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Site x Trizcond
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Dose
=g/kg)

10.0

2.5

B<S
E>S
B=S

Table 23.
Duncan a posteriori Tests

(A= .01}

Site x DPrugcond x Intensity

Rat ¢

37
Sar
767
98P

782

5P
66?

2%
sar

ser
186

DB electrode

Intensity
Lov Bigh
n<s H<S
A<S H<sS
B<S N<sS
n<s B<s
N<S B<s
n>s n>s
n<s n<s
B<S A<S
B<S A=S
n>s H>S
B<sS A<s
N<S A<sS
B<S B=Ss
B<s N=S

HYP electrode

Intensity
Low Bigh
ELS A<S
B<S .0 4]
H<S B<S
i>S . L ¢
A=S =S
=S A<sS
B<Ss n<s
=S B<S
N>S =S
B=S A=S
H>S . b2
B>s s
B<S >s
H<S H>s

morphine < pre-drug saline
morphine > pre-drug saline

p)oO‘

158



Table 28. SITE x DRUG x DAY x HOUR
DURCAY a posteriori Tests (x = .01)

37 - DB

! PRE-DRUG SALINE vs. NORPHIWNE (10.0 mg/kg)

BOUR POST-IBJECTION

L) 2 3 8 5 6 7 28
DAY
1 - - -
2 - - -
3 -
“ - - -
s - - -
6 -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-INJECTION
1 2 3 8 S 6 7 28
DAY
1 - - - -
2
3
“ -
5 -
6
Note:

- = Horphine (mean) < Pre-drug Saline (mean) or
Post—-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Salinme
(mean), as appropriate.

155
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Table 25. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (cX= .01)
37 - BYP

PRE-DRUG SALINE vs. MORPHINE (10.0 mg/Xg)
BOUR POST-INJECTION

1 2 3 8 5 6 7 28
DAY
1 - - -
2 - - - +
3 - -
8 - - +
5 - - - L
6 - -—
PRE-DRUG SALINE vs. POST-DRUG SALIRE
HOUR POST-INJECTION
1 2 3 8 5 6 7 28
DAY
' - - - -
2 +
3
8
5
6 - -
Hote:

- = fHorphine (mean) < Pre-drug Saline (mean) or
Post—-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.



Table 26. SITE x DRUG x DAY x HOUR
DURCAN a posteriori Tests (X= .07)

58F - DB

PRE-DRUG SALINE vs. NORPHINE (10.0 mg/kg)
HOUR POST-INJECTION

L 2 3 8 5 6 7 28
DAY
1 - - -— -
2 - - -
3 - - -
8 - -
5 - - -
6 - - - -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-INJECTION
1 2 3 8 5 6 7 28
DAY
1 - - - -
2 +
3
8
5
6
Hote:

- = Horphine (mean) < Pre-drug Saline (mean) or
Post—-drug Saline (mean) < Pre-drug Saline
(mean) , as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(sean), as appropriate.
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Table 27. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (X = .01)

58P - HYP

PRE-DRUG SALINE vs. NORPHIBE (10.0 mg/kg)

BOUR POST-IRJECTION

1 2 3 a8 5 6 7 28
DAY
1 - - - - -
2 -
3 - - - - L]
. - - -
5 - -
6 - -
PRE-DRUG SALINRE vs. POST-DRUG SALINE
HOUR POST-INJECTION
1 2 3 [} S 6 7 20
DAY
1 - - -
2 .
3 - + -
8
5
6 +
Hote:

- = Borphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 28. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests <= .0%)

76¥ ~ DB

PRE-DRUG SALINE vs. MORPHINE (10.0 mg/kg)

HOUR POST-IRJECTION

. 1 2 3 L} S 6 7 28
DAY
1 - - - - -
2 - - - - - + -
3 - - - - -
[} - - + +
5 - - - + -
6 - + * * -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOOR POST~IRJECTION
1 2 3 n 5 6 7 28
DAY
1 - -— - - - -
2 - -
3 -_— -— - - - -—
“ - -—
5 -_ -
6
Note:

- = Borphine (mean) < Pre-drug Saline (mean) or
Post—-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Horphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.



Table 29. SITE x DRUG x DAY x HOOR
DUBCAN a posteriori Tests (<= .01)

76F -~ RYP

PRE-DRUG SALINE vs. NORPEINE (10.0 mg/kg)
HOUR POST-INJECTIOR

1 2 3 8 5 6 7 28
DAY
1 - - - - +
2 - - +
3 - - + +
8 - - - + -
5 - - +
6 - + - - +
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOOUR POST-INJECTION
1 2 3 L} 5 6 7 28
DAY
1 - - - -_
2 -
3 -
“ - -_ -
5 - + -
6 - -
BHote:

- = Borphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.



Table 30. SITE x DRUG x DAY x HOUR
DUNRCAR a posteriori Tests @<= .01)

98F - DB

PRE-DRUG SALINE vs. MORPHIRE (10.0 =ag/kg)

HOUR POST-INJECTION

1 2 3 a8 5 6 7 28
DAY
1 - -
2 - - -— -
3 - -
8 - +
3
6 + -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-IBJECTION
1 2 3 [} 5 6 7 28
DAY
1 - - -
2 - - - -
3 - - -
[ ]
S -
6
Hote:

- = Norphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

4+ = Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(rean), as appropriate.

%1



Table 31. SITE x DRUG x DAY x HOUR
DUECAN a posteriori Tests (<= .01)

98F - HYP

PRE-DRUG SALIWE vs. NORPHINE (10.0 mg/kg)
HOUR POST-INJECTION

1 2 3 8

HOUR POST-INJECTION

DAY
1 - - -
2 - -
3 - - + +
8 - +
5 - +
6 + .
PRE-DRUG SALIRE vs.
L) 2 3 8
DAY
1 - - - -
2 = -
3 -
8 - -
s -
6 -
Note:

S

POST-DRUG SALINE

5

6

6

7

28

28

- = Borphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean)
(rean), as appropriate.

+ = porphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean)
(rean), as appropriate.

< Pre-drug Saline

> Pre-drug Saline
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Table 32.

SITE x DRUG x DAY x HOUR

DUNCAN a posteriori Tests (X= .01)

78E - DB

PRE-DRUG SALINE vs. NORPHINE (7.5 ng/Xkg)

HOUR POST-INRJECTION

8 5 6 2 28

PRE-DRUG SALINE vs. POST-DRUG SALINE

HOUR POST-INJECTION

L) 2 3
pAY
. - - -
2 - - -
3 - - -
[} - -
3 - - -
6 - - -
1 2 3
DAY
1
2 -
3
]
5
6
Note:

& 5 6 7 28

- = Morphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

4+ = NBorphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean) > Pre-drug Saline
(sean), as appropriate.
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Table 33. SITE x DRUG x DAY x BOUR
DUNCAY a posteriori Tests (<<= .071)

TRE - BYP

PRE-DRUG SALINE vs. BORPHINE (7.5 mg/kq)

HOUR POST-INJECTION

1 2 3 8 s 6 ? 28
DAY
1 - - + + -
2 * * -
3 - - -
' s +
5 - +
6 - + +
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-IRJECTION
1 2 3 ] L3 6 7 28
DAY
1
2 +
3
N +
5
6
Bote:

- = Horphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Norphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean) , as appropriate.
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Table 38. SITE x DRUG x DAY x HOUR
DUBCAB a posteriori Tests (<= .01)

MG - DB

PRE-DRUG SALINE vs. NORPHINE (7.5 mg/kg)

HOUR POST-INJECTION

1 2 3 8 ) 6 7 28
DAY
1 - + *
2 + + + +
3 + . + +
8 + + +
5 + * +
6 + + +
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST~-INJECTION
1 2 3 ] 5 6 7 28
DAY
1 -
2
3
[ -
5
6 -
Note:

- = Horphine (mean) < Pre-drug Saline (mean) or
Post—-drug Szline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-—-drug Saline (mean) or

Post-drug Saline (mean) > Pre-drug Saline

(mean), as appropriate.
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Table 35. SITE x DRUG x DAY x BOUR
DUNCAN a posteriori Tests (<= .01)

8¢ - BHYP

PRE-DRUG SALINE vs. NORPHINE (7.5 mg/kg)
HOUR POST-INJECTION

1 2 3 8 5 6 7 25
DAY
1 - - +
2 -
3 +
'] + +
5 - .
6 - L ] -
PRE-DRUG SALINWE vs. POST-DRUG SALINE
HOUR POST-IRJECTION
| 2 3 g S5 6 7 28
DAY
1 *
2 -
3
L ) + -
5
6
Note:

- = Horphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 36. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (<= .01)

75F - DB

PRE-DRUG SALINE vs. MORPHIFNE (5.0 »g/Xg)

HOUR POST-INJECTION

1 2 3 8 5 6 7 28
DAY
1 - - - - - - -
2 - - -
3 - -
“ - - - - - -
5 - - -
6 - -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOOUR POST-INJECTION :
1 2 3 8 5 6 7 28
DAY
1 - - -
2 - - -
3 - -
8
5
6 -
Note:

- = NHorphine (mean) < Pre-drug Saline (mean) or
Post—drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Norphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 37.

%8

SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (A= .01)

75r - RYP

PRE-DRUG SALIEE vs. MORPHINE (5.0 mg/kg)

BOOR POST-IRJECTION

PRE-DRUG SALINE wvs. POST-DRUG
BOUR POST-IRJECTION

1 2 3
DAY
1 - - -
2 + -
3 -
[ - - -
5 - -
6 + - -
1 2 3
DAY
1 - - -
2 -
3 - - -
[
s - - -
6 - -
Sote:

- = Horphine (mean)
Post—-drug Saline (mean)
(sean), as appropriate.

+ = Borphine (mean)
Post~drug Saline (mean)
(sean), as appropriate.

8

8

5

5

6

6

7 28

- +

SALINE

7 24
+

< Pre-drug Saline (mean) or
< Pre-drug Saline

> Pre-drug Saline (mean) or
> Pre-drug Saline



Table 38. SITE x DRUG x DAY x HOUR
DUNCAE a posteriori Tests (= .01)

66F -~ DB

PRE-DRUG SALINE vs. NORPHINE (5.0 mg/kg)

BOUR POST-INJECTION

1 2 3 ] 5 6 7 28
DAY
1 - -
2 - -
3 - -
8 -
5 - s
6 - -
PRE~DRUYG SALINE vs. POST-DRUG SALINE
HOUR POST-INJECTION
1 2 3 8 5 6 7 28
DAY
1 +
2
3
8
5
6
Note:

- = Morphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean) , as appropriate.



Table 39. SITE x DRUG x DAY x HOUR
DUBCAN a posteriori Tests @<= .01)

66y -~ BHYP

PRE-DRUG SALINE vs. BORPHINE (5.0 mg/kg)

HOUR POST-IRJECTION

1 2 3 & 5 3 ? 28
DAY
1 - + +
2 - +
3 - - +
L} - +
5 -
6 - + + -
PRE-DRUG SALIN¥E vs. POST-DRUG SALIWE
HOUR POST-INJECTION
1 2 3 8 5 6 7 28
DAY
1 - -
2 -
3 - - -
[
5 -
6 - -
Bote:

- = Rorphine (mean) <« Pre-drug Saline (msean) or
Post—-drug Saline (mean) < Pre-drug Saline
(rean), as appropriate.

+ = NHorphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 80. SITE x DRUG x DAY x HOUR
DUNCAR a posteriori Tests (<= .01)

3¢ - DB

PRE-DRUG SALINE vs. BORPHINE (5.0 mg/kg)

HOUR POST-INJECTION

1 2 3 3 5 6 7 28
DAY
1 + +
2 + - - -
3 - - -
[} -
5 - -
6 + + +* -
PRE~-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-INJECTION
1 2 3 8 =) 6 7 28
DAY
1
2 - -
3 -
5
5
6 +
Hote:

- = Morphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Norphine (mean) > Pre~drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
{mean), as appropriate.
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Table 31. SITE x DRUG x DAY x HOUR
DUNCAR a posteriori Tests (<= .01)

3¢ - BYP

PRE-DRUG SALINE vs. HORPHINE (5.0 mg/kq)

BOUR POST-INJECTION

1 2 3 [} 5 6 7 28
DAY
1 - -
2 + + +
3 * + + +
[ 3 + - + -
5
6 + - -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-IBJECTIOR
1 2 3 8 5 6 7 28
DAY
1 - - -— - - -
2 -
3
8 +
5
6
Note:

— = Borphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 82. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (cX= .071)

216G - DB

PRE-DRUG SALINE vs. MORPHINE (5.0 mg/kxg)

HOUR POST-INJECTION

1 2 3 8 5 6 ? 28
DAY
1 - - + +
2 - * +
3 + 4 + + +
[} + *
s + + + +
6 + - <
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-IBJECTION
1 2 3 8 5 6 7 258
DAY
1 + +
2
3 + +
[}
LY +
6
Bote:

- = Norphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Morphine (mean) > Pre-—drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean) , as appropriate.

3



DAY

N B2 W N

DAY

L-AT ¥ B S PV

Bote

Table 43. SITE x DRUG x DAY x HOUR
DUNCAR a posteriori Tests (o= .01)

211G - BHYP

PRE~-DRUG SALINE vs. MORPHIKE (5.0 mg/kg)

BOUR POST-INJECTION

1 2 3 4 5 6 7 28
- - + + -
+ + + +
+
+ + + -
+ -

PRE-DRUG SALINE vs. POST-DRUG SALINE

HOUR POST-IRJECTION
1 2 3 4 5 6 7 28

= Morphine (mean) < Pre—-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean) , as appropriate.

Horphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean) > Pre-drug Saline
(Rean) , as appropriate.
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Note:

+
]

Table 48. SITE x DRUG x DAY x HOUR
DUNCAR a posteriori Tests (<= .07)

84F - DB

PRE-DRUG SALINE vs. NORPHINE (2.5 mg/kg)

HOUR POST-INJECTION
1 2 3 8 5 6 7 28

PRE~DRUG SALINRE vs. POST-DRUG SALINE

HOUR POST-INJECTION
1 2 3 ] 5 6 7 28

Morphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

Borphine (mean) > Pre-—-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.

LI4)
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Table 45. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (<= .017)

8ar - HYP

PRE-DRUG SALINE vs. BORPHINE (2.5 mg/kg)

HOUR POST-IRJECTION

1 2 3 a 5 6 7 28
DAY
1 + + + + +
2 + * + + + + +
3 + + +
) + + + +
5 4+
6 + -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-~INJECTION
1 2 3 L} 5 6 7 28
DAY
1
2 + + +
3 + + +
a +* + + + +
5
6
Note:

- = Morphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Morphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 46. SITE x DRUG x DAY x HOUR
DUNCAE a posteriori Tests (co<= .01)

867 - DB

PRE-DRUG SALINE vs. MORPHINE (2.5 ag/kq)

HOUR POST-INJECTION

. 1 2 3 q 5 6 7 28
DAY
1 - - +
2 - - -— -
3 - -
[ - -
5 - - -
6 - -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-INJECTION
1 2 3 8 S 6 7 28
DAY
1 -
2
3
8 -
5
6
Bote:

- = Borphine (mean) < Pre-drug Saline (mean) or
Post—-drug Saline (mean) < Pre-drug Saline
(mean) , as appropriate.

+ = Horphine (mean) > Pre-drug Saline (mean) or
Post—dreg Saline (mean) > Pre-drug Saline
(rean), as appropriate.



Table 47. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (o<= .01)

86F ~ HYP

PRE-DRUG SALIBE vs. BORPHINE (2.5 mg/kg)

HOUR POST-IRJECTION

1 2 3 8 5 6 7 28
DAY
1 + -
2 + + + + +
3 + + -
a * + + -
5 * * +
6 + + * - -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-IRJECTION
1 2 3 ] 5 6 7 25
DAY
1 - -
2 -
3 -
[ - -
5 -
6
Hote:

- = Horphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Borphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 48. SITE x DRUG x DAY x HOUR
DUBCA¥ a posteriori Tests (<= .01)

186 - DB

PRE-DRUG SALINE vs. MORPHIRE (2.5 mg/kgq)

'HODR POST-INJECTION

1 2 3 ) 5 6 27 28
DAY
1 - - - -
2 - - + *
3 - + - -
[} -
5 -
6 -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-IRJECTION
1 2 3 4 5 6 7 28
DAY
| - - - - - - -
2 - - -
3 - - -
[ - -
5 -
6 - -
Note:

- = Morphine (mean) < Pre-druqg Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as anpropriate.

+
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Table 49. SITE x DRUG x DAY x HOUR
DUNCAN a posteriori Tests (oX= .01)

186 - HYP

PRE-DBRUG SALINE vs. BRORPHINE (2.5 mg/kg)

HOUR POST-INJECTION

1 2 3 8 5 6 7 28
DAY
1 - - -
2 -
3
[
5
6 -—
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-IRJECTION
1 2 3 g 5 6 7 28
DAY
1 - -
2 - -
3 -
'Y
5 *
6
Fote:

- = Borphine (mean) < Pre-drug Saline (mean) or
Post~drug Saline (mean) < Pre-drug Salinme
(mean), as appropriate.

4+ = Borphine (mean) > Pre-drug Saline (mean) or
Post—-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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Table 50. SITE x DRUG x DAY x HOUR
DURCAN a posteriori Tests (<= .01)

9G - DB

PRE-DRUG SALYWE wvs. BMORPHINE (2.5 mg/kg)

HOOR POST-INJECTION

1 2 3 8 5 6 2 28
DAY
: | + - - - -
2 - - - -— -—
3 - + - -
8 + + +
5 + . + + -
6 + + + + +
PRE-DRUG SALIXE vs. POST-DRUG SALINE
HBOUR POST-INJECTIOR
1 2 3 4 5 6 7 28
DAY
1 + - - - - - -
2 - - - -
3 -
a - - *
5 +
6 - -
Note:

Borphine (mean) < Pre-drug Saline (mean) or
Post-drug Saline (mean) < Pre-drug Saline
(rean) , as appropriate.

Borphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.

+
"
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Table S1. SITE x DRUG x DAY x BOUR
DUBCAN a posteriori Tests (cX= .01)

9¢ - BYP

PRE-DRUG SALIBE vs. BORPHINE (2.5 mg/kgq)

HOUR POST-INJECTION

1 2 3 [} 5 6 7 28
DAY
1 - -
2
3
] -
5
6 + + -
PRE-DRUG SALINE vs. POST-DRUG SALINE
HOUR POST-INJECTION
1 2 3 8 5 6 7 28
DAY
1 - - -
2 -
3 - -
n -
5 -
6 - -—
Bote:

- = Norphine (mean) < Pre-drug Saline (mean) or
Post—drug Saline (mean) < Pre-drug Saline
(mean), as appropriate.

+ = Horphine (mean) > Pre-drug Saline (mean) or
Post-drug Saline (mean) > Pre-drug Saline
(mean), as appropriate.
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TASLE 52
Zlassliilization of pattéern of morthine effeccts:

2ased zpon Duncan a posteriorl testa (K s .JL) of the site x dmug x

24

caasis

.

day x nour Lateractions

v

Ccse
{ma/kz) Rat # o) IV
ol VAT 3 DL 4 == S=2
12.0 378 - -
S54F - -
7&F ighasic Siznasiz
34F - dipnasic
Tel 74% - Sizmasic
4G - 2ignasic
s.C 757 - -
38% - bi;nasic
3G biznasic Sipnasi
213 oi,nas-- :-_“as;c
2.3 84P - o+
267 - 2imasic
186G Siznasic - meg,

G Cigaasic Z.e.
morzaine I23S rates "prizarilv!" cecessed
moronine 10SS rates ':ri.a.ily“ facilicated
zmerpnlize ICSS rates displaved instances of Boin

fegressicns and feslllizations
msrpaine I2S8 rates distlayed neglligiole differences

Two

for patiern classiflzacticn:
assifizations were nased uzcn the site x drug x
dav X nour insceractions of curs 1-7 gost-lnjecticn

‘instances of signillicanse in eitner direction were
considered negliginle (3% chance) and were 3dlsregarced
for zurpeoses of vattern classiflcacticon.
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Taole 53 Comparison of zattern cf morphine effects
based upon the results of tne Dunsan a posteriorl tests (o = .01)

Site x Druseond Interacticns vs, ite x Drugcond x Dav x Hour Ixnteractlions
Site x Zruzcond Lte x Drageond X 2ay x Fcur
interacticn . Incteractions
Dcase
(g /4R) 2at = 3 Ive 23 I
13.0 37z - - - -
547 - - - -
757 - - - 2% =38
G4 - - - =i
7.3 T74E - - - o>
4G - x - =L
3.0 7SF - - - -
30F - - - ShA
G = - st ol
21s - + ol bS
2.3 84F - - - -
g5F - - - 2p8
=1} - - 2% :
3 = - ol -
- "s=rimarily" fazilitactions
- "orimarily" depressicns
ol 9iphasic effect
= "negligidle" effect

Note. Tnils cadle 1s a zompillation of ztne data gresented in
Tadle. . and Taole ..
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TABLE 58,
Wet Shakes
Suanmary of t-tests (o< = .01) for each morphine dose

Pre-drug saline vs. Borphine

Dose 4 Rats Hour Post-injection
(ng/kg) (") at 1 5 28
t=
10.0 8 23 -1.18 1.37 -0.31
7.5 2 11 1.73 2.03 1.22
5.0 8 23 2.93%» 1.00 -1.88
H<S
2.5 a 23 2.56 -1.18 -1.76

Pre—drug saline vs. Post-drug saline

Dose # BRats Hour Post-injection
(»g/kq) () af 1 5 28
10.0 L 23 = -2.13 0.37 -0.76
7.5 2 " -1.07 0.83 0.71
5.0 L 23 -1.66 1.00 -0.88
2.5 5 23 1.33 -1.85 -0.40

#<S = sorphine < pre-drug saline
s = p < .01
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TABLE SS5.

Shudders
Suamary of t-tests (o< = .01) for each morphine dose

Pre-drug saline vs. BMorphine

Dose ¢ Rats Bour Post-injection
(»g/k g) (L)) at 1 5 28
10.0 8 23 h -1.09 -1.25 1.8a

7.5 2 11 0.00 -0.52 1.48

5.0 8 23 0.25 0.01% 1.82

2.5 8 23 ~-1.88 0.9% - ~1.82

Pre-drug saline vs. Post-drug saline

Dose 4 Bats Hour Post-injection
(»g/kg) () at 1 5

t=
7.5 2 1 -0.80 1.02 -1.23
5.0 8 23 -0.26 1. 10 -0.12
2.5 8 23 -1.84 -0.96 "2.05

** = p < .01
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TABLE 56.
Rearings
Summary of t—tests (X = .01) for each morphine dose

Pre-drug salipe vs. Morphine

Dose # Rats Hour Post-injection
(»g/kQ) (¥) af 1 5
t=
10.0 8 23 1.22 ~-0.38 -0.38
7.5 2 11 3.36%* 0.88 0.8%
B<s
5.0 8 23 3.55% 0.00 0.00
N<s

Pre—drug saline vs. Post-drug saline

Dose ¢ Rats Hour Post-injection
(=g/kg) (n) af 1 -] 28
t=
7.5 2 1 -1.26 1.69 1.28
5.0 8 23 -0.19 2.82 3.96%*%
Us<s
2.5 L 23 1.31 -0.83 1.36

B<S = morphine < pre-drug saline
WS<S = post-drug saline < pre-drug saline
s = p < .01



TABLE 57.
Locomotor Activity
Summary of t-tests (c< = .01) for each morphine dose

Pre-drug saline vs. Norphine

Dose # Rats Hour Post-injection
(»g/kqg) () at 1 5 Y ]

t=
10.0 | 23 1.55 -0.98 -0.12
7.5 2 1 1.27 -0.72 0.0%
5.0 8 23 3.29%% 0.25 2.83¢

B<S H<S

2.5 “ 23 1.66 "1.72 -°.°9

Pre—drug saline vs. Post-drug saline

Dose ¢ Rats Hour Post-injection
(ng/k Q) (L)) af 1 5 28
, t=
10.0 8 23 0.72 1.70 2.13
Ws<s S¢S
2.5 L 23 -0.59 -0.02 1.21

B<S = porphine < pre-drug saline
¥S<S = post-drug saline < pre-drug saline
s = p < .01



TABLE 58.
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Stereotyped Biting Behavior
Suamary of Hclemar tests (o< = .01) for each morphine dose

Pre-drug saline vs. Norphine

Dose # Rats

(»g/kq) m
10.0 8
7.5 2
5.0 8
2.5 8
Pre-drug
Dose # Rats
(»g/kg) )
10.0 8
7.5 2
5.0 8
2.5 8

af
23
11
23
23

RBour Post-injection

1 2

+ <

+ <+

+

3
+
+

+

8 S 6 7
+

+

saline vs. Post-drug saline

at
23
1
23
23

Hour Post-injection
1T 2 3 &8 5 6 7 28

+ = morphine > pre-drug saline
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Taole 59_ dilstologizal lccallzaticn of electrode clacemencts.

Dose
RE/LE Rat Zleccrode T_acement

13.2 41= T3: dectw, L7 and dorsal tezmentali nuclisus

HYr: dorso-latéral to L=
15F 23: mecdial to deorsal tecmental nucleus
d¥P: dorsal o Isrnix
2.0 185 D3: <ventral-lateral to L7

IYr: derso-mecilal o 1=

126

ventra. in gentine LC
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Dose

(mg/kg)

10.0

Animal
K1E

19F

15G
10G

7G

- =depression(s)
+ =facilitation(s)

—y
-,
-
| el
1S

s« =no effects
® of <.05
* % oC .01

L oC <,001

"Pattern”

N.E.

Table 6o

Drug Cond.
{df 2, h2)

F=13.183

20. b7+

2,841

25.636%n%

3. 589%
2.7h6

Summary of two-way analysis of variance of morphine effect;

Intensity
(df 5, 210)

F=li2, 24 2% %%

2, 100 us

Ih7.,652%%4

37,75“***

280,767 %%w
37. 6694w

bB

Drug x Inlensity
(df 10, 210)

F=2.361%
3.9J0HH#

2.5 nn

1.957%

7.613uuu
1.588

161



Table &/

Summary of two-way analysis of variance of morphine effect: HYP
Dose Drug Cond. Intensity Drug x Intensity
(mg/kg) Animal "Palttern” (df 2, 42) (df 9, 210) (df 10, 210)
10.0 41K + F=0.067 F=197.223##» F=2.072%
19F - 1.224 350,835 %« 2.263%
5.0 15G + 2.816 139.793%%% 1.312
106G + 2.857 147, 59% %% 1.963%
2.5 8G N.E. L, 969% 273.165%%# 1.700
7G + 0.220 576. 346 ux 0.904
- = depression(s)
4 = facilitation(s)
N.E. = no effects
% < <.05
* % « <.01

" L <.001

g6t



TABLE 62.
Duncan a posteriori tests: Experiment 2,
prugcond x Intensity - DB
(e = .01)

Pre-drug saline vs. Borphine

Dose Rat @ Intensity
(»g/k9) 1 2 3 8 5 6
10.0 81E - -

197 _ - -
5.0 156 -

106 + + +

106-DB overall: +

2.5 86

76

Pre-drug saline vs. Post-drug saline

Dose Rat # Intensity
(»g/k q) 1 2 3 8 S 6
10.0 81E
197
5.0 156 - -
106 +
2.5 86 +
76 -

- = mporphine < pre-drug saline or post-drug saline <
pre-drug saline, as appropriate

+ = mporphine > pre~drug saline or post-drug saline >
pre-drug saline, as appropriate



TABLE 63.
Duncan a posteriori tests: Experiment 2,
Drugcond x Intensity -~ HYP
(< = .07)

Pre-drug saline vs. Norphine

Dose Rat $ Intensity

(ng/kqg) 1 2 3 8 5 6
10.0 R 1E
197
5.0 156
106

2.5 86 -

76

Pre~drug saline vs. Post-drug saline

Dose Rat ¢ Intensity
(ng/kQg) 1 2 3 8 5 6
10.0 81E
9P
5.0 156
106 -
2.5 86 - -
76

- = morphine < pre-drug saline or post-drug saline <
pre-drug saline, as appropriate

+ = morphine > pre-drugq saline or post-drug saline >
pre-drug saline, as appropriate



TABLRE 64.
Behavioral Watch

Summary of t-tests (oK = .01) for each morphine dose

Bxperisent 2

Pre-drug saline vs. Borphine

Dose # Rats Vet

(sg/kg) () Aaf Shakes Shudders Rearings
10.0 2 5 t=1.00 1.00 2.19
5.0 2 5 1.00 1.00 3.1
2.5 2 5 1.00 1.00 0.1

Pre—drug saline vs. Post-drug saline

Dose # Rats Vet

(ng/kg) (¥) d4f Shakes Shudders Rearings
10.0 2 5 ti1.66 0.00 -0.91
5.0 2 5 0.82 0.70 -0.10
2.5 2 5 =0.35 1.00 0.20

** = p < .01

Locoaotor
Activity

-0.93
1.36
-0.05

Locomotor
Activity

-1.05
1.05
0.37
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TABLE 65.
Stereotyped Biting Behavior
Summary of Hclemar tests (o< = .01) for each morphine dose
Experiment 2

Pre-drug saline vs. Horphine

Dose # Rats
(ng/k Q) m af

10.0 2 6 RS
5.0 2 6 RS
2.5 2 6 BS

Pre—drug saline vs. Post-drug saline

Dose 4 Rats
(»g/kq) (N) as

10.0 2 6 | &
5.0 2 6 NS
2.5 2 6 NS

IS=p>.01



PIGURE 1

FIGURE 2

FPIGURE 3

PIGORE &
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PIGURE LEGEEDS
Operative field. 1Indicates the
measurements used in defining lambda
line: x = the distance measured from a
line extending 2 mm. lateral of lambda
point to the intersection with the
parietal-occipital suture.
Schematic diagras of testing procedure:
Experiment 1.
Location of DB electrode tips. Sysmbols
represent the classification of morphine
effects; based upon the Duncan a
posteriori tests on the interactions of
Site x Drugcond x Day x Hour. (O =
®primarily® depressant; A = ®primarily®
facilitative; @ = a biphasic pattern;
[0 = ®negligible® effects. The two
sections on the right are adapted
from Konig & Klippel (1963).
Location of HYP electrode tips. Syabols
represent the classification of morphine
effects; based upon the Duncan a

posteriori tests on the interactions of



PIGURE 5

PIGURE 6

PIGURE 7

Site x Drugcond x Day x Hour. QO =
®prisarily® depressant; A = “"primsarily®
facilitative; @ = a biphasic pattern:
[] = ®"negligible®™ effects. The sections
are adapted from Konig € Klippel (1963).
Graph of ICSS response rate by hour:

37 - morphine (10.0 mg/kg) - DB
electrode - low intensity (89 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by hour:

37E - morphine (10.0 mg/kg) - DB
electrode - high intensity (57 ul). Data
expressed as mean (+ and -~ the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

372 - sorphine (10.0 mg/kg) - HYP
electrode — lov intensity (35 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes fo; the six

days of each drug condition.
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FIGURE 8

FIGURE 9

PIGURE 10

PIGURE 11
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Graph of ICSS response rate by hour:

37¢ - morphine (10.0 mg/kg) - BHYP
electrode - high intensity (82 ud). Data
expressed as mean (+ and -~ the s.e.s.)
response rate/five minutes for the six
days of each drug conditiom. -
Graph of ICSS response rate by hour:

54F - sorphine (10.0 mg/kg) - DB
electrode - lov intensity (46 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

547 - morphine (10.0 mg/kg) -~ DB
electrode — high intensity (68 uiA). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

S4P - morphine (10.0 mg/kg) - HYP
electrode - low intensity (25 uld). Data
expressed as mean (¢+ and -~ the s.e.s».)
response rate/five minutes for the six

days of each drug condition.



PIGURE 12

FIGURE 13

FIGURE 14

PIGURE 15
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6raph of ICSS response rate by hour:

S4¥ - morphine (10.0 mg/kg) - HYP
electrode - high intensity (28 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

G6raph of ICSS response rate by hour:

767 - morphine (10.0 mg/kg) - DB
electrode - lov intensity (106 ui). Data
expressed as mean (+ and - the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

767 - morphine (10.0 mg/kg) - DB
electrode - high intensity (3127 ui). Data
expressed as mean (+ and - the S.€.h.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by hour:

767 -~ morphine (10.0 mg/kg) - BYP
electrode - lov intensity (35 ui). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



PIGURE 16

PIGURE 17

FPIGURE 18

PIGURE 19
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Graph of ICSS response rate by hour:

76?7 - morphine (10.0 mg/kg) - HYP
electrode - high intemnsity (39 uid). Data
expressed as mean (¢ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

94 P - morphine (10.0 mg/kg) - DB
electrode - lov intensity (82 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by hoaur:

947 - morphine (10.0 mg/kg) - DB
electrode - high intemsity (89 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

94F -~ morphine (10.0 mg/kg) - HYP
electrode - lov intemnsity (82 uld). Data
expressed as wmean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



FIGURE 20

FIGORE 21

PIGURE 22

PIGORE 23
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Graph of ICSS response rate by hour:

94 -~ morphine (10.0 mg/kg) -~ HYP
electrode - high intensity (57 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five sinutes for the six
days of each drug conditionm.

Graph of 1ICSS response rate by hour:

742 - morphine (7.5 mg/kg) - DB
electrode - lov intensity (53 ul). Data
expressed as mean (+ and - the s.e.k.)
response rate/five minutes for the six
days of each drug condition.

6éraph of ICSS response rate by hour:

78E - morphine (7.5 mg/kg) - DB
electrode -~ high intensity (60 uviA). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

T4E - morphine (7.5 mg/kg) - HYP
electrode - lov intensity (82 uiA). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



FIGURE 24

PIGURE 25

PIGORE 26

PI1GURE 27
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Graph of ICSS response rate by hour:

74E - msorphine (7.5 mg/kg) - HYP
electrode - high intensity (60 ui). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug conditiom.

Graph of ICSS response rate by hour:

4G - morphine (7.5 mg/kg) - DB

electrode - low intensity (170 ud). Data
expressed as mean (+ and - the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

4G - morphine (7.5 mg/kg) - DB

electrode - high intensity (198 ui). Data
expressed as mean (+ and - the s.e.»n.)
response rate/five minutes for the six
days of each drug conditiom.

Graph of ICSS response rate by hour:

8G - morphine (7.5 mg/kg) - HYP
electrode - lov intensity (49 ul). Data
expressed as mean (+ and - the s.c.n.)
response rate/five minutes for the six

days of each drug conditiom.



FIGURE 28

PIGURE 29

PIGURE 30

FIGURE 31
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Graph of ICSS response rate by hour:

4G - morphine (7.5 mg/kg) - HYP
electrode - high intensity (57 uiA). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug conditionm.

6raph of ICSS response rate by hour:

75F - morphine (5.0 mg/kg) - DB
electrode - lov intemnsity (64 uid). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

757 - morphine (5.0 mg/kg) - DB
electrode - high intensity (78 ud). Data
expressed as sean (+ and - the s.e.n.)
response rate/five ainutes for the six
days of each drug comdition.

6raph of ICSS response rate by hour:

75P - morphine (5.0 mg/kg) - HYP
electrode - lov intensity (57 ud). Data
expressed as sean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



PIGURE 32

FIGURE 33

FIGURE 34

FIGURE 35
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6raph of ICSS response rate by hour:

75P - morphine (5.0 mg/kg) - HYP
electrode - high intensity (85 ui). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

66F ~ morphine (5.0 mg/kg) - DB
electrode - lowv intensity (99 ul). Data
expressed as mean (+ and - the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

66” - morphine (5.0 mg/kg) - DB
electrode -~ high inteamsity (113 uld). Data
expressed as mean (+ and - the s.e.h.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

66F - morphine (5.0 mg/kg) - HYP
electrode - lowv intensity (28 uid). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



PIGURE 36

PIGURE 37

FIGURE 38

PIGDRE 39
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Graph of ICSS response rate by hour:

66P - morphine (5.0 mg/kg) - HYP
electrode -~ high intensity (39 ud). Data
expressed as mean (+ and - the s.e.m.)
response tate/tiye minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

36 - morphine (5.0 mg/kg) - DB
electrode - lowv intensity (68 udA). Data
expressed as mean (+ and -~ the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

3G - morphine (5.0 mg/kg) ~ DB

electrode - high intemsity (85 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

3G - morphine (5.0 mg/kg) -~ HYP
electrode -~ lov intensity (42 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



PIGURE 40

FIGURE &1

PIGURE 42

PIGURE 43
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Graph of ICSS response rate by hour:

36 - morphine (5.0 mg/kg) - HYP
electrode - high intemsity (57 ud). Data
expressed as mean (¢+ and -~ the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

216G - morphine (5.0 mg/kg) - DB
electrode - lov intemnsity (21 ud). Data
expressed as sean (+ and -~ the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by hour:

216 - morphine (5.0 mg/kg) - DB
electrode ~ high intemsity (35 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

216G - morphine (5.0 mg/kg) - HYP
electrode - lov intensity (89 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



FIGURE &4

PIGURE 45

PIGURE &6

PIGURE &7

Graph of ICSS response rate by hour:

216 - morphine (5.0 mg/kg) - HYP
electrode - high intensity (92 ui). Data
expressed as mean (¢+ and - the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

84F - morphine (2.5 mg/kg) - DB
electrode -~ lov intensity (177 uviA). Data
expressed as mean (+ and -~ the s.e.n.)
response rate/five minutes for the six
days of each drug conditiom.

Graph of ICSS response rate by hour:

84F - morphine (2.5 mg/kg) - DB

electrode - high intemnsity (199 ud). Data

expressed as mean (+ and -~ the s.e.n.)
response rate/five aminutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

847 - morphine (2.5 mg/kg) - HYP
electrode - lov intensity (35 ud). Data
expressed as mean (+ and - the s.e.».)
response rate/five minutes for the six

days of each drug condition.
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PIGURE &8

PIGURE 49

PIGURE 50

FPIGURE 51
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Graph of ICSS response rate by hour:

84* - morphine (2.5 mg/kg) - HYP
electrode - high intensity (89 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

867 -~ morphine (2.5 mg/kg) - DB
electrode - lov intensity (18 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by hour:

86F - morphine (2.5 mg/kg) ~ DB
electrode -~ high intensity (21 ud). Data
expressed as mean (¢+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

86F - morphine (2.5 mg/kg) -~ HYP
electrode - lov intensity (32 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



PIGURE 52

PIGURE 53

PIGORE 58

PIGURE 55
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6éraph of ICSS response rate by hour:

86F - sorphine (2.5 mg/kg) - HYP
electrode - high intensity (35 ud). Data
expressed as mean (¢ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by hour:

718G - morphine (2.5 mg/kg) - DB
electrode - low intensity (71 ud). Data
expressed as mean (+ and - the s.e.a.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

186 - morphine (2.5 mg/kg) - DB
electrode - high intensity (99 uld). Data
expressed as mean (+ and - the s.e.a.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

18G -~ morphine (2.5 mg/kg) - HYP
electrode - lov intensity (25 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



PIGURE 56

FIGORE 57

PIGURE 58

PIGURE 59

6éraph of ICSS response rate by hour:

186 - morphine (2.5 mg/kg) - HYP
electrode - high intensity (82 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

96 - morphine (2.5 mg/kg) - DB

electrode - lov intemsity (57 uA). Data
expressed as mean (+ and - the s.e.n.)

response rate/five minutes for the six

‘days of each drug conditionm.

Graph of ICSS response rate by hour:

9G - morphine (2.5 mg/kg) - DB
electrode - high intensity (71 ui). Data
expressed as mean (¢ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by hour:

96 - morphine (2.5 mg/kg) - BYP
electrode - lov intensity (28 uA). Data
expressed as mean (+ and -~ the s.e.sn.)
response rate/five minutes for the six

days of each drug condition.
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PIGURE 60

PIGURE 61

PIGURE 62

PIGURE 63

6raph of ICSS response rate by hour:

9G - morphine (2.5 mg/kg) - HYP

electrode -~ high intensity (82 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
372 - morphine (10.0 mg/kg) - DB

electrode - lov intensity (49 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug comdition.

Graph of ICSS response rate by day by hour:
37k - morphine (10.0 mg/kg) - DB

electrode -~ high intensity (57 uld). Data
expressed as mean (+ and -~ the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
37E - morphine (10.0 mg/kg) - HYP
electrode - low intensity (35 ud). Data
expressed as mean (+ and - the s.e.r.)
response rate/five minutes for the six

days of each drug condition.
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FIGURE 68

PIGURE 65

FIGURE 66

PIGURE 67
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Graph of ICSS response rate by day by hour:
37 - morphine (10.0 mg/kg) - HYP
electrode - high intensity (82 ui). Data
expressed as mean (¢ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
S4F - morphine (10.0 mg/kg) -~ DB

electrode - lov intensity (46 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
547 - morphine (10.0 mg/kg) - DB

electrode - high intensity (68 ui). Data
expressed as mean (¢ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS respomnse rate by day by hour:
S4P - morphine (10.0 mg/kg) - HYP
electrode -~ lov intensity (25 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.



FIGOURE 68

PIGURE 69

PIGURE 70

FPIGURE 71

Graph of ICSS response rate by day by hour:
S4r - sorphine (10.0 mg/kg) - HYP
electrode - high intensity (28 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
76Y - morphine (10.0 mg/kg) - DB

electrode - lov intensity (106 ud). Data
expressed as mean (+ and -~ the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
767 - morphine (10.0 mg/kg) - DB

electrode -~ high intensity (127 ua). Data
expressed as mean (¢ and - the s.e.m.)
response rate/five minutes for the six
daysrof each drug condition.

6raph of ICSS response rate by day by hour:
76F - morphine (10.0 mg/kg) - BYP
electrode -~ lov intensity (35 uli). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.
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FIGURE 72

PIGURE 73

PIGURE 78

FPIGURE 75

Graph of ICSS response rate by day by hour:
76P -~ morphine (10.0 mg/kg) - HYP
electrode - high intensity (89 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
94F - morphine (10.0 =mg/kg) - DB

electrode - lov intemnsity (82 ulA). Data
expressed as mean (¢ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph qf ICSS response rate by day by hoeur:
94 -~ morphine (10.0 mg/kg) - DB

electrode - high intemnsity (89 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
94F - morphine (10.0 mg/kg) - BYP
electrode - lov intensity (82 ud). Data
expressed as mean (¢+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.
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FPIGURE 76

PI1GURE 77

PIGURE 78

FIGURE 79

Graph of ICSS response rate by day by hour:
94F - morphine (10.0 mg/kg) - BYP
electrode - high intensity (57 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each.drug condition.

6raph of ICSS response rate by day by hour:
78E - morphine (7.5 mg/kg) - DB

electrode - lov intensity (53 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6éraph of ICSS response rate by day by hour:
78E - morphine (7.5 mg/kg) - DB

electrode - high intensity (60 ui). Deata
expressed as mean (+ and - the s.e.».)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
74E - morphine (7.5 mg/kg) - HYP

electrode - lov intensity (42 uli). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.

216



PIGORE 80

FIGURE 81

FIGURE 82

PIGURE 83

Graph of ICSS response rate by day by hour:
73E - morphine (7.5 mg/kg) - HYP

electrode - high intensity (60 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each arug condition.

6raph of ICSS response rate by day by hour:
8G - morphine (7.5 mg/kg) - DB

electrode - lov intemsity (770 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

G6raph of ICSS response rate by day by hour:
4G - morphine (7.5 mg/kg) - DB

electrode - high intensity (198 ulA). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hont:
4G - morphime (7.5 mg/kg) - BYP

electrode - lov intensity (89 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five ainutes for the six

days of each drug condition.
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PIGURE 84

PIGURE 85

FIGURE 86

PIGURE 87

6raph of ICSS response rate by day by hour:
4G - morphine (7.5 mg/kg) - HYP

electrode — high intensity (57 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
75P - morphine (5.0 mg/kg) - DB

electrode - low intemsity (68 ul). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6éraph of ICSS response rate by day by hour:
75F - morphine (5.0 mg/kg) - DB

electrode - high intensity (78 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
75F - morphine (5.0 mg/kg) -~ HYP

electrode - low intensity (57 ui). Data
expressed as mean (+ and - the s.e.».)
response rate/five minutes for the six

days of each drug conditionm.
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FIGURE 88

FPIGURE 89

PIGURE 90

FIGURE 91

6éraph of ICSS response rate by day by hour:
75F - morphine (5.0 mg/kg) -~ HYP

electrode - high intensity (85 ui). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
66? - morphine (5.0 mg/kg) - DB

electrode - lov intensity (99 ui). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
66F -~ morphine (5.0 mg/kg) - DB

electrode - high intensity (113 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days'of each drug condition.

Graph of ICSS response rate by day by hour:
66F -~ morphine (5.0 mg/kg) - HYP

electrode - lovw intemsity (28 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.
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FIGURE 92

PFIGOURE 93

FIGURE 94

PIGURE 95

6raph of ICSS response rate by day by hour:
66F - morphine (5.0 mg/kg) -~ HYP

electrode - high intensity (39 uid). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6éraph of ICSS response rate by day by hour:
3G - morphinme (5.0 lg/kg)‘- DB

electrode - lowv intensity (68 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
3¢ - morphine (5.0 mg/kg) - DB

electrode - high intensity (85 uli). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
3G - morphine (5.0 mg/kg) - BYP

electrode - lov intensity (82 uA). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.
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PIGURE 96

PIGURE 97

FIGURE 98

PIGURE 99

Graph of ICSS response rate by day by hour:
3¢ - morphine (5.0 mg/kg) -~ HYP

electrode - high intensity (57 ul). Data
expressed as mean (¢+ and -~ the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
216 - morphine (5.0 mg/kg) - DB

electrode - lov intensity (21 ud). Data
expressed as mean (+ and - the s.e.s.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by‘honr:
216G ~ morphine (5.0 mg/kg) - DB

electrode - high intensity (35 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
216G - morphine (5.0 mg/kg) - HYP

electrode - lov intensity (849 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.




FIGURE 100

PIGURE 101

PIGURE 102

PIGURE 103

6raph of ICSS response rate by day by hour:
216 - morphine (5.0 mg/kg) - HYP

electrode - high intemsity (92 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug conditionm.

Graph of ICSS response rate by day by hour:
84F - morphine (2.5 mg/kg) - DB

electrode - lov intensity (177 ud). Data
expressed as mean (+ and -~ the s.e.n.)
response rate/five minutes for the six
days of each drug conditionm.

6raph of ICSS response rate by day by hour:
847 - morphine (2.5 ®»g/kg) - DB

electrode - high intensity (199 ul). Data
expressed as mean (+ and - the s.g.l.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
84F - morphine (2.5 mg/kg) - HYP

electrode -~ lov intensity (35 uid). Data
expressed as mean (+ and - the s.e.h.)
response rate/five ainutes for the six

days of each drug comdition.
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PIGURE 104

FPIGURE 105

PIGURE 106

PIGURE 107

6raph of ICSS response rate by day by hour:
84F - morphine (2.5 ag/kg) - HYP

electrode - high intemnsity (89 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
86F - morphine (2.5 mg/kg) -~ DB

electrode - lov intemnsity (18 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by bhour:
86F - morphine (2.5 mg/kg) - DB

electrode - high intensity (21 ul). Data
expressed as mean (+ and -~ the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
86F - morphine (2.5 mg/kg) -~ HYP

electrode - lov intensity (32 uld). Data
expressed as mean (+ and -~ the s.e.».)
response rate/five minutes for the six

days of each drug condition.
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FIGURE 108

FPIGORE 109

FIGURE 110

FIGURE 111

Graph of ICSS response rate by day by hour:
86F - morphine (2.5 mg/kg) - HYP

electrode - high intensity (35 ui). Data
expressed as mean (¢ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition. ‘

Graph of ICSS response rate by day by hour:
186 - morphine (2.5 mg/kg) - DB

electrode - lov intensity (71 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
186 -~ morphine (2.5 mg/kg) - DB

electrode - high intensity (99 ui). Data

expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

eéraph of ICSS response rate by day by hour:
186G - morphine (2.5 mg/kg) - HYP

electrode - lov intensity (25 uld). Data
expressed as mean (+ and - the s.e.n.)
response rate/five aminutes for the six

days of each drug condition.
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FIGURE 112

FIGURE 113

PIGURE 114

PIGURE 115

Graph of ICSS response rate by day by hoeur:
186G - morphine (2.5 mg/kg) - HYP

electrode - high intemsity (82 uld). Data
expressed as mean (¢+ and -~ the s.e.m.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
9G - morphine (2.5 mg/kg) - DB

electrode - lov intemsity (57 ud). Data
expressed as mean (+ and - the s.e.n.)
response rate/five ainutes for the six
days of each drug condition.

6raph of ICSS response rate by day by hour:
96 - morphine (2.5 mg/kg) - DB

electrode - high intemnsity (71 ui). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six
days of each drug condition.

Graph of ICSS response rate by day by hour:
9G - morphine (2.5 mg/kg) - HYP

electrode - lov intensity (28 uk). Data
expressed as mean (+ and - the s.e.n.)
response rate/five minutes for the six

days of each drug condition.
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PIGURE 116

PIGURE 117

PIGURE 118

PIGUORE 119

PIGURE 120
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Graph of ICSS response rate by day by hour:

9G¢ - morphine (2.5 mg/kg) - HYP

electrode - high intensity (82 uld). Data
expressed as mean (+ and - the s.e.n.)

response rate/five minutes for the six

days of each drug condition. '

Graph of locomotor activity by hour:

37E - morphine (10.0 mg/kg) . Data expressed

as the mean (¢ and - s.e.».) number of observed
box crossings/five minute behavioral wvatches
for the six days of each drug condition.

Graph of locomotor activity by hour:

547 - morphine (10.0 mg/kg) . Data expressed

as the mean (¢+ and - s.e.n.) number of observed
box crossings/five minute behavioral wvatches
for the six days of each drug condition.

6raph of locomotor activity by hour:

76F - morphine (10.0 mg/kg) . Data expressed

as the mean (¢+ and - s.e.m.) number of observed
box crossings/five minute behavioral vatches
for the six days of each drug condition.

Graph of locomotor activity by hour:

94F - morphine (10.0 mg/kg) . Data expressed

as the mean (+ and - s.e.n.) nusber of observed



PIGURE 121

PIGURE 122

PIGURE 123

FIGURE 124

PIGURE 125
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box crossings/five minute behavioral vatches
for the six days of each drug condition.

Graph of locomotor activity by hour:

78E - morphine (7.5 mg/kg). Data expressed

as the mean (¢ and - s.e.n.) number of observed
box crossings/five ainute behavioral watches
for the six days of each drug condition.
Graphiof locomotor activity by hour:

4G - morphine (7.5 mg/kg). Data expressed

as the mean (+ and - s.e.n.) number of observed
box crossings/five minute behavioral wvatches
for the six days of each drug condition.

6raph of locomotor activity by hour:

75F - morphine (5.0 mg/kg). Data expressed

as the mean (+ and - s.e.m.) number of observed
box crossings/five minute behavioral wvatches
for the six days of each drug condition.

Graph of locomotor activity by hour:

66F - morphine (5.0 mg/kg). Data expressed

as the mean (+ and - s.e.mn.) number of observed
box crossings/five minute behavioral wvatches
for the six days of each drug condition.

6raph of locomotor activity by hour:

3G ~ morphine (5.0 mg/kg). Data expressed

as the mean (+ and - s.e.mn.) number of observed

box crossings/five minute behavioral wvatches



FIGURE 126

PIGURE 127

PIGURE 128

PIGURE 129

FIGORE 130
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for the six days of each drug condition.

6raph of locomotor activity by hour:

216G - morphine (5.0 mg/kg). Data expressed

as the mean (+ and - s.e.m.) nunber of observed
box crossings/five minute behavioral watches
for the six days of each drug condition.

Graph of locomotor activity by hour:

84F - morphine (2.5 mg/kg). Data expressed

as the mean (¢+ and - s.e.n.) number of observed
box crossings/five minute behavioral watches
for the six days of each drug condition.

Graph of locomotor activity by hour:

86F - morphine (2.5 mg/kg). Data expressed

as the mean (¢ and - s.e.n.) number of obsétved
box crossings/five minute behavioral watches
for the six days of each drug condition.

Graph of locomotor activity by hour:

186G - morphine (2.5 mg/kg). Data expressed

as the mean (¢+ and - s.e.mn.) number of observed
box crossings/five minute behavioral watches
for the six days of each drug condition.

6raph of locomotor activity by hour:

9G¢ - sorphine (2.5 mg/kg). Data expressed

as the mean (+ and - s.e.r.) number of observed



PIGURE 131%

PIGORE 132

PIGURE 133

PIGURE 134
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box crossings/five minute behavioral watches
for the six days of each drug condition.
Graph of stereotyped biting behavior by hour:
Morphine - 10.0 mg/kg. N = § animals.

Data expressed as the mean (+ and -

s.e.n.) numsber of sessions in which

biting behavior wvas observed for the six
days of each drug condition.

Graph of stereotyped biting behavior by hour:
Borphine - 7.5 mg/kg. § = 2 animals.

Data expressed as the mean (¢ and -

S.€.h.) nuaber of sessions in vhich

biting behavior vas observed for the six
days of each drug conditionm.

6raph of stereotyped biting behavior by hour:
Borphine - 5.0 mg/kg. R = 8 animals.

Data expressed as the mean (+ and -

S.e.a.) nusber of sessions in wvhich

biting behavior vas observed for the six
days of each drug condition.

Graph of stereotyped biting behavior by hour:

Sorphine - 2.5 mg/kg. N & animals.
Data expressed as the mean (+ and -

S.e.B.) number of sessions in which



PIGURE 135

PIGURE 136

PIGUBRE 137

biting behavior was observed for the six
days of each drug condition.
Location of DB electrode tips. Symbols
represent the classification of morphine
effects; based upon the Duncan a
posteriori tests on the interactions of
Site x Drugcond x Day x Bour. () =
*prisarily” depressant; A = ®primarily®
facilitative; @ = a biphasic pattern;

= ®negligible® effects. The two
sections on the right are adapted
from Konig & Klippel (1963) .
Location of HYP electrode tips. Symbols
represent the classification of sorphine
effects; based upon the Duncan a
posteriori tests on the interactions of
Site x Drugcond x Day x Bour. () =
"primarily” depressant; A= "prisarily®
facilitative; @ = a biphasic pattern;
0= ®pegligible® effects. The sections
are adapted from Konig & Klippel (1963).
Graph of rate intensity function:
81t -~ sorphine (10.0 mg/kg) - DB
electrode. Data expressed as mean

(¢ and - s.e.mn.) response rate/five
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PIGURE 138

PIGURE 139

FIGURE 180

PIGURE 1481

rinutes for the three days of each
drug comndition.

6raph of rate intemsity function:
81E - morphine (10.0 mg/kg) - HYP
electrode. Data expressed as mean
(¢+ and -~ s.e.p.) response rate/five
minutes for the three days of each
drug condition.

Graph of rate inteansity function:
197 - morphine (10.0 mg/kg) - DB
electrode. Data expressed as mean
(+ and - s.e.m.) response rate/five
minutes for the three days of each
drug condition.

6raph of rate intensity function:
197 - morphine (10.0 mg/kg) - HYP
electrode. Data expressed as mean
(¢+ and - s.e.m.) response rate/five
minutes for the three days of each
drug condition.

Graph of rate intensity function:

156 - morphine (10.0 mg/kg) - DB
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PIGURE 142

FPIGURE 183

PIGURE 184

PIGURE 145
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electrode. Data expressed as mean
(+ and - s.e.mn.) response rate/five
minutes for the three days of each
drug condition.

Graph of rate intensity function:
156 - morphine (10.0 mg/kg) - HYP
electrode. Data expressed as mean
(+ and - s.e.n.) response rate/five
minutes for the three days of each
drug condition.

éraph of rate intensity functionm:
106 - morphine (10.0 mg/kg) - DB
electrode. Data expressed as mean
(+ and - s.e.n.) response rate/five
minutes for the three days of each
drug comndition.

Graph of rate intensity function:
106 - morphine (10.0 mg/kg) - HYP
electrode. Data expressed as mean
(+ and - s.e.n.) response rate/five
minutes for the three days of each
drug condition.

6raph of rate intensitj function:
86 - morphine (10.0 mg/kg) - DB

electrode. Data expressed as mean



FIGURE 186

PIGURE 147

PIGURE 148
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(¢+ and -~ s.e.m.) response rate/five
minutes for the three days of each
drug condition.

6éraph of rate intensity function:
86 - morphine (10.0 mg/kq) -_H!P
electrode. Data expressed as mean
(¢+ and - s.e.n.) response rate/five
minutes for the three days of each
drug condition.

éraph of rate intensity function:
76 - morphine (10.0 mg/kg) - bB
electrode. Data expressed as mean
(¢+ and - s.e.mn.) response rate/five
minutes for the three days of each
drug condition.

6éraph of rate intensity function:
76 - morphine (10.0 mg/kg) - HYP
electrode. Data expressed as mean
(¢+ and - s.e.n.) response rate/five
minutes for the three days of each

drug condition.
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