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Abstract

DIFFERENTIAL EFFECTS OF HORPHIVE 01 CE1TBAL HECBA1ISHS 
OF REV1BD AS ASSESSED BI I1TRACRANIAL SELF-STIHOLATIOl

by
Prances Rath Jackler 

Advisor: Professor Soloson S. Steiner

The present study exaained two hypotheses: 
(1) that morphine, a high-abase-liability drag, has a 
facilitative effect on central "reward" sechanisss 
and (2) that sorphine has differential effects within 
the reward system(s). The stady consisted of two 
experiments. Each of the hypotheses was confined.

In the first experiment, rats is planted with 
dorsal brainstes (DB) and hypothalaaic (HTP) 
electrodes bar-pressed for ICSS at two current 
intensities at each electrode placesent eight hoars a 
day daring six days each of pre-drag saline, aorphine 
(2.5, 5.0, 7.5 or 10.0 ag/kg) and post-drug saline
conditions. Based upon Dnncan a posteriori tests for 
site x drug condition x day x hoar interactions, the 
data for each electrode were classified as displaying 
•primarily" depressant effects, "primarily"
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facilitatiwe effects, a biphasic pattern or 
■negligible" effects. Thirteen electrodes were 
classified as displaying a biphasic pattern and one 
electrode was classified as displaying "primarily* 
facilitatiwe effects; these results support the 
hypothesis that aorphine has facilitatiwe effects on 
central reward systea (s). Each electrode within eight 
of the fourteen animals receiwed differential 
classifications of aorphine effect; in fact, during 
the initial hours post-injection two animals tested at 
the 2.5 mg/kg dose displayed significant facilitations 
at the HYP electrode while the DB electrode displayed 
significant depressant effects. These results are in 
support of the hypothesis that morphine has 
differential effects within central reward system (s). 
In addition, most animals shoved differences in 
patterns in the tiae-course of effects at the two 
electrodes. In several animals, 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 likely to display 
facilitatiwe effects.
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There were several general trends as a result of 
hoar and day. Depressions tended to occur nost often 
daring the first two hoars post-injection while 
facilitations tended to occur nost often two to five 
hoars post-injection. In general, at those electrodes 
displaying a biphasic pattern of effects, 
facilitations initially appeared daring the second or 
third day of aorphine adninistration. Bepeatefi 
aorphine adninistration appeared to nodify the 
tenporal patterning of these effects: the duration of
depressions shortened and facilitations had an earlier 
hoar of onset. Tolerance to the depressant effects 
was observed frequently and seeaed to occur 
occasionally to the facilitative effects. Sinilar 
aorphine effects were generally seen at both current 
intensity values within each electrode. The highest 
aorphine dose (10.0 ag/kg) tended to elicit uore 
depressant effects and the lover aorphine doses 
(particularly 5.0 ag/kg) tended to elicit uore 
signficant facilitations.

There appeared to be a tendency toward a 
depression in ICSS rates during post-drag saline 
testing; this occurred prisaril; on the first day of 
post-drag saline testing. By the fifth day of
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post -drug saline testing, nost electrodes displayed 
rates which were not significantly different frow 
pre-drug saline testing. The drug effects on ICSS 
rates were dissociated froa those obserred on other 
behavioral seasures and thus were not artifacts of 
concoaitant changes in activity levels.

Experiaent 2 investigated the effects of 2.5, 5.0 
and 10.0 ag/kg aorphine on rate-intensity functions 
froa DB and HIP electrodes. ICSS testing began three 
hours post-injection to aaxiaize the likelihood of 
eliciting facilitations at the 10.0 agA9 dose. The 
results indicated aonophasic effects within electrode 
placeaents; depressant effects were soaewhat aore 
likely to be displayed at the higher current intensity 
values tested vithin an electrode. The highest 
aorphine dose (10.0 ag/kg) elicited only depressant 
effects. Facilitations occurred at one electrode 
tested at the 5.0 agA9 dose. Although it was not 
analyzed statistically, it appeared that DB electrodes 
shoved aore signficant effects than corresponding HIP 
electrodes.
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FIGURE 67 Graph of ICSS response rate by day by

54F - morphine (10.0 mq/ka) - HYP

electrode - low intensity (25 uA).

FIGURE 68 Graph of ICSS response rate by day by

54F - morphine (10.0 ma/kq) - HYP

electrode - high intensity (28 aA) .

FIGURE 69 Graph of ICSS response rate by day by

76F - morphine (10.0 mq/ka) - DB

electrode - low intensity (106 uA).

FIGUhE 70 Graph of ICSS response rate by day by

76F - morphine (10.0 mg/kg) - DB

electrode - high intensity (127 uA) .

FIGURE 71 Graph of ICSS response rate by day by

76P - morphine (10.0 mg/kg) - HYP

electrode - low intensity (35 uA).

FIGURE 72 Graph of ICSS response rate by day by

76F - morphine (10.0 mg/kg) - HYP

electrode - high intensity (49 uA) .

FIGURE 73 Graph of ICSS response rate by day by

94F - morphine (10.0 mg/kg) - DB

electrode - low intensity (42 uA) .

FIGURE 74 Graph of ICSS response rate by day by

94F - morphine (10.0 mg/kg) - DB

electrode' - hiah intensity (49 uA) .
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electrode - low intensity (42 uA). 

Graph of ICSS response rate by day by 
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electrode - high intensity (57 uA). 
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electrode - low intensity (53 uA). 
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Graph of ICSS response rate by day by 
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Graph of ICSS response rate by day by hour: 
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21G - morphine (5.0 mg/kg) - DB

electrode - high intensity (35 uA) .
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109 Graph of ICSS response rate by day by hour: 
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The underlying physiological mechanisms by which 

opiates alter mood states have been a source of 

inquiry over many years. The opiates are well known 

for their analgesic properties as well as for their 

psychological effects (beaver, Wallenstein, Houde 6 

hooers, 1969; beecner, 1959). Opiate users report 

that the drug produces a euphoria, a high, a feeling 

of well-being (Haertzen, 1966; Kolb, 1925); this is 

believed to be a reason why opiates are abused. These 

subjective reports suggest that opiates have some 

influence on limbic system structures, specifically 

those involved in reinrcrcement. Studies on the 

physiology of motivation and emotion (e.g., hunger, 

thirst, sex, raqe) and subsequently on reinforcement 

have indicated that the physical substrates of these 

behaviors are limbic system pathways (Olds, 1977; 

Papez, 1937). Several studies, which have been 

published since the present study was first designed, 

have demonstrateu the existence in the central nervous 

system of opiate receptors, the locations of which 

parallel brain areas involved it the reinforcement 

system(s) (Pert b Snyder, 1973; Simon & Hiller, 1978; 

Stein & telluzzi, 1976; Uul, Childers 5 Snyder, 1978). 

The present serits of experiments tested the
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hypotheses that opiates affect the functioning of the 

reinforcement system (s) and that the actions of 

opiates are site-specific.

With the discovery that rats will work to deliver 

electrical stimulation to their brains (Olds 6 Milner, 

19 5h) a technigue emerged which allowed direct 

examination of pharmacologically induced alterations 

in the reinforcement value of stimulating specific 

neural sites. The method of intracranial

self-stimulation (ICSS) has been used to study the 

so-called reward or pleasure center (s) (Olds 6 Olds, 

1965) . ICSS is a method that directly, although 

artificially, stimulates brain pathways. The response 

of the animal (bar press) leads to a direct 

stimulation of the area under the electrode (Ranck,

1975) . The animal controls the rate of stimulation 

(reinforcement) for any given stimulation parameter 

(c.q., wave form, electrode placement, current 

intensity) set by the experimenter; in addition, in 

certain experimental designs the response of the 

animal can modify the parameters of stimulation (e.g., 

threshold titration: Marcus 6 Kornetsky, 197h; Stein

£ hay, 1960; Poschel a h'inteman, 1966). Also, an 

advantage oi ICSS is that the investigator can adjust



parameters judiciously to elicit stable behavior 

(i.e., self-stimulation at a specified rate fro* 

different sites and/or at a ranee of rates at several 

current intensities vithin a site) and then to 

superimpose one or more drugs to assess the effects on 
this stable behavior.

ICSS uas been used to test directly the 
reinf orciiic properties of psychoactive drugs 

(amphetamine: Eilman, Ackermann, Bodnar, Jackler 6

Steiner, 1976; Phillips 6 Fibiaer, 1973; Stein, 196a; 

Hauquier 6 lieteueers, 197U; barbiturates: Olds C

Travis, 1960; neuroleptics: Phillips, Brooke 6

Fibiqer, 1975; Stark, Turk, Redman & Henderson, 1969; 

minor tranquilizers: Olds & Travis, 1960; Olds, K .,

1966; Stark et ul., 1969). if the opiates also affect 

reinforcement behavior as measured by ICSS, then ICSS 

may be a suitable animal test model. Several 

psychoactivt drugs have produced differential effects 

at different neuroanatomical sites vithin the 

reinforcement system (s) as measured by ICSS. For 

example, the a-isomer of amphetamine is more active 

than the l-isoner of amphetamine at noradrenergic 

sites, whereas the d- ana 1-isomers are egually potent 

at dopacineraic sites (Jhillips C Fibicer, 1973;



nllman et al., 1976). The differential effects are 

indicative of different neurotransmitters present at 

each site. Thus, opiates might also be expected to 

have site-specific actions within the reinforcement 

system (s) as measured by ICSS.

Korphine, the opiate analgesic often administered 

in clinical situations, is also the drug most studied 

in determining tne mechanisms of action of the 

opiates. Although heroin is the opiate most often 

abused, it exerts its pharmacolooic actions in the 

bram m  the form of norphine, following hydrolysis of 

the heroin molecule. The blood brain barrier tends to 

impede the entry of morphine into the brain, while the 

barrier is considerably less effective against heroin. 

Thus, the rate of entry to the brain and subseouently 

tne time to onset ol 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 morphine (Jaffe & Kartin, 1975). 

Thus, a probable cause of the hicih abuse of heroin 

rather than morphine is the more rapid onset and 

increased magnitude of effects upon injection of 

heroin. To study more efficiently the mechanisms of 

action oi opiates, it is of interest to study the 

actions of morphine uxrectly.



The dual action hypothesis of morphine physical 

dependence was proposed by Tatum, Seevers and Collins 

(1929) and states tnat (1) direct pharmacological 

action of morphine produces both depression and 

stimulation in the central nervous system, (2) the 

depression is dominant, and even masks the stimulant 

effects, during the early phases of drug action and 

(3) tne stimulant effects are of lonoer duration than 

the depressive effects and therefore, the later stages 

of drug action are characterized by hyperexcitability. 

These depressant and stimulant actions nay be 

indicative of differential mechanisms as well as 

neuroanatomical sites of action of morphine. If the 

behavioral biphasic nature of morphine is a reflection 

of these suggested dual effects of the drug within the 

reinforcement system(s), then chanaes that occur in 

ICSS response rates might be a sensitive reflection of 

the drug's effects. Therefore, the ICSS technique 

might serve as a tool with which to becin to identify 

and ailerentiate among neuroanatomical mechanisms and 

sites of action.

When the present study was initiated, there were 

three studies in which the effects of morphine on ICSS 

were tested. The results of two studies suaaested
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sito-specificity (Olds, 1959; Olds & Travis, 1960) and 

the results of the third study (Adams, Lorens C 

Mitchell, 1972) demonstrated the time-dependent and 

facilitative effects that were proposed by the dual 

action hypothesis. As of January 1979, more than 

twenty additional studies have appeared in the 

literature. Acute administration of high morphine 

doses (greater than or eoual to 20.0 mg/kg) produced 

depressions in hypothalamic (Hl'P) ICSS rates which 

co-varied with hypoactivity (Glick, Marsanico, 

Zimmerberg 5 Charap, 1973; Lorens & Mitchell, 1973; 

Marcus & hornetsky, 197U; Schaefer & Holtzman, 1977; 

van der Kooy, Schiff & Steele, 1976; Hauguier 6 

Niemeoeerr, 1976; Wauguier, Niemeaeers 8 Lai, 1974; 

Zvartau, 1977). in contrast, acute administration of 

lower morphine doses (0.3-15.0 mg/kg) produced 

biphasic effects: initial ICSS rate depressions

followed by facilitations (Adairs, Lorens & Mitchell, 

1972; bozarth 8 Reid, 1977; bush, bush. Miller & Reid, 

1976; Glick & Rapaport, 1974; Holtzman, 1976; Kelley & 

Rtid, 1977; Liebman 8 Segal, 1977; Lorens, 1972, 1976; 

Lorens & Mitchell, 1973; Maroli, Tsang & Stutz, 1978; 

Marcus 6 Kornetsky, 1974; Olds, K. 1976; Olds 5 

Travis, I960; Ornstein 8 Huston, 1977; Pert &



Hulsefus, 197S; Schaefer & holtzman, 1977; Wauquier G 

Niemeqeers, 197b). Tolerance developed to morphine's 

depressant effects upon less responding, since 

repeated ad u> ini strati on of the sane morphine dose 

shortened the duration oi ICSS depressions, while 

facilitating ICSS rates sooner (Bush et al., 1976; 

Click S Fapaport, 197U; Lorens, 1976; Lorens & 

Mitchell, 1973; Schaefer 5 Holtzman, 1977). 

Withdrawal from morphine generally produced a return 

to pre-drug HYP ICSS rates (Bush et al., 1976; Glick 6 

Rapaport, 197U; Lorens, 1976), although withdrawal 

from higher morphine doses (100-200 mg/ko) facilitated 

ICSS rates (Glick et al., 1973) .

Another feature oi morphine-induced changes in 

ICSS respondinc is that these effects are 

site-specific. Following morphine administration 

septal placements produced facilitations (Olds G 

Travis, 1960). Medial prefrontal cortex ICSS 

placements supported earlier response rate 

facilitations than did HYP ICSS placements (Lorens,

1976). Larger ICSS response rate facilitations 

occurred following aorphine injections at electrode 

placements more than 0.3 mm dorsal to the substantia 

nigra, pars comiacta or more than 0.2 mn lateral to
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the midline of central gray than at placements 

directly impinging upon these respective structures 

(Liebman & Segal, 1977). The results of this latter 

study parallel the differential effects that d- and 

1-amphetamine exert upon these placements (Ackermann, 

Steiner, Bodnar, Spielman, Halperin 6 Ellman, in 

press; Ellman, Ackermann, Bodnar, Jackler G Steiner, 

1975, 1976; Phillips 6 Fibiger, 1973). A study using

intracerebral morphine injections reported that 

ventral tegmental and HYP ICSS rates either increased 

following posterior :iYP micro-injections or exhibited 

biphasic effects following micro-injection in 

intermediately-located areas (Broekkamp, van den 

Boaaard, Heijnen, Bops, Cools G van P.ossum, 1976) •

Thus, several studies have reported differential 

effects of morphine on ICES that seem to indicate 

dose- and site-specificity of action. Since both 

libers and neurons are activated during stimulation of 

a brain 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 several lines of information, such as labelling of 

neurotransmitters and mapping of receptor sites, which 

can be correlated with the location of electrode tips



and the corresponding ICSS data to enable oredictions 

to be made about site-specificity of drug action. 

However, even if opiate receptors are located in the 

area of an electrode placement, the effects observed 

cannot automatically be assumed to he due to direct 

activation of those receptors because behavior does 

not reside within a particular neuroanatonical 

structure. We are dealing with a whole animal; there 

appear to be several systems of pathways within the 

brain, and systems interact with one another. 

However, the law of parsimony would suggest that if 

differences in drug effect on 3CSS are noted among 

different electrode placements, then drug actions are 

directly or indirectly affecting those sites and 

subsequently one or more neuroanatonical systems, 

differently.

The results of several studies testing the 

effects of psychoactive drugs on ICSS suggest a 

neurochemical basis of action, i.e., drugs affect 

neurohumorai transmitter substances (Olds, J., 1961; 

Poschel G rinteman, 1963; Stein, 196U). Certain drugs 

clearly exhibit differential effects on 

self-stimulation at different loci. For example, the 

a- and 1-isomers of amphetamine are approximately



equally potent in racilitatincr response rates fron the 

substantia nigra, while a-amphctamine is 7 to 10 tines 

more potent than 1-amphetamine in facilitating 

hypothalamic self-stimulation (Phillips 6 Fibiger, 

1973; Ellman et al., 1976). This pharmacological 

differentiation has been correlated with the 

distribution of catecholaminergic neurotransnitters. 

Ungerstedt (1971) has found the substantia nigra to be 

primarily dopaminergic and the lateral hypothalanus to 

be innervated by noradrenergic fibers.

At the tine this study was begun numerous 

attempts were being made to correlate the 

pharmacological effects of morphine with several known 

neurotransmitter substances, particularly

norepinephrine, dopamine, serotonin and acetylcholine. 

Shortly thereafter Pert & Snyder (1973) reported that 

there are opiate receptors in the brain and that these 

receptors appear to parallel the distribution of 

acetylcholine receptors. Two years later Hughes 

(1975) demonstrated the existence of an endogenous 

opiate-like substance. It is now clear that there are 

several endonenous opiate systems within the brain and 

pituitary and that morphine exerts many of its primary 

effects witnin these systems; however, recent evidence



still suggests that some behavioral effects noted are 

cue to interactions of the endogenous opiate-like 

system(s) with one or more other neurotransmitter 

systems.

In the present study, dorsal brainstem (DB) and 

HYP ICSS sites were selected because of their 

suggested involvement in opiate-mediated behavior, 

both sites support stimulation-produced analgesia 

(balagura £ Ralph, 1973; Hayer G Liebeskind, 1974; 

Kayer, Wolfle, Akil, Carder G Liebeskind, 1971; Bose, 

1974; Segal & Sandberg, 1977), but differ in other 

respects. PS ICSS sites possess high densities of 

opiate receptors while HYP ICSS sites possess moderate 

densities of opiate receptors (Atweh 6 Kuhar, 1977b; 

Hiller, Pearson G Simon, 1973; Kuhar, Pert & Snyder, 

1973; Pert, Kuhar & Snyaer, 1976). Differences in the 

sensitivity to the opiate antagonist naloxone have 

been demonstrated between these sites. In a study 

using a separate groups design, electrodes in the DB 

(locus coeruleus) were more sensitive to naloxone’s 

suppressant effect on ICSS rates than those in the HTP 

(Stein & belluzzi, 1978). The present study enables 

us to determine waether rhese sites also react 

differentially to morphine. In addition, our



multiple-implant design enables us to examine the 

issue oi whether any morphine effects are a result of 

site-specificity of opiate action as opposed to 

individual differences among animals in their 

sensitivities to the drug.

The primary purpose of the proposed series of 

experiments was to stuoy the auestion of whether 

morphine differentially affects the positive 

reinforcement systems. Horphine may have a
facilitative as well as a depressant effect on ICSS 

response rates. These two effects may reflect the

time course of action of morphine; i.e., morphine may 
initially cause a depression on the central nervous 

system, which is then followed by a •rebound*

facilitation. On the other hand, these effects may
reflect site specific actions of morphine on the 

central nervous system; i.e., morphine nay 
differentially affect discrete neuroanatomical sites, 

facilitating the actions of certain areas of the 

central nervous system while depressing the actions of 

others. It is also possible that mornhine might act 

on the central nervous system by a combination of 

these two mechanisms; i.e., morphine may exhibit 

differences in time course of its depressant and/or



facilitative effects vithin discrete neuroanatomical 

sites -
The main experiment (Experiment 1) investigated 

botn the possibility of neuroanatomical specificity as 

veil as time course of action of morphine vithin the 

•reward* system (s) as measured by intracranial 

self-stimulation (ICSS). Two bipolar electrodes were 

implanted vithin each animal; each electrode was aimed 

at a discrete and distant neuroanatomical site. The 

time course of the effects of morphine on ICSS rates 

of respondinc at each of the two electrode sites

within an animal was examined for eight hours

following injection.

Experiment 2 was designed to ascertain the

effects of morphine on ICSS rate-intensity functions 

obtained from two different electrode sites vithin 

each animal and serves as an adjunct to the first 

experiment. The first experiment was designed to 

ascertain time course effects of morphine, and 

therefore repeatedly measured the effects of morphine 

0 :1 ICSS elicited by a limited number of current 

intensities from each electrode site. The effects on 

ICSS of many crugs, however, are often best detected 

by a range of stimulation parameters. Manipulating
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current level yields a •rate-intensity* function. The 

effects ot the uruo on response rates are compared to 

saline at each of the current intensity values.
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"Experiment 1: The effects of morphine on ICSS

Rationale

This experiment examines two hypotheses: 

(1) hoes morphine, a high-abuse-liability drug, have a 

faciiitative effect on central "reward" mechanisms? 

and (2) Does morphine, as other hich-abuse-liability 

drugs, affect some "reward" areas in a manner 

different from the way it affects other "reward" 

areas? Jn other words, does morphine have 

site-specific erfects within the reward system?

There is evidence which suggested that different 

electrode sites yielding similar behavioral effects 

upon stimulation may have differential drag 

sensitivities (hllman et al., 1976; Phillips S 

Pibiger, 1973) . Reports of the acute effects of 

morphine on self-stimulation suggested that the 

effects differ as a function of site of stimulation 

(Olds & Travis, 1960). However, reports of the 

chronic effects of morphine on self-stimulation 

sucgested that the variability within a subject at an 

electrode site may be due to initial depressant 

effects of morphine to which tolerance may develop 

(Adams et al., 1972).
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It was decided that the effects of repeated 

administration of morphine on self-stimulation tested 

for several hours daily at two 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 inder of the drug’s effects, 

observations of general activity were made both during 

saline baseline tests as well as during morphine 

tests. Morphine is known to have general depressant 

effects on behavior, e.a., increased pain threshold 

and respiratory depression (Jaffe & Martin, 1975). In 

cats and rats, stimulant effects have been reported, 

e .q., increases in stereotyped behavior (Blasig, et 

al., 1973). Reports of human opiate addicts suggested

that there are effects opposite to the depressant

effects: these effects are commonly referred to as a

"rush”, or a "euphoria” (Jaffe, 1975) . Pacilitative

effects of morphine on ICSS behavior have been

reported in the rat (Adams et al., 1972; Liebman & 

Segal, 1^77; Lorens, 1976). These facilitative 

effects on ICss behavior may be accounted for by

either a general stimulant effect on behavior or may



be a result of specific actions of morphine within 

reward sites. Therefore, in an effort to determine 

whether a facilitation in ICSS behavior correlated 

with an increase in general activity levels (i.e., 

increased motor output), observations of general 

activity levels were made (see below).

Examining ICSS behavior obtained from two distant 

and discrete central reward sites within an animal 

provides a control in the determination of the 

specificity of facilitative effects of morphine. If 

toe facilitative effects were nonspecific, both sites 

within an animal would evidence a facilitation in 

response rates. The behavioral watches allowed me to 

answer the guestion: bo individual rats show

facilitations in all behaviors, including ICSS 

behavior, or is a facilitation evidenced in ICSS 

behavior specific within the reward system (s) ?

Another advantage of multiple implantations 

within an animal is that of greatly reducing 

subject-specific variability in comparisons between 

different electrode placements. Each animal was 

tested at both electrode placements; general behavior 

was observed during pre-druo saline, morphine and 

post-drue saline conditions. In effect, each animal



served as its own control in the experiment; the 

treatment of each additional animal served as a 

replication of the experiment.

Method

Subjects. Twenty-six male albino rats 

(Holt2 man Sprague-Dawley) weighing 350-515 grams at 

the time of operation were used. All animals were 

housed individually anc maintained on an ad libitum 

food and water schedule.

Surgery. Animals were anesthetized with 

Eguithesir (Jensen, 2 ail/ky, i.p.). Bipolar stainless 

steel electrodes (Plastic Products,

MS-303-.018-.311-SS-.010) , completely insulated except 

at the tips, were implanted usino a Kopf stereotaxic 

instrument. All animals were implanted with two 

bipolar pairs of electrodes; one electrode pair was 

aimed at the lateral hypothalamus (HYl), the other was 

aimed at the dorsal brainstem (PB) in the area of the 

rostral locus coeruleus. The coordinates for the 

stereotaxic placements of these electrodes were 

modifications of those of Zeman 5 Jnnes (1963), De 

Groct (1959) and Konio ano Klippel (1963). In these 

Biodif ications, the lambda and bregma suture lines 

served as points of reference for the derivation of



stereotaxic coordinates. Setting the incisor bar at 

-5.0 it it lowered the angle of the rat's head in the 

stereotaxic instrument and thereby allowed parallel 

implantation of both bipolar electrode pairs, while 

avoiding the puncture of the transverse sinus during 

the implantation of the locus coeruleus electrode. 

The coordinates for the lateral hypothalamus implants 

were: 0.3 mm anterior to the midpoint between lambda

point and bregma, 1.5 mm lateral to the mid-sagittal 

suture, and 8.7 mm ventral to the surface of the 

skull. The locus coeruleus coordinates were 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 line was a hypothetical 

transverse line determined in relation to lambda point 

(see Figure 1). Lambda point was that point where the 

occipital bones meet the mid-sagittal suture. Three 

stainless steel cortical screws were attached to the 

skull. These screws serve as anchors 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.

Apparatus. Animals were trained to press a bar 

for electrical stimulation delivered to each electrode
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site, intracranial self-stimulation (ICSS) tests were 

run in a plexiglass operant chamber (20 cm x 20 cm x 

22 cm). A retractable bar (U cm x 2 cm, Scientific 

Prototype) , located h cm above a grid floor, protruded 

into the chamber. Depression of this bar activated a 

microswitch- The number of bar presses per minute was 

automatically recorded by solid state and 

electro-mechanical programming eouipment; rate of 

response was the dependent variable. Each response 

was reinforced with a 250 msec train of 60 Hz, 

sinusoidal wave stimulation to one bipolar electrode 

placeoient on a continuous reinforcement schedule. 

Stimulus intensity, measured in microamperes, was 

under the control of the experimenter and varied 

according to the demands of the experiment. Current 

applied to the tip of the electrode served as the 

reinforcing stimulus (Eanck, 1975). Have form and 

stimulus intensity were continuously monitored by 

observing the voltage drop across a 100 ohm resistor 

in series with tach bipolar elctrode on a differential 

input Hewlitt Packard #1200-E cathode ray 

oscilloscope. Each pair of the animal*s bipolar 

electrodes was separately isolated from both ground 

and from the other electrode pair.
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Preliminary testing* Fourteen days after surgery 

each animal was tested to determine if electrical 

stimulation of the two electrode sites would serve as 

a reiniorcer lor tne bar-press response. Animals were 

shaped by the method of successive approximations at 

several intensities from 15-280 microamperes (uA) 

during daily ninety-minute sessions. Training began 

with the ilYP electrode. The process was then repeated 

for tne Db electroce. Animals were shaped at several 

current intensities at eacn electrode placement for a 

minimum of 15 nays. A stringent criterion for 

inclusion was employed in this study. Bates produced 

from both electroae Placements had to exceed ten 

responses per minute on three consecutive daily 

testing sessions. Twenty of the 28 rats tested met 

this criterion. The eight animals not meeting this 

criterion were sacrificed.

Procedure. Two current intensities were chosen 

for each electrode placement and were tested daily for 

eight consecutive hourly sessions. Initially there 

were to be six hours of testing each day; however, the 

data of the first animal (37S) indicated that a longer 

daily testing schedule was required to optimize the 

likelihood of eliciting facilitations in ICSS rates.



especially following the hich dose (10.0 ma/kq) .

Therefore, all otner animals were tested for eight 

hourly testing sessions per day. Each hourly session 

consisted of four 7-i»in ICSS periods in which the data 

from the last live minutes constituted the dependent 

variable. To minimize stimulus carry-over effects, 

the first two minutes of each seven-minute period were 

not included in toe data analysis. Changes in current 

intensity occurred curing one-minute periods between

successive seven-minute periods. During an hourly 

test the bar was available to the aniaal for 

29-minutes: four seven-minute periods, each period

separated by one minute during which the bar was

retracted while site and stimulus current values were 

changed. During the remainder of the hour, the bar 

was retracted. Thus the bar was unavailable 32 

minutes of each hour. Animals were oiven priming 

stimulation if they aid not initiate responding during 

the first minute of each seven-minute period.

The basic design of. the study presupposed: that

saline baseline response rates at an electrode 

placement remained stable throughout the experiment.

Negative contrast effects are particularly evident in 

paradigms that sample ICSS response rates at more than



one stimulus intensity (Trowill, Panksepp 6 Gandelman, 

1969) , particularly when drug effects interact with 

current effects (Raroli, Tsang 6 Stutz, 1978: Steiner

£ Stokely, 1973). Pour procedures were implemented to 

control for these effects: (1) treating the first two

minutes of each seven minute period separately, (2) 

usinc a low current intensity which elicited 

supra-tnresnold, rather tnan threshold, response 

rates, (3) presenting the two current intensities in 

ascendino order, and (U) presenting the electrode 

placement which sunnoited lower peak ICSS rates first.

Pilot data demonstrated that if the low 

intensity value was that which elicited threshold 

rates of responding, 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 higher intensity value. However, when the animal 

was given an intensity value which elicited response 

rates between threshold and peak, the animal would 

consistently respond at both intensity values. 

Therefore, although it may have been desirable to 

obtain information specifically about morphine effects 

on tnresholu ICSS behavior, a compromise was 

necessitated because of the* experimental design since



the animals were each tested for long periods of tine. 

Thus, one current intensity within each electrode 

placement supported ICSS rates which were above 

operant levels but below peak rates (the low intensity 

value) and the second current intensity yielded peak 

ICSS rates (the high intensity value) .

belated to this, results of pilot experiments 

indicated that more consistent ICSS rates within and 

across days were obtained within each test session 

when the low intensity values were presented prior to 

the hioh intensity values, particularly when the "less 

preferred'1 site (i.e., the site which elicited lower 

response rates at the high intensity) started the 

session. In addition to preliminary testing sessions, 

each animal was tested with a particular sequence of 

site and current intensities at least times (six

days each of pre-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 just prior to its return following the 

one-minute time-outs, but also at the beginning of 

each test session, i.e., following a 28-minute 

time-out. Animals approached the "bar" before any 

electro-mechanical switches were activated and.
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therefore, without any external visible or audible 

signals. Thus, the animals, cue to the regularity of 

the testing procedure, "learned" when the bar would 

enter the box and, apparently, the order of

presentation of site/intensity stiiruli. During the 

pilot study when presentation of low and high

intensities were alternated within a site, e.g., 

Db-low, Dt'-high, HYP-low, HYP-hiqh, animals would not 

approach the bar, nor once activated could they be 

shaped to the bar. In anthropomorphic terms, the 

animals compared the "reward values" of the stimuli 

and, once the presentation sequence was "learned", 

would "choose" when to work. This freouently occurs

in a descending rate-intensity function and is called

the "little-piq" effect. Thus, due to the apparent 

learning of the testing seguence, the "little-pig" 

effect necessitated, not only the use of an 

above-threshold current intensity for the low 

intensity value, but also necessitated the order of 

presentation of intensities and sites within each 

animal. Thus for each animal, the electrode placement 

which supported lower peak ICSS rates was tested 

during the lirst and thiro periods, while the 

electrode placement which supported 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 was tested during the first two 

periods, while the higher current intensity for each 

electrode placement was tested during the second two 

periods of each hourly session. For example, if an 

animal respondec less for stimulation at the peak 
intensity value at the Db electrode than at the HYP 

electrode, then each hourly test for this animal was 

as follows: DB-iow intensity; HYP-low intensity;

Dfc-hiuh intensity; HXl’-high intensity.

Six animals were eliminated from the experiment 

during the preliminary 6-hr testing sessions. Four 

animals either lost their electrode assemblies or 

died. One animal extinguished ICSS responding for 

both electrode placements by the fourth session of 

each dey. One animal became too active to handle. 

Fourteen animals entered the drug testing procedure.

when ICSS responding over daily and hourly 

sessions stabilized, each animal entered an eighteen 

day testing sequence, consisting of six days of saline 

baseline, six days of morphine administration, and six 

days of saline withdrawal. Each day, five minutes 

prior to the second ICSS test session, either saline



or morphine was injected (1 ml/kg, s.c.) . Fach animal 

was then tested over the seven subsequent consecutive 

hours (post-injection hours 1-7) . The first test 

session of the day corresponded to twenty-four hours 

following an injection administered on the previous 

day (post-injection hour 24). Four different doses of 

morphine, solubilized in 0.9% normal saline, were

utilized xn the study: 2.5, 5.0, 7.5 and 10.0 *g/kg

(measured us the salt) . Each animal was tested with 

one and only one dose auring the six drug days. The 

2.5, 5.0 and 10.0 mg/kg morphine doses were each

tested in four rats; the 7.5 mg/kg morphine dose was 

tested in two rats.

To monitor drug effects upon other opiate-related 

behaviors, three daily behavioral watches, each of

5-min duration, were conducted immediately prior to

the pre-injection (24tn-hr), Ist-hr post-injection and 

5th-hr post-injection ICSS sessions. Locomotor 

activity (determined by tne number of traverses across 

the grid floor subdivided into 5 cm x 5 cm squares), 

wet shakes, shudders, and rearings were counted for 

the 5-min period, while instances of oeneral behavior, 

such as grooming/sniffing, masticating, and 

stereotyped biting/licking of the grid floor were also



noted. In addition, a 1-»in observation was Bade 

immediately prior to the other ICSS sessions to 

observe whether stereotyped biting/licKing behavior 

occurred.
Ihe behavioral watches also served as 

an additional measure to verify that a drug had been 

administered properly. Occasionally the full dose 

and/or volume of a drug was not given. The 

experimenter noted this at the tire of injection, 

e.g., "the rat struggled when injected and an 

indeterminate amount of drug entered the animal." 

Morphine's effects on general behavior are consistent 

{blasic et al., 1973). Of tje experimenter believed, 

at the time of injection, that an incorrect dose of 

morphine had been given to an animal and if the 

behavioral data were aberrant and, therefore, 

corroborated this belief, then, and only then, were a 

day's data (plus the aata for the followino drug day) 

not induced in tne data analysis.

Histology. Following completion of the 

experiment(s), each animal was overdosed with 

Equithesin (2 ml, i.p.) and perfused intracardially 

with a .9* saline solution followed by a 10% formalin 

solution. Tne animal was then decapitated, and its



brain removed and stored in a 10S formalin solution. 

The brain was frozen and sectioned at UO microns on a 

Spencer 860 microtome. The sections containing 

electrode tracts were collected and stored in 10% 

formalin lor at least three days, before being mounted 

on glass slides and stained with luxol fast blue and 

cresylviolet according to the method of Kluver and 

i-arrera (1953). Electrode locus was determined by 

microscopic examination of the sections by two raters 

uninformed as to tne behavioral results.

Data analysis of ICSS response rates. Data for 

each animal were analyzed independently by means of an 

analysis of variance, repeated measures design, on 

five factors (5-way ANOVA). The dependent variable 

was the number of responses per minute (P). To 

normalize the distribution of the data, 0.5 was added 

to each value of the dependent variable and a 

sguart-root transform was performed (sq. rt. (E ♦ 

0.5)). The factor "minute" (number of 

responses/minute) served as the error term for testing 

the five main effects and their interactions. The 

five main factors were site, drug condition, 

intensity, day and hour. Site consisted of two croups 

(Dfa and HYP); drug condition (drugcond) consisted of
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three groups (pre-druc saline, morphine and post-drug 

saline); intensity (intensty) consisted of two groups 

(low current intensity and high current intensity); 

day consisted of sis groups (six days/drug condition); 

hour consisted of eight groups (eight hourly test 

sessions daily, with the exception of animal 37E, 

which was tested six hourly test sessions daily).

Duncan a posteriori tests were performed on the 

main effect of site, the site x drugcond interaction, 

the site x drugcond x intensity interaction, as well 

as on the site x drugcond x day x hour interaction (©< 

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

effect oi site shows whether, collapsed over all 

factors, response rates elicited at each electrode 

placement within an animal differed significantly. It 

was felt that the contribution of the main effects of 

drug condition, intensity, day and hour vould be best 

explored via the Duncan a posteriori tests of the site 

x drugcond, site x druocond x intensity and site x 
drugcond x day x hour interactions.

The Duncan a posteriori test of the site x 

drugcond interactions enabled us to classify each 

electrode placement into an overall pattern of 

morphine effect. 'I his would indicate whether morphine



31

differentially affected each electrode within an 

animal (collapsing over intensity, day and hour).

The Duncan a posteriori tests of the site x 

drugcond x intensity interactions enabled us to 

determine if morphine significantly affected each 

intensity similarly within a site, collapsing across 

days and hours.
The Duncan a posteriori tests of the site x 

drugcond x aay x hour interactions enabled us to (1) 

study the time course of drug effects, both within a 

day as well as across days of each electrode placement 

and (2) make descriptive comparisons of the time 

course of morphine's effects on ICSS rates at each 

electrode placement within an animal.
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Besults
Figures 3 and <1 are schematic representations of 

the electrode placements for the rats which completed 
Experiment 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-implanted rats; the 7.5 mg/kg morphine dose was 
tested in two doubly-implanted rats. Each rat 
received repeated administration of one morphine dose.

The HIP electrode placements were localized 
primarily in the area of the lateral hypothalamus, 
with some electrode placements impinging laterally on 
the eras cerebri and other electrode placements 
bordering medially on the medial hypothalamic nuclei. 
One HYP electrode (37B) was localized in the posterior 
hypothalamic nucleus. Host of the DB electrodes were 
localized in or near the locus coeruleus nucleus or 
anteriorlly along its major efferent, the dorsal 
noradrenergic bundle (DVB) . One DB electrode (46) was 
localized as impinging upon the mesencephalic V 
nucleus and another DB electrode (547) was localized 
as impinging upon the medial longitudinal fasciculus 
(HL7) .
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Table 2 presects a suaaary of the results of the 
overall 5-nay ISOVA procedure. For each aniaal, the 
significance level of the overall F-statistic vas 
.0001. R-sauare source is an expression of the
variance accounted for by the five factors and the
interaction teras. The lowest B-square value vas 0.57 
and the highest value was 0.94. Thus, for each aniaal 
the factors site, drugcond, intensity, day, hour and 
their interactions accounted for wore than c-0 percent 
of the variation in the dependent variable.

Tables 3—16 present the results of the coaplete 
5-vay ANOVA procedure for each individual aniaal.
Table 17 presents the R-sguare value for the five
factors and the interaction teras for each aniaal.
The rain effect of site vas significant at the .0001
level in thirteen of fourteen aniaals; the p-level of
the fourteenth aniaal (86F) vas .0762. Table 18 
presents the results of the Duncan a posteriori tests 
for the sain effect of site, collapsing over all other 
factors. In 10 aniaals, the DB electrode elicited
significantly lover rates than the HYP electrode, 
while in three aniaals, the DB electrode elicited 
significantly higher rates (aniaals 37F, 54F, 21P); in 
the fourteenth aniaal (86F) the PB electrode elicited



34

rates higher than the HIP electrode, however the 
difference failed to reach significance. Although the 
F-value of the sain effect of site is independent of 
all other factors and interactions, the a posteriori 
test of the nain effect of site collapse the data 
across all other factors, and presents sonevhat 
different results than if pre-drug saline rates are 
looked at independently. Table 19 presents the data 
for pre-drug saline, collapsing over intensity, day 
and hour. Although the differences were not neasured 
statistically, the uean response rate for the DB 
electrode was lover than for the corresponding HIP 
electrode in 12 aniaals (exceptions: 37E and 5QF);
the aaxiaal response rate for the DB electrode vas 
lover than for the corresponding ETP electrode in 13 
aniaals (exception: 37E); and the standard error of
the aean vas saaller for the DB than for the 
corresponding HYP electrode in all fourteen aniaals. 
A point of possible iaportance vhen interpreting the 
results is that the HTP electrode of aniaal 37E, 
unlike any of the other thirteen aniaals, vas
localized vithin the posterior hypothalanic nucleus.

Thus, vhen the data are collapsed across 
intensity, it appears that during the pre-drug saline
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condition DB electrodes generally elicited lover sean 
and maximal response rates and a ssaller degree of 
variability than the corresponding HIP electrodes. To 
further explore this, Duncan a posteriori tests were 
performed comparing the mean response rate for 
pre-drug saline elicited by the high current intensity 
values at each site for every animal (see Tables 
20-21). The difference between rates elicited at each 
site vas significant for all fourteen animals; twelve 
aniaals had a significantly greater wean response rate 
for the HYP electrode than for the corresponding DB 
electrode and in two animals (37E and 86F) the DB 
electrode elicited a significantly higher mean 
response rate.

The main effect of intensity was significant at 
the .0001 level in 13 of the 14 animals; the p—level 
for the 14th animal (37E) vas .0744. 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 vithin-aniaal trends nay be noted. Animal 37E, 
the only animal in which the main effect of intensity 
is not significant, had similar mean and maximal 
response rates at both the low and high current
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intensities vithin each site daring pre-drag saline. 
As can be seen in Tables 20 and 21, other aninals also 
displayed similar pre-drag saline response rates (nean 
or naxiaal) at both the intensity values vithin an 
electrode; however, such instances generally occurred 
at only one site vithin an aninal, and nore often at 
the DB electrode. Also, in several instances, a 
higher vaxival response rate (but not vean response 
rate), as veil as a larger standard error of the nean, 
vere displayed fron the lover current value tested 
vithin an electrode placenent.

The nain effect of drug condition vas significant 
at the .0001 level in all aninals. The nain effect of 
day had a significant F-value, at p-level < .01 in 13 
of the 14 aninals (exception: 86?) . The nain effect 
of hour vas significant at the .0001 level for all 
fourteen aniaals.

The Duncan a posteriori tests vere perforaed on 
the site x drugcond interactions and the results are 
sunnarized in Table 22. The F—value of the site x 
drugcond interaction vas significant in 12 of the 14 
aninals at p—level < .0001. In agreenent vith the
initial hypotheses that norphine has interactive 
effects vithin sites of reinforcement, the site x drug
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condition interaction reached significance (®< * .01)
in twelve of 14 aninals; tvo aninals almost reached 
significance (aninal 54F, p=-05; aninal 76F, p=.10).

The results of the Duncan tests of the site x 
drugcond interaction, uhich collapses the data over 
day, hour and intensity, indicated that both electrode 
placenents vithin nine aninals shoved sinilar drug 
effects: seven aninals had a significant depressant
effect of aorphine at both electrode placenents, one 
aninal (21G) had a significant facilitative effect of 
norphine at both electrode placenents and one aninal 
(9G) failed to shov a significant site x drugcond 
interactive effect at either the DB or FTP electrode. 
Five aninals shoved differences in the site x drugcond 
interactions. One aninal (741) shoved a significant 
depressant effect at the DB electrode, vhile the site 
x drugcond interaction for the HYP electrode failed 
to reach significance. Tvo aninals shoved a 
significant facilitative effect at one electrode 
placement (4G - DB, 3G - HYP) vhile the site x
drugcond interaction effect for pre-drug saline and 
norphine failed to reach significance at the second 
electrode olacenent. The tvo other aninals (B4F and 
B6F, both tested at 2.5 ng/fcg norphine) had a
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significant depressant DB x norphine interaction 
effect with a concomitant significant facilitative HYP 
x norphine interaction, lithough the comparisons of 
norphine effect at each site cannot be tested directly 
statistically vithin the context of the present 
experiment* the data of aninals 84F and 86F most 
clearly support the initial hypothesis that morphine 
differentially affects brain reinforcement sites.

The nature of the similarities and differences in 
drug effect between electrode placements vithin 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* morphine and current intensity, 
Duncan a posteriori tests vere performed on the site x 
drugcond x intensity interactions. Table 23 presents 
the results of these tests. The F-value of the site x 
drugcond x intensity interaction vas significast in 11 
of the 14 aninals at p-level < .01; aninal 74E had 
p-level < .02 and aninals 66F and 84F had p-level <
.05. The Duncan a posteriori tests (o< = .01)
indicated that vithin the DB electrodes* 11 of 14 
aninals shoved effects in the sane direction at both
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intensities; nine aninals shoved depressions and tvo 
aninals shoved facilitations in rates. The DB 
electrodes of the other three aninals (3G, 18G and 96) 
shoved significant depressions at the lov intensity 
value, vhile the high intensity valne failed to shov a 
significant difference in ICSS rates, vithin the HYP 
electrode placenents, eight of the fourteen aninals 
shoved effects in the sane direction at both 
intensities; four aniaals shoved significant 
depressions, tvo aninals (at 2.5 ag/kg norphine) 
shoved significant facilitations and tvo aninals 
(75F-7.5 vg/kg: 21G-5.0 ag/kg norphine) failed to shov 
an overall significant effect of drug at either 
intensity. Of the six HYP electrodes vhich shoved 
differences in norphine effect in the drng x site x 
intensity interaction, three shoved significant 
effects at only one intensity valne; three aninals 
(94F, 18G and 9G) shoved a significant depressant
effect at one intensity value and a significant 
facilitative effect at the second intensity valne.

In sunaary, based upon the Dnncan tests on the 
site x drugcond x intensity interactions, 19 of 28 
electrode placenents displayed sinilar norphine 
effects at both the lov and high current intensity



values tested. Only three of the regaining nine 
electrode placements had significant site x aorphine 
interactions in opposite directions at each intensity 
value. These apparent discrepancies in morphine 
effect at the tvo intensities vithin an electrode 
placement are discussed later in more detail. 
However, at this point I would like to mention that 
certain effects may tend to cancel out when collapsing 
data across factors in performing the Duncan a 
ncsteriori tests. For instance, the HTP electrode of 
animal 74F failed to show a significant effect on the 
site z drugcond x intensity interaction Duncan a 
posteriori tests; however, 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 s.e.m. of 
morphine, i.e., a biphasic effect. The site x 
drugcond x day x hour interaction a posteriori tests 
confirm that morphine had a biphasic effect by hour 
across days (see Table 33; Figures 23-24)• Thus, the 
Duncan tests of the site x drugcond x intensity 
interactions indicate that generally morphine affects 
both intensities in a similar fashion, while Duncan 
tests of the site x drugcond x day x hour elaborate 
further on the effects within and across days.
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Tables 24-51 present the results of the Duncan a 
posteriori tests («*< - .01) for the site x drugcond x 
day x hoar interaction effects. The resalts of these 
tests are discussed in conjunction vith Figures 5—130. 
The site x drugcond x day x hour Duncan a posteriori 
tests do not directly test differences in nagnitude of 
aorphine effects across days or hours, since all 
conparisons are made between pairvise aeans of saline 
and norphine response rates. However, certain trends 
nagnitude of effects are discernible fron the graphed 
data. Figures 5-60 present the ICSS data for pre-drug 
saline, norphine and post-drug saline expressed as the 
nean of the six days per drug condition. Figures 
61-116 present the ICSS data for pre-drug saline 
expressed as the nean response rate over the six days; 
and for norphine, expressed as the (1) nean of days 
1-2, (2) nean of days 3-4 and (3) nean of days 5-6.

Figures 117-130 present, for each aninal, the 
data for loconotor activity (as neasured by the nunber 
of box crossings for pre-drug saline, norphine and 
post—drug saline) expressed as the nean of the six 
days per drug condition. Is previously noted for
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aniaals 84F and 86Ff there vas evidence for
specificity of norphine action within the brain 
reinforcenent systen (s), as evidenced by differential 
drag effects on ICSS rates at the two electrode 
placeaents within an aninal. However, loconotor
activity served as an additional indicator of whether 
norphineas effects on ICSS behavior can be dissociated 
fron those on general behavior. It this point, 
conparisons based npon visual inspection of the
graphed data will be nade. The data for loconotor 
behavior were analyzed statistically by grouping 
aniaals together by dose. The results of the grouped 
analysis are presented later.

Based upon the pattern of significant site z drug 
z day x hour interactions during hours 1-7 and days 
1-6 (i.e., 42 conparisons), each electrode placenent
vas given a classification for pattern of norphine 
effects. The four possible patterns were (1) 
•priaarily” depressant, (2) "priaarily" facilitative, 
(3) biphasic, i.e., both depressions and facilitations 
in ICSS rates, and (4) "negligible” effects. If 
significant depressions and/or significant
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facilitations occurred in only tvo or fewer of the 42 
possible conparisons (5% chance), then that effect was 
regarded as negligible and the data were classified as 
though the two or fewer significant effects did not 
occur. For example. Table 25 presents the results of 
the Duncan tests for the site x drugcond x day x hour 
interaction for the HYP electrode of aninal 37Y. This 
electrode aeets the criteria for a classification of 
showing a "primarily" depressant effect since there 
were more than two significant depressions, but only 
tvo significant facilitations. Table 52 presents a 
summary of the pattern classifications for each 
electrode placement based on the site x drugcond x day 
x hour Duncan tests. Table 53 presents a comparison 
of the morphine effect based on the results of the 
site x drugcond Duncan tests with 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 aninal are 
presented for each rat, beginning with tbose aniaals 
which received the highest norphine dose (10.0 mg/kg).



Following repeated adainistration of 10.0 ag/kg 
aorphine, aniaal 37E displayed depressions in ICSS 
rates froa both intensities at both electrode
placeaents (see Tables 24-25; Figures 5-8 and 61-64). 
In this aniaal, a "bad" shot was adainistered on what 
was to be the fifth day of aorphine adainistration. 
Therefore, the data froa that day as well as the
following day were not included within the analysis
and days labeled 5 and 6 were actually drug
adainistration days 7 and 8 (see Hethods section). 
Although the Duncan tests for site x drug x day x hour 
indicated two instances of significant facilitations, 
visual inspection oF Figures 63-64 suggest that the 
nagnitnde of the facilitations were not large. Both 
the DB and HYP electrodes of this aniaal aet the 
classification criteria of a "priaarily* depressant 
pattern of aorphine effects on ICSS rates. The site x 
drugcond Duncan tests had also indicated a depressant 
effect of aorphine at each electrode placeaent. 
Loconotor activity vas within the range of the s.e.a. 
of pre-drug saline iaaediately after aorphine 
injection and 24-hours post-aorphine injection; 
however, at 5—hours post-aorphine injection loconotor 
activity vas above the s.e.a. of pre-drug saline.
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Although not tested statistically* the effects of 
norphine on ICSS rates appear dissociated froa those 
on loconotor activity.

Aninal 547 received repeated adainistration of
10.0 ag/kg norphine and displayed significant 
depressions froa each electrode placeaent (see Tables
26-27; Figures 9-12 and 65-68). This aninal also 
received a "bad11 shot. This occurred on what vas to 
be the fourth day of norphine adainistration;
therefore* the data froa that and the following day
were not included within the analysis and days labeled 
4*5 and 6 were actually drug adainistration days 6*7 
and 8 (see Hethods section; aniaals 37S and 54P 
received the only known instances of "bad" shots). 
The Duncan tests for the site x drugcond x interaction 
had indicated that both electrode placeaents of these 
aniaals had depressant effects on ICSS. Both the DB 
and WTP electrodes of aniaals 54F also aet the 
criteria for the "priaarily" depressant pattern of 
aorphine effects based upon the site x drugcond x day
x hour Duncan tests. The nean response rate for
aorphine days 1-2 vas soaevhat below those for the 
later days during the first few hours post-injection 
at both intensities of each electrode placeaent. The
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measure for locomotor activity during norphine 
administration vas sithin the s.e.a. of pre-drug 
saline for each behavioral vatch post-injection. 
Thus, it appears again that the effects of norphine on 
general behavior did not reflect the effects of 
norphine on ICSS behavior.

Aninal 76F also received repeated adainistration 
of the 10.0 mg/kg dose of norphine. The site z 
drugcond Duncan tests indicated that both electrode 
placeaents had depressed ICSS rates dnring norphine 
adninistration; however* visual inspection of the 
graphed data indicate* and the site z drngcond z day z 
hour Dnncan tests confira, that both electrode 
placeaents displayed significant facilitations as veil 
as significant depressions over the eight hoars 
sanpled (see Tables 28-29; Pignres 13-16 and 69-72). 
The facilitations occurred primarily on the 
fourth-hour post-injection* with the first occurrence 
on the second day of norphine adainistration for both 
sites. Figures 69-72 indicate that the nagnitude of 
the depressions vas larger and the durations were 
longer for norphine days 1-2 than for days 3-4 and 
5-6. Both electrode placenents* therefore, net the 
criteria for a biphasic pattern 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 was a conplex interaction of aorphine with 
day and hour. Soaevhat fever significant depressions 
occurred over the six days. Both electrode placeaents 
displayed instances of significant facilitations in 
ICSS rates during aorphine adainistration in the later 
hours of aost days. The graph of locoaotor activity 
(Figure 119) shovs that during aorphine 
adainistration, the aniaal noved slightly less 
ianediately folloving injection and noved slightly 
aore during the fifth-hour post-injection. Thus, the 
initial depression in ICSS rates nay be correlated 
vith the depression in loconotor activity ianediately 
post-injection. Locoaotor activity vas not aeasured 
during the fourth-hour post-injection, vhen aost of 
the significant facilitations in ICSS rates occurred. 
During the fifth-hour post-injection, hovever, 
locoaotor activity vas slightly above the s.e.a. of 
pre-drug saline, at vhich tine ICSS behavior vas 
generally depressed or not significantly different 
froa pre-drug saline. Therefore, it is difficult to 
deteraine to vhat extent the facilitations in ICSS
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behavior correlate vith aorphine's effects on general 
behavior in this aniaal.

Aniaal 9 W  received repeated adainistration of
10.0 vg/kg aorphine. The Dvncan tests on the site x
drugcond interactions shoved that both electrode
placeaents had significant overall depressant effects. 
The results of the site x drugcond x day x hour 
interaction Duncan a posteriori 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 tvo significant facilitations. Both Figures 
17-18 and 73-74 indicate that ICSS rates during 
aorphine adainistration vere generally above the
s.e.a. of pre-drug saline, priaarily during the 
third-hour post-injection, although these reached 
statistical significance for only a total of tvo 
instances vithin 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 ■priaarily* 
depressant pattern of aorphine effects. Although the 
site x drugcond interaction for the HYP electrode 
indicated that this electrode placenent had an overall
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depressant aorphine effect, the site x drugcond x day 
x hoar Dancan tests shoved aany instances of 
facilitations as veil as depressions in ICSS rates 
daring aorphine adainistration (see Table 31). This 
electrode, therefore. Beets the criteria for the 
classification of a biphasic pattern of aorphine 
effects. Figures 19-20 and 75-76 indicate that the 
facilitations occurred priaarily at the lov intensity 
value, as vas also indicated statistically in the 
Duncan a posteriori tests of the site x drugcond x 
intensity interactions. The data for the HYP 
electrode of this aniaal present a good exaaple of the 
iaportance of parceling out orthogonal interaction 
effects. When the data are collapsed over intensity 
and day and hour (the site x drugcond interaction), 
the a posteriori tests indicated a depressant effect 
of aorphine. When the data are collapsed across day 
and hour (the site x drugcond x intensity 
interaction), each intensity shoved opposite aorphine 
effects on ICSS response rates. When the day x hour 
interactive effects are coabined vith 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
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Duncan tests shoved aany instances of significant 
facilitations. is vith the other aniaals that 
received 10.0 ag/kg aorphine, the first tvo days of
aorphine adainistration elicited soaevhat lover 
response rates than did days 3-4 or 5-6 during the
first fev hours post-injection. This aorphine-induced
depression vaned during days 3-6, indicating 
tolerance. The aeasures for locoaotor activity during 
aorphine adainistration vere belov the s.e.a. of 
pre-drug saline ianediately folloving injection, but 
vere vithin the s.e.a. thereafter (see Figure 120). 
Thus, there is sone indication of correlation of 
depressant action on ICSS and general behavior 
ianediately folloving injection in this aniaal; 
hovever, the facilitations in ICSS rates seen 5-hours
post-injection appear to be dissociated froa the 
effects of aorphine on general behavior at that tine.

Aniaal 74E received repeated adainistration of 
7.5 ag/kg aorphine. The site x drugcond interaction 
Duncan tests indicated that both electrode placeaents 
had significant depressant effects during aorphine 
adainistration. The DB electrode had several 
significant depressions, but only tvo 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 placeaent, therefore, net the criteria 
for "prinarily" depressant effects on ICSS rates. Is 
vith aninal 94Ff graphs of the data (see Figures 21-22 
and 77-78) indicate that there vere instances in which 
ICSS rates during norphine adninistration vere above 
the s.e.n. of pre-drug saline, prinarily 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 tine-course of the facilitative effects 
of norphine being reflected at both intensity values 
the site x drugcond x day x hour interaction tests, 
(vhich collapse across intensity) indicated only tvo 
instances of significant facilitations. Although 
displaying an overall depressant effect on the Duncan 
tests of the site x drugcond interaction, the HYP 
electrode net the criteria for a biphasic pattern of 
norphine effects based on the Duncan tests for the 
site x drugcond x day x hour interaction (see Table 
33). Host of the facilitations occurred during the 
fourth- and fifth-hours post-injection (see Figures 
23-2U and 79-80). The depressant effects vere 
slightly greater for -the first tvo days of norphine
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for the lov intensity value at both electrode 
placeaents. Locoaotor activity daring aorphine 
adainistration fell vithin the s.e.a. of pre-drag 
saline for all three behavioral watches, indicating a 
dissociation betveen aorphine*s effects on ICSS and 
locoaotor activity (see Figure 121)•

Aniaal <IG also received repeated adainistration 
of 7.5 ag/kg aorphine. The DB electrode displayed a 
facilitative effect on the site x drugcond Duncan 
tests and net the criteria for *primarily" 
facilitative aorphine effects based upon the site x 
drugcond x day x hour interaction Duncan tests (see 
Table 34). The high intensity, however, did 
consistently display rates belov the s.e.a. of 
pre-drug saline on the first-hour post-injection (see 
Figures 25-26 and 81-82); however, only the Duncan 
test for the first-hour cm the first day of of the 
site x drugcond x day x hour interaction yielded a 
significant depression in ICSS rates. Facilitations, 
occurred aostly tvo to four hours post-injection. The 
HYP electrode had failed to show a significant site x 
drugcond interaction; however, the site x drugcond x 
day x hour interaction Duncan tests indicated several 
instances of both depressant and facilitative effects
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of aorphine and net the criteria for a classification 
of a hiphasic pattern of norphine effects (see Table 
35). This is another good exaaple of the iaportanoe 
of studying the interactions of the tine-coarse of -the 
drag's effects. Facilitations occnrred priaarily 
daring the fifth-hoar post-injection (see Figures
27-28 and 83-84). The facilitations at the DB 
electrode were of a snaller nagnitnde and the 
depressions at the RTP electrode were of a larger 
nagnitnde for the first few hoars post-injection on 
the first two days of aorphine adainistration than on 
subsequent pairs of drug-days (see Figures 81-84). 
Thus, the drag's effects were nore depressant the 
first two days at both sites. Loconotor activity 
during norphine adainistration was below the s.e.a. of 
pre-drug saline inaedaitely post-injection and 
slightly above the s.e.a. at the fifth-hour 
post-injection (see Figure 122) • Thus, there nay be a 
correlation between aorphine's effects on ICSS 
behavior and locoaotor activity in this aniaal.

Ininal 75F received repeated adainistration of
5.0 ag/kg aorphine. Both electrode placeaents 
displayed a significant site x drugcond depressant 
effect and also net the criteria for "primarily*
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depressant pattern of aorphine effect on ICSS (see 
Tables 36-37; Figures 29-32 and 85-88). The 
depressant effects were of a larger nagnitnde the 
first two days of drug adainistration than drng days 
3-4 or 5-6. Loooaotor activity vas within the s.e.a. 
of pre-drug saline during the first- and fifth-hours 
post-injection but was slightly below 24-hours 
post-injection (see Figure 123). Since ICSS rates 
vere depressed during the first- and fifth—hours 
post-injection and generally not significantly 
different 24-hours post-injection, aorphine*s effects 
on these behaviors appear to be dissociated.

Aniaal 66F received repeated adainistration of
5.0 ag/kg aorphine. both electrode placeaents 
displayed depressant effects on the site x drugcond 
interaction Duncan tests. The DB electrode showed 
several instances of significant depressions for the 
first tvo hours of aost days on the site x drugcond x 
day x hour Duncan tests; there vas only one instance 
of significant facilitation in rates (see Table 38)• 
Thus, this electrode aet the criteria for "priaarily" 
depressant aorptine effects based upon tte site x 
drugcond x day x hour Duncan tests. Visual inspection 
of the graphed data indicate that there was a trend
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toward facilitations folloving the first tvo days of 
aorphine adainistration (see Pignres 33-3a and 89-90). 
For the HYP electrode, the site x drngcond x day x 
hoar interaction Dnncan tests and the graphed data 
indicated that aorphine elicited both depressions and 
facilitations in ICSS rates and vet the criteria for a 
biphasic pattern of aorphine effects (see Pignres 
35-36 and 91-92, Table 39). Facilitations occurred 
aostly on the fonrth-honr post-injection. The first 
tvo days for each intensity at both electrode 
placeaents had larger depressions for longer durations 
post-injection than on subsequent pairs of days. 
Locoaotor activity vas belov the s.e.a. during the 
first-hour post-injection but within the s.e.a. of 
pre-drug saline during the 5th- and 24th-hours 
post-injection (see Figure 124)• Thus, although there 
nay be a correlation ianediately folloving injection 
between ICSS and locoaotor activity, the effects vere 
dissociated during the fifth-hour post-injection.

Aniaal 36 received repeated adainistration of 5.0 
ag/kg aorphine. The DB electrode failed to show a 
significant difference during aorphine adainistration 
and the HYP 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 net 
the criteria for biphasic effects based on the site x 
d rage and x day x hour interaction Dancan tests (see 
Tables 40-41; Figures 37-40). Dnlike the data for 
■ost other electrode placements, the depressions in 
this rat tended to occur during the later hours 
post-injection. The facilitations occurred primarily 
during the third hour post-injection at both electrode 
placements. ICSS rates mere somewhat lower 
immediately following morphine injection on days 1—2 
than 3-4 or 5-6 for both intensities at each electrode 
placement. Locomotor behavior was within the s.e.m. 
for pre-drug saline for all three behavioral watches. 
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 between ICSS an general locomotor behavior (see 
Figure 125) .

Animal 216 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 pattern of morphine effects based upon the
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site x drugcond x day x hour interaction Duncan tests 
(see Tables 02—43; Figures 41-44 and 97-100). 
Facilitations occurred primarily during the third-hour 
post-injection in both intensities at both electrode 
placements. The comparative magnitude of the 
facilitations appeared larger and occurred more often 
than depressions (see Figures 41-44 and 97—100) , and 
this nay be vhat is being reflected in the apparent 
differences between the results of the site x drugcond 
interaction and site x drugcond x day x hour 
interaction Duncan tests. Loconotor activity vas 
below the s.e.n. of pre-drug saline during the 1st- 
and 24th-hours post-injection but within the s.e.n. 
during the 5th-hour post-injection (see Figure 126). 
Since ICSS rates vere often facilitated during the 
first-hour post-injection, the correlation, between 
morphine's effects on ICSS and locoaotor activity, 
although not tested statistically, would apparently be 
low.

Aninal 84F received repeated administration of
2.5 ng/kg norphine. The Duncan a posteriori tests of 
both the site x drugcond, as well as the site x 
drugcond x day x hour interactions indicated that 
morphine depressed ICSS rates at the DB electrode
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while aorphine facilitated ICSS rates at the HYP 
electrode (see Tables 84-45; Figures 85-88 and 
101-108) . Thus, this aniaal showed a clear 
dissociation of aorphine effects at each electrode 
placeaent. Yisnal inspection of the graphed data also 
indicate that aorphine had depressant effects at the 
DB electrode and facilitative effects at the HYP 
electrode. The dissociation is aost obvious during 
the second-hour post-injection during which the 
facilitations occurred aost often and the nagnitude of 
facilitations vas aost consistently the largest. 
There appeared to be an effect of day, in that the 
nean response rates were cooperatively lover for both 
intensities at both electrode placeaents ianediately 
post-injection for days 1-2 of aorphine adainistration 
than for days 3-8 or 5-6. The data for this aniaal 
clearly confiras the initial hypothesis that aorphine 
has facilitative effects on central reward systen(S) 
and that these effects nay be site-specific. 
Locoaotor activity vas below the s.e.a. of pre-drug 
saline for the fist-hour and above the s.e.a. for the 
fifth-hour post-injection (see Figure 127) . Since 
aorphine's effects on ICSS rates elicited at both 
electrode placeaents vere in opposite directions
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daring the first-hoar post-injection* the correlation 
of norphine's effects on ICSS behavior and loconotor 
activity voald apparently be lov.

Aninal 867 received repeated adninistration of
2.5 ag/kg norphine. The DB electrode had a depressant 
effect and the HYP electrode had a facilitative effect 
on the site x drngcond interaction Dancan Tests. 
Based on the results of the site x drugcond z day z 
hoar interaction Dancan tests* the DB electrode net 
the criteria for a ■prinarily" depressant pattern of 
effects; however* the HYP electrode net the criteria 
for a biphasic pattern of aorphine effects (see Tables 
66-47; Figures 49-52 and 105-108). The nagnitnde of 
effects for the first tvo days of aorphine 
adninistration vas in the direction of slightly nore 
depressant effects at the high intensity of the DB 
electrode and slightly less facilitative effects at 
the HYP electrode. As in the case of aninal 3G* the 
depressions at the HTP electrode of 867 occurred at 
the later hours of the day. The first tvo hours
post-injection shoved only significant depressant 
effects at the DB electrode while the HTP electrode 
shoved only significant facilitative effects. Thus* 
for the first tvo hours post-injection* aninal 867
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also shoved a clear dissociation of aorphine effects 
at the DB and HTP electrodes. Is in the case of 
aniaal 84F, vhich also received repeated 
adainistration of the lowest aorphine dose tested in 
the present study (2.5 ag/kg), the DB electrode 
displayed significant depressions while the 
corresponding HTP electrode displayed significant 
facilitations. Locoaotor activity vas belov the 
s.e.a. of pre—drug saline for the first-hour
post-injection and within the s.e.a. thereafter.
Again, since aorphineas effects vere dissociated at 
each electrode placeaent during the first-hour 
post-injection, any correlation of aorphine effects on 
general behavior and ICSS behavior would of necessity 
be lov.

Aniaal 186 received repeated adainistration of
2.5 ag/kg aorphine. Both the DB and HTP electrodes 
had an overall depressant effect based upon the site z 
drugcond interaction Duncan tests. The DB electrode 
net the criteria for a biphasic pattern of aorphine 
effects based on the site x drugcond z day z hour 
interaction Duncan tests, (see Table 48; Figures 53-54 
and 109-110) . Tne figures indicate that the
facilitations occurred priaarily at the high
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intensity; in fact the aagnitnde of the facilitations 
vas larger on the first tvo days of aorphine 
adninistration# i.e.# the Bean of days 1-2 vas not 
only above the s.e.a. of pre-drug saline# bat also the 
s.e.n. of norphine days 3—4 and 5-6# especially at the 
fourth- and fifth-hoars post-injection. The HTP 
electrode had only tvo significant depressions in the 
site z drugcond x day x hoar interactions for the 
seven consecutive hoars post-injection and therefore 
net the criteria for "negligible" aorphine effects 
(see Table 49; Pignres 55-56 and 111-112)• Both of 
the significant depressions in ICSS rates at the HTP 
electrode occurred daring the first day of aorphine 
adainistration. The site x drugcond x intensity 
interaction Don can tests had indicated that the lov 
intensity displayed depressant effects vhile the high 
intensity displayed facilitative effects. The graphs 
of the data shov that# particularly for the first 
three-hoars post-injection# the Bean response rates 
daring aorphine adainistration for the lov intensity 
vere lover than those for pre-drug saline vhile rates 
for the high intensity vere above those for pre-drag 
saline (see Figures 55-56 and 111-112). Tbns# this 
electrode placeaent consistently displayed opposite
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effects at each intensity taint daring norphine
adninistration. Of the 28 electrode placeaents 
tested, only this electrode placeaent consistently 
showed differential drug effects at each intensity. 
It should also be pointed out, that for the HTP
electrode of aninal 18G, the nean response rate during 
pre-drag saline at the high intensity vas 191.3 vith 
an s.e.a. of 1.05, and that during norphine
adninistration rates of over 290 responses per ninute 
vere elicited, vhile the lov intensity had a nean 
response rate of 19.6 vith an s.e.n. of 2.16 during
pre-drug saline and responded, on the average, less
than ten responses per ninute during norphine
adninistration (see Table 21) . Thus, each intensity 
value tested the ertrene ends of this aninal *s
"rate-intensity" function. The relatively negligible 
effects indicated by the site x drugcond x day x hour 
interaction Duncan tests, nay be reflecting a sinilar 
relative nagnitude 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 
norphine did affect response rates, but due to the 
fact that both intensities displayed an opposite
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direction of effects, unlike nost other electrode 
placenents tested in this study, it is difficult to 
categorize the effects in a clearcut fashion. As vith 
■ost other electrode placeaents, the first tvo days of 
drug adainistration had lover aean response rates for 
the first'■hour post-injection than on days 3-4 or 5-6. 
Locoaotor activity vas belov the s.e.a. of pre-drug 
saline iaaediately post-injection and vithin the 
s.e.a. thereafter (see Figure 129). Although not 
tested directly statistically, the degree of 
correlation betveen aorphine's effects on ICSS and 
locoaotor behaviors vould probably be lov, since the 
HTP electrode displayed differential effects at each 
intensity value, and since the DB electrode shoved 
sone trends toward facilitation during the 5th-hour 
post-injection.

Aniaal 9G received repeated adainistration of 2.5 
ag/kg aorphine. Both electrodes failed to shov a 
significant aorphine effect on the site z drugcond 
interaction Duncan tests. The DB electrode net the 
criteria for biphasic effects based on the site z 
drugcond x day x hour interaction Duncan tests (see 
Table 50; Figures 57-58 and 113-114). The 
depressions, as in the case of both electrode
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occurred primarily at the later hours of the day. The 
facilitations occurred aost often on the second-hour 
post-injection and primarily on the later days of 
testing. The HTP electrode net the criteria for 
"negligible" pattern of aorphine effects based on the 
site x drngcond x day x hour interactions Duncan tests 
<see Table 51; Pignres 59-60 and 115-116); vithin the 
seven consecutive hours of testing each day, there 
vere tvo instances of significant depressions on the 
first da) and tvo instances of significant 
facilitations on the last day of aorphine 
adainistration. The site x drugcond x intensity 
interaction Duncan tests had indicated that the lov 
intensity had displayed an overall depressant effect 
vhile the high intensity had displayed an overall 
facilitative effect. The graphs indicate that the lov 
intensity had response rates belov the s.e.a. the 
first-hour post-injection as veil as during the later 
hours of the daily testing sessions. During the 
third- and fourth-hours post-injection, the lov 
intensity displayed facilitations. The ICSS rates 
elicited by the high intensity, hovever, vere 
generally at or above baseline, vith the highest
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response rates occurring two- to three-hoars 
post-norphine injection. Thus, both intensities 
displayed facilitations in rates during the third-hour 
post-injection (see Figures 59-60 and 115-116) • To 
determine whether the facilitation for the third-hour 
would reach significance if the data were collapsed 
across day as well as intensity, since the nean 
response rates during aorphine administration was 
above the s.e.a. at both intensities the Duncan a 
posteriori tests («* .01) were performed on the site 
(HIP) x drugcond (aorphine) x hour interactions for 
each hour. The Duncan tests indicated that response 
rates during aorphine adainistration were 
significantly depressed immediately post-injection and 
significantly facilitated during the third- and 
fourth-hours post-aorphine injection. Thus, although 
the site x drugcond and the site x drugcond x day x 
hour interactions indicated that this electrode had 
negligible aorphine effects on ICSS rates at this 
electrode placement, there was a trend toward 
depressions immediately post-injection and
facilitations during the third- and fourth-hours 
post-injection. As with most other animals, the mean 
for the first two days during morphine adainistration
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displayed somewhat lover response rates than daring 
days 3-4 or 5-6. Locomotor activity was above the 
s.e.a. for pre-drag saline for all three behavioral 
watches daring aorphine adainistration (see Pigare 
130). Since the HYP electrode had a tendency toward 
depressions iamediately post-injection and the DB 
electrode had both depressions and facilitations 
daring the 5th- and 24th-honrs post-injection, the 
correlation vith locomotor activity, althongh not 
tested statistically, would probably be low.

Table 53 presents a snaaary of the results for 
the site x drugcond and site x drugcond x day x hour 
interactions. The two hypotheses tested in the 
present experiment were (1) does aorphine facilitate 
the reward system(s) in the brain as aeasured by 
intracranial self—stianlation and (2) are there 
indications that these effects might be site—specific 
as defined by differences in aorphine effect at the 
two electrode placements within an aniaal. The site x 
drugcond interactions indicated that five electrode 
placeaents had a significant overall facilitative 
effect of aorphine on ICSS rates; vith 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 upon the 
resalts of the Duncan tests for the site z drugcond z 
day z hour interactions, 15 electrode placements were 
classified as displaying facilitative effects. 
Thirteen of these electrode placements also had 
depressant effects which generally occurred prior, 
within and across days, to the facilitations. Based 
upon the Duncan tests of both the site z drugcond and 
site z drugcond z day z hour interactions, one aninal, 
6*»Pr had a clear dissociation of norphine effect at 
either electrode placeaent: depressions at the DB
electrode and facilitations at the HYP electrode. 
Another aninal, 86P, also had results that clearly 
indicated site-specific effects of aorphine on ICSS 
rates: the site z drugcond interaction indicated, as
in the case of animal 64P, depressant actions at the 
DB electrode and facilitative actions at the HYP 
electrode. The site z drugcond z day z hour 
interactions net the criteria, which I had set, for a 
biphasic pattern at the HYP electrode; however, the 
facilitations occurred immediately post-injection at 
which time the DB electrode was ezhibiting depressant 
effects. Thus, the data for two animals, each tested 
at the lowest morphine dose (2.5 mg/kg) indicated that
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aorphine has differential effects vithin the reward 
system (s) .

Thus, of the 14 animals tested, 2 aniaals were 
classified with opposite patterns of drug effects at 
each electrode placement, 6 animals received 
differential, though not opposite classifications of 
drug effects at each electrode placement and the data 
for the other six animals were classified with the 
sane pattern of drug effects at both electrode 
placements, but presented a somewhat different tine 
course of effects at each electrode placement (see 
Tables 24-52; Figures 61-116). The differences in 
morphine effect at both electrode placements cannot be 
tested directly statistically within the context of 
the 5-vay analysis of variance. Visual inspection of 
the data and the results of the site x drugcond x day 
x hour interaction Duncan tests, however, seen to 
indicate a trend regarding differential morphine 
effects at the two electrode placements within each 
animal. Six DB placements were classified as either 
displaying facilitative or biphasic drug effects, 
line HTP electrodes were so classified. Furthermore, 
four of the nine HIP electrodes shoved significant 
facilitations while the corresponding DB electrodes
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aet the criteria for "priaarily" depressant effects. 
This aay be an indication that the DB is receivng a 
functionally larger aorphine dose than the HIP. This 
is correlated vith the fact that facilitations tended 
to occur aore often at the lover doses and during the 
later days of drug adainistration at the higher 
aorphine doses. Tvo aniaals (9G and 18c) that 
received the lowest aorphine dose (2.5 ag/kg) aet the 
criteria for biphasic pattern of aorphine effects at 
the DB electrode, while the HIP electrode aet the 
criteria for the classification of "negligible" 
aorphine effects. This represents further evidence 
that the DB site aay be aore sensitive to aorphine 
than the HIP site. Based upon the histological 
localization of the electrode placeaents, a siaple 
relationship between localization within a particular 
nuclear group and aorphine does not seen possible froa 
the present study. The electrodes were localized 
within a fairly large area within the hypothalaaic 
and dorsal brainstea areas. This, together vith the 
fact that four doses of aorphine were studied, aakes 
difficult a precise loalization of those areas aost 
likely to elicit facilitations in ICSS rates during
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aorphine adainistration. However, the present 
experiaent was designed to study the question of 
whether differences in pattern of drug effects are 
aore likely attributable to differential reactions 
within the reward systea, or whether the differences 
are attributable to differential reactions of aorphine 
on general behavior aaong aninals. The fact that 
differences in pattern of aorphine effect occurred in 
the within>aniaal, aultiple iaplant design in eight 
aniaals indicates that aorphine acts sonewhat 
differentially on the central reward systea (s) .

The present study does not perait a direct 
statistical analysis of the data across aniaals; 
therefore, the coaparative effects of aorphine dose 
cannot be analyzed directly. If the data had been 
analyzed across aniaals, then it would not have been 
possible to study the effects of drug within each 
electrode vithin an aniaal, the prine focus of the 
present study. However, soae general stateaents can 
be aade regarding aorphine effects across aniaals, 
including the coaparative effects of dose, based upon 
visual inspection of the interaction terns of the five 
sain factors.
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Table 17 presents a sub nary of the R-sguare value 
of each source in the 5-way AlOYl for each aninal. 
R-square is the percent warianoe accounted for by each 
nain factor and interaction tern with each aninal. 
Visual inspection of the table indicates that for each 
aninal the variance vas accounted for by slightly 
different patterns of effects. The nean B-sguare for 
each tern serves as an index of the orthogonal anount 
of variance accounted for by each source. The largest 
proportions of the variance appear to be accounted for 
by the nain effects of site and intensity and the 
interaction of site and intensity • This nay reflect 
(1) the lower nean response rates of the DB electrode 
con pa red to those of the HYP electrode within an 
aninal; (2) intensities chosen to sanple both low and 
high response rates within the aninal*s rate-intensity 
function; and/or (3) a generally snailer difference 
between the low and high intensity rates of the DB 
site conpared to those of the corresponding HYP site. 
Although it is not a statistical neasure, one can look, 
at the interaction terns in which drug and intensity 
interact versus those terns in which intensity 
interacts vith other factors. When this vas done a 
trend appeared which supported those seen visually in
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the graphed data and statistically in the Dnncan 
post-hoc tests for each intensity valoe at each site: 
intensity contributed least to the interactions vith 
drugcond. That is, aorphine generally had sinilar 
effects at each electrode placesent within an aninal. 
The tise course of drug within a day contributed the 
uost in relation to drugcond, the tine course of drug 
within a day contributed the most to the variance in 
the dependent variable; site and day factors 
(tiae-course of drug effects over repeated daily 
adainistration) contributed toward a soaevhat lesser 
aaount of the variance in the dependent variable.

The interactions of aorphine vith site have 
already been discussed. I few stateaents can also be 
aade about the interactions of aorphine vith day and 
hour. The tiae-course of aorphine, both within a day 
and across days, seeaed to be influenced by the dose 
of aorphine. Although not directly tested 
statistically, it appeared that the higher doses were 
aore likely to elicit depressions in ICSS rates. The 
lover doses, particularly the 5.0 ag/kg dose, seesed 
aore likely to elicit facilitations in ICSS rates. 
The data show that aorphine can elicit facilitative 
effects without first displaying a depressant effect
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on ICSS rates. This indicates that the facilitation 
is a specific effect and not a "rebound” effect. In 
nine of thirteen electrode placements which net the 
criteria for a biphasic pattern of drug effects, the 
depressant effects occurred prior to the facilitative 
effects (Tables 24-52; Figures 61-116). It the 10.0 
mg/kg dose, in particular, the facilitative effects 
did not occur consistently until the third or fourth 
days of drug adninistration, and occurred aost often 
at the third or fourth hours post-injection. There 
■ ay be a general depressant effect of the drug to 
vhich tolerance develops, since 49 of 56 
intensity-electrode combinations displayed aore 
depressions during the first two days of aorphine 
administration than on subsequent days. In general, 
the depressant effects occurred during the first fev 
hours post-injection and the facilitations occurred 
primarily two to four hours post-injection; appearing 
comparatively sooner after injection at the lover 
morphine doses. Upon repeated morphine
administration, facilitations often occurred earlier 
following injection, and occassionally the data 
reached significance for fever hours, i.e., in some 
electrode placements there vas indication of tolerance
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occurring to the facilitative effects (see especially 
Tables 31, 41, 42 and 45).

Tventy-fonr hours post-injection, ICSS rates were 
generally not significantly different fron baseline. 
Based on the results of the site x drugcond x day x 
hour interaction Duncan tests, 12 electrode placenents 
shoved no significant differences 24-hours 
post-in jecton and five shoved only one significant 
effect. Of the 16 electrode placenents that displayed 
one or nore significant differences in ICSS rates 
24-hours post-in jection, only four had one or nore 
instances of a facilitation. Thus, it appears that if 
there is a residual drug effect 24-hours 
post-injection, it is a depressant effect. Based on a 
visual inspection of the tables, there does not appear 
to be a strong correlation betveen dose or effect of 
drug duiring the hours post-in jection, and the 
likelihood of having a significant effect 24-hours 
post-injection.

Tables 54-58 suaaarize the results of the 
statistical analysis of the data obtained during the 
behavioral obervation periods. Since the data vere 
nostly of an ordinal nature, the data vere analyzed by 
dose to increase the nuaber of cases. Figures 117-130
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present graphically the data for locoaotor activity 
for each aninal. Figures 131-134 present the data for 
stereotyped biting behavior by dose.

Iaaediately after being injected vith a dose of
10.0 mg/kg, aniaals displayed ataxia, exopthalaia and 
piloerection. The aniaals becane fixed in one 
position, vith their hindliabs often falling lisp 
through the grid floor of the cage. The aniaals 
gradually regained linb support, stood on the grid 
floor and continuously gnaved the grid floor. 
Palpating the aniaals produced no overt responding. 
Eventually the aniaals began to aabulate. At this 
point they could be shaped to press the bar to receive 
electrical stiaulation to an electrode placeaent. 
Prior to this tine, atteapts to shape the aniaals to 
bar press vere unsuccessful. The draaatic behavioral 
effects of aorphine diainished upon repeated drug 
adainistration. Folloving adainistration of lover 
aorphine doses soaevaht less severe behavioral effects 
vere noted.

In general, the level of spontaneous vet shakes, 
shudders, rearings and locoaotor activity during 
aorphine adainistration vas not significantly 
different fro* those during pre-drug saline.
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Actually, the data for the highest and lowest aorphine 
doses were not significantly different fron baseline 
on any of these aeasnres; however, the data for the
5.0 i g A 9  group vere significantly depressed on all 
but the umber of shudders and the 7.5 ag/kg group had 
fever rearings. Figures 117—130 indicate that 
iaaediately post-injection locoaotor activity vas 
below the range of the s.e.a. of pre-drng saline in 9 
of the 14 aniaals. Thus, although the differences 
vere not significant when neasured within a dose, 
there vere soae indications of a general depressant 
trend. One factor that nay account for for a decrease 
in locoaotor activity, is that stereotyped biting 
behavior vas, in general, significantly facilitated 
for the first few hours post-injection. Anecdotal 
reports, particularly for those aniaals that received
10.0 ag/kg aorphine, indicated that often the aniaals 
would literally "lift" one end of the operant chaaber 
off the ground with their teeth as they vere biting 
the grid flooring. Table 57 indicates that 
stereotyped biting behavior vas significantly 
facilitated during the first four hours post—injection 
following 10.0 and 7.5 ag/kg aorphine and during the 
second- and third-hours post-inlection following 5.0
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mg/kg aorphine; however, following 2.5 ag/kg aorphine 
the difference failed to reach significance. Although 
not tested directly statistically, there appeared to 
be a positive correlation between dose of aorphine and 
the nnaber of occurrences of stereotyped biting 
behavior. Thus, stereotyped biting behavior appears 
to be a sensitive aeasnre of aorphine effect.

General behavioral activity, except for 
stereotyped biting behavior, vas generally not 
significantly different froa aorphine. This, together 
vith the fact that often each electrode placeaent 
within an aniaal displayed differential effects, 
indicate that the correlation between aorphine*s 
effect on ICSS and general behavior would be low. 
Since stereotyped behavior occurred aost often at the
10.0 ag/kg aorphine dose, which also displayed 
soaevhat aore depressant and fever facilitative 
effects, night indicate that this is a competing drive 
and correlate vith the depressant effects in ICSS 
behavior. Vo behavior aeasured in the present study 
appeared to correlate vith the facilitations in ICSS. 
This, together with the fact that during the first few 
hours post-injection, two aniaals (8*17 and 867) 
displayed facilitations at the DB electrode placeaent
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while the HIP electrode placeaent displayed 
depressions in ICSS rates, indicate that aorphine does 
have specific effects within the reward systea(s).

The present stndy was not designed to fully
deteraine the extent or pattern of withdrawal effects
on ICSS or general behawior. Withdrawal was not
precipitated, nor were aniaals tested for an 
additional tine period if the ICSS data looked 
aberrant npon visual inspection. In general, it can 
be seen that ICSS rates were not significantly 
different froa 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 24-51. Figures 5-60 present the 
data graphically. The data will be presented in 
general teras, beginning with those aniaals which had 
received the 10.0 ag/kg aorphine dose.

Jlniaal 37E had a depressant aorphine effect at 
both electrode placenents during repeated 
adainistration of 10.0 ag/kg aorphine. During the 
first day of post-drug saline testing, both electrode 
placenents displayed a few instances of depressant 
effects. On subsequent days there vere a few
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instances of significant effects, but generally the 
rates vere not different fron those of pre-drug
saline. Anival 547 displayed depressant effects at 
both electrode placenents daring repeated 
adainistration of 10.0 ng/kg aorphine. On the first 
day of post-drag saline several instances of 
significant depressions in rates occurred at both
electrode placenents. Subsequently the DB electrode
bad only one aore significant depression. The HYP 
electrode had a fev instances each of significant 
depressions and facilitations during the early hours 
of the next tvo days of post-drug saline, and then 
appeared to have rates equivalent to pre-drug saline. 
Aniaal 767 displayed a biphasic pattern of effects at 
both electrode placenents during repeated 
adainistration of 10.0 *9/kg aorphine. During
post-drug saline, there vere several instances of 
depressant effects on aost days. The graphed data 
indicate that at both sites, although the aean 
response rates for both intensities vere belov those 
of pre-drug saline, the rates for the lov intensity 
vere further froa baseline. The rates for the later 
hours post-infection vere generally not significantly 
different froa baseline. Thus, it appears that there
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■ ay have been soae residual effects doring post^dmg 
saline in this aninal. It should be pointed oat that 
this anisal had several instances of significant 
facilitations daring norphine adainistration, thus if 
the depressions reflect a change in baseline, the 
facilitations seen daring drag adainistration vonld be 
reflecting a comparatively larger nagnitode of 
effects. For Aninal 9AF, the DB electrode data net 
the criteria for a depressant pattern of effects and 
the HTP electrode data net the criteria for a biphasic 
pattern of effects daring repeated adainistration of
10.0 mg/kg aorphine. baring post-drag saline both 
electrodes displayed significant depressant effects; 
the DB electrode rates seened equivalent to baseline 
by the fourth day post-norphine adainistration, 
vhereas the HIP electrode seened to still have soae 
residual effects daring the last three days of 
withdrawal; however, these occurred vainly daring the 
■iddle hoars of the daily testing sessions.

Aninal 748 received repeated adainistration of
7.5 agA9 aorphine and the data net the criteria for 
depressant effects at the bB electrode and a biphasic 
pattern of effects at the HIP electrode. Daring 
post-drag saline the DB electrode had a few instances
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of depressant effects daring the first three days and 
one instance of a significant facilitation on the 
fourth day; subsequently the data vas not 
significantly different froa pre-drug saline. The HYP 
electrode had two instances of facilitations and on 
the last tvo days of pre-drug saline testing there 
vere no significant differences in rates. Thus, this 
aninal appeared to have only a slight residual drug 
effect. Aninal 46 received repeated adainistration of
7.5 ag/kg aorphine and the data net the criteria for 
"priaarily" 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 tvo 
depressions. Thus* the data for this aniaal also 
displayed few residual effects.

Aniaal 75P had a depressant pattern of effects at 
both electrode placenents during aorphine 
adainistration (5.0 mg/kg). During post-drug saline 
both electrode placenents had depressant effects on 
the first three days* and the HYP electrode continued 
to show significant depressant effects through the 
sixth day. Visual inspection of Figures 31-32
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indicate that daring post-drag saline the loa 
intensity elicited rates that vere aore severely 
depressed than the high intensity valae. Thns, it is 
possible that soae of the depressant effects displayed 
daring post-drng saline, and perhaps even daring 
aorphine adainistration, night reflect a change in 
threshold. Aniaal 66P received 5.0 »g/kg aorphine and 
the data for the DB electrode aet the criteria for 
"prinarily* depressant effects and for the HYP 
electrode aet the criteria for a biphasic pattern of 
effects. The DB electrode had only one instance of a 
significant facilitation daring post-drag saline and 
thas shovs little residaal effect. The HYP electrode 
had several significant depressions, bat these 
occurred prinarily daring the aiddie hoars of the day. 
Yisaal inspection of the data seen to indicate that 
the rates vere just belov the range of the s.e.a. of 
pre-drag saline for the early hoars of post-drag 
saline. The data for aniaal 36 aet the criteria for 
biphasic drag effects at both electrode placenents 
daring adainistration of 5.0 ag/kg aorphine. Daring 
post-drag saline the DB electrode had four isolated 
instances of significant effects and generally the 
data appear egaivalent to that of pre-drag saline.



83

The HYP electrode shoved several significant 
depressions on the first day of post-drug saline, but 
then appeared to have data equivalent to pre-drug 
saline. ininal 216 set the criteria for a biphasic 
pattern of effects at both electrode placenents during 
adainistration of 5.0 ng/kg aorphine. During 
post-drug saline the DB electrode had a few instances 
of significant facilitations and the HYP electrode had 
a few instances of "prinarily" depressant effects. 
Both electrodes appeared to have little residual 
effect of drug.

For aniaal M P  the data for the DB electrode net 
the criteria for "prinarily" depressant effects vhile 
for the HYP electrode net the criteria for "prinarily" 
facilitative effects. Both electrodes had significant 
facilitations during post-drug saline; the DB 
electrode had only tvo instances vhile the HYP 
electrode displayed several through the fourth day of 
post-drug saline, and none thereafter. Thus both 
electrode placenents apparently had no residual effect 
by the fourth day. The data for 86F net the criteria 
for "prinarily" depressant effects at the DB electrode 
and a biphasic pattern at the HYP electrode during 
adninistration of 2.5 ng/kg aorphine. Both electrode
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placements had a few significant depressant effects 
during post-drug saline, vith the HYP electrode 
shoving a sonevhat larger nunber. In general, the 
data for both electrode placenents appeared to be 
engivalent to that of pre-drag saline. The data for 
186 aet the criteria for a biphasic effect at the DB 
electrode and "negligible" effects at the HYP 
electrode daring adainistration of 2.5 ag/kg aorphine. 
Daring post-drag saline the DB electrode displayed 
several significant depressions on the first day 
post-in jection and daring the first tvo hoars 
post-injection on sabsegnent days. Thus, the data for 
this electrode placeaent seened to indicate residual 
effects and/or a change in baseline (see Figures 
53-54). The HYP electrode shoved only a fev 
significant depressions during post-drug saline, 
aostly during the initial hours post-injection on the 
first three days. This electrode placeaent displayed 
differential effects at each intensity value during 
aorphine adainistration. Figures 55 and 56 indicate 
that during post-drug saline ICSS rates for the lov 
intensity vere belov those of pre-drag saline and the 
rates for the high intensity vere sovevhat above those 
of pre-drag saline although not as high as during
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aorphine adainistration. Thus, it is difficult to 
deteraine whether the data daring norphine 
adainistration reflects a change in baseline rates of 
responding, or whether the effects noted daring 
post—drag saline reflect a residual effect froa 
aorphine adainistration. Bowewer, it anst again be 
pointed ont, that this was the only electrode 
placeaent to show snch conflicting effects at each 
intensity walne; apparently this is also the case for 
the post-drag saline ICSS data. For 96 the data net 
the criteria for a biphasic pattern of effects at the 
DB electrode, and "negligible" effects at the HIP 
electrode (with a trend towards significant 
facilitations) daring adainistration of 2.5 ag/kg 
aorphine. Daring post-drag saline, the DB electrode 
displayed seweral instances of depressant effects, 
prinarily on the first two days, and two instances of 
facilitiatiwe effects. Figures 57-58 indicate that 
the high intensity had generally eguiwalent rates to 
those of post-drag saline. The HYP electrode had 
seweral instances of depressions daring post-drag 
saline; howewer these were fairly isolated and these 
depressions are likely reflecting wariability in rates 
at the low intensity walne (see Figures 60-61).
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Thus* although a “return to baseline" vas 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 placenents had rates fairly 
covparable to those of pre-drug saline* particularly 
at the high intensity by the later days of testing. 
Only one electrode placeaent (18G-HYP) had data that 
is difficult to interpret* i.e.* vhetber the effects 
seen during post-drug saline are reflecting a 
vithdraval effect and/or a change in baseline 
responding. Tventy electrode placenents shoved 
"vainly" significant depressions* and sir "aainly• 
significant facilitations during post-drug saline. 1 
trend could not be seen* upon visual inspection* 
betveen the effects during aorphine adainistration and 
those seen during post-drug saline. Also* a trend vas 
not evident betveen electrode locus and effects 
displayed during post-drug saline. Thus* there 
appears to be a tendency tovard depressions in ICSS 
rates during post-drug saline* as veil as 24-hours 
post-injection (see above)* hovever 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 
aniaals* general behavior vas sinilar to that dnring 
pre-drag saline; there vere no behavioral signs of 
norphine withdrawal syndroae (vet shakes, writhing, 
jumping, etc.) • Tables 58-58 present the results for 
the statistical test on general behavior, analyzed 
within dose. Figures 117-130 present the data for 
locoaotor activity for each aniaal and Figures 131-138 
present the data for stereotyped biting behavior, 
grouped by dose. The only significant effects 
occurred at the 5.0 ag/kg dose; a decrease in 
locoaotor behavior 5- and 28-hours post-Injection and 
a decrease in rearing 28-hours post-injection. 
Figures 117-130 indicate that during the first-hour 
post-injection the s.e.a. of pre- and post-drug saline 
overlapped for twelve of the fourteen aniaals. Is 
during pre-drug saline, stereotyped biting behavior 
generally did not occur.

Thus, upon termination of repeated aorphine 
adainistration, typical withdrawal signs did not 
appear, although decreases in behavioral levels did 
occur. The general behavioral effects vere 
dissociated froa those on ICSS during withdrawal as 
was also the case during aorphine treatment.
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Discussion
The results of Experinent 1 confirmed the 

hypotheses that acute adainistration of aorphine 
exerts (1) facilitative effects npon ICSS response 
rates and (2) differential effects within the central 
reward systea(s)• Repeated aorphine adainistration 
aodifies the teaporal patterning of these effects. 
Pnring post—drag saline, decreases in ICSS rates 
occur. These effects are generally dissociated froa 
those on general behavior.

Heuroanatoaical specificity to aorphine*s effects 
on ICSS has been previously suggested, however all of 
these studies eaployed separate groups designs 
(Leibaan 6 Segal, 1977; Lorens, 1976; Olds £ Travis, 
1960). Experinent 1 deaonstrated that aorphine 
differentially affects ICSS rates elicited at 
neuroanatonically discrete brain sites within an 
aniaal. Based upon the results of the statistical 
analyses, the data for each electrode placeaent were 
classified as displaying "prinarily" depressant 
effects, "prinarily" facilitative effects, a biphasic 
pattern or "negligible" effects. Eleven electrode 
placenents were classified as displaying "prinarily" 
depressant effects, 13 electrode placenents were
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classified as displaying a biphasic pattern* tvo 
electrodes vere classified as displaying "prinarily* 
facilitative effects and tvo electrode placenents vere 
classified as displaying "negligible" effects. Thus* 
IS of the 28 electrode placenents displayed 
facilitations in ICSS rates. Of the 19 aniaals 
tested* five aninals clearly shoved differential 
results at each electrode placenent. For the initial 
hours post-injection* tvo of these aninals displayed 
only depressant effects at the DB electrodes vhile the 
HTP electrodes shoved only facilitative effects. 
Thus* both facilitative effects of aorphine as veil as 
differential effects of aorphine within the central 
revard systea(s) vere denonstrated in the present 
study. Although not tested directly statistically* 
there appeared to be a correlation vith dose: the
higher aorphine doses tended to display nore 
depressant effects and the lover aorphine doses 
appeared nore likely to display facilitative effects 
on ICSS rates. Vith slight exceptions* both 
intensities within a given electrode placenent shoved 
the sane drug effect. The pattern of effect seeas to 
be related to the discrete neuroanatovical sites being 
stivulated; however not enough placenents vere tested 
at each dose to draw conclusions about the precise



90

neuroanatonical structures responsible for the 
■orphine effects. Often the tvo tips of an electrode 
placement inpinged upon t«o different nenroanatoaical 
areas, thus possibly obscuring a drug effect 
correlated with, only one of then. Further work 
investigating norphine's effects upon ICSS 
site-speciflety with the HYP and DB has been reported 
by ny laboratory (Belson, Brutus, Bilson, Farrell, 
Ocheret, Ellnan 6 Steiner, 1977) . Since the inception 
of this experiment, other studies have reported 
differences in norphine's chronic effects upon ICSS 
fron distant, discrete brain sites including: 
facilitations in the cingulate and nedial frontal 
cortices (Lorens, 1972, 1976), a biphasic pattern in 
the lateral hypothalanus (Adams et al., 1972; Bush et 
al., 1976; Lorens, 1976; Lorens & Hitchell, 1973) and 
depressions in circunscribed areas of the nidbrain 
central gray and substantia nigra, pars conpacta 
(Liebnan 6 Segal, 1977). The present study is the 
first to bawe denonstrated differential effects vithin 
each of tvo electrode placenents vithin an animal.

The data of Experiment 1 indicated that DB 
electrodes tended to display more instances of
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significant effects, which were most often rate 
depressions, than did corresponding HIP electrodes. 
Five DB electrodes displayed a depressant pattern of 
effects while the corresponding HTP electrodes 
displayed biphasic patterns of effect. In addition, 
two DB electrodes displayed biphasic patterns of 
effect while the corresponding HTP electrodes had 
"negligible* effects. The DB area nay receive a 
functionally larger norphine dose than the HTP area 
since wore depressions were found frow this area; 
higher worphine doses generally produce wore 
depressions in ICSS rates (Bnsh et al., 1976; Lorens, 
1976; Lorens C Hitchell, 1973; the present study)• If 
the DB receives a functionally higher norphine dose, 
then the depressant effects night nask. sone of the 
facilitative effects. The locus coeruleus night be 
nore strongly affected by systenic norphine than the 
lateral hypothalanus because there is a higher density 
of opiate receptor sites (Itweh 6 Kubar, 1977c; Hiller 
et al., 1973; Kuhar et al., 1973; Pert et al., 1976). 
In addition, the DB is nore sensitive than the HTP to 
systenic injections of the opiate antagonist naloxone 
as measured by ICSS rates (Stein 6 Belluzzi, 1978). 
The area of the fourth ventricle has been found to be
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■ ore sensitive than the area around the lateral 
ventricle to nicroinjections of opiate antagonists as
■ easured by withdrawal signs elicited (Laschka, 
Tescheaacher, Behraein 6 Herz, 1976). Thus the 
difference in pattern and duration of effects on ICSS 
rates demonstrated in Experiment 1 nay reflect 
differences in the aaoant of norphine delivered to the 
two nearoanatosical sites and their sensitivities to 
the drag.

The aechanisas underlying depressions in ICSS 
appear to be both dose- and site-dependent. The 
depressions nay be either a direct effect on the 
reward syste* (s) or a nonspecific incapacitation, 
although these effects need not be mutually exclusive. 
Tatua, Seevers 6 Collins (1929) hypothesized that
■ orphine had tvo effects, a generalized depressant 
effect which tasks a nore specific facilitative 
effect. The tolerance observed to the depressions in 
ICSS response rates supports this hypothesis. The 
d ose-response characteristics of the depressions 
coupled with the data frow the lowest dose (2.5 mg/kg) 
in which facilitations with no initial depressions 
appeared, also support 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 sone reward
sites. Eleven electrode placenents exhibited 
■prinarily" depressant effects in ICSS rates. Five of 
these occurred following adninistration of 10.0 ng/kg 
norphine; however, these "pure" depressions cannot be 
explained on the sole basis of a high dose effect for 
the following reasons: 1) sinilar "pure" depressions
followed the adninistration of the lowest dose of 
norphine (2.5 ng/kg) at electrode placenents in two 
aniaals; 2) while showing "prinarily* depressant 
effects at one electrode site, these aniaals (8ftF S 
86F) simultaneously showed facilitations at the other 
electrode site; 3) other electrodes at the highest 
dose (10.0 ng/kg) exhibited facilitations; and ft) any 
late-appearing facilitation as part of a biphasic 
pattern would very likely have been detected, since 
ICSS was sanpled as long vithin a day as any study in 
the literature which reported "pore" facilitations or 
a biphasic pattern of effects following adninistration 
of even higher doses of norphine (Adans et al., 1972;
Bush et al., 1976; Lorens, 1972, 1976). The existence
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of site~specific "pare* depressions has been reported 
by others as veil (Liebnan & Siegel, 1977). Thus, the 
sites at vhich electrodes exhibit "pare" depressions 
shov a fundaaental difference (lack of a facilitation) 
froa sites that exhibit a biphasic pattern or "pare" 
facilitations. Therefore, while nonspecific 
incapacitation certainly plays a role in deteraining 
ICSS rates following norphine, it cannot account for 
all response rate depressions.

One factor vhich nay account for the relatively 
large nnaber of electrodes exhibiting "pare" 
depressions in this stady conpared to others is 
differences in stinalation paraneters, particularly 
vith respect to the relative duration in vhich current 
is "floving" vithin each stiaulus train. In studies 
using biphasic sguare vaves (Idans et al., 1972; 
Lorens, 1972, 1976; Lorens 6 Bitchell, 1973)
facilitations vere noted upon the first day of drug 
adninistration folloving a norphine dose of up to 20.0 
ng/kg. In studies utilizing sine vaves, as in 
Kxperinent 1, "pure" depressions vere noted folloving 
adninistration of up to 15 ng/kg norphine for at least 
four days (Bush et al., 1976; Liebnan 6 Segal, 1977; 
van der Kooy et al., 1978). During sine vave
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stimulation current is continuously flowing vithin 
each stiaulus train. In studies employing sguare wave 
stimulation, however, there are discrete periods 
during which current is not flowing. Perhaps 
techniques ewploying continuous current flow are less 
sensitive to the facilitative effects of norphine than 
are intermittent stimulation techniques. If one of 
norphine's effects is to potentiate the excitability 
characteristics of some reward neurons, then an 
intermittent fora of stimulation would be more 
sensitive to morphine's facilitative effects by 
allowing many opportunities within a stimulus train 
for the increased excitability to be apparent. 
Conversely, a continuous stimulation technique, vhich 
would drive "reward" neurons both in the saline and 
morphine conditions, would only allow the increased 
excitability to become apparent at the end of each 
stiaulus train. A direct comparison of both 
techniques on norphine's effects on ICSS rates at 
circumscribed brain sites has not been reported in the 
literature. There are other factors, including 
grouped vs. individual subject analysis, vhich nay 
contribute to the relative differences in results 
reported among studies.
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In Experiment 1, three electrodes displayed 
facilitations vith no prior depressions in ICSS rates. 
In addition, fixe other electrodes displaying a 
biphasic pattern shoved facilitations immediately 
post-injection on at least one drag day. "Pure* 
facilitations observed in ICSS rates support the 
hypothesis that aorphine potentiates the reinforcement 
value of ICSS and is not dependent upon a prior 
depression. The facilitative effects of norphine as 
measured by ICSS bar-press rates are similar to those 
obtained using other dependent measures, such as 
shuttle box (Levitt, Baltzer, Evers, Stilvell & Purby, 
1977) and threshold titration (Esposito & Kornetsky, 
1977). The results of Experiment 1, shoving 
morphine-induced facilitations, are congruent vith the 
hypothesis that: all drugs of abuse that have been
studied vith ICSS have the common property of shoving 
facilitations at some sites (Steiner, 1976).

Tolerance to the depressant effects of morphine 
on ICSS rates clearly occurred as other studies have 
reported (Edams et al., 1972, Bush et al., 1976; 
Lorens, 1976; Lorens & Mitchell, 1973). Experiment 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 norphine*s 
facilitative effects (Glick et al., 1974). Several 
studies, however, claia to have found no evidence of 
the developnent of tolerance to the facilitative 
effects of norphine on reinforcing brain stimulation 
(Eush et al., 1976; Esposito & Kornetsky, 1977; 
Lorens, 1976; Ornstein 6 Huston, 1977). Site-specific 
differences in the developnent of tolerance to the 
facilitative effects of d-anphetanine have been 
reported (Anderson, Leith S Barrett, 1978) . Thus, 
site nay {-lay a role in the observed tolerance to the 
norphine facilitation of ICSS, since there is a 
precedent of site-specificity in the developnent of 
tolerance to the facilitative effects of 
d-anphetarine, which is also a drug of abuse, on the 
reward systen .

upon ternination of norphine injection, typical 
withdrawal signs as described by others (Buckett, 
1964; Bartin, vikler, Eades & Pescor, 1963) did not 
appear. This was expected since the norphine doses 
vere low and an opiate antagonist was not used to 
precipitate withdrawal. TCSS nay even be a nore 
sensitive weasure of withdrawal than general 
behavioral activity, since depressions were seen 24
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hours post-injection in the norphine condition as veil 
as for several days during post-drug saline.

Several studies, all of vhich used a 
single-inplant design, have indicated that the effects 
of opiates on ICSS are dissociated fron those on 
general activity levels (Koob, Spector G Heyerhoff, 
1975; Lorens G Bitchell, 1973; Ornstein 6 Huston, 
1977; Shizgal, Bellisle, Miner G Knit, 1978). In 
Ezperinent 1, differences in the norphine effects at 
both electrode placenents often occurred vithin test 
sessions. Therefore, differences in norphine's 
effects on ICSS rates are not artifacts of conconitant 
changes in activity levels.

Thus, the effects observed vere a result of a 
conplcx interaction of drug condition (including 
dose), tine post-injection, site, nunber of days of 
drug adninistration, and stinulation current 
intensity.



99

Experiment 2: Effects of norphine on
rate-intensity functions.

Rf>UgP?3.<>
The eight—hour daily testing procedure precludes 

an assessment of the effects of rorphine on a fall 
rate intensity function. Since a drag nay exhibit 
different effects along the rate-intensity function 
(Steiner 6 Stokely, 1973), it would be inportant for 
the interpretation of the results of Experinent 1 to 
show whether norphine has differential effects at 
different current intensities. This experinent was 
designed to detersine the effects of seweral doses of 
norphine on ICSS rate-in tensity functions.

Hethod
Subjects. Twelve nale albino rats (Boltznan 

Sprague Davley) weighing 250-315 grans at the tine of 
operation were used. Ill aniaals were naintained on 
an ad libitun food and water schedule and vere housed 
within each site individually.

Suroerv. Apparatus. Prelininarv Testing and 
Histology. The details of these netbods are the sane 
as described in Experinent 1. Six cf the twelve rats 
tested net the criteria to be included in this
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experiment.; i . e r a t e s  produced fron both electrode 
placeaents had to exceed ten responses per ninnte on 
three consecutive daily testing sessions. The six 
aniaals not meeting this criterion either did not 
press from one electrode or had variable rates.

Procedure. Each day an animal was allowed to 
self—stimulate for a 96-minute session vhich was 
divided into twelve seven-minute periods, separated by 
one-minute time-outs. The data for the last five 
minutes of each seven-minute period served as the 
dependent variable (as in Experiment 1) . To control 
for the order effects, stimulation was counterbalanced 
vith each site tested first in an 1-B-B—I sequence 
(Site A-intensity 1, Site B-intensity 1, Site 
B-intensity 2, Site A-intensity 2.....Site B-intensity 
6, Site A-intensity 60. During the first two 
seven-minute periods for each electrode placement, 
stimulation intensities vere sufficiently low so that 
the animals' response rates over the last five minutes 
of the period vere below an arbitrarily-defined 
response threshold of ten responses per minute. For 
each electrode placement, the third, fourth and fifth 
intensities, presented in ascending order, sustained
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self-stimulation behavior at rates vhich approached or 
reached optiaal responding. The sixth intensity 
elicited either peak rates or a decrement in response 
rate, characteristic of an inverted D rate-intensity 
function. The HTP electrode vas tested first in each 
daily testing procedure, except for tvo rats (19F and 
156), vhich extinguished pressing when the DB 
electrode vas tested first. In these instances it vas 
necessary to begin each daily testing session vith the 
DB electrode (see Method. Experinent 1) .

Animals vere given priming stimulation if they 
did not initiate responding during the first minute of 
each seven-minute period; rats vere never primed 
during the last five ninutes.

When rate-intensity functions stabilized, each 
animal entered a nine day testing seguence, 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 norphine vas administered; this time 
period vas selected, based upon pilot data from 
Experiment 1, to increase the likelihood of sampling 
facilitative effects of morphine on ICSS, particularly
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folloving adninistration of the highest norphine dose 
(10.0 ng/k.g) . Each aninal vas tested vith one and 
only one dose of norphine during the three drug days. 
Three doses of norphine vere tested in the third 
experinent: 2.5, 5.0 and 10.0 ng/kg.

Five minutes prior to ICSS testinq, the rat's 
general behavior vas nonitored in a five-minute 
behavioral vatch, as described in Experinent 1.

Statistics. Since rate-intensity functions vere 
sampled only once per day and changes in tine—course 
of drug effects vere not being neasured, the data vere 
analyzed vith a series of tvo-vay analyses of variance 
vith repeated measures on all factors. The drug 
conditions analyzed in this fashion vere pre-drug 
saline (3 days), norphine (3 days) and post-drug 
saline (3 days). The experiaental design is day 
nested vithin drug condition by current intensity, the 
data for each electrode placement analyzed separately. 
Duncan a posteriori tests vere perforned on both the 
overall norphine effect (collapsing over all current 
intensities) as veil as the interaction of drug 
condition x current intensity (vithin intensity) for 
each electrode placement (o<=.01).
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Results
1 scheaatic representation of the electrode 

placenents for the aniaals vhich conpleted Experinent 
2 appear in Figures 135 and 136 and is detailed in 
Table 59. Six aninals conpleted the experinent. Tvo 
aniaals vere tested per norphine dose: 41E and 19F at
10.0 ng/kg, 15G and 10G at 5.0 ng/kg and 8G and 7G at 
2.5 ng/kg. The rate-intensity functions for each 
electrode placeaent are graphed in Figures 137-198. 
lithough it vas not tested directly statistically, 
there appeared to be a site-specific difference in 
pre-drug saline rate-intensity functions: DB
electrodes nore often had "inverted-0" shaped 
functions, vhile HIP electrodes nore often had "ogive" 
shaped functions.

Individual lilOTl tables for each electrode 
placeaent arranged by site appear in Tables 60-61. 
Ill electrode placenents had a significant nain effect 
of current intensity. Horphine effects appeared 
either as significant nain effects of drug condition, 
drug condition x current intensity or both the nain 
and interaction effects. Duncan a posteriori tests (ex'
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<.01) were performed on the interaction of drag 
condition z current intensity within each electrode 
placeaent (see Tables 62-63). Two such comparisons 
were nade: pre-drng saline vs. norphine and pre-drag
saline as. post-drag saline. The electrode placenents 
displayed ICSS rates that were either significantly 
depressed or significantly facilitated or else no 
instances in which the p-level was < .01; no electrode 
placement had a significant depression at one 
intensity and a significant facilitation at another 
intensity. Each electrode placeaent received a 
pattern classification for norphine effects on ICSS 
rate-intensity functions that vas based npon the 
direction of effect obtained on the Dnncan a 
posteriori test (c* = .01). Only five of the 12
electrode placenents displayed significant norphine 
effects on the site z drngcond z intensity 
interactions.

Folloving adninistration of 10.0 ng/kg norphine, 
significant depressions occurred at the DB electrodes 
of the aniaals * IE and 19F for both the third and 
fourth current intensity values. ICSS rates at the
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HTP electrodes in both aniaals did not differ 
significantly froa pre-drag saline at a p-level of < 
.01.

Folloving adninistration of 5.0 ng/kg norphine, 
the DB electrode of aniaal 156 had a significant 
depression in ICSS rates at the fourth current 
intensity value. The DB electrode of aniaal 10G had 
significant facilitations in ICSS rates for the first 
three intensity values as veil as a facilitative 
effect in the overall site x drugcond interaction. Is 
at the 10.0 ng/Xg dose, ICSS rates at the HTP 
electrodes in both aniaals did not differ 
significantly froa pre-drug saline at a p-level of < 
.01.

Folloving adninistration of 2.5 ng/kg norphine, 
the HTP electrode of aninal 86 displayed a significant 
depression in ICSS rates for the third current 
intensity value. ICSS rates at the DB electrode of 86 
and both electrode placenents of 7G vere not 
significantly different fron pre-drug saline at a 
p-level of < .01.

Although differences in drug effect across sites 
cannot be directly tested statistically vithin the
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context of a two-way analysis of variance, the OB 
electrode appeared to be nore affected than the 
corresponding HIP electrode vithin the aninals tested 
in the present experinent. In fact, four of the five 
electrode placenents vhich displayed significant 
norphine effects vere those ained at the DB area. 
Only one electrode placeaent (10G-DP) displayed 
significant facilitations in ICSS rates and this vas 
folloving the 5.0 ng/kg norphine dose. These 
facilitations occurred at the lover current intensity 
values while the depressions displayed at electrode 
placenents in the other aninals occurred at 
intensities higher vithin their rate-intensity 
functions; however, vithin the context of the present 
data analysis, it cannot be deternined whether there 
is a statistically significant trend toward 
facilitations in ICSS rates occurring at lover current 
intensity values than depressions.

The Duncan a posteriori tests of the overall 
effects of drug condition (collapsed across current 
intensity) for each electrode placement indicated 
that 7CSS rates returned to baseline during post-drug 
saline condition (p<.01). The results of the Duncan
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tests on the dragcond x intensity interactions 
for each electrode placeaent are snnnarized in 
Tables 62-63. ICSS rates during post-drag
saline following adninistration of 10.0 ng/kg 
norphine dose, were not significantly different fran
those of pre-drag saline for any current
intensity walae at any electrode placeaent. Oaring 
post-drag saline following the lower norphine doses, 
fiwe electrodes displayed rates significantly 
different fron pre-drag saline; in general, the effect 
was displayed at only one of the six current intensity 
walnes tested per electrode placeaent (see Tables 
62-63).

Behawioral obserwations of general actiwity were 
nade fiwe ainutes prior to ICSS testing; i.e., the 
third-boar post-injection. Tables 64-65 present the 
results of these statistical tests. Then the data are 
conbined across dose, no significant differences in
behavior were noted at a p-level of < .01. Thns, as
in Experinent 1, the norphine effects on ICSS rates 
appear to be dissociated fron those on general 
behavior.
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Discussion
The effects of aorphine on ICSS rate-intensity 

functions vere studied, as a suppleaent to Experiment 
1, to aore fully determine whether or not morphine 
differentially affects behavior at the lover and 
higher current intensity values vithin an electrode 
placement. The results indicated that all electrode 
placements displayed monophasic effects of norphine: 
no electrode placements displayed both significant 
depressions and faciltations.

The effects of norphine on ICSS rate-intensity 
functions vere studied three hours post-injection to 
maximize the likelihood of eliciting morphine's 
facilitative effects folloving the highest (10.0 
■9/kg) norphine dose. However, folloving this dose, 
no significant facilitations in ICSS rates (p<.01) 
vere noted; although significant depressions occurred 
at the DB electrodes of both aninals. Folloving the
5.0 ig/kg dose, significant facilitations vere 
displayed at the DB electrode of one animal. Ho other 
facilitations vere noted.

Only five of the 12 electrode placements tested 
displayed significant effects, and only at a maximum
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of three of the six current intensities tested per 
electrode placement. The apparent lack of effects at 
■ost current intensities vithin each electrode 
placement nay be related to the fact that ICSS vas 
only sanpled daring a single tine interval 
post-injection. Although not tested statistically, 
each norphine dose, as noted in Experinent 1, appeared 
to have a different tine course of effect: the lover
the dose the shorter the duration of depressions and 
the earlier the onset of facilitations. Thus, in 
Experinent 2, by keeping the tine of testing ICSS 
folloving drug adninistration constant across dose 
conditions, as is desirable in a parasetric study, 
the prinary facilitative effects folloving 
adninistration of 5.0 and 2.5 ng/kg norphine doses nay 
have passed but nay not yet have occurred for the 10.0 
•gA9 norphine dose. The first experinent did not 
study the effects of norphine on conplete 
rate-intensity functions because of the nature of the 
experinental design. Since the purpose of this third 
experinent vas to supplenent the first experinent, it 
did not include all categories of groups (e.g., 
paranetrically studying the influence of interval
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post.-injection to rate-intensity ICSS testing) vhich 
■ay have enabled stronger stateaents on the effects of 
■orphine on rate-intensity functions.

Also of note is that of the five aniaals in which 
significant norphine effects on ICSS rates were 
detected* four displayed these effects only at the DB 
electrode while the data at the corresponding HTP 
electrode vas not significantly different froa 
baseline. Thus* although not tested statistically* 
the DB electrodes appeared aore likely to show 
significant effects than the corresponding HTP 
electrodes. This supports the hypothesis that DB aay 
receive a functionally higher norphine dose than the 
HTP area.

The effects of norphine vere not directly 
coapared across intensities* hovever the results of 
Experinent 2 indicated a greater likelihood of noting 
facilitations than depressions at the lover intensity 
values. Changes in threshold folloving aorphine 
adninistration have been reported in studies utilizing 
threshold determination (Esposito G Kornetsky* 1977; 
Keller 6 Reid, 1977; Harcus G Kornetsky, 1979; 
Omstein G Huston, 1977), baseline threshold value 
(Lorens, 1976) and rate-intensity functions (Haroli et
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al., 1978; Olds, 1959). In these studies, thresholds 
vere generally lowered, however raised and unchanged 
thresholds vere also reported vhich appeared to be 
dependent upon site, dose, tive post-injection, 
tolerance and stiaulus paraaeters. The aethods used 
and the comparative results obtained vithin these and 
the present study provide additional support for the 
hypothesis that continuous stinulation techniques nay 
be less sensitive than intervittent stiaulation 
technigues for studying aorphine-indoced facilitations 
on the reward systea (s) (see Discussion. Experiaent 
1).

Experinent 1 devonstrated that vithin an 
electrode placeaent, norphine generally has depressant 
effects followed by facilitative effects vithin, as 
well as across days. Bhen the results of Experinent 2 
are viewed in this light, it appears that a chronic 
study such as Experinent 1 in vhich ICSS rates at 
particular current intensity values tested over 
several sessions per day is a wore efficient aodel for 
observing aorphine's effects on aultiple electrode 
sites within an aniaal; especially when the effects of 
several drug doses are to be studied. Although not 
directly tested statistically, the results of
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Experiaent 2 support the dose- and site-specific 
depressant and facilitative trends suggested by the 
data obtained in Experinent 1 and further suggests 
that norphine nay differentially affect response rates 
at different current intensities and that these 
factors nay contribute to the apparent discrepancies 
in results reported anong studies.
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ggBSfg* Pigcggs^QD 
The present series of ezperinents denonstrated 

that norphine has facilitative as well as depressant 
effects on ICSS behavior. In factr nost electrode 
placewents displayed depressions followed, vithin 
and/or across days, by facilitations in ICSS rates. 
In general* higher norphine doses elicited nore 
instances of depressions and lover norphine doses 
elicited nore facilitations of ICSS rates. The tvo 
electrode placenents vithin each aninal often had 
significant effects that vere opposite in direction 
during particular test sessions; in general* the DB 
electrodes had nore depressions vithin a day and upon 
repeated drug adninistration than the corresponding 
HIP electrodes. The rate-in tensity data also 
indicated sinilar dose and site trends. Thus* 
norphine does appear to have direct effects on central 
reward systen(s). The present data are in support 
vith the "dual action" hypothesis of norphine (Tatun 
Seevers £ Collins* 1929)* vhich suggests that there is 
a general depressant effect of norphine that nasks a 
specific facilitative effect on the central nervous 
systen. This hypothesis would predict that vith 
adninistration of lover doses of norphine it vonld be
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■ore likely to observe the facilitative effects. The 
general differences observed between electrode sites 
vithin aninals support previous studies that report 
site-specific differences when using separate-groups 
design (Liebnan £ Segal, 1976; Lorens, 1976).

Since opiate receptor sites have now been 
extensively napped (Siaon C Hiller, 1978; Uhl, 
Childers C Snyder, 1978), it would be beneficial to 
investigate the differences in ICSS rates upon 
adninistration of norphine and enkephalins at sites 
possessing high vs. low receptor densities. This 
night also begin to answer whether the trend for DB 
electrode placenents to appear as though it received a 
functionally larger norphine dose than BIT electrodes 
is due to differences in the aaount of drug passing 
though the blood-brain-barrier and subsequently 
arriving at these brain sites, or due to the 
differences in the relative aaount of receptor sites 
at each of these brain areas. Also, as nore specific 
biochenical techniques becone available, chenical 
aanipulation of the endogenous opiate-like substances, 
together with the ICSS techniques, night further 
indicate the nechanisas responsible for norphine's 
effects on central reward nechanisns. It would also
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be of interest to study the effects of larger doses of 
morphine administered over longer time periods to 
determine whether (1) facilitative effects occur upon 
the development of tolerance to the depressant effects 
and (2) there are more obvious withdrawal effects, as 
measured by ICSS rates, in an animal "addicted” to 
morphine and, if so, whether these effects are 
site-specific within the central reward system(s)?
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Table 2
SOMMAHY TASLS : 5-way ANOVA (pre-drug saline vs. morphine

and pos t-drjg saline)

{mg/kg)
COSE Had a -j mean square 'error' ?-value r r-scuar1

10.3 -.7— 1728a 1.7235 25. "7 .3001 0 .6"
54F 2304 ”.4825 5.34 .3301  ̂ " “7
75? 2304 1."941 20.40 1 ujC. 0. 34
94? 2304 0.5173 15.25 . w  01 0 . "*-*
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• w W w J . 3.38
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Oepe naerx Variable « sc. r:. 'resp/mir. - 0.5
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a nested 3ix sessions/day
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^«J^^O«JU<MUlO**^OwOOttiCDUl

1A r Pfl X 99 c X 2 — rr— X X 9 e •X X X toAr. X to* o 2r* r. m 2«»m 2
9

<9 >X> M»» >Brrr
X
to
CNJ mm •«■ mi #»C V IS) W 9 X•n •0 ft to* •n «4•

X
*
9M •IM M < — V<C N- 2K> to* >0* ft «w 2• « • T<s> * e2 w (to w tA9 M w •j o< «■ *» c► © g" >€* X

1A •ij *rt/i < C < <A

\r
to* to* © Nl

• — — ^  rg N! k* j * — *» — «g
> o o o o N > o w e > * o ^ o u < w w » * g

.  .  .  .  f  .  .  • .  .  .  i  • • • i  < « i  • • t  t  • « « * < •
— P* C J ' M ' C g « ' Q C M t o > J ‘ J - B * * 0  J ' W M O W W O y t o ^ l ^
o* o 'v n i * ' 0 ' c» b % 4  o  w  — ©  © *  k r C w a O J k N * ^ t o v v < 6 / ' < c

<>

e c c o e e e o o o e o o o o o o o e e e o e o o e o c e  • • • • * • « • • • » • • • « • • • • • • • • • « • • • •© o © © o 9 c © o © c ' o o © o o © 9 © © ' © © o o © e © o e© © O O O O O C O O O C O O O O V ^ O O C O © © © © ©  —  ©*©oruweooooo — ooo^ooo>o©fuocoeoo>oo
w N O l M M ^ M M i M f t M t o ^ O w t o w w w ^ ^ i a a v ^ w a ^ t o a i

9
© eo©

3D

t’CI

ANALYSIS 
OF 

VARIANCE 
PRO

CED
U

RE



et
zo

’o ‘
if

i 
z<
;s
,j8

99
0*

oi
i 

01 
mm

»A
YO

.t
ni

»i
wo

*H
 

is
ev

vz
*

o 
11

*1
 

€
«
6<

;z
i 

t
f

€
8s 

01
 

»
m

i"
*

A
v

n
«

N
3t

N
i 

o
o

n
w

o

*

5
m 2 1 
#  ic: > • < i

V>»» O  --«2»
w —  -  —  —  —  —  —  -* —m ̂  ̂  ̂  m ~ rm, fm r* ♦  r->

c c c •< • r
*• C 2 < 
?»«■<;
► <  w  ■ }«2i *Su.; c c — l♦ z ♦ C ♦ - I

• 5 £ >: * jo <

©  V* VSVAIAIAMO mm © 2 © v> V** V* v/>' X — mm — «■ *■ — > z 2 X X X mm M M Ba*
mt MB mm «< c mi

?■ m — r* r* ♦ r*> o fi rr m rr rr, r*. « • ♦ ♦ ♦ 2 z  z n r» o ♦ ♦ ♦ *2 c *• M © c s U* U> c c 2 2 © M 2
g >< 2 s rC x 5 5 i Z < © § % E 5 2 S* # m m o © n * ♦ ♦ ♦ ♦ X m ©2 2 Z 2 r> r r> 2 c 2 o — Z C-> 5 v» i/*O  o 3 2 > C ► Z t* 2
•< ■* •M g 2 Z C < £ < •4 «< 2• 90 < < © © ♦ X X f" < O
— • ♦ * * — zc 2 C © z V*s

c < c  < ""35 30 Z

W * * ^ ^ U < » « « " ^ U i  u> *■ •»*vj'cevi'oevwv^ONfvi^w^oi

*• ©  IT tr o rr z in ©z » - 2 2 X 2 *T
3? SB 2 e X«r ? n 35 • X X r~z r> n rr 30 r n ZV* O rr r> rr ©md g-r 5 rr zC •*
mi <
Zi >•4 XV Mr* >

«JV*«BfU«UVrr-'K»«-’
U>C

c
SB

Kl k rj w ruUi <6 »• mm vr w Ui mm © W © <• mm w w u» vr Ui IB* «g u
-w /• © < e ru M © © «« vr ru ««w K> *• U> o vw w «» /• vr O

>c w ©  w vr vr vr U ©  w vr * JY © M t** mm ^  ©  w  vr •u• • • • « • • • • i • • • •
v» ct W 0* © > •«» O e* vr > © rj © mm < © vr i f> u> > yC rj vr Ui
mi rj «* M \r mi a •m yO yO rg o  ©  ® vr >6 o* © © >0 *  -c •g YC
a •w <e o w © rv J* K> hi rg w © V" M »■ *» vr O rg «w Ui w U1 ru © Ui*• © w o Ui w mi ru mi JY © — yC vr •C o w Ml hi <£ Ui vr y£> © 9
o a 0* © © w s e ro m» vr vr m* t— vr o Mi © yO C vr vr ig vr a ©

** © ^  O' ■o W /* W  ©  •*! vr mm mm rnm > Ui o © •w > Ui c J*
C  N; y0 w* •*4 © mm © mm N» ©* >  w mm yC <c <£ mm O -J r* ©  © g N O \T B*
X w •- \r <  -j %r V K» vn ©  © 9 ru © O >© u> e  vr •c W  © © Ui

m K. irO ml hi eru hi * 3ru Mi 9vr < vr c• •© 9 cc*■ O e tr© © < C
hj y£ w c
< © >g >o vr * X«Y Y© vr m© > ru cr

*̂O«-w«BvNi*’UiruW/‘©ru«gO'6tUKi«>tf̂ ?YK»00©aBVr
• I < < t  • I « • « I • • < • * I • I I < I « t I • * I INipe&cv'c-*>'CN>trrwCN>*JW»»«ijruiPo«t'̂ *ŵ wutwcir>
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I ABIE 7 .  5-WAV ANOVAJ 76E IMURPIMNE- 7 .5  MG/KG I

ANALYSIS (IF VAH1ANCE PROCEDURE

OF PENDENT VARIABLE:«■ SQ. RT. IR * 0 .51

SOURCE OF SUH OF SOUARCS MEAN SQUARE

MUOEL 575 1 B 6 3 2 .95806506 3 2 .6 0 5 1 6 6 6 6

ERROR 2306 9 8 5 0 .8 7 0 6 3 0 3 0 6 .2 7 5 5 5 1 6 0

CURKEC1L0 10TAL 2879 2 8 6 8 3 .8 2 8 6 9 5 3 6

SOURCE OF ANOVA SS F VALUE P

SI IE I 2 6 0 .1 5 8 5 6 5 6 1 6 0 . 8 5 0 .0 0 0 1
DRUGEUNU 2 2 5 5 .2 2 1 1 6 3 6 9 2 9 .8 5 0 .0 0 0 1
IN TENS TY 1 6 9 7 5 .8 3 9 6 0 1 7 9 1 1 6 3 .7 9 0 .0 0 0 1
DAY 5 7 6 .8 0 2 6 1 3 5 6 3 . 5 0 0 .0 0 3 9
HOUR 7 6 6 9 .9 6 1 9 5 1 5 0 1 5 .0 3 0 .0 0 0 1
SI 1E*0RUGCUND 2 6 8 3 .2 3 3 7 9 7 8 5 5 6 .5 1 0 .0 0 0 1
SI 1EM NIENSIV 1 1 6 6 7 .7 3 0 6 6 1 6 6 3 8 5 .3 8 0 .0 0 0 1
SI 1E*DAY 5 1 6 2 .1 7 2 1 5 0 5 0 6 . 6 5 0 .0 0 0 1
SI U«HU)R 7 6 2 0 .7 6 0 8 6 9 9 9 1 6 .0 6 0 .0 0 0 1
DRUCCIINO* 1 N i t  NS1Y 2 0 .8 9 3 1 1 6 3 8 0 . 1 0 0 .9 0 0 8
GMI(,COM>*OAY »o 6 6 5 .7 2 5 5 2 6 8 8 1 0 .6 2 0 .0 0 0 1
DR UGCONO AIIOUR 16 2 3 8 6 .6 0 2 1 3 0 6 8 3 9 .8 3 0 .0 0 0 1
IN1ENS1Y*0AY 5 5 9 .1 8 5 0 9 5 6 1 2 .7 7 0 .0 1 6 9
INIENS 1Y AIIOUR 7 6 6 .6 6 1 7 6 2 9 0 2 .2 3 0 .0 2 9 6
OA Y'llOMl 35 6 0 2 .8 5 7 5 2 7 9 9 3 .2 3 0 .0 0 0 1
SI 1EA0RUGCUN* INI ENST 2 3 3 .9 0 3 5 3 6 3 7 3 .9 6 0 .0 1 9 1
SI lt*OKOGCONU*DAY 10 2 5 7 .6 2 2 6 1 6 5 7 6 .0 3 0 .0 0 0 1
SI IE *ORUGCOMD*H(IUR 16 6 9 0 .8 1 1 6 8 9 0 9 1 1 .5 6 0 .0 0 0 1
SI1E*INTENSIY*0AY 5 61 .25059599 2 .8 7 0 .0 1 3 9
SI ll*INIENSIY*HOUR 7 2 6 6 .8 3 2 7 7 6 5 8 8 .9 2 0 .0 0 0 1
SI 11 «OAY*IIOUR 35 3 6 0 .1 6 0 7 6 0 6 5 2 .6 1 0 .0 0 0 1
OR UGC.ll NO * 0 A V * I IE AIR 70 7 3 3 .7 9 7 2 2 3 6 3 2 .6 5 0 .0 0 0 1
DKUCCOND*INIENST »0AY 10 1 7 B .85090679 6 . 1 8 0 .0 0 0 1
DRUCCON* 1N1ENS1MI0UR 16 6 1 9 .6 2 2 9 5 3 2 6 1 0 .3 5 0 .0 0 0 1
1N1ENS1Y*UAY*H0UR 35 3 6 8 .6 5 9 8 9 1 1 0 2 .6 6 0 .0 0 0 1
SI lt*ORUCCO*UAY*IIOUH 70 7 6 6 .1 8 8 8 9 8 3 7 2 .6 9 0 .0 0 0 1
Sllt*URUGCMN1EN*0AY 10 6 5 .6 9 3 7 6 2 0 0 1 .0 7 0 .3 8 2 9
SI IL*DRUGC*IN1E*H0UR 16 2 8 5 .6 0 6 6 7 3 6 3 6 .7 7 0 .0 0 0 1
SI H*1N1ENS*OAY«IIOUR 35 3 6 1 .1 5 1 6 2 0 0 1 2 .6 1 0 .0 0 0 1
DRUGC* INIEN*0AY*IIOUR 70 7 2 6 .6 1 7 2 6 5 1 5 2 .6 3 0 .0 0 0 1
SI 11 *0RU»1N1*UAY*II0U 70 7 6 7 .0 6 0 2 2 6 1 1 2 . 5 0 0 .0 0 0 1

F VALUE

7.5(1

P

O.OOOl 
S7D DEV 

2 .067 7 5 0 6 5

R-SUUARE

0.65 6 1 5 V

C.V.

6 6 .5 6 2 5  

R MEAN 

6 .6 6 2 6 9 7 3 3
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IAULE /3 . 5-MAY ANUVAt 84F iMORPH INI- 2.5 MG/KGI
ANALYSIS DF VARIANCE PRO

DE PINIHNI VAR 1 AOl E t R* SO. RT. IR * 0 .5 1

SOURCE DF SUM OF SQUARES MEAN SQUARE

MOOLI 575 7 1 V 7 .11266003 1 2 .5 1 6 7 1 7 7 1

ERROR 2304 3 6 0 9 .2 7 0 5 5 4 4 2 1 .6 0 1 2 4 5 9 0

CORRECTED 1UTAL 2079 1 0 8 0 6 .3 0 3 2 3 5 2 4

source DF ANEJVA SS F VALUE P

SI IE 1 2 1 0 0 .7 4 3 0 9 5 5 2 1 3 1 1 .9 4 0 .0 0 0 1
DRuccnro 2 1 0 5 .3 4 0 2 6 5 7 2 5 7 . 0 7 0 .0 0 0 1
IN TENS IV 1 3 5 2 .0 9 9 0 3 8 5 0 2 1 9 .8 9 0 .0 0 0 1
DAY 5 2 5 4 .0 0 9 2 4 7 4 3 3 1 .7 3 0 .0 0 0 1
HOUR 7 9 1 .3 5 4 6 0 4 0 5 0 .1 5 0 .0 0 0 1
SI !E*ORUGCONU 2 3 7 9 .0 0 5 4 9 0 0 0 1 1 0 .6 2 0 .0 0 0 1
SI U «1  NTENSTY 1 5 0 6 .0 0 1 0 0 1 9 3 3 6 5 .9 7 0.0001
SI It*DAY 5 1 7 0 .2 6 0 9 6 6 0 4 2 2 . 2 7 0 .0 0 0 1
S I lE+IIUtlR 7 4 5 7 .9 2 0 5 3 4 2 0 4 0 .0 5 0 .0 0 0 1
DRUGCI)NU*1N1ENSIY 2 1 3 .8 5 7 7 7 7 0 1 4 . 3 3 0 .0 1 3 3
DRUGCUNDtDAY 10 1 6 2 .5 0 7 4 9 7 4 6 1 0 .1 5 0 .0 0 0 1
ORUGCEJNU*linilR 14 2 0 9 .2 6 0 2 9 0 7 0 9 .3 3 0.0001
INTENSTYMtAY 5 10 .0 1 1 3 5 1 3 5 1 .2 5 0 .2 8 2 1
IN ILNS 1Y*IIUUR 7 1 1 .0 9 6 0 7 4 0 0 1 .0 6 0 .3 0 6 1
OAYHIOER 35 1 9 9 .7 6 4 4 5 3 0 9 3 .5 6 0.0001
SI 1E«DRUGC0N»1NT ENS1 2 1 .4 0 7 9 6 1 3 0 0 . 4 6 0 .6 2 0 4
SI ll':*E)RUGCONU*DAY 10 2 4 7 .3 2 4 7 0 9 5 3 1 5 .4 5 0.0001
S i l l  *OHUGtONO*IIOUR 14 4 0 9 .3 0 1 3 2 6 5 5 2 1 . 0 3 0 .0 0 0 1
SI lt*INTENSl Y*UAY 5 16 .5 6 0 9 7 5 4 9 2 . 0 7 0 .0 6 5 7
SI 1 t* l  III ENS7 Y*IIOUR 7 2 9 .2 3 5 6 0 4 3 0 2 .6 1 0 .0 1 1 2
SI IE*DAV*HOUR 35 1 3 5 .0 7 1 6 7 4 6 0 2 .4 2 0 .0 0 0 1
DR UGCOND*UAY»HUUR 70 1 0 4 .9 6 7 1 3 9 7 4 1 .6 5 0 .0 0 0 7
DRUGCONO* 1 Ml INS1 (DAY 10 5 2 .4 0 6 7 6 6 0 9 3 .2 7 0 .0 0 0 3
DK UGCUN+ IN TENS 1 ♦HOUR. 14 5 2 .2 3 3 9 7 2 0 0 2 .3 3 0 .0 0 3 4
ltmNSIY*DAY*tmuR 35 1 2 2 .7 5 6 5 4 3 4 0 2 .1 9 0.0001
SI U*E>P.UGCO»DAY«HOUR 70 1 0 0 .9 9 6 1 1 0 9 9 1 .69 0 .0 0 0 4
SI TE*DRUGC*IN1EN*E>AY 10 4 5 .5 1 2 9 2 7 5 2 2 .8 4 0 .0 0 1 6
SI 11 *OKUGC*IN 1F A HOUR 14 5 0 .6 7 3 7 5 1 0 1 2 .2 6 0 .0 0 4 7
SI IE * I NIENS*DAY»HOUR 35 0 1 .4 9 1 5 0 5 3 6 1 .4 5 0 .0 4 1 9
URUGC* IN1EN«DAY*H(IUR 70 1 7 1 .2 0 5 1 6 2 2 0 1 .5 1 0 .0 0 3 5
SI 11«DRU*INT*UAY«HDU 70 1 3 3 .9 1 1 1 7 4 1 3 1 .1 9 0 .1 3 1 4

F VALUE 

7 .82

P

0.0001 
STD DEV 

1.26540345

R-SQUARE

0.661111
C.V. 

IV.6016 

R MEAN 
6.45560740
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<*(N«*MhNMiAr*NO<f̂ f*ANÔ u>MAOO<r>fldO'rtn00 M  f»> «• 04 f*^^^04lf^fU^00»**

3 >
z z >m
•* o

w
A
z

3 3 vW
W 5 >i- 2 = ><
W Ui A 3 00 3
Ui w w z • * «
a C£ Ui £ Lu Ui 0»

■5 S *0 > 3 *»
2 •« a z < 3 00 •0 ■0
W A A  3 c z A A A

A
z a: a
■ >  3  >- 3  : < 3  <  a

: a  c  c  ■low

X a a3 > 3
mm < < 3200 « • ♦ •
* 3 3 > >
z Z 2 im

3 3 A A
w w ui z z
3 3 O Ui UI
3 3 z 00 w
X X z z
3 3 3 00 00
• ♦ • ♦ •
oi Ui w0» 00 »
00 •0 00 00
A A A A A

c9 ♦55

> * < z 
o  g 1 # — 
00 *  
A
Z  aui Z  
*- Ui
Z >-

2  z  z  5  §  § z  3 3 w  wis
-  cc fit i  
a  3  3  3

W W ^ J J C i J W a d W

£ > a a3 < 3
a 2 3♦ £ 2
3 • Z ♦ ♦
C > Utf >•
z < 00 <
# 3 z z 3> u 00 •< o * ♦ A
3 W W w zc 9 o Ui
> 3 2 z U
*m a a z
A z 3 c ■0z ♦ ♦ * ♦gj Ui 0i gg0» !• 00 00Z 00 00 ■0 00

A A A A DR
UC

C*
 

IN
1E

N«
0A

Y*
M

0U
R 

70 
10

89
.6

95
89

AS
S 

1.
36

 
0.

02
58

SI
 

It»
O

K
U

« 
I N

T 
*O

AY
»H

<A
J 

70 
12 

3
6

.5
72

V
01

53
 

1.
55

 
0.

00
2b



20
00

*0
 

21 
*1 

81
02

19
10

*2
11

2 0
4 

m
ilt

A
V

O
* 

IN
I*

nH
(W

 
11 

IS
>9

10
*0

 
OV

M 
0>

SS
40

E9
*6

ZZ
 

04
 

W
H

X
I«

A
8(

]»
N

9l
tlI

 
*0

01
18

(1 U' t* ©I v» M
aa ■H«a ■M2
a* mm «4a*<*** m n« * • • 2

c © ©
z X » •u■> z c <

© © © ♦
z © n r> ©
V* * ♦ z >
* « <
c 2 2 o •
►rnt«• > z
< •** «< z
♦ * 2 • 5xX £ © 5> cX < X

# • 2 (*i n—  c  e 
•M «2 *- -( 2 m —2 m

© (A t* t* © aa aa z z © V* U z © aa © t* I*
X «• M M *a > 22X X X aa •a aa at c > 2X «■ c«■“ — < •“ z c a z K C cri ** »T« W. r» * •a ra> © m *T>m © X © © © X•», ♦ ♦ * • » ♦ z 22© © o ♦ * * ♦ 2© ©
b © aa a* D © z 3 v*> c o c z s mmc u* z rr
S >«< 2 •* X

C
X
c

X
c i < K i 3 5 m >«<2 £ •a

< §
♦ « m rr © © © * «• * * ♦ X m ©z 22© r z z z c M 2©
> z o z 2 > c > 2 ui z
< c •h 22 £ < c •< •a •■i 2♦ X <© C « X X © K C
z «• * * » aa 2
S X C> X ©> z t/t
X I < I < ©

2 <

© © 2Z X CX X z
5  S ?©

crr.Tm
c
z

>x

** •« U *» *» e«*g
• c

MCMNl
K»© © U> 0 0O C I VJ> © I -W © ' V* *NJ Iw J- I ro 0  i v* a. i 

+  © '

© *s> UI © nO © ^  M ■ 
C" > W iv r* 
in hj nj© * oM O O

c ̂ -*> O I
O 0 U» • /•
© N> ** V* © *

e K;
© -r* w Oa* ̂Ift <c  ̂©ui 4

.. V* •- a* W >o> o / e M <r n* * ̂ w © © *# • • • « • * « * • •C*©©V*̂ *“»»»*VJ‘»V»vJc c M ^ u v i o u ' y o ^
a*©NlaJ»»a***«Wa*M ^  * - ---w ©© **<r> -J © 0 K> C

> ni es vs> n> w
1 W ̂  N ^  O ^* O © w  W  M  ̂  U>

K> U4 I 
*- O • • •e * w w O 0U*w o4* *»w *••J ©

w © © */• rw ̂  w o ■w *» 
0 Wwa* N)

O
i © 0> e e• i*» ©"»w n> © © w *■ w ur© N» © «J © *-

© *© 0
© N> © © M 
•J o- •» 0  VH N>

<©

N)yi «■ ©— © © Cu> pa O  © K >0 O 0 «*I U I N U I W V ^ m MOV>U<>^**
0 W* J ^ e N4 U^ N> ©U> 0 » * U> N> ©* W©0 ©^ - OV' CW* * « r f W^  aj W C © © 0 © > » * 0 ^ © U © ^ 0 © > 6 0 0 t t © ’©0^*V^<CJ'«iJ

> © © © ©o e o o e e o o © o o o e o o c o © o o o e e o e• « • • > • • • i « • • i • • • • • • » • • • • *©oococo©—©C©©©©00©0© — — ©o© c,6>©oo©©©®»,,*©©©©C'0©©©©©©©©©©©© •>oo©e©oo^N»»*©©ooo©oooe0Ooooooo

2m
>2
u»©
>
X

<>
e

e©©

2©sX©

9 f > T

ANALYSIS 
UF 

VARIANCE 
PROCEDURE



1 AIILE /6 • 5-WAV AN OVA: 9C 

ANAIYSIS DF VAH1AtyCE

(MORPHINE- 2 . 5  

PHOCtOORE

MG/KG 1

DEPENDENT VAR I AGEE SQ. R l . IR * 0 .5 1

SOURCE DF SDH OF SUOARES MEAN SQUARE F VALUE P R-SQUARE C .V.

MO l)H STS I 2 S 1 S .6 1 1 5 8 /0 9 2 1 .7 6 6 6 2 8 8 5 21 .9 7 0 .0 0 0 1 0 .8 4 5 7 5 4 1 1 .1 7 6 4

ERROR 2304 2 2 6 2 .6 0 1 2 3 8 5 2 0 .9 9 0 7 1 2 3 4 SID DEV R MEAN

CORRECIfcD TOTAL 2679 1479 6 .4 1 2 8 2 5 6 1 0 .9 9 5 3 4 5 3 4 8 .9 0 5 7 4 8 5 2

SOURCE . DF ANC1VA SS F VALUE P

SI IE 1 5 3 3 2 .9 3 5 6 2 2 4 5 5 3 8 2 .9 3 0 .0 0 0 1
PRUGCOM) 2 4 9 1 .6 5 4 7 7 0 5 7 2 4 8 .1 3 0 .0 0 0 1
IN1ENSTY 1 1 9 1 .2 7 3 8 4 0 2 3 1 9 3 .0 7 0 .0 0 0 1
OA V 5 2 9 2 .3 4 7 9 4 5 2 0 5 9 .0 2 0 .0 0 0 1
HOUR 7 1 1 6 .1 1 5 1 3 9 4 1 1 6 .7 4 0 .0 0 0 1
S i l l  FDKUGCUND 2 1 9 .4 1 0 9 5 3 1 1 9 . 8 0 0 .0 0 0 1
SITE*INTEHSTV 1 2 5 .7 7 2 2 5 8 4 8 2 6 .0 1 0 .0 0 0 1
SI TE*OAV 5 5 9 .7 0 5 9 2 8 4 7 1 2 .0 5 0 .0 0 0 1
SI IE*ltOUR 7 1 4 7 .0 0 4 0 2 8 1 6 2 1 . 2 0 0 .0 0 0 1
PH UGCE1M1F 1N1ENSTY 2 1 1 0 .0 7 9 5 5 8 0 1 5 5 . 5 6 0 .0 0 0 1
pKiJGCUNDFUAY 10 6 2 1 .0 8 0 7 0 7 0 1 6 2 .6 9 0 .0 0 0 1
DR UGCONO FIIOUR 14 6 2 7 .8 1 7 2 7 8 6 3 4 5 . 2 6 0 .0 0 0 1
IN TENS TY FO AY 5 6 8 .2 0 1 2 8 1 0 8 1 3 .7 8 0 .0 0 0 1
INTI NS TYFIIOOR 7 3 5 .3 2 4 1 6 9 1 6 5 .0 9 0 . 0 0 0 1
PA YFIIOOR 35 7 7 0 .0 4 9 4 3 7 3 8 2 2 . 2 1 0 .0 0 0 1
SI IE FDRUGCONFINTENSI 2 4 0 .3 6 8 0 5 8 9 1 2 0 .3 7 0 .0 0 0 1
SI IF fDROC.CONDFDAY 10 1 5 1 .8 4 1 6 4 6 3 5 1 5 .3 3 0 .0 0 0 1
51 IE FORUGC ONDFIkiDR 14 2 2 7 .5 7 9 0 8 6 2 4 16 .4 1 0 .0 0 0 1
SI TEf i n EENSTYf DAY 5 3 0 .4 9 0 6 0 4 6 3 6 . 1 6 0 .0 0 0 1
SI IEFIN1ENSIYFM0UK 7 7 6 .8 3 7 8 1 0 4 3 1 1 .0 8 0 .0 0 0 1
SI lEFOAYFItDOR 35 1 3 9 .9 0 0 0 0 7 9 3 4 .0 3 0 .0 0 0 1
PR OGCO Nl) F D A Y FI lUUR 70 1 6 2 6 .8 6 8 0 2 9 7 1 2 3 .4 6 O.GOOl
DR OGCO (ID F INI £ NS 1 FpAY 10 7 3 .7 6 6 1 8 9 0 9 7 .4 5 0 .0 0 0 1
ORDGCONF 1N1ENS1 FOUUK 14 8 5 .0 9 6 6 7 4 1 4 6 . 1 9 0 .6 0 0 1
INHNSlYFllAYFIlnOR 35 1 2 6 .2 6 6 9 3 8 1 0 3 .6 4 0 .0 0 0 1
SI IE FORIIGCIIFDA YFIIOOR 70 4 3 5 .6 3 8 2 4 9 3 9 6 .2 8 0 .0 0 0 1
SI TEfDRUGCFINTENFPAY 10 2 2 .7 9 5 0 3 0 8 2 2 . 3 0 0 .0 1 1 0
s i  i e f u r u g c f i n i e f o d u r 14 9 3 .6 2 6 2 4 9 3 2 6 .7 5 0 .0 0 0 1
S 1 IE FI NT ENSfdA VFliDUR 35 5 8 .3 2 3 7 6 5 7 4 1 .6 8 0 .0 0  76
PRIKiCF 1N1ENFDAYFI10UK 70 1 7 7 .4 5 1 1 8 9 3 4 2 . 5 6 0 .0 0 0 1
SI IE FpRUF 1 o |  f DAYfoOU 70 2 3 9 .3 0 9 1 3 9 6 1 3 .4 5 0 .0 0 0 1
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TABLE 
/7 

•
-SClUAHL 

VAlUt 
II! 

EACH 
SUURCE 

IN 
THE 

5-MAV 
ANIVA 

EUR 
EACH 

ANIMAL



1 4 9

Dose 
(mg/kg)
10.0

7.5 

5.0

2.5

Table 18
Duncan a posteriori tests («*a .01): 

Site

Rat # DB vs. EY?
373
54P 
76 F 
9^F
7^3
kQ

+
+

75?66?
3G

21G
8k?
86?
18G
9G

response rate, collapsing across all factors, 
less at D3 than HY? electrode 
response rate, collapsing across all factors, 
greater at DE than HY? electrode
p> . 01
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Taole 19
RESrOVSES/YIX DURING PRE-CHUG SALINE COLLAPSING ACROSS INTENSITY 

DB HY?

Sire Tested
Rat * X

V ajcimua 
V alue Sti. Err. X

Majcisus
Value c * -i •

?lrsc I- 
Hourly :

37E 32. 4 1*0 0.63 OS. 9 5 2 0 • 75 • V*5
54F 46.2 79 G.95 43.5 194 2.52 73
73? 22. 7 SC C. 75 36.0 1 1 7 1.43 av:
94F 46. 3 66 1.07 140.6 25S 4 • 46 HY?

! 74Z 30.2 97 0.99 31.3 316 1.30 13
4C- T >7 7 75 1.11 1 = 1.3 233 2. 49 uv_

75? 38.S 57 0.51 192.2 290 2.51 05
65? 50. 3 94 0.70 98.e 2C5 2.95

! 3G 89.5 173 1. 56 125.9 224 3.85 03
21G 49.9 93 0.70 cc. 1 159 2.51 H Y?

S40 32.4 - «? 0.41 4".9 104 1.12 03
65? 54.9 110 1.52 57.3 224 3.36 03
13G 31.0 59 1.05 1 nc *i. • *? 238 4.10 03
90 64.2 114 7 C1 1 1 1 . 9 * 0.50 Yr

!I

I



1 5 1

Table 20 
R E S P O N S E S / M I N  D O S I N G  P R E - D R U G  S A L I N E :  0 3

P.aC 4
Curre
(uA'

LOW INTS 

nt _
X

N s n  v

Maximum
Value Sid. Err.

Current
(uA)

IGH

X

IN TEN S H Y
Maximum 
Value Sid. Err.

49 94.0 120 1.00 S7■J ' 90.9 119 0.74
54F 46 38.3 79 1.53 54 C T -* w 74 0.56
75? 106 15.5 80 1.22 127 29.8 56 0.60
94? 42 44.5 84 1.82 49 52.0 85 1.08

7 4 E 5 3 2 5 . 4 8 1 1 . 4 5 5 0 1 C  p g-r 1 .  2 S

4 G 1 7 0 1 6 . 9 7 5 1 . 5 1 1 9 8 i w «  4 6 6 * c> £

7 5 ? 5 4 3 8 . 5 5 7 0 . 8 7 7 8 3 9 . 1 5 1 0 . 5 3

6 6 ? 9 9 4 6 . 5 S 3 1 . 0 2 1 1 3 5 4 . 1 9 4 1 . 1 2

3 G 5 4 7 8 . 8 1 7 3 2 . 9 4 9 5 I C O .  3 1 4 1 1 . 2 2

2 1 G 2 1 4 8 . 6 9 0 1 . 4 8
T £ 5 1 . 2 2  X 0 . 5 4

9 4 ? ? 7 7 3 3 . 8 5 7 C .  5 4 1 9 9 3 1 . 0 5 C

8 6 ? 1 8 3 4 .  5 1 1 0 2 . 0 4 * 2 1 7 5 . 2 I C ’C 1 . 2 9

1 8 0 " I 1 6 . 1 5 9 1 . 3 0 9 9 4 5 . 0 5 9 0 . 9 2

S G sc 7 6 4 . 9 1 1 4 1 . 5 2 7 ' 5 9 5 0 . 8 4
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Table 21
RESPONSES/MIN EURING PRE-DRUG SALINE: HYP

LOW INT2TSXTY

!at: *
G'^rr-nc
'UA) X

Maxim
Valui

37? 35 23.4 52
54? 25 24.2 160
76? 35 13.2 99
94? 42 79.0 233

74E 42 14.9 316
4G 43 152.7 224

75F 57 15 7.1 290
5 5? 23 53.5 173
3G 42 54.8 215

21G 49 14.7 36

94P 35 S’7.5 96
36? 32 47.C 205
13G 25 iw • C 173
30 28 112.7 143

i\

HIGH IITTEVSII^
Currenc Maxinua

Std. Err. 'UA) X Value Std. Err.
1 . 1 2  
2.60 
1.41 
5.50

42
2 9
49
5 7

29.4 
53.0 
53.2 

2 0  ̂ ^

50
194
1 1 "
256

1 . 0 1  
3. 93 
C.9'7 
4.08

2.15
4.10

5 0
57

48.3
210.5

115
233

l . " S
1.06

4.58
3.53
3.35
1.24

35
39
57
92

217.2 
144.1 
197.0 
115.4

251
205
224
169

0.96
2.28 
- ' C l

1.50

1.45
4.27
2.15
1.08

49
1 c
42
42

58.2
67.5
191.3111.0

104
22423e
134

C 1 1

1.05
0.52

rH U) t 
U) 

a) U) 
UJ tu 

1*) O 
• J r-1 l/J CvJ

0 0*0)0 
to 

O) O u) 'O 
r* o 'O
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Table 22 Duncan a posteriori Tests ( *  - .01): 

Site x PTMgeond
dose
(nc/’sz) DS B V J

10.0 T7T y < 3 y < 5
54F y < s V < 3
75? y  < s V < s
94? y < s V < 3

7.5 y < s y = s
4G v > s v » s

5.C 75? y < s y < s
oc? y < s V <3

3G v = s y > s
213 y > s y >s

2.5 94? y < 3 y > 3
36? y < s y > s
1 SC- v < s y e s
90 y » 3

3 = pre-dr’jLz sal ire 
V s toraine

v = 3
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Table 23.
Dnncan a posteriori Tests (o<* .01): 

Site z Drngcond x Intensity

DB electrode HYP electrode
Dose Intensity Intensity
(■g/kg) Rat « Low High Low High
10.0 37E H<S H<S B<S B<S

54F H<S H<S B<S B<S
76P H<S B<S B<S B<S
94F H<S H<S B>S B<S

7.5 74E B<S H<S H*S H*S
46 B>S B>S H*S B<S

5.0 75P fl<S B<S H<S B<S
66P B<S H<S H*S B<S
36 B<S B*S H>S H*S

216 B>S H>S H*S H*S

2.5 84F fl<S H<S B>S H>S
86F H<S H<S B>S H>S
186 H<S H«S H<S B>S
96 H<S H*S H<S H>S

H<S » norphine < pre-drug saline
H>S = norphine > pre-drng saline
H*S * p > .01
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Table 24. SITE x DBUG x DAT z BOOB
D DllCAB a posteriori Tests (e* * .01)

37E - DB

DAT
1
2
3
4
5
6

PBB-DBOG SALI1E TS. HOBPHIBB (10.0 mg/kg)
BOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

DAT
1
2
3
4
5
6

PBE-DBOG SALIIE YS. POST-DBOG SILIIE
BOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

Bote:
- = Borphine (eean) < Pre-drug Saline (aean) or 

Post-drug Saline (Bean) < Pre-drug Saline 
(Bean) , as appropriate •

♦ = Borphine (nean) > Pre-drug Saline (sean) or 
Post-drug Saline (nean) > Pre-drug Saline 
(nean) , as appropriate.
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DAI
1
2
3
4
5
6

Table 25. SITE x DBUG x DAT x BOOR
DOVCAI a posteriori Tests * .01)

37E - HIP

PBE-DBOG SALIIE VS. HORPHIIE (10.0 ag/kg)
HOUR POST—IIJECTIOI 

1 2 3 4 5 6 7  24

PRE-DROG SALIIE VS. POST-DBOG SALIIE
HOOR POST—IIJECTIOI 

1 2 3 4  5 6 7  24
DAI

1
2
3
4
5
6

lote:
- « Borphine (aean) < Pre-drag Saline (nean) or 

Post-drng Saline (nean) < Pre-drag Saline 
(nean) , as appropriate.

♦ * Borphine (nean) > Pre-drag Saline (Bean) or 
Post-drag Saline (nean) > Pre-drag Saline 
(nean), as appropriate.
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Table 26. SITE z DROG z DAT z HOOR
DOICAI a posteriori Tests (<X* .01)

54F - DB

PBE-DBOG SALIIE t s . HORPHIIE (10.0 mg/kg)

DAT
1
2
3
I
5
6

HOOR POST—IIJECTIOI 
2 3 1 5 6 7 21

PRE-DROG SALIIE VS. POST-DRUG SALIIE

DAT
1
2
3
4
5
6

HOOR POST—IIJECTIOI 
2 3 4 5 6 7 24

■ote:
- * Horpbine (aean) < Pre-drag Saline (aean) or 

Post-drag Saline (aean) < Pre-drag Saline 
(sean) , as appropriate.

♦ * Horpbine (sean) > Pre-drag Saline (aean) or 
Post-drag Saline (aean) > Pre-drag Saline 
(aean) , as appropriate.
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DAT1
2
3
8
5
6

DAT
1

Table 27. SITE x DBUG x DAT x BOOB
DOBCAB a posteriori Tests foe * .01)

58F - BTP

PBE-DBOG SALIIE TS. HOBPHI1E (10.0 ag/kg) 
BOOB POST-IBJECTIOB

Bote:

28

PBE-DBOG SALIBE VS. POST-DBOG SALIIE
BOOB POST-IBJECTIOB 

1 2 3 8 5 6 7  28

2 ♦ 

3 - ♦
8
5
6

Borphine (aean) < Pre-drag Saline (sean) or 
Post-drag Saline (nean) < Pre-drug Saline 
(nean) , as appropriate.

♦ * Borphine (aean) > Pre-drag Saline (aean) or 
Post-drag Saline (aean) > Pre-drag Saline 
(aean) , as appropriate.
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DAY
1

D1T
1
2
3
4
5
6

Vote:

Table 28. SITS z DBOG z DAT z HOOB
DOHCAI a posteriori Tests (=»< * .01)

76P - DB

PBB-DBDG SALIIE VS. HORPHIIE (10.0 mg/kg)
HOOB POST—IIJECTIOI 

1 2 3 4 5 6 7  24

2
3
4 - - ♦
5 - - - ♦
6 - ♦ ♦

PBE-DBOG SALIIE VS. POST-DBOG SALIIE
HOOB POST—IIJECTIOI 

1 2 3 4 5 6 7  24

- * Borphine (aean) < Pre-drug Saline (sean) or 
Post-drug Saline (aean) < Pre-drug Saline 
(aean) , as appropriate.

♦ = Borphine (aean) > Pre-drug Saline (aean) or 
Post-drug Saline (aean) > Pre-drug Saline 
(nean), as appropriate.
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Table 29. SITE z DHUG x DAT z BOOB
DOICAI a posteriori Tests (o<* .01)

76P - HYP

PBE-DBOG SALIIE vs. HORPHIIE (10.0 ag/kg)
HOOR POST-IIJECTIOI 

1 2 3 6 5 6 7  26
DAT1 ♦

2 ♦
3 - - ♦ ♦
6 -  -  -  ♦  -

5 - - ♦
6 ♦  -  ♦

DAT
1
2
3
6
5
6

PBE-DBOG SALIIE VS. POST-DBOG SALIIE
HOOR POST—IIJECTIOI 

1 2 3 6 5 6 7  26

■ote :
- * Horphine (aean) < Pre-drug Saline (aean) or 

Post-drug Saline (aean) < Pre-drug Saline 
(lean) , as appropriate.

♦ = Horphine (aean) > Pre-drug Saline (aean) or 
Post-drug Saline (aean) > Pre-drug Saline 
(aean) , as appropriate.
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DAY
1
2
3
9
5
6

D1X
1
2
3
A
5
6

Table 30. SITE z DROG z DAY z BOOR
DOBCAl a posteriori Tests f»< * .01)

94P - DB

PBE-DBOG SALIVE TS. HORPBIVE (10.0 mg/kg)
BOOR POST—IIJECTIOI 

1 2 3 4 5 6 7 24

PRE-DROG SALIIE VS. POST-DROG SALIIE
BOOR POST-IIJECTIOI 

1 2 3 4 5 6 7  24

■ate:
- * Borphine (nean) < Pre-drug saline (sean) or 

Post-drug Saline (aean) < Pre-drug Saline 
(aean) , as appropriate.

♦ * Borphine (aean) > Pre-drug Saline (Bean) or 
Post-drug Saline (aean) > Pre-drug Saline 
(aean) , as appropriate.



162

Table 31. SITE z DBUG x Dll x BOOB
DUBCAI a posteriori Tests (o< = .01)

94F - HYP

D1T
1

PBE-DBOG S1LIBE VS. HORPHIIE (10.0 mg/kg}
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

2
3 - - + ♦ 4
4 - 4 4 4 4
5 - ♦ 4 4 4
6 ♦ ♦

D1T
1
2
3
4
5
6

PBE-DBOG SALIIE VS. POST-DBOG SILIBE
BOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

Bote:
- = Borphine (sean) < Pre-drng Saline (sean) or 

Post-drag Saline (sean) < Pre-drng Saline 
(sean), as appropriate.

* « Borphine (aean) > Pre-drng Saline (aean) or 
Post-drag Saline (aean) > Pre-drng Saline 
(aean) # as appropriate.
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Table 32. SITE x DBOG x DAT x HOUB
DOBCil a posteriori Tests (cK,* .01)

74E - DB

PBE-DBOG SALIBE VS. HOBPHIIE (7.5 ■g/kg)
HOOB POST-IBJECTIOB 

1 2  3 4 5 6 7 24
DAT

1

3

4 - - ♦ ♦
5
6

DAT
1
2
3
4
5
6

Bote:
- * Horphine (sean) < Pre-drag Saline (sean) or 

Post-drug Saline (sean) < Pre-drug Saline 
(sean) , as appropriate.

♦ * Horphine (sean) > Pre-drug Saline (sean) or 
Post-drug Saline (nean) > Pre-drug Saline 
(nean) , as appropriate.

PBE-DBOG SALIBE VS. POST-DBOG SALIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24
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Table 33. SITE z DH0G z DAT z BOOB
DOVCAB a posteriori Tests (o<* .01)

7*E - HYP

PBE-DBOG SALIIE TS. HOBPHIVE (7.5 ngA9)
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  2*
DAT1 ♦ ♦

2 ♦ ♦ ~
3
* ♦ ♦
5 ♦
6 ♦ ♦

PBE-DBOG SALIBE TS. POST-DBOG SALIBE

DAT
1
2
3
*
5
6

HOOB POST-IBJECTIOB 
2 3 * 5 6 7 2*

Rote:
— * Horphine (eean) < Pre-drng Saline (sean) or 

Post-drag Saline (nean) < Pre-drng Saline 
(nean), as appropriate.

♦ * Horphine (nean) > Pre-drng Saline (nean) or 
Post-drag Saline (nean) > Pre-drng Saline 
(nean) , as appropriate.
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Table 34. SITE z DBDG z DAT z BOUI
DUVC1I a posteriori Tests (°< * .01)

46 — DB

DAT
1
2
3
4
5
6

PBE-DBOG SALIIE t s. HOBPBIBE (7.5 mg/kg)
BODB POST—IBJECTIOI 

1 2 3 4 5 6 7 24

♦
♦

DAT
1
2
3
4
5
6

PBE-DBOG SALIVE TS. POST-DBOG SALIBE
BOOB POST—IBJECTIOI 

1 2 3 4 5 6 7  24

Bote:
- * florphine (lean) < Pre-drag Saline (sean) or 

Post-drng Saline (nean) < Pre-drug Saline 
(Bean) , as appropriate.

♦ * Borphine (nean) > Pre-drug Saline (nean) or 
Post-drng Saline (nean) > Pre-drug Saline 
(nean), as appropriate.
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Table 35. SITE x DRUG x DRY x BOOR
DOICRI a posteriori Tests (o< * .01)

4G - HIP

DRY
1

PRE-DRDG SRLIIE TS. HORPBIIE (7.5 agA9)
BOOR POST-IIJECTIOI 

1 2 3 * 5 6 7 20

2
3 ♦
0 ♦
5 ♦
6 ♦

PRE-DRDG SRLIIE VS. POST-DROG SRLIIE

DRY
1
2
3
0
5
6

BOOR POST—IBJECTIOI 
2 3 4 5 6 7 24

lote:
— = Horphine (aean) < Pre-drag Saline (aean) or 

Post-drag Saline (nean) < Pre-drag Saline 
(nean) , as appropriate.

♦ = Horphine (aean) > Pre-drag Saline (aean) or 
Post-drag Saline (nean) > Pre-drag Saline 
(nean), as appropriate.
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D1T
1
2
3
4
5
6

Dll
1
2
3
4
5
6

Table 36. SITE x DRUG x Dll x HOUR
DOW Cl I a posteriori Tests (•< * .01)

75P - DB

PBE-DBOG S1LIWE ts. HORPHIWB (5.0 mg/kg)
BOOB POST—IIJECTIOI 

1 2 3 4 5 6 7  24

PBE-DBOG SALIIE IS. POST-DBOG SILIIE
BOOB POST—IIJECTIOI 

1 2 3 4 5 6 7  24

■ote:
- = Morphine (aean) < Pre-drug Saline (aean) or 

Post-drng Saline (aean) < Pre-drug Saline 
(aean) , as appropriate.

♦ * Horphine (aean) > Pre-drug Saline (aean) or 
Post-drng Saline (aean) > Pre-drug Saline 
(aean) , as appropriate.
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Table 37. SITE x DROG z DAT x BOOB
D0BC11 a posteriori Tests p* * .01)

75F - BTP

PRE-DROG SAL1IE TS. HORPHIVE (5.0 agAg)
BOOR POST—IIJECTIOI 

1 2 3 8 5 6 7  28
DAT1 - - - - - - -

2 *

3
8 — - - — — - —
5 -  - - - - -  ♦

DAT
1

PRE-DROG SALIRE vs. POST-DRUG SALIVE 
BOOR POST—IIJECTIOI

28

2 - -
3 - - - - - - -
8 ♦
5 - - - - -  _ ♦
6 - - - - - -

lote:
- * Horphine (aean) < Pre-drag Saline (aean) or 

Post-drng Saline (aean) < Pre-drag Saline 
(aean) , as appropriate.

♦ * Borphine (aean) > Pre-drag Saline (aean) or 
Post-drug Saline (aean) > Pre-drag Saline 
(aean), as appropriate.
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Table 38. SITE X DBDG x DAI x HOUB
DOVCAI a posteriori Tests fK* .01)

66F * DB

DAT
1
2
3
4
5
6

PBE-DBOG SALIBE TS. BOBPBIVE (5.0 agA9)
BOOB POST—IBJECTIOI 

1 2 3 4 5 6 7  24

PBE-DBOG SALIBE VS. POST-DBOG SALIBE
BOOB POST—IBJECTIOI 

2 3 4 5 6 7 24
DAT

1 ♦
2
3
4
5
6

Bote:
- * Horphine (aean) < Pre-drag Saline (aean) or 

Post-drng Saline (aean) < Pre-drag Saline 
(aean), as appropriate.

♦ = Horphine (aean) > Pre-drag Saline (aean) or 
Post-drng Saline (aean) > Pre-drag Saline 
(aean) , as appropriate.
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Table 39. SITE X DBDG X DAT X BOOB
DOBCAB a posteriori Tests p<* .01)

667 - HYP

PBE-DBOG SALIBE VS. BOBPRIBE (5.0 mg/kg)
HOUR POST-IBJECTIOW 1 2  3 4 5 6 7 24

DAY
1 ♦ ♦
2 ♦
3 ♦
4 ♦
5
6 - ♦ ♦

DAY
1
2
3
4
5
6

PBE-DBOG SALIBE VS. POST-DE0G SALIBE
BOOB POST-IBJECTIOW 

1 2 3 4 5 6 7  24

Bote:
- = Borphine (aean) < Pre-drug Saline (aean) or 

Post-drng Saline (aean) < Pre-drug Saline 
(aean) , as appropriate.

♦ * Horphine (aean) > Pre-drug Saline (aean) or 
Post-drng Saline (aean) > Pre-drug Saline 
(aean), as appropriate.
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Table 40. SITE X DBDG x DAT x HOUB
DUVCAV a posteriori Tests (<X« .01)

3G - DB

PEE-DBDG SALIVE TS. HOBPHIVE (5.0 mg/kg)
HOUB POST-IBJECTIOW 

1 2 3 4 5 6 7  24
DAT

1 ♦ ♦
2 ♦  -

3 - - -
4
5 -
6 ♦ + +  -

PBE-DBOG SALIVE TS. POST-DBOG SALIBE
HOUB POST—IVJECTIOB 

1 2 3 4 5 6 7  24
DAT

1
2
3
4
5
6

Vote:
- * Horphine (aean) < Pre-drag Saline (aean) or 

Post-drng Saline (aean) < Pre-drng Saline 
(aean), as appropriate.

♦ = Horphine (aean) > Pre-drng Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean) , as appropriate.
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Table 41. SITE z DBDG z Dll z HOUB
D0VC1I a posteriori Tests (<K* .01)

36 - HIP

DAT
1

PHE-DRUG SALIBE VS. HOBPHIIE (5.0 sgA?)
BOUB POST—IBJECTIOI 

1 2 3 4 5 6 7  24

2 ♦ ♦ ♦

3 ♦ ♦ ♦ ♦
4 ♦ - ♦
5
6 *

PRE-DROG SALIBE VS. POST-DBUG SALIBE

DAT
1
2
3
4
5
6

HOOB POST—IBJECTIOI 
2 3 4 5 6 7 24

Bote:
- = Horphine (aean) < Pre-drag Saline (aean) or 

Post-drng Saline (aean) < Pre-drng Saline 
(aean) , as appropriate.

♦ * Horphine (aean) > Pre-drng Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean) , as appropriate.
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Table 42. SITE z DBDG z Dll z BOOB
D0BC1B a posteriori Tests (&<* .01)

21G - DB

PBE-DBOG SALIBE VS. HOBPHIWE (5.0 mg/tg)
BOOB POST—IHJECTIOH 

1 2  3 4 5 6 7 24
DAT1 -  -  ♦  ♦

2 -  ♦ ♦

3 ♦ ♦ ♦ ♦ ♦
4 ♦ ♦
5 ♦ ♦ ♦ ♦
6 ♦  —  ♦

PBE-DBOG SALIBE VS. POST—DBDG SALIBE
HOOB POST—IBJECTIOI 

1 2 3 4 5 6 7  24
DAT

1 ♦
2
3 «•
4
5
6

Bote:
- * Horphine (nean) < Pre-drng Saline (sean) or 

Post-drng Saline (eean) < Pre-drng Saline 
(sean) , as appropriate.

♦ * Horphine (sean) > Pre-drng Saline (eean) or 
Post-drng Saline (sean) > Pre-drng Saline 
(sean) , as appropriate •



174

Table 43. SITE X DBOG x DAT x HOUB
DOBCAB a posteriori Tests (o<.* .01)

21G - HYP

PBE-DBOG SALIBE TS. HORPHIVE (5.0 «gAg)
BOOB POST—IBJECTIOB 

1 2 3 4 5 6 7  24
DAY

1 + ♦

2 ♦ ♦ ♦ ♦

3 ♦
4 ♦ ♦ ♦ —
5 ♦
6 ♦

DAY
1
2
3
4
5
6

PBE-DBOG SALIBE TS. POST-DROG SALIBE
HOOB POST—IHJECTIOH 

1 2 3 4 5 6 7  24

Bote:
- = Horphine (aean) < Pre-drug Saline (aean) or 

Post-drug Saline (aean) < Pre-drug Saline 
(aean) f as appropriate.

♦ = Horphine (aean) > Pre-drug Saline (aean) or 
Post-drug Saline (aean) > Pre-drug Saline 
(aean), as appropriate.
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Dll
1
2
3
1
5
6

D1T
1
2
3
4
5
6

Table 44. SITE X DBOG x D U  x HOOB
DDHCAI a posteriori Tests («<■ .01)

84F - DB

PBE-DBOG SALIBE VS. HOBPHIBE (2.5 agA9)
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

PBE-DBOG SALIBE US. POST-DBOG SALIBE
HOOB POST—IBJECTIOB 

1 2 3 4 5 6 7  24

Bote:
- = Horphine (aean) < Pre-drug Saline (aean) or 

Post-drng Saline (aean) < Pre-drug Saline 
(aean) , as appropriate.

♦ = Horphine (aean) > Pre-drug Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean) , as appropriate.



176

Table 45. SITE x DBDG x DAT X HOOB
DOBCAB a posteriori Tests (©<* .01)

84F - HIP

PBE-DBOG SALIBE TS. HOBPHIBE (2.5 mg/kg)
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24
DAT

1 ♦ + ♦ ♦ ♦

3 ♦ ♦ ♦
4 ♦ ♦ ♦ ♦
5 ♦
6 ♦

PBE-DBOG SALIBE TS. POST-DBOG SALIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24
DAT

1
2 ♦ ♦ ♦
3 ♦ ♦ ♦
4 ♦ ♦ ♦ + ♦
5
6

Bote:
- = Horphine (aean) < Pre-drag Saline (aean) or 

Post-drag Saline (aean) < Pre-drng Saline 
(aean) , as appropriate.

♦ = Horphine (aean) > Pre-drug Saline (aean) or 
Post-drng Saline (aean) > Pre-drag Saline 
(aean), as appropriate.
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DAT
1

2
3
4
5
6

Table 46. SITE Z DBOG z DAT Z HOOB
DOBCAB a posteriori Tests (»<« .01)

86F - DB

PBE-DBOG SALIBE TS. HOBPHIBE (2.5 mg/kg)
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

DAT
1
2
3
4
5
6

PBE-DBOG SALIBE TS- POST-DBOG SALIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

Bote:
- = Horphine (aean) < Pre-drng Saline (sean) or 

Post-drug Saline (aean) < Pre-drng Saline 
(aean) , as appropriate.

♦ = Horphine (aean) > Pre-drng Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean) , as appropriate.
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Table 47. SITE x DBOG x DAI x HOOB
DOBCAB a posteriori Tests (°<* .01)

86F - HIP

DAT
1
2
3
4
5
6

PBE-DBOG SALIBE VS. HOBPHIBE (2.5 agA9)
HOOB POST—IB JECTIOB 

1 2 3 4 5 6 7 24

♦

♦

♦

DAT
1

2
3
4
5
6

PBE-DBOG SALIBE TS. POST-DBOG SALIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7 24

Bote:
- * Horphine (sean) < Pre-drag Saline (aean) or 

Post-drag Saline (nean) < Pre-drag Saline 
(sean), as appropriate.

♦ - Horphine (aean) > Pre-drag Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean) , as appropriate •
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Table 48. SITE Z DBDG X Dll X HOUB
DUTCH a posteriori Tests (°<= .01)

18G - DB

D1T
1
2
3
4
5
6

PBE-DBOG S1LIIE VS. HOBPHIBE (2.5 mg/kg)
HOUB POST-IBJECTIOB 

1 2 3 4 5  6 7  24

D1T
1
2
3
4
5
6

PBE-DBOG S1LIBE TS. POST-DBUG SILIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

Bote:
- = Horphine (aean) < Pre-drng Saline (aean) or 

Post-drng Saline (aean) < Pre-drng Saline 
(aean) , as appropriate.

♦ = Horphine (aean) > Pre-drng Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean) , as appropriate.
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Table 49. SITE x DBOG x DAT x HOUB
DOBCAB a posteriori Tests .01)

18G - HYP

DAT
1
2
3
4
5
6

PBE-DBOG SALIBE VS. SOBPHIBE (2.5 agA?) 
HOOB POST-IBJECTIOB

24

PBE-DBOG SALIBE TS. POST-DBOG SALIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6
DAT

1 -  -

2
3
4

24

Bote:
- = Horphine (aean) < Pre-drag Saline (aean) or 

Post-drng Saline (aean) < Pre-drng Saline 
(aean) , as appropriate.

♦ = Horphine (aean) > Pre-drng Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean) , as appropriate.



Table 50. SITE z DBOG Z DAT z HOOB
DOHCAB a posteriori Tests (o<* .01)

9G - DB

PBE-DBOG SALIBE vs. HOBPHIBE (2.5 s g A 9)
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

-  ♦

♦ 4

4 4 4

♦ ♦ ♦

PBE-DBOG SALIBE VS. POST-DROG SALIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24
♦

—  *  

♦

Horphine (sean) < Pre-drng Saline (eean) or 
Post-drng Saline (nean) < Pre-drng Saline 
(aean), as appropriate.
Horphine (aean) > Pre-drng Saline (aean) or 
Post-drng Saline (aean) > Pre-drng Saline 
(aean), as appropriate.
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DAT
1

2
3
4
5
6

Table 51. SITE x DBOG x DAT x BOOB
DOBCAB a posteriori Tests (»<* .01)

9G - HYP

PBE-DBOG SALIBE TS. HOBPHIBE (2.5 ug/tg)
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24

PBE-DBOG SALIBE TS. POST-DRUG SALIBE
HOOB POST-IBJECTIOB 

1 2 3 4 5 6 7  24
DAT

1
2
3
4
5
6

Bote:
- = Horphine (nean) < Pre-drng Saline (nean) or 

Post-drng Saline (nean) < Pre-drng Saline 
(aean) , as appropriate.

♦ * Horphine (nean) > Pre-drug Saline (nean) or 
Post-drng Saline (nean) > Pre-drng Saline 
(nean) , as appropriate.
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TABLE 52
Tlassiffeat ion ox' pattern of morphine effects: 

Based upon Duncan a posteriori tests («*■ « .01) of the site x drug x
day x hour interactions

fag/kg' Hat * Da uIZ
10.0 373

54F
75F dichasic oiohasic
94F

7.5 743 - diphasic
4G - diphasic

5.0 75?
56F - diphasic
3G Oipnasic oipnasic
213 oipnasic oipnasic

2.5 84P - *
96F - oipnasic
18G oipnasic ~ n.e.
9G oionasic n.e.

morpmne 1CSS rates "orimarilT " deoressed
morphine 1CSS rates "primarily " facilitated
morphine 1GSS rates di splayed instances of doth

depre ssions and facilitations
morphine 1CSS rates displayed neeiioiole differences

Note.
1. Criteria for pattern classification:

a. The classifioations were oased utor. the site x drue x
day x r.our interactions of hours 1-7 post-injection 
of' days I-d.

0. Two instances of significance in eitner direction were
considered negligible (5* chance ' ar.d were disregarded 
for purposes of pattern classification.
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Taole 53 Comparison of pattern of morphine effects
based upon the results of tne Duncan a posteriori tests ( ot. • .01!

Site x Druseond Interactions vs. Site x Drugcond x Day x -our Interactions

Site x Druscond 
Interactions

Site x Druscond x Dav x ncur 
Interactions

Dose fns/ss)
10.0 3 T? 

54? 75? 
94?

01

75?bb?
30210

84?85?
90 oi

3i

"primarily" facilitations 
"primarily" depressions 

01 biphasic effect 
» "negligible" effect

Note. T.nis taole is a compilation of the data presented in 
Taole I . .  and Taole . 1



TABLE 54.
Vet Shakes

Saaaary of t-tests (c k , = .01) for each aorphine dose

Pre-drag saline t s . Horphine 
Dose • Rats Hoar Post-injection
(■g/kg)
10.0

(*)
4

df
t*

23
1

-1.14
5
1.37

24
-0.31

7.5 2 11 1.73 2.03 1.22
5.0 4 23 2.93**

B<S
1.00 -1.88

2.5 4 23 2.56 -1.14 -1.76

Pre-drug saline t s . Post-drng saline
Dose
(ng/kg)
10.0

• Rats 
(■)
4

df
t*

23

Hoar
1

-2.13

Pos t-in jection 
5 24

0.37 -0.76
7.5 2 11 -1.07 0.43 0.71
5.0 4 23 -1.66 1.00 -0.88
2.5 4 23 1.33 -1.45 -0.40

H<S =** s aorphine < pre-drag
p < .01

saline
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TABLE 55.
Shudders

Snnnary of t-tests ( X  = .01) for each aorphine dose

Pre-drag saline as. Horphine
Dose
(ag/kg)
10.0

t Bats 
(■)
4

Boar
df 1

t*
23 -1.09

Post-in jection 
5 24

-1.25 1.44
7.5 2 11 0.00 -0.52 1.48
5.0 4 23 0.25 0.01 1.82
2.5 4 23 -1.84 o t to -1.42

Pre-drug saline t s . Post-drag saline
Dose
(ag/kg)
10.0

• Bats 
(»)
4

Boar
df 1 t=
23 -1.63

Post-in jection 
5 24

0.59 0.27
7.5 2 11 -0.80 1.02 -1.23
5.0 4 23 -0.26 1.10 -0.12
2.5 4 23 -1.44 -0.96 -2.05

*• * p < .01
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T1BLZ 56.
Bearings

Sniaary of t-tests (cK * .01) for each norphine dose

Pre-drug saline t s . Horphine
Dose • Bats Honr Post-injection
(ag/kg) (H) df 1 5 2%

t=
10.0 4 23 1.22 -0.34 -0.34
7.5 2 11 3.36** 0.84 0.84

B<S
5.0 4 23 3.55** 0.00 0.00

H<S
2.5 4 23 1.11 -1.58 -1.58

Pre-drag saline vs. Post-drag saline 
Dose # Bats Hoar Post-injection
(ag/kg) (*) df 1

t=
5 24

10.0 4 23 -1.45 0.71 1.40
7.5 2 11 -1.26 1.69 1.28
5.0 4 23 -0.19 2.42 3.96**

w s<s
2.5 4 23 1.31 -0.83 1.36

H<S * aorphine < pre-drng saline 
WS<S * post-drng saline < pre-drng saline
*• * p < .01
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TABLE 57.
Locosotor Activity 

Sannary of t-tests (cK * .01) for each aorphine dose

Pre-drag saline t s . Borphine
Dose # Bats Hoar Post-in jection
(■g/ig) CD df 1

t=
5 24

10.0 a 23 1.55 -0.98 -0.12
7.5 2 11 1.27 -0.72 0.04
5.0 4 23 3.29**

IKS
0.25 2.83**

H<S
2.5 4 23 1.66 -1.72 -0.09

Pre-drag saline t s . Post-drng saline 
Dose • Bats Hoar Post-injection
(■g/*g) CD df 1

t*
5 24

10.0 4 23 0.72 1.70 2.13
7.5 2 11 -1.30 1.13 -2.02
5.0 4 23 -0.73 3.52**

«S<S
4.45**
WS<S

2.5 4 23 -0.59 -0.02 1.21

H<S * aorphine < pre-drag saline 
VS<S * post-drng saline < pre-drng saline
** * p < .01
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TABLE 58.
Stereotyped Biting Behavior 

Sonnary of HcVenar tests (o< = .01) for each norphine dot

Pre-drug saline vs. Horphine
Dose # Rats Hour Post-injection
(ag/kg) (V) df 1 2 3 4 5 6 7  24
10.0 4 23 ♦ ♦ ♦ ♦
7.5 2 11 ♦ ♦ ♦ ♦
5.0 4 23 ♦ ♦
2.5 4 23

Pre-drng saline vs. Post-drng saline
Dose t Rats Honr Post-injection
(ag/kg) (I) df 1 2 3 4 5 6 7  24
10.0 4 23
7.5 2 11
5.0 4 23
2.5 4 23

♦ * aorphine > pre-drng saline
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Daole 59 Hi 3tological legalization of electrode placements.

Dose
as/tcg

10.0

HYP: dorsal to fornix

Rat Electrode Placement
412 DR: oec*. 10 and dorsal tesmer.tal nuclei.

KY?: dorso-lateral to L".
19P 03: medial to dorsal tecmental nucleus

5.0 150 03: ventral-lateral to 10
HY?: dcrso-r.edial to LH

10G 03: ventral in pontine 00
HY?: lateral to LH

2.5 SC 03: locus oceruleus in trans. area
HY?: dorso-redial to LH

70 03: oracniun co^untivui ir. trar.s. area
HYP: lateral nvootnaianus



Table &o

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

Dose Drug Cond. Intensity Drug x Intensity
(mg/kg) Animal "Pattern" (df 2. *12) (df 5. 210) (df 10. 210)
10.0 iHE - F=3.1B3 F=^2.2^2*** F=2.36l*

19 F - 20.̂ 78*** 2^ . 108*** 3.930***

1
5.0 15G N.E. 2.8'H U7.652**" 2./f53*»

100 1 25.636*** 37.75*1*** 1.957*

2.5 OG N.E. 3.589* 28O.767*** 7.613***
7G + 2.7**6 . 3 7 .6 6 9 *** 1.588

=depreasion(s)
+ =facilitation(s) 
N.E. =tlo effects 
* oC <. 05
** °c <.01
*** ®C<.001

191



T a b l e  6/

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

Intensity Drug x Intensity 
(df 5. 210) (df 10. 210)

F=19?.223*#* F=2.072*
350.835**# 2.263*

139.793*** ' 1.312
W . ^ 59*** 1.963*

273-165*** 1.700
576.3^6*** 0.90U

= depressions)
4 = facilitation^)
N.E. = no effects 
* c c .05
* *  <<.01
* * *  <<.001

Dose Drug Cond.
(mg/kg) Animal "Pattern" (df 2. *12)
10.0 41E + F=0.067

19F - 1.22if

5.0 15G + 2.816
10G + 2.857

2.5 8G N.E. iK969*
7G + 0.220

192
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TABLE 62.
Dancan a posteriori tests: Experiment 2,

Dragcond x Intensity - DB 
(c* * .01)

Pre-drag saline t s . florphine
Dose Bat • Intensity
(mg/kg) 1 2  3 * 5 6
10.0 HIE

19P -
5.0 15G

10G * 4 4
10G-DB overall: *

2.5 8G
7G

Pre-drug saline vs. Post-drag saline
Dose Bat # Intensity
(ng/kg) 1 2  3 * 5
10.0 *1E

19P
5.0 15G

10G 4
2.5 8G 4

7G

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

4 = morphine > pre-drag saline or post-drug saline > 
pre-dreg saline, as appropriate
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TABLE 63.
Dancan a posteriori tests: Experisent 2,

Dragcond z Intensity - HYP 
(o< a .01)

Dose
(ng/kg)
10.0

5.0

2.5

Pre-drag saline vs. Morphine 
Bat #

A IE
19P
156
106
86
76

Intensity 
2 3 4

Dose
(ng/kg)
10.0

5.0

2.5

Pre-drag saline y s . Post-drag saline 
Bat #

4 IB 
19P
156
106
86
76

Intensity 
2 3 4 5

♦ a
norphine < pre-drag saline or post-drag saline < 
pre-drag saline, as appropriate 
norphine > pre-drag saline or post-drag saline > 
pre-drag saline, as appropriate
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TABLE 64.
Behavioral Watch 

Sniaarj of t-tests (o< * .01) for each aorphine dose
Experiment 2

Pre-drag saline vs. Horphine
Dose # 
(ng/kg)

Bats
(*> df

Wet
Shakes Shudders Bearings

Locoaotor
Activity

10.0 2 5
t*

1.00 1.00 2-19 -0.93
5.0 2 5 1.00 1.00 3.11 1.36
2.5 2 5 1.00 1.00 -0.14 -0.05

Pre-drag saline vs. Post-drag saline
Dose # 
(ng/kg)

Bats
(■) df

Wet
Shakes Shudders Bearings

Locoaotor
Activity

10.0 2 5
t=
-1.66 0.00 -0.91 -1.05

5.0 2 5 0.42 0.70 -0.10 1.05
2.5 2 5 -0.35 1.00 0.20 -0.37

« p < .01
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TABLE 65.
Stereotyped Biting Behavior 

Senary of Bcleaar tests (<=x = .01) for each norphine dose
Experinent 2

Pre-drag saline vs. Borphine
Dose
(ag/kg)

# Bats 
(■) df

10.0 2 6 BS
5.0 2 6 IS
2.5 2 6 IS

Pre—drug saline vs. Post-drag saline
Dose
(■9/kg)

# Bats 
(*) df

10.0 2 6 IS
5.0 2 6 IS
2.5 2 6 IS

I S « p >  .01



FIGURE 1

FIGURE 2

FIGURE 3

FIGURE 4

FIGURE LEGERDS 
Operative field. Indicates the 
measurements nsed in defining laabda 
line: x = the distance ■ensured fros a
line extending 2 lateral of lanbda 
point to the intersection with the 
parietal-occipital suture.
Schesatic diagraa of testing procedure: 
Experiment 1.
Location of DB electrode tips. Symbols 
represent the classification of norphine 
effects; based upon the Duncan a 
posteriori tests on the interactions of 
Site x Drugcond x Day x Hour. Q  * 
•primarily* depressant; A  = "primarily* 
facilitative; §  s a biphasic pattern;
□  * "negligible" effects. The t«o 
sections on the right are adapted 
from Konig 6 Klippel (1963) .
Location of HIP electrode tips. Symbols 
represent the classification of morphine 
effects; based upon the Duncan a 
posteriori tests on the interactions of



PIGOBE 5

FIGURE 6

FIGURE 7

Site x Drugcond x Day x Hour. O * 
"primarily* depressant; A  * "prinarily" 
facilitatiwe; §  3 a biphasic pattern;
□  3 "negligible" effects. The sections 
are adapted fros Konig S Klippel (1963) . 
Graph of ICSS response rate by hour:
37E - norphine (10.0 ng/kg) - DB 
electrode - low intensity (99 uk)• Data 
expressed as nean (♦ and - the s.e.n.) 
response rate/fiwe ninutes for the six 
days of each drug condition.
Graph of ICSS response rate by hour:
37E - norphine (10.0 ng/kg) - DB 
electrode - high intensity (57 uk)• Data 
expressed as nean (4 and - the s.e.n.) 
response rate/fiwe ninutes for the six 
days of each drug condition.
Graph of ICSS response rate by hour:
37E - norphine (10.0 ng/kg) - HYP 
electrode - low intensity (35 uk)• Data 
expressed as nean (4 and - the s.e.n.) 
response rate/fiwe ninutes for the six 
days of each drug condition.
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FIGOBE

FIGOBE

FIGOBE

FIGOBE

8 Graph of ICSS response rate by hoar:
37E - sorphine (10.0 ng/kg) - HYP
electrode - high intensity (42 ah) . Data 
expressed as sean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.

9 Graph of ICSS response rate by hoar:
54 F - norphine (10.0 ng/kg) - DB
electrode - lov intensity (46 ah). Data 
expressed as nean (♦ and - the s.e.n.) 
response rate/fine ninates for the six 
days of each drag condition.

10 Graph of ICSS response rate by hoar:
54F - norphine (10.0 ng/kg) - DB
electrode - high intensity (64 ah) . Data 
expressed as nean (♦ and - the s.e.n.) 
response rate/fine ninates for the six 
days of each drag condition.

11 Graph of ICSS response rate by hoar:
54F - norphine (10.0 ng/kg) - HYP
electrode - lov intensity (25 ah). Data 
expressed as nean (+ and - the s.e.n.) 
response rate/five ninutes for the six 
days of each drag condition.
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FIGOBE

FIGOBE

FIGOBE

FIGOBE

12 Graph of ICSS response rate by hoar:
54F - sorphine (10.0 ng/kg) - HYP
electrode - high intensity (28 at) • Data 
expressed as aean (♦ and - the s.e.n.) 
response rate/fixe ninates for the six 
days of each drag condition.

13 6raph of ICSS response rate by hoar:
76F - norphine (10.0 mg/kg) - DB
electrode - lov intensity (106 al) • Data 
expressed as nean (+ and - the s.e.n.) 
response rate/five ninates for the six 
days of each drag condition.

14 Graph of ICSS response rate by hoar:
76F - norphine (10.0 ng/kg) - DB
electrode - high intensity (127 al)• Data 
expressed as nean (+ and - the s.e.n.) 
response rate/five ninates for the six 
days of each drag condition.

15 Graph of ICSS response rate by hoar:
76F - norphine (10.0 ng/kg) - HYP
electrode - lov intensity (35 al). Data 
expressed as nean (+ and - the s.e.n.) 
response rate/five ninates for the six 
days of each drag condition.
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FIGOBE

FIGOBE

FIGOBE

FIGOBE

16 Graph of ICSS response rate by hoar:
76F - aorphine (10.0 ag/kg) — BTP
electrode - high intensity (49 nl) • Data 
expressed as aean (♦ and - the s.e.n.) 
response rate/fire ainntes for the six 
days of each drag condition.

17 Graph of ICSS response rate by hoar:
94F - aorphine (10.0 ag/kg) - DB
electrode - lov intensity (42 aA). Data 
expressed as nean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

18 Graph of ICSS response rate by hoar:
94F - aorphine (10.0 ag/kg) - DB
electrode - high intensity (49 al) • Data 
expressed as aean (♦ and - the s.e.n.) 
response rate/five ainntes for the six 
days of each drng condition.

19 Graph of ICSS response rate by honr:
94F - aorphine (10.0 ag/kg) - BTP
electrode - lov intensity (42 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.
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FIGOBE 20 Graph of ICSS response rate by hour:
9 4P - aorphine (10.0 mg/kg) - HTP
electrode - high intensity (57 nl) • Data 
expressed as aean {♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGOBE 21 Graph of ICSS response rate by hoar:
74E - norphine (7.5 ag/kg) - DB
electrode - lov intensity (53 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drug condition.

FIGOBE 22 Graph of ICSS response rate by hoar:
74E - norphine (7.5 ng/kg) - DB
electrode - high intensity (60 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGOBE 23 Graph of ICSS response rate by hoar:
74E - norphine (7.5 ng/kg) - HTP
electrode - lov intensity (42 nl). Data 
expressed as aean (* and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
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FIGURE 24 Graph of ICSS response rate by hour:
74E - aorphine (7.5 ag/kg) - HTP 
electrode - high intensity (60 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.

FIGURE 25 Graph of ICSS response rate by hoar:
4G - norphine (7.5 ng/kg) - DB 
electrode - low intensity (170 nl)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/fire ninates for the six 
days of each drag condition.

FIGURE 26 Graph of ICSS response rate by hoar:
4G - norphine (7.5 ng/kg) - DB 
electrode - high intensity (198 al). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fiwe ainntes for the six 
days of each drag condition.

FIGURE 27 Graph of ICSS response rate by hoar:
4G - aorphine (7.5 ag/kg) - HTP 
electrode - low intensity (49 nl). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/fiwe ainntes for the six 
days of each drag condition.
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FIGOBE 28 Graph of ICSS response rate by hour:
4G - aorphine (7.5 mg/kg) - HTP 
electrode - high intensity (57 nl) . Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGOBE 29 Graph of ICSS response rate by hour:
75F - aorphine (5.0 ag/kg) - DB
electrode - lov intensity (64 nl)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGOBE 30 Graph of ICSS response rate by honr:
75F - aorphine (5.0 ag/kg) - DB
electrode - high intensity (78 nl). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGOBE 31 Graph of ICSS response rate by hour:
75F - aorphine (5.0 ag/kg) - HTP
electrode - lov intensity (57 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
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FIGOBE 32 Graph of ICSS response rate by hoar:
75F - aorphine (5.0 mg/kg) - HTP
electrode - high intensity (85 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fire ainntes for the six 
days of each drng condition.

FIGOBE 33 Graph of ICSS response rate by hoar:
66F - aorphine (5.0 ag/kg) - DB
electrode - lov intensity (99 nl). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGOBE 30 Graph of ICSS response rate by honr:
66F - aorphine (5.0 ag/kg) - DB
electrode - high intensity (113 nl). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGOBE 35 Graph of ICSS response rate by honr:
66F - aorphine (5.0 ag/kg) - HTP 
electrode - lov intensity (28 nl) . Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
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FIGURE 36 Graph of ICSS response rate by hoar:
66F - aorphine (5.0 ag/kg) - HTP 
electrode - high intensity (39 ah). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 37 Graph of ICSS response rate by honr:
3G - aorphine (5.0 ag/kg) - DB 
electrode - lov intensity (66 ah)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ninates for the six 
days of each drng condition.

FIGURE 38 Graph of ICSS response rate by honr:
3G - aorphine (5.0 ag/kg) - DB 
electrode - high intensity (85 ah) • Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 39 Graph of ICSS response rate by honr:
3G - aorphine (5.0 ag/kg) - HTP 
electrode - lov intensity (62 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.
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FIGURE 40 Graph o£ ICSS response rate by hoar:
3G - aorphine (5.0 ag/kg) - HTP 
electrode - high intensity (57 si) . Data 
expressed as aean {♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGURE 41 Graph of ICSS response rate by honr:
21G - aorphine (5.0 ag/kg) - DB
electrode - lov intensity (21 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGURE 42 Graph of ICSS response rate by honr:
21G - aorphine (5.0 ag/kg) - DB
electrode - high intensity (35 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 43 Graph of ICSS response rate by honr:
21G - aorphine (5.0 ag/kg) - HTP
electrode - lov intensity (49 nl) • Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
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FIGORE 44

I

FIGORE 45

FIGORE 46

FIGORE 47

Graph of ICSS response rate by honr:
21G - aorphine (5.0 mg/kg) - BTP 
electrode - high intensity (92 nl) • Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fine ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by honr:
84F - aorphine (2.5 ag/kg) - DB 
electrode - lov intensity (177 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by honr:
84F - aorphine (2.5 ag/kg) - DB 
electrode - high intensity (199 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by honr:
84F - aorphine (2.5 ag/kg) - HTP 
electrode - lov intensity (35 nl)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
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FIGURE 98 Graph of ICSS response rate by hour:
89F - aorphine (2.5 ag/kg) - BTP 
electrode - high intensity (89 nl) • Data 
expressed as aean (+ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drng condition.

FIGURE 99 Graph of ICSS response rate by honr:
86F - aorphine (2.5 ag/kg) - DB
electrode - lov intensity (18 nl)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 50 Graph of ICSS response rate by honr:
86F - aorphine (2.5 ag/kg) - DB
electrode - high intensity (21 nl) • Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 51 Graph of ICSS response rate by honr:
86P - aorphine (2.5 ag/kg) - HTP
electrode - lov intensity (32 nl). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ninutes for the six 
days of each drng condition.
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FIGOBE 52 Graph of ICSS response rate by honr:
867 - aorphine (2.5 ag/kg) - RTF 
electrode - high intensity (35 al) • Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drng condition.

FIGORE 53 Graph of ICSS response rate by honr:
18G - aorphine (2.5 ag/kg) - DB
electrode - low intensity (71 nl)• Data 
expressed as aean (♦ and — the s.e.a.) 
response rate/fiwe ainntes for the six 
days of each drng condition.

FIGORE 51 Graph of ICSS response rate by honr:
18G - aorphine (2.5 ag/kg) - DB
electrode - high intensity (99 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fiwe ainntes for the six 
days of each drng condition.

FIGOBE 55 Graph of ICSS response rate by honr:
18G - aorphine (2.5 ag/kg) - BTP
electrode - lov intensity (25 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fiwe ainntes for the six 
days of each drng condition.
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PXGOBE 56 Graph of ICSS response rate by hoar:
18G - aorphine (2.5 ng/kg) - HTP 
electrode - high intensity (42 al) . Data
expressed as nean (♦ and - the s.e.n.)
response rate/five ninates for the six
days of each drag condition.

FIGOBE 57 Graph of ICSS response rate by hoar:
96 - norphine (2.5 ng/kg) - DB 
electrode - low intensity (57 al) . Data 
expressed as nean (♦ and - the s.e.n.) 
response rate/fiwe ninates for the six 
days of each drag condition.

PXGUBE 58 Graph of ICSS response rate by hoar:
9G - norphine (2.5 ng/kg) - DB 
electrode - high intensity (71 al)• Data
expressed as nean (♦ and - the s.e.n.)
response rate/fiwe ninates for the six
days of each drag condition.

PIGOBE 59 Graph of ICSS response rate by honr:
9G - norphine (2.5 ng/kg) - HTP 
electrode - low intensity (28 nl) • Data 
expressed as nean (+ and - the s.e.n.) 
response rate/fiwe ninates for the six 
days of each drag condition.



FIGOBE 60 Graph of ICSS response rate by hour:
9G - aorphine (2.5 mg/kg) - HTP 
electrode - high intensity (42 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.

FIGOBE 61 Graph of ICSS response rate by day by hoar
37E - aorphine (10.0 ag/kg) - DB
electrode - lov intensity (49 al). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGOBE 62 Graph of ICSS response rate by day by hoar
37E - aorphine (10.0 ag/kg) - DB
electrode - high intensity (57 al). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGOBE 63 Graph of ICSS response rate by day by hoar
37E - aorphine (10.0 ag/kg) - HTP
electrode - lov intensity (35 al)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.



FIGOBE 64 Graph of ICSS response rate by day by hoar
37E - aorphine (10.0 ag/kg) - HTP
electrode - high intensity (42 al) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ninutes for the six 
days of each drag condition.

FIGOBE 65 Graph of ICSS response rate by day by hoar
54F - aorphine (10.0 ag/kg) * DB
electrode - low intensity (46 nl) . Data 
expressed as aean (4 and - the s.e.a.) 
response rate/five ninutes for the six 
days of each drag condition.

FIGOBE 66 Graph of ICSS response rate by day by hoar
54F - aorphine (10.0 ag/kg) - DB
electrode - high intensity (64 nl). Data 
expressed as aean (4 and - the s.e.a.) 
response rate/fiwe ninutes for the six 
days of each drag condition.

FIGOBE 67 Graph of ICSS response rate by day by hoar
54F - aorphine (10.0 ag/kg) - HTP
electrode - low intensity (25 nl)• Data 
expressed as aean (4 and — the s.e.a.) 
response rate/fiwe ninutes for the six 
days of each drug condition.



FIGOBE 68 Graph of ICSS response rate by day by boor
5bF - aorphine (10.0 ng/kg) - HTP
electrode - high intensity (28 ul). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.

FIGOBE 69 Graph of ICSS response rate by day by hoar
76F - aorphine (10.0 ag/kg) - DB
electrode - lov intensity (106 ul) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ninutes for the six 
days of each drug condition.

FIGOBE 70 Graph of ICSS response rate by day by hour
76F - aorphine (10.0 mg/kg) - DB
electrode - high intensity (127 ul). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ninutes for the six 
days of each drug condition.

FI60BE 71 Graph of ICSS response rate by day by hour
76F - aorphine (10.0 ag/kg) — HTP
electrode - lov intensity (35 ul)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ninutes for the six 
days of each drug condition.



FIGURE 72 Graph of ICSS response rate by day by hoar
76F - aorphine (10.0 mg/kg) ~ HYP
electrode - high intensity (49 al) . Data 
expressed as aean (♦ and - the s.e.B.) 
response rate/five ninntes for the six 
days of each drag condition.

FIGURE 73 Graph of ICSS response rate by day by hoar
94F - aorphine (10.0 mg/kg) - DD
electrode - low intensity (42 ah)• Data 
expressed as Bean (♦ and - the s.e.a.) 
response rate/five ninntes for the six 
days of each drag condition.

FIGURE 74 Graph of ICSS response rate by day by hoar
94F - aorphine (10.0 ng/kg) - DB
electrode - high intensity (49 ai) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainutes for the six 
days of each drag condition.

FIGURE 75 Graph of ICSS response rate by day by hoar
94F - aorphine (10.0 ng/kg) ~ HYP
electrode - low intensity (42 nl). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five axnntes for the six 
days of each drag condition.



FIGURE 76 Graph of ICSS response rate by day by hoar
94 F - morphine (10.0 mg/kg) - HYP
electrode - high intensity (57 al). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/fixe ainutes for the six 
days of each drag condition.

FIGDBE 77 Graph of ICSS response rate by day by hoar
74E - aorphine (7.5 ng/kg) - DB
electrode - low intensity (53 nk). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ninntes for the six 
days of each drag condition.

FIGURE 78 Graph of ICSS response rate by day by hoar
74E - aorphine (7.5 ag/kg) - DB
electrode - high intensity (60 ai) • Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fiwe ainntes for the six 
days of each drag condition.

FIGURE 79 Graph of ICSS response rate by day by hoar
74E - aorphine (7.5 ag/kg) - HYP
electrode - low intensity (42 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fiwe ninntes for the six 
days of each drug condition.



FIGOBE 80 Graph of ICSS response rate by day by hoar 
74E - aorphine (7.5 ag/kg) - HIP 
electrode - high intensity (60 ai). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ninntes for the six 
days of each drag condition.

FIGUBE 81 Graph of ICSS response rate by day by hoar
4G - aorphine (7.5 ag/kg) - DB 
electrode - lov intensity (170 ai)• Data 
expressed as aean (♦ and — the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.

FIGUBE 82 Graph of ICSS response rate by day by hoar
4G — aorphine (7.5 ag/kg) - DB 
electrode - high intensity (198 ai). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.

FIGOBE 83 Graph of ICSS response rate by day by hoar
4G - aorphine (7.5 ag/kg) - HYP 
electrode - low intensity (49 ai). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.



FIGOBE 8*1 Graph of ICSS response rate by day by hoar
*G - aorphine (7.5 ag/kg) - HYP 
electrode - high intensity (57 nl) . Data 
expressed as aean (♦ and — the s.e.a.) 
response rate/fire ainntes for the six 
days of each drag condition.

FIGUBE 85 Graph of ICSS response rate by day by hoar
75F - aorphine (5.0 ag/kg) - DB
electrode - lov intensity (68 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGUBE 86 Graph of ICSS response rate by day by hoar
75F - aorphine (5.0 ag/kg) - DB 
electrode - high intensity (78 nl) • Data 
expressed as aean (+ and - the s.e.a.) 
response rate/fine ainntes for the six 
days of each drng condition.

FIGUBE 87 Graph of ICSS response rate by day by hoar 
75F - aorphine (5.0 ag/kg) - HYP 
electrode - lov intensity (57 nl) . Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.



FIGURE 88 Graph of ICSS response rate by day by hoar 
75F - sorphine (5.0 ag/kg) - HYP 
electrode - high intensity (85 ol) . Data 
expressed as sean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 89 Graph of ICSS response rate by day by hoar
66F - aorphine (5.0 ag/kg) - DB
electrode - lov intensity (99 nl). Data 
expressed as aean (* and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 90 Graph of ICSS response rate by day by hoar
66F - aorphine (5.0 ag/kg) - DB
electrode - high intensity (113 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGURE 91 Graph of ICSS response rate by day by hoar
66F - aorphine (5.0 ag/kg) - HYP
electrode - lov intensity (28 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.



FIGUBE 92 Graph of ICSS response rate by day by hoar 
66F - aorphine (5.0 ag/kg) - HTP 
electrode - high intensity (39 nl). Data
expressed as aean (♦ and - the s.e.a.)
response rate/five ainntes for the six
days of each drng condition.

FIGUBE 93 Graph of ICSS response rate by day by boor
3G - aorphine (5.0 ag/kg) - DB 
electrode - lov intensity (69 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

FIGUBE 99 Graph of ICSS response rate by day by hoar
3G - aorphine (5.0 ag/kg) - DB 
electrode - high intensity (85 nl) . Data
expressed as aean (+ and - the s.e.a.)
response rate/five ainntes for the six
days of each drng condition.

FIGUBE 95 Graph of ICSS response rate by day by hour
3G - aorphine (5.0 ag/kg) - HTP 
electrode - lov intensity (42 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.



FIGURE 96 Graph of ICSS response rate by day by hour 
3G - aorphine (5.0 mg/kg) - HTP 
electrode - high intensity (57 nl) . Data 
expressed as aean (♦ and - the s.e.a•) 
response rate/fixe ninntes for the six 
days of each drag condition.

FIGURE 97 Graph of ICSS response rate by day by hoar 
21G - aorphine (5.0 ag/kg) - DB 
electrode - lov intensity (21 ah)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGURE 98 Graph of ICSS response rate by day by hoar
21G - aorphine (5.0 ag/kg) - DB 
electrode - high intensity (35 ah) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.

FIGURE 99 Graph of ICSS response rate by day by hoar
21G - aorphine (5.0 ag/kg) - HTP 
electrode - lov intensity (49 at). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.



FIGURE 100

FIGURE 101

FIGURE 102

FIGURE 103

Graph of ICSS response rate by day by hoar 
21G - aorphine (5.0 mg/kg) - HIP 
electrode - high intensity (92 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.
Graph of ICSS response rate by day by hoar 
84 F - aorphine (2.5 ag/kg) - DB 
electrode - lov intensity (177 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.
Graph of ICSS response rate by day by hoar 
84F - aorphine (2.5 ag/kg) — DB 
electrode - high intensity (199 al)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by day by hoar 
84F - aorphine (2.5 ag/kg) - HTP 
electrode - lov intensity (35 al). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.



FIGUBE 10A

FIGUBE 105

FIGUBE 106

FIGOBE 107

Graph of ICSS response rate by day by hoar 
8hF - aorphine (2.5 ag/kg) - HTP 
electrode - high intensity (*9 uA) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drag condition.
Graph of ICSS response rate by day by hoar 
86F - aorphine (2.5 ag/kg) - DB 
electrode - lov intensity (18 aA)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.
Graph of ICSS response rate by day by hoar 
86? - aorphine (2.5 ag/kg) - DB 
electrode * high intensity (21 nA). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drag condition.
Graph of ICSS response rate by day by hoar 
86F - aorphine (2.5 ag/kg) - HTP 
electrode - lov intensity (32 nA). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.



FIGOBE 108

FIGOBE 109

FIGOBE 110

FIGOBE 111

Graph of ICSS response rate by day by hour 
86F - aorphine (2.5 ag/kg) - HTP 
electrode - high intensity (35 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/fixe ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by day by honr 
18G - aorphine (2.5 ag/kg) - DB 
electrode - lov intensity (71 nl)• Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by day by honr 
18G - aorphine (2.5 ag/kg) - DB 
electrode - high intensity (99 nl). Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by day by honr 
18G - aorphine (2.5 ag/kg) - HTP 
electrode - lov intensity (25 nl). Data 
expressed as aean (+ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.



FIGURE 112

FIGURE 113

FIGURE 114

FIGURE 115

Graph of ICSS response rate by day by hoar 
18G - aorphine (2.5 ag/kg) - HTP 
electrode - high intensity (42 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by day by honr 
9G - aorphine (2.5 ag/kg) - DB 
electrode - lov intensity (57 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by day by honr 
9G - aorphine (2.5 ag/kg) - DB 
electrode - high intensity (71 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
Graph of ICSS response rate by day by honr 
9G - aorphine (2.5 ag/kg) - HTP 
electrode - lov intensity (28 nl)• Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.
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FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

116 Graph of ICSS response rate by day by hoar:
9G - aorphine (2.5 ag/kg) - RTF 
electrode - high intensity (42 nl) . Data 
expressed as aean (♦ and - the s.e.a.) 
response rate/five ainntes for the six 
days of each drng condition.

117 Graph of locoaotor activity by honr:
37E - aorphine (10.0 ag/kg)- Data expressed 
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

118 Graph of locoaotor activity by honr:
54F - aorphine (10.0 ag/kg) • Data expressed 
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

119 Graph of locoaotor activity by honr:
76F - aorphine (10.0 ag/kg). Data expressed 
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

120 Graph of locoaotor activity by honr:
94F - aorphine (10.0 ag/kg)• Data expressed 
as the aean (* and - s.e.a.) nnaber of observed
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box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGURE 121 Graph of locoaotor activity by honr:
74 E - aorphine (7.S ag/kg)• Data expressed 
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGOBE 122 Graph of locoaotor activity by honr:
4G - aorphine (7.S ag/kg). Data expressed 
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGURE 123 Graph of locoaotor activity by honr:
75F - aorphine (5.0 ag/kg). Data expressed
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGURE 124 Graph of locoaotor activity by honr:
66F - aorphine (5.0 ag/kg). Data expressed
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGURE 125 Graph of locoaotor activity by honr:
3G - aorphine (5.0 ag/kg). Data expressed 
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches
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for the six days of each drug condition.
FIGOBE 126 Graph of locoaotor activity by honr:

21G - aorphine (5.0 ag/kg). Data expressed
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainute behavioral watches 
for the six days of each drng condition.

FIGOBE 127 Graph of locoaotor activity by honr:
84F - aorphine (2.5 ag/kg). Data expressed
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGOBE 128 Graph of locoaotor activity by honr:
86F - aorphine (2.5 ag/kg). Data expressed
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGOBE 129 Graph of locoaotor activity by honr:
18G - aorphine (2.5 ag/kg). Data expressed
as the aean (♦ and - s.e.a.) nnaber of observed 
box crossings/five ainnte behavioral watches 
for the six days of each drng condition.

FIGOBE 130 Graph of locoaotor activity by honr:
9G - aorphine (2.5 ag/kg). Data expressed 
as the aean (* and - s.e.a.) nnaber of observed
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box crossings/five ainnte behavioral watches 
for the six days of each drag condition.

FIGURE 131 Graph of stereotyped biting behavior by honr: 
Horphine - 10.0 ag/kg. 1 * 9  aninals.
Data expressed as the aean (♦ and - 
s.e.a.) nnaber of sessions in which 
biting behavior was observed for the six 
days of each drng condition.

FIGUBE 132 Graph of stereotyped biting behavior by honr: 
Horphine >7.5 ag/kg. 1 * 2  aninals.
Data expressed as the aean (♦ and - 
s.e.a.) nnaber of sessions in which 
biting behavior was observed for the six 
days of each drng condition.

FIGURE 133 Graph of stereotyped biting behavior by honr: 
Horphine - 5.0 ng/kg. 1 * 9  aninals.
Data expressed as the aean (♦ and - 
s.e.a.) nnaber of sessions in which 
biting behavior was observed for the six 
days of each drng condition.

FIGURE 134 Graph of stereotyped biting behavior by honr: 
Horphine - 2.5 ag/kg. H = 4 aninals.
Data expressed as the aean (♦ and - 
s.e.a.) nnaber of sessions in which
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bitin? behavior was observed for the six 
days of each drng condition.

FIGURE 135 Location of DB electrode tips. Syabols 
represent the classification of aorphine 
effects; based upon the Duncan a 
posteriori tests on the interactions of 
Site x Dmgcond x Day x Boor. Q  * 
•priaarily" depressant; a  * "priaarily" 
facilitative; £  = a biphasic pattern;
□  = "negligible" effects. The two 

sections on the right are adapted 
froa Konig & Klippel (1963) .

FIGURE 136 Location of HTP electrode tips. Syabols 
represent the classification of aorphine 
effects; based npon the Duncan a 
posteriori tests on the interactions of 
Site x Drngcond x Day x Hour. Q  * 
"priaarily" depressant; A *  "priaarily" 
facilitative; #  * a biphasic pattern;
□  * "negligible" effects. The sections 
are adapted froa Konig 6 Klippel (1963) •

FIGUBE 137 Graph of rate intensity function: 
hlE - aorphine (10.0 ag/kg) ~ DB 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/five



FIGUBE 138

FIGOBE 139

FIGUBE 140

FIGOBE 141

ainntes for the three days of each 
drag condition.
Graph of rate intensity function: 
41E - aorphine (10.0 ag/kg) - HTP 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/five 
ainntes for the three days of each 
drug condition.
Graph of rate intensity function: 
19F - aorphine (10.0 agAg) “ DB 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/five 
ainntes for the three days of each 
drug condition.
Graph of rate intensity function: 
19F - aorphine (10.0 mg/kg) ~ HTP 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/five 
ainntes for the three days of each 
drug condition.
Graph of rate intensity function: 
15G - aorphine (10.0 ag/k9) ~ DB



electrode. Data expressed as sean 
(♦ and - s.e.a.) response rate/fixe 
ainntes for the three days of each 
drng condition.

FIGUBE 142 Graph of rate intensity function: 
1SG - aorphine (10.0 ag/kg) - HTP 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/fixe 
ainntes for the three days of each 
drng condition.

FIGUBE 143 Graph of rate intensity function: 
10G - aorphine (10.0 ag/kg) - DB 
electrode. Data expressed as aean 
(♦ and ~ s.e.a.) response rate/fixe 
ainntes for the three days of each 
drng condition.

FIGUBE 144 Graph of rate intensity function: 
10G - aorphine (10.0 mg/kg) - HTP 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/fixe 
ainntes for the three days of each 
drng condition.

FIGUBE 145 Graph of rate intensity function:
8G - aorphine (10.0 ag/kg) - DB 
electrode. Data expressed as aean



(♦ and - s.e.n.) response rate/five 
ninntes for the three days of each 
drng condition.

FIGUBE 146 Graph of rate intensity function:
8G - aorphine (10.0 ag/kg) - HIP 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/fixe 
ainntes for the three days of each 
drng condition.

FIGUBE 147 Graph of rate intensity function:
7G - aorphine (10.0 ag/kg) - DB 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/fixe 
ainntes for the three days of each 
drng condition.

FIGUBE 148 Graph of rate intensity function:
7G - aorphine (10.0 ag/kg) - HIP 
electrode. Data expressed as aean 
(♦ and - s.e.a.) response rate/fixe 
ainntes for the three days of each 
drng condition.
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FIGURE X TESTING PROCEDURE

HOURLY SESSION! 7 min. 1 7 min. I 7 min. 1 7 min. 29 min.
Site A m Site B m Site A m Site B timeout
Lov/ i Lov/ i High i High (Bar re­
Intensity n Intensity n Intensity n Intensity tracted)

injection «
DAILY B ICSS session\ B" icss session! G ICSS session! G ICSS ses­TESTING W pre-in jec tioiX W pos t in jec ti on C post-injection C sionPROCEDURE! hour 1 = V hour 1 hour 2 post-in­III post injection 

hour 2*1 of pre- 
vious day

I 1 2 jection 
hour 3

G ICSS session B ICSS session! G ICSS sessions! G ICSS ses­C post-injec tion W post-injection C post-injection C sion!hour 4 hour 5 hour 6 pos t-in-3 II h 5 jection
hour 7

•3)
d>
PO

DRUG TEST 
PROCEDURE 
Expcrimen t 1«

6 days 
saline

6 days 
morphine

6 days 
saline

BW = 5 min Behavioral Watch
GC = 1 min behavioral observation ro

oj
c n

morphine or saline administered 5 minutes prior to testing when appropriate
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37E - DB, low intensity (̂ 9 u*)
pre-drug saline - 1 = ---

aorphine (10.0 mg/kg) ~ 2 - —  
post-drug saline = 3 = —
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37E — DBr high intensity (57 oJl)

pre-drug saline = 1 = --
morphine (10.0 ng/kg) = 2 =- 

post-drug saline = 3 = -
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37E - HIP, low intensity (35 uA)

pre-drug saline = 1 = —  
aorphine (10.0 ag/kg) -  2 =  —  

post-drug saline = 3 = ___
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37B - HIP, high intensity |*»2 oA)

pre-drug saline = 1 = < 
morphine (10.0 mg/kg) = 2 

post-drug saline = 3 = -
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5QP - DB, low intensity (*»6 uA)

pre-drug saline = 1 = 
■orphine (10.0 ng/ltg) - 2 - 

post-drug saline = 3 = *...
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SHF - DB, high intensity (6<l uh)
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5i»F - HIP, low intensity (25 uA)
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5*1 P - HTP, high intensity (28 uA)
pre-drug saline = 1 = —— — —  

■ orphine (10.0 mg/\q) = 2 = — —  
post-drug saline = 3 = — ■
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76F - DB, low intensity (106 uh)M
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76F - DB, high intensity (127 nh)

pre-drug saline 1  -----
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76r - HIP, low intensity (35 uA)
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76f - HTP, high intensity (49 uA)
pre-drug saline - 1 = — ---

aorphine (10.0 mg/kg) - 2 - —  
post-drug saline = 3 = -----

, s 
I E
I ft

A| tD t
I
ft 4 ft 
ft f 
5

\ *■ 
s
p
E
R

M
I
N0
TPI

B 7J I.1

O s

H u m  h u m - i H j l C T i r w

M>*v
to

Figure



2-3
 
*'*'2
 

 ̂ ̂
2>n

j

9UP - DB, low intensity (t»2 uA)
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pre-drug saline = 1 = - 
morphine (10.0 mg/kg) = 2 
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99F - DB, high intensity (99 uA)

pre-drag saline = 1 = —
norphine (10.0 mg/Kg) = 2 = -

post-drug saline = 3 = --------
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4G - HYPr low intensity (49 aft)
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<*G - niP, high intensity (57 uA)
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75F - HIP, low intensity (57 uA)
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75P - HIP, high intensity (85 uA)
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66F - DB, low intensity (99 uA)

MI
A
N
ft
CS
P0 
ft
s
r

(4
A
Tt
1
P
it
C
ssI
s

ptR
M
IMU
III

pre-drug saline = 1 - ---
morphine (5.0 ug/kg) - 2 ~ —  

post-drug saline = 3 =• — —
70 «

0 4

*0 ♦

0 *

10 ♦

f. 7 Z'\
IIOIIM I M J S I - I N J L t  I fOII

PCa,o>

Figure 
33



66F - DB, high intensity (113 uA)
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66F - HIP, low intensity (28 uJl)
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66F - HTP, high intensity (39 all)
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3G - DB, high intensity (85 ni)
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21G - DB, low intensity (21 ui)
pre-drug saline = 1 = -
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21G - HIP, low intensity (*19 nil)
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8<IF - HIP, high intensity (tl9 nl)
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06F - DB, high intensity (21 nl)
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18G - DB, low intensity (71 ul)
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18G - HYP, low intensity (25 uA)
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18G - HIP, high intensity f*»2 u»)

He
A
N

2&0 ♦

pre-drug saline = 1 = 
■orphine (2.5 ng/kg) = 2 

post-drug saline = 3 =

I 2S0 
p ! o n'
Sj 230 C1

'V

I
P 210 R 
E 
S| 200 
S

P
E t 40 
R

« ;
I ,0Oi . t

1*1 UR P O S I  i r i j r C T U N

nol£>

Figure 
56



9G - DB, low intensity (57 ul)
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9G - DB, high intensity (71 lift)
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37E - DB# high intensity (57 uA)

H
E
A
N 1 1i

pre-drug saline = 4 = • •
nean of morphine (10.0 ng/kg) days 1 and 2

mean of morphine days 3 and 4 - 2 -
aean of aorphine days 5 and 6 = 3 1

E
SP
nH
s
E 80

R
A1
E

t
P 
R 
E 
S 
s
E 32
S I
P
E
R 16

M
I
ftUT /'I3 S2I

IttllA PIIST-INJFntOrl

tv*
COOi

Figure 
62



37e - HTP# low intensity (35 uA)
pre-drag saline * 4 = • • ■

mean of morphine (10.0 mg/Xg) days 1 and 2
mean of morphine days 3 and *» = 2 =
mean of morphine days 5 and 6 = 3 =

R
i 2
S 36 ♦

16

I Z

0
T I Z 3 * 5

inufe P o S i - i t f j F c v  iom

to
<ca

Figure 
63



M
f
A
N

r»t
s
p
VH
s
E

*
A
TE
t
P

F

S
t
S

P
E
R

H
I
H
U
T
ri

3 f> *

37E - HIP, high intensity (42 ul)

pre-drug saline = 4 = - - •
mean of morphine (10.0 mg/kg) days 1 and 2 

mean of morphine days 3 and 4 ® 2 =*
=  3 *-mean of morphine days 5 and 6

16

\ z

6

0
I 2 S•*

iNi i rn r n s t - t r t j r c T i c t f

CO<0-3

Figure 
64



5**F - DB, low intensity (*16 ul)
pre-drug saline = 4 = • • ■ -

nean of norphine (10.0 ng/kg) days 1 and 2 = 1 =---
mean of morphine days 3 and h = 2  = —

- nean of norphine days 5 and 6 * 3------------
n

60

50

30

?U

1 0

— Y0
31

m o o n  i ' c i s r - i f K » f r i  i o n

Figure 
65



5HF - DB, high intensity (64 uA)
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5*IF - HIP, low intensity (25 u&)
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5HF - HYP, high intensity (28 uA)
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76P - DB, high intensity (127 nk)
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9hP - DBy low intensity (<l2 uA)
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9UF - DB, high intensity (99 uA)
pre-drug saline = 4 = ■ ■

nean of norphine (10.0 ag/Xg) days 1 and 2 
nean of norphine days 3 and 9 = 2 -
nean of norphine days 5 and 6 =3

R
A1f
tl»
R
E
S
S

s \ \
p
ER
MI
N
U
I ;5■1?I

*»ts
(0

■p-

m u p  p i i s i - i M j r - c T i n t

wo



I

9hF — HIP, low intensity (*2 uA)
pre-drug saline = 4 = • ■ • ■

nean of norphine (10.0 ng/kg) days 1 and 2 = 1
nean of norphine days 3 and *» ~ 2 =
nean of norphine days 5 and 6 = 3 =-■

?  *10 4

2 0  n ♦

12U  L
— r

M 0

<40

Vi2 t1
HOUH r u s t  -  i f l ^ c c  f l c r t

Ono

Figure 
75



I

200 ♦

9«P - OTP, high intensity (57 ul)

pre-drug saline = 4 = * * *
mean of morphine (10.0 mg/kg) days 1 and 2

mean of morphine days 3 and 1 - 2 -
mean of norphine days 5 and 6 = 3 =

pi i n ♦

rz It1

T3
C
(9

Ov

iioum ros i - iNJt.c i i mi

<j*OtO



M
E
A
N

7hE - DB, low intensity (53 oA)
pre-drug saline = 4 = • •

nean of norphine (7.5 ng/kg) days 1 and 2 
nean of norphine days 3 and •» = 2
nean of norphine days 5 and 6 = 3

= 1

120 I

UMI ♦

A1
E

60

t
PR
tS
s
E
S

60

P
ER

• ^20

-- 1
--■I

H
I
N
U
T Sz 3 •l 7I

l i n i l K  f O b l  -  114.11 t  I l O ' l

OiH-*O

Figure 
77



7HE — DB, high intensity (60 uA)
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4G - DB, low Intensity (170 uA)
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MG - DB, high intensity (19B nh)
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i|G - HIP, high intensity (57 ni)
pre-drag saline = 4 = • .

tie an of morphine (7.5 mg/kg) days 1 and 2 
■ean of morphine days 3 and h = 2  
mean of morphine days 5 and 6 = 3

?M0 ♦

?00 ♦

] 20 ♦

flO »

U

0 •
-//-

H*̂3

Figure 
84



75F - DB, low intensity (64 uJt)
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75F - HTPr low intensity (57 nl)
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66F - DB, high intensity (113 ah)
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66P - HYP, low intensity (28 aA)
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66F - HYP, high intensity (39 aA)
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3G - DB, low intensity (6H uA)
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3G - DB, high intensity (85 uA)
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36 - HIP, low intensity (h2 uh)
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36 - HTP, high intensity (57 uA)

2110 »

2 H 0 *

pre-drug saline = 4 *=• • •
mean of morphine (5.0 mg/kg) days 1 and 2

mean of morphine days 3 and 4 = 2
mean of morphine days 5 and 6 = 3

?0° ♦

120 ♦

pI !<U * H
.1
Inu «n »iL1

- c -» 3
Maun r u s t - i N . i r . c i  i o n

Uirc<r>

i

Figure 
96



216 - DB, low intensity (21 ull)
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21G - DB# high intensity (35 uK)
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216 - HYP, low intensity (H9 ah)
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21G - HYP, high intensity (92 M l)
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0«IF - DB, low Intensity (177 nA)
pre-drug saline = 4 = • • • ■

b io  an of aorphine (2.5 ag/kg)' days 1 and 2 = 1  =
aean of aorphine days 3 and <l = 2 = -
aean of aorphine days 5 and 6 = 3 = — — — -

'10 ♦

♦

0 ♦

n ♦

1 2 * M 3 fr f VI
H O I f M  ( M I S T - l N v l » . C  f  | O M

I

Figure 
101 

7)7)4



8*IP - DB, high intensity (199 uA)
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QhP - HIP, low Intensity (35 uA)
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BUP - HIP, high intensity (49 aA)
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86F - DB, lov intensity (18 aA)
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B6P - DB, high intensity (21 uk)
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86P - HYP# low Intensity (32 aA)
pre-drug saline *= 4 = ■ • * ■

mean of morphine (2.5 mg/kg) days 1 and 2 = 1  = —•------
mean of morphine days 3 and *1 = 2  - —
mean of morphine days 5 and210 4

EAN
R I 60 4Ir»l»0Ns 1 Ml ♦t

(I*
P
f.

L5
r*rt\
n
I
N
U1r>

ttOliH l*Ob I - * N*JLC I I III#

04
o

Figure 
107



I 86P - HIP, high intensity (35 uA)
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186 - DB, low intensity (71 nA)
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18G - HYP, low Intensity (25 uA)
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18G - HYP, high intensity (42 uh)
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9G - DB, low intensity (57 uk)
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9G - DB, high intensity (71 a A)
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9G - HIP, low intensity (28 ak)
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9G - HYP, high intensity (*»2 nil)
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