Utah State University

Digital Commons@USU

All Graduate Theses and Dissertations Graduate Studies

5-1992

An Examination of Operant-Respondent Interaction in the
Development of Tolerance to Ethanol

Brady Justin Phelps
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd

6‘ Part of the Biological Psychology Commons

Recommended Citation

Phelps, Brady Justin, "An Examination of Operant-Respondent Interaction in the Development of Tolerance
to Ethanol" (1992). All Graduate Theses and Dissertations. 6037.
https://digitalcommons.usu.edu/etd/6037

This Dissertation is brought to you for free and open
access by the Graduate Studies at
DigitalCommons@USU. It has been accepted for

inclusion in All Graduate Theses and Dissertations by an /[x\

authorized administrator of DigitalCommons@USU. For /\

more information, please contact IQ‘ .()Al UtahStateUniversity
digitalcommons@usu.edu. ‘e~ MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/etd
https://digitalcommons.usu.edu/gradstudies
https://digitalcommons.usu.edu/etd?utm_source=digitalcommons.usu.edu%2Fetd%2F6037&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/405?utm_source=digitalcommons.usu.edu%2Fetd%2F6037&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/etd/6037?utm_source=digitalcommons.usu.edu%2Fetd%2F6037&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/

AN EXAMINATION OF OPERANT-RESPONDENT
INTERACTION IN THE DEVELOPMENT OF

TOLERANCE TO ETHANOL

by

Brady Justin Phelps

A dissertation submitted in partial fulfillment
of the requirements for the degree

of
DOCTOR OF PHILOSOPHY
in

Psychology

UTNAH STATE UNIVERSITY
Logan, Utah




11

ACKNOWLEDGEMENTS

I owe too many thanks to a host of individuals who have assisted
me in this project. I am most appreciative of the patience and
responsiveness of my committee members in general. Their comments and
suggestions kept me going at times. I am especially grateful to
Grayson Osborne and Carl Cheney. I consider my training and educaticn
from these individuals to be invaluable.

To my chairman, Carl Cheney, I must publicly express my immens

M

appreciation at his ability to encourage and shape my thinking,
writing, and research skills and I am very thankful for his editorial
and methodological assistance on this and other projects.

I would also like to thank Mary Exum for her advice and assistance
and the technical assistance of Cindy Ottley and Dennis Ffeudenthal.

I dedicate this paper to my parents, who fostered in me a love of

reading and a love of animals.

Brady J. Phelps




EIE
i 381 &5 2

TABLE OF CONTENTS

Page
ACKNOWLEDGEMENTS . .+« v v o o o o o o o o oo e e o o0 0o il
LISTEOF TABLES . &« + = « o+ # & % @& / & & ¢ s = « & & & & & & @« o iv
LIST OF FIGURES
BABSTRACT . ol
STATEMENT OF THE PROBLEM 1
Significance s
Justification . 7
SURVEY OF LITERATURE . . « & &« & & & o & o @ o o = 5 s s s & & & 15
The Respondent Conditioning Tolerance Model . . « « s &« o = 15
Attenuating Morphine Tolerance With
Environmental Manipulation . . . . e B 18
The Tolerance Model Based Upon Operant Condltloﬂlng o wedE R 28
METHOD . A7
Introduction e e 47
Experimental Phase—-Experimeﬂt One 47
Experimental Phase--Experiment Two 52
Experimental Phase--Experiment Three 55
Experimental Phase--Experiment Four 56
RESULTS 58
Experiment One £0
Experiment Two 53
Experiment Three 83
Ezperiment Four 26
DISCUSSION 116
REFERENCES . &« + ¢ o o o o« o s o o o & & & s o « & s = & o & « = 1351
APPENDIX: Figures Displaying Mean Overall Response Rate Data . . 146

VIR & v o oo v e o 65 E b o m ow mow owm @ R ® W W s s e w W s 164




Table

iv

LIST OF TABLES

Page

Environmental Variables Influencing the
Behavioral Effects of Drugs .

N

A Summary of the Tolerance Probe Data Points for All Subjects
From the Mean Postreinforcement Pause Data . . . . . . . . 117

A Summary of the Tolerance Probe Data Points for All Subja ts
-

From the Mean Running Response Rate Data . . . . . . . . 118




LIST OF FIGURES

ol
W

Q

D

Figure

b=

This reproducticn from Siegel (1983a) summarizes the
results of studies showing the context specifity of
tolerance . . . . . . . . . . ... ..

=
0

(6]
0O

39

xperimental timeline for experiments 1-4

3 Mean postreinforcement pause (PRP) in seconds on
variable-ratio (VR) 20 schedule of reinforcement
control subjects BP-5 and BP-8

rh Q

()]

b

4 Mean running rate in responses per second, excluding
the postreinforcement pause, on a VR-20 schedule of
reinforcement for control subjects BP-5 and BP-8 . . . . . . &2

Mean postreinforcement pause (PRP) in seconds on
a variable-ratio (VR) 20 schedule of reinforcement for
experimental subjects BP-7 and BP-6 . . . . . . . . . . . . g4

w

6 Mean running response rate in responses per second,
excluding the postreinforcement pause, on a VR-20
schedule of reinforcement for experimental subjects
BP-7 and BP-6

(o))
w

7 Mean postreinforcement pause (PRP) in seconds on a
variable-ratic (VR-20) schedule of reinforcement for
two subjects, BP-9 and BP-12 . . & « + » « % « 5 = s & & & » 6

8 Mean running response rate in responses per second
on a VR-20 schedule of reinforcement for subjects
BP=9 afid BP=12 + : & « & s 3 & % & & & & @ % % & & & & 5 5 = 68

9 Mean postreinforc ent pause (PRP) in seconds for

subjects BP-14 and 0-1 on the variabkle-ratio (VR-20)
schedule of reinforcement . . . . . . . . . . . . . . . .. 0

10 Mean postreinforcement pause (PRP) data in seconds
for subjects A-2 and BP-13 on the variable-ratio
(VR-20) zchedule of reinforcement

11 Mean running response rate data, in responses per
second, for subjects BP-14 and O-1 . . . . . . . . . . . . . 74

12 Mean running response rate data, in responses per
second, for subjects A-2 and BP-13 . . . . . . . . . . . . . 175




Figure Page

13 Baseline mean postreinforcement pause (PRP) data for
subjects BP-14 and 0-1 .. 78

14 Baseline mean postreinforcement pause (PRP) data in _
seconds for subjects A-2 and BP-13 . . . . . . . . . . . . . 179

15 Baseline data for the dependent variable mean running
response rate, excluding PRP time, in terms of
responses per second . .« v . o« .« s o6 s . s s e e s o« s s &« 80

16 Baseline data for mean running response rate in
responses per second for subjects A-2 and BP-13 . . . . . . 81

17 Mean postreinforcement pause (PRP) data in seconds
for subjects D-1 and D-2 on the VR-20 schedule of

Yelnforcement . « & & s 5 & & w & 5 & w8 o5 s 8w B ow om o+ ow OB

18 Mean postreinforcement pause (PRP) data in seconds
for subjects A-4 and B-3

a0
(€]

19 Mean running response rate data excluding PRP time
in terms of responses per second for D-1 and D-2

¢}
(€]

20 Mean running response rate data in responses per
second for subjects A-4 and B-3 . . . . . . . . . . . ... . 89

21 Baseline mean postreinforcement pause (PRP) data
in seconds, for subjects D-land D-2 . . . . . . . . . . . . 92

22 Baseline session data for mean postreinforcement
pause (PRP) in seconds from subjects A-4 and B-3 . . . . . . 93

23 Baseline mean running response rate data in
responses per second for subjects D-1 and D-2 . . . . . . . 94

24 Baseline mean running response rate data in
responses per second for subjects A-4 and B-3 . . . . . . . @95

25 Baseline mean postreinforcement pause (PRP)
data in seconds for subjects B-2 and A-3

o
(0]

26 Baseline mean postreinforcement pause (PRP)
data in seconds for subjects B-l and S-1 . . . . . . . . . . 99

27 Baseline mean running response rate data in
responses per second for subjects B-2 and A-3 . . . . . . . 100




Figure

28

29

30

31

32

33

35

36

37

38

39

40

41

vii

Page
Baseline mean running response rate data in
responses per second for subjects B-1 and s-1 . . . . . . . 101
Mean postreinforcement pause (PRP) data in
seconds for subjects B-2 and A-3 . . . . . . ... e e e 103
Mean postreinforcement pause (PRP) data in
seconds for subjects B-1 and S-1 . . . . . . . . . . o . 104
Mean running response rate data in responses
per second for subjects B-2 and A-3 . . . . . . . ... 106
Mean running response rate data in responses
per second for subjects B-1 and 81 . < 5 s s s v » o = o« o MOT
Baseline mean postreinforcement pause (PRP)
data for subject BP-9 on the VR-20 schedule of
reinforcement . . . . . . 4 . e e e e e e e e e e e e e e 110
Baseline mean running response rate in responses
per second for subject BP-9 . . . . . . . ... e e 111
Mean postreinforcement pause (PRP) data in
seconds for subject BP-9 . . . . . . . . . o000 113
Mean running response rate data in responses
per second for subject BP-9 . . . . . . . . ..o 114
Mean overall response rate in responses per
second for control subjects BP-5 and BP-8 on a
variable-ratio VR-20 schdeule of reinforcement 147
Mean overall response rate in responses per
second on a VR-20 schedule of reinforcement
or experimental subjects BP-7 and BP-6, across
the contextual conditions described in Figure 37 text 148
Mean overall running response rate in responses
per second on a VR-20 schedule of reinforcement
for subjects BP-9 and BP-12 149
Mean overall response rate in responses per second
for subjects BP-14 and 0-1 . . . . . .« « ¢« .« o o o e 150
Mean overall response rate data for subjects A-2
and BP-13 in terms of responses per second . 151




Figure Page

42 Baseline mean overall response rate data in
responses per second, including PRP time, for
subjects BP-14 and 0-1 . . . . . .« .« .« o 0 e e e e e e 152

43 Baseline data for overall response rate in
responses per second for subjects A-2 and BP-13 . . . . . . 153

44 Mean overall response rate data in responses per
second for subjects D-1 and D-2 . . . . . . . . . .. .. 154

45 Mean overall response rate data in responses per
second for subjects B-4 and B-3 . . . . . . . . ..o e 15

46 Baseline data for the dependent variable mean
overall response rate in responses per second
for subjects D-1 and D-2 . . . . . . ¢ ¢+ . . e e e e e . 156

47 Baseline mean overall response rate data in

responses per second for subjects A-4 and B-3 157
48 Baseline mean overall response rate data in

responses per second for subjects B-2 and A-3 . . . . . . . 158
49 Baseline mean overall response rate data in

responses per second for subjects B-1 and S-1 159
50 Mean overall response rate data in responses

per second for subjects B-2 and A-3 . . . . . . . ... 160
51 Mean overall response rate data in responses

per second for subjects B-l and S-1 . . . . . . . . . . . . 161

52 Baseline mean overall response rate in responses
per second for subject BP-9

—
(€2}
p®

53 Mean overall response rate data in responses
per second for subject BP-9 . . . . . . . .0 e 163




ABSTRACT

An Examination of Operant-Respondent Interaction

in the Development of Tolerance to Ethanol

by

Brady J. Phelps, Doctor of Philosophy

Utah State University, 1992

Major Professor: Carl D. Cheney, Ph.D.
Department: Psychology
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having the operant chamber fully illuminated, with increased ncize

e

levelz, and reflective aluminum foil draped over the chamber sidewalls.
This context was paired with oral injections cf water. 2ncthar ceontexnt

consisting of having the chamber dark except for response keylight and

at ambient noise levels was paired with oral injections of ethancl.
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astablished the dark context as a conditioned stimulus capabls of
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producing Pavlovian conditioned tolerance to ethanol This tolerance

was expected to be context specific to the dark context.

At the same time the rein

compensaticn or tolerance for the




one context. Tolerance was defined here in behavioral terms: a

variable-ratio (VR) schedule of reinforcement with high rates of

responding and little or no pausing after food delivery, simil

v
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behavior following water delivery but in this case, after ethanol

delivery.

To test the efficacy of the context specific tolerance relative to
the reinforcement-schedule-acquired-tolerance, probes were conducted
These consisted of delivering ethanol while the context predicted
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not contexi speciiilc. However, for a manori
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raspondent tolerance was highly context specific, being

present only in ethanol paired context. In explanation, thcse

subjects who displayed context specific tolerance also tended to have

more behavioral disruption from smaller doses of ethanol than cther
subjects. This subset of subjects showed more sensitivity to ethanc!
At the higher doses, Pavlovian tolerance may have besn hinderzd by th=
olonged systemic effects of the ethancl. These zame dosages allowed
for more intoxicated practice and enhanced the learned tolerancs from
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how and why telerance to the behavioral effects of a drug is acquired.
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STATEMENT OF THE PROBLEM

The process by which an organism develops tolerance, or a state cf

progressively diminished sensitivity or responsiveness to a drug, is

typically described as due to decreased responsivity by receptor cells
as a result of repeated exposure to the drug. In other words,

decreased responsiveness to a drug is considered to be the
physiologically inevitable ocutcome of repeatedly experiencing th
However, there are two major bodies of research which indicate
that tolerance will not inevitably result merely from repeated drug
experience but rather that tolerance can be categorized as a learned
response. This research treats tolerance as a learned response either
in terms of classical or respondent conditioning (Siegel, 1975b), or
operant conditioning (Schuster, Dockens, & Woods, 1966). Studies
investigating pessible interactions between these two types of
conditioning and the development of tolerance are practically
nonexistent. This dissertation examined operant-respondent
conditioning interaction as these processes relate to the development
cf tolerance to ethanol. Here, and in the literature, the generic term
drug is used to describe a wide range of psychoactive or behaviorally
active substances. Wherever poszible, the precize chemical is named.
It has been known that the specific effects of many narcotic

substances can be modified by factors in the environment (Barrett,

1985). These factors include the setting events as well as the




consequences which maintain certain behavior; much of this sort of

occurrence is operant conditioning (Skinner, 1938).
Barrett (1985) lists six environmental variables which can modify

the effects of drugs on behavior; these variables are listed in Takle

Table 1

Environmental Variables Influencing the Behavioral Effects of Druas

1 Rate of responding

2. Consequences of responding
3. Behavioral history

4. Pharmacological history

5 Drug-behavior interaction
6. Environmental context

Of these variables, the influence of environmental contexzt on the
behavioral effects of a drug is usually discussed in terms of events
or consequences in a different, temporally removed envircnment
setting. For instance, McKearney and Barrett (1975) showed that the
standard rate-decreasing effe of d-amphetamine on punished behavior
of squirrel monkeys were reversed when the conditions occurring in a
separate component of the schedule wers changed from extinction to
avoidance. With the avoidance schedule in effect in the alternate

component, d-amphetamine increased punished behaviocr tc more than 600%

of contrel levels; furthermore, this change in responding was nct

in the absence of the drug.

PO




Barrett and Stanley (1980) studied the effects of ethanol on
pigeons responding on a multiple fixed-interval fixed-ratio schedule of
reinforcement. The fixed-interval (FI) schedule was correlated with a
red light and was held constant at three minutes. The fixed-ratio (FR)

schedule, correlated with a green light, varied from FR30 to FR150, in

steps of 30, during different phases of the study. The rates of

D

responding during the FI schedule did not change with increments in th
FR size when drug free, but the effects of ethanocl on responding under
the FI =chedule were related to the size of the FR. t the smallest
ratio of 30, ethanol either did not affect or it decreased responding
under the FI schedule. However, when the ratio was largest at 150,
ethanol increased FI responding. Thus, both these studies demonstrate
that the behavioral effects of a drug can be changed by altering the
response requirements in a different, somewhat temporally remcte,
schedule component.

However, one way of viewing the efficacy of envirommental context
on the behavioral effects of drugs would be in terms of a higher order
stimulus setting, or what Sidman (1986) has termed the five-term
contingency. Sidman argues that this extension of the three-term
contingency of operant conditioning (Skinner, 1938) can provide the
explanatory basis for sources of behavioral variability due to

context. To apply the five-term contingency in an analysis of the

[ON

~ £ - - vy - o 1~ a1y 3
differential behaviocral effects of drugs as a function of five-term

ntrol, the effects could be explained in terms of higher order

~e
Co

ifferential reinforcement and resultant stimulus control contingencies




RPeturning to the behavioral effects of drugs, a study by
and Lhcmpqun (1987) clarifies the relationship of context and drug
effects. These researchers taught pigeons to "report" drug =ffectz 2o,

in other words, to behave in a specific way dependent upon what typs of

drug the animal had been given. In a simulation of a conversation

®

between a questioner and an answerer, the pigeons learned to peck a
specific color key while under the influence of cocaine, another coler
key aftsr receiving morphine, and yet another color key when water was
injected. The subjects learned to do this with high accuracy. This
behavieor can be seen as a relation between internal and external
ctimuli. The three-term contingency between a specific color key,

ecking that color key, and the subsequent reinfeorcement only exists in
=] b &

the presence of specific antecedent stimuli, in this case, internal

~ g 4 v1 4 ~ 1 + A~y o 4 mary] 3 - ~1 10 5
drug stimuli. These internal stinuli are not drug produced,
+ 4 Ay - A~ (T &7 ) b ad A -~ ey ~edy 3 Aty - Ly 4
the drug. Catania (1971} states that drugs do not produce stimuli, but

are stimuli in and of themselves. A physical stimulus iz any

=

environmental change that can be quantified through empirical means =

a functional stimulus iz a physical stimulus that can demonstrably
&

stimuli. This concept

11 A AT = ~+ 4 -~ ~t vyl - e £ = -~ -1 ~ %
mconditional or conditional stimuli, reinforcers or punishsrs, or as

1 Ly § s [} O midbys » B3 NS FERE AR A e Rl P S |
in the Lubinski and Thompson (1987) study, as discriminative stimuli.

A discriminative stimulus affects the probability cf a bzhavicr by
virtue of the stimulus having a history in which that behavior was

o
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change behavior as long as the environmental change can affect
behavior--either reinforcing or puniching. A drug can be established
as a discriminative stimulus by reinforcing a response following drug

T omAt

adminictration and not reinforcing that response when the drug iz not

Tl m +he
il Us . LIE

delivered. 1If the drug is an effective discriminative s
response that was reinforced in the drug state will now reliably occcur
when the drug is administered but not when the drug is withheld. Any
drug that serves as a discriminative stimulus is able to function as
such because the presence of the drug results in detectable effects, or
sensory consequences (Poling, 1986). Despite the fact that Catania
(1971) and Poling (1986) share a common theoretical orientatiecn, the
contradiction between how each defines stimuli is difficult to
reconcile, and as such will be left to others.

Now, if the subjects of Lubinski and Thompson (1987)
trained in a specific envirommental context, a particular chamber for
example, and then placed in a significantly different ccn

test condition, a necisier or brighter chamber perhaps, any behavicrzl

variability from the earlier performances could be attributed to the

effects of the differential context. Hanceforth, a medel of the
differential behavioral effects of drugs as a function of context could

1112

be shown. This model could emerge from a history of compound stimulus

o I e

(drug and context) training. That is, given training while in a

specific internal drug state and in a specific external environmental

context, if changing the environmental context for testing while

maintaining the same internal state produces a behavior change, then i




is shown that the external environment can control behavior independent

of the internal drug state.

Significance

Humans often display different behavior while in similar drug
tates dependent upon environmental context. For example, we act one
way after four mixed drinks in the presence of friends and a much
different way in the presence of a police officer. Dornbush, Freedman,

and Fink (1976) found that the "subjective" effects of marijuana

commonly reported by middle class Americans are rarely reported by
(1Q78)

Jamaican field workers and vice versa. Krikstone and Levitt (127%)

" . T 4 o
n determining the

-

emphasized the importance of environmental setting
ffects of marijuana. They describe marijuana smoking in three stages.

The fi

~em
ra
4 Lovo

the lungs for 20-40 seconc

as being pleasant. This learning process must
be necessary as it is reported that few pecple get "high" when smoling
marijuana for the first time. OCbvicusly, a different envircnmental

context would influence what subjective effects were recognized, deemed

pleasant, and reported. The differences in behavior and

o 14 ~ A ~~y 15 axr oo - v
12se studies and everyday observations might

additionally, it might be difficult to identify the

different behaviors seen while in the same drug state among

- ey P 5 L sk V=5 Vosiik o
Alsc, the rules and expectations that people have learned about drugs

can no douvkt modify a drug experience. But, by employing contextua
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control, an animal model for the phenomenon of differential behavioral

e

drug effects dependent upon the immediate environmental context can be
developed. The changes in the effects of a drug that can result from
modifying the environment are not solely quantitative but also
qualitative, and for this and other reasons deserve study (Barrstt,
1985).

Epstein (1984) states that at least four classes of behavior have
defied experimental analysis--covert behaviors ("'feelings," "thoughts,"
etc.); complex, typically human behaviors that are not readily
available to analysis due to biclogical or environmental variables
use of language, proklem solving, "self concepts" and related topi
behavior that is under the control of temporally remote stimuli
(remembering, memory); and novel behavior ("creativity"). Based in
part on Epstein's argument to experimentally analyze these areaz, I
studied different behaviorally "expressed" drug effects dependent
immediate environmental context. I intended to develop an animal mode!l
for covert behavior--behaving differently due to internal drug stimuli
similar to the study by Lubinski and Thompson (1987); and further, to
develop an animal model for complex, unigue human behavior of different

behavioral drug effects as a function of the environmental setting.

Justification

Although this study was a basic analysis of environmental
influence on the behavioral effects of drugs, several studies peint to
the potential social implications of such research. Barrett (1985)

reported that the lethality of both d-amphetamine and mcrphine can bke

considerably modified by such factors as number of animals housed
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together, room temperature, lighting, and noise levels. In addition,
Poling, Kesselring, Sewell, and Clary (1983) demonstrated that
combinations of pentazocine (Talwin), a synthetic narcotic, and
tripelennamine (Pyribenzamine), an antihistamine agent, could have much
different lethality rates, dependent upon number cof animzlz housed
together. These two drugs are often combined to use as a substitute
for heroin. At some dosages, as many as twice the number of mice died
following injection if they were housed communally rather than
individually. Poling (1986) suggests these results indicate that
individuals who have received a potential overdose of what users call
"T's and blues" may die if exposed to highly stimulating or s
environments. Even more important and controversial is the research
(Pattison, Sobell & Sobell, 1977; Sobell & Sobell, 1973) that proposes
that individuals, often called alcoholics, can recover from their
dependence on alcohol and learn to resume and control a stable pattern
of moderate alcohol drinking and not lose control of their lives.

These studies tend to indicate that many, if not all, of the effects cf

As previously stated, drugs can serve as discriminative 3

which can affect behavior through a conditioning history with either 2

reinforcer or a punisher. Drugs can serve as reinforcers to =sither
maintain or increase the probability of a response or as punishers to

decrease the probability of a response. Drugs can also function as

wnconditioned stimuli (US), defined as a change in the environment that

reliably elicits an unconditioned response (UR), without any special




(Yo

conditioning history. If a drug has US properties, a conditioned
stimulus (CS) that reliably predicts the US may come to elicit a

conditioned response (CR). In many instances, but not all, the CR

Q

closely resembles the form or topography of the UR elicited by the druc
US. For instance, a cancer patient receiving chemotherapy that itself
induces nausea may eventually come to have this same reaction (nausea)
upon merely entering the office where the treatments are given.
Respondent cenditioning can also account for what has been termed the
"needle freak" phenomenon. Drug users who inject their drugs report
that the act of preparing and injecting their drug is very pleasant.
A heroin user was quoted as saying, "Sometimes I think that if I just
shot water, I'd enjoy it as much" (unnamed, in Powell, 1973, p. 591).
Although CRs and URs are often similar in topography, this may not
have to be the case. Siegel (1983a) states that pharmacological CRs
are often cpposite in direction to the actual pharmacological UR.
Research by Siegel (1975b; 1976; 1977a; 1977b; *1978a; 1978b; 1978c;
1979a, 1979b; 1983a; 1983b; 1984) suggests a model of drug tolerance
based on respondent conditioning. 1In 1927, Pavlov suggested th:
administration of a drug agent could be a conditioning process between
the drug US and the immediately available environmental cues serving as
the CS. Seigel argues that the environmental stimuli reliably
correlated with administration of a drug become established as CSs
which elicit CRs that are antagonistic to the URs elicited by the drug
US. These CRs compensate (antagonize) to some extent, for the URs

elicited by the drug, and with repeated CS-US pairings, reduce the

magnitude of the response to the drug (i.e., tolerance). The CRs are




sisting of autonomic responses
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opposite in direction to the UR. BAn example would be a bradycardia
response which would counteract a tachycardia response to a drug.

Siegel's original formulation, while the most widely cited verzion
of Pavlovian acguired tolerance, has been revised by other researchers
(Eikelboom & Stewart, 1982; Poulcs, Wilkinson & Cappell, 1981). In the
new formulation, the UR and the CR mirror each other, as in other
Pavlovian procedures. The basic difference arises in the definition c£
what event constitutes the US. In the original formulation,
was defined as the effects of a given drug; in the revised thecry, the
US is a physiological response to the drug's effects.

In the former case, the US is a change in the afferent input to
the homeostatic mechanisms while in the latter, the US is an altered
efferent output of homeostatic mechanisms. These two changes dictate
differing adjustments on the part of the organism to maintain
homeostasis and are simply a matter of specifying where a drug acts and
the subsequent feedback changes. Tolerance conditioned through

Pavolvian procedures arises, but the stipulated stimuli and responses

are very different. Most literature still refers to the original
formulation, but the theoretical machinery is not fully explained o
all researchers' satisfaction

From this model, it can be argued that what is learned in this
procedurs i3 a respeonse (the CR) which prepares the organism for thes

US, but only in the presence of specific environmental cues (the CS)

that were present when the drug had been administered previocusly

absence of these cues, the former tolerance responce mzay not be




present. Siegel's research underscores the importance of context and
conditioning factors in modlfylng drug effects;
contrel the outcome of drug overdoses. Seigel states that

a considerable amount of research has s
environmental specificity in the display c
maximal tolerance is observed when the drug is admlnletarﬁﬂ
in the context of the usual predrug cues, but not in the
context of cues noct previﬁusl" associated with the drug. 2
user would be at risk for "overdose," according to this
analysis, when the drug is administer in an environment
en previ 1 ed with the drug. (Siegel,

which had not bee ously pair
1979a, p. 132)

An animal study by Siegel, Hinson, Krank, and McCully (1982)

U

he importance of environmental context tc enable survival

~F+ o 1 =~ -y ] y + 1. 5 3 ~ q

after large drug doses. They gave three groups of opiate

- - - - - + + -~ - - M
inexperienced rats differential histories of exposure to hercin Ons

group received injections of dextrose in the housing cclony or in a
noisy experimental chamber and later were given an injection of a large
dose of heroin in the same context as the earlier injection. Ancther
group was given a history of small doses of hercin in the colony and
then given the large dose in the noisy chamber. The third group was
given a history of small heroin doses as well as the large doge in th:
colony. Mortality rates across the groups of rats differed
significantly. Of the control group with nc previcus hercin srposurs
96.4% died. And while 32% of the rats who received the large hercin

oy G s ;U] (R SN . . | T
e 1N e Same context 88 Previous exposure diea, LWlice as menly Yz

died who received the large heroin dose in a different context than




dose that would not be predicted to be fatal for an experienced user
and, in-fact, some victims expire following administration of a dose
that was well tolerated on the day before. t appears that death from
overdose may come about as a result of tolerance breakdown; the user
who has tolerated high doses fails to do so on the occasion of the
overdose. This failure of tolerance is possibly due to the drug
administration taking place in a different envircnmental context than
during previous drug administration. From interviews with the
survivors of heroin overdoses, Siegel has found an outcome similar to
the animal study mentioned earlier. 2Among ten heroin overdose
survivors, seven individuals reported that the overdose occurred in
untypical circumstances. Two individuals reported they had self
administered in locations where they had never done so before. BAnother
victim overdosed after injecting in the midst of a large group of
people. This individual, who had been using heroin for approximatesly
10 years, had never before taken heroin with so many other pecple or
done so in his living room. From the findings of these interviews and

other studies, Siegel argues that drug anticipatory CRs can mcdulate

=t

tolerance to the potentially lethal effects of cpiates and other
substances, both among infrahuman and human subjects.

While the premise of Siegel's model of tolerance is that of
respondent conditioning processes, other researchers have pre

the development of tolerance can represent an operant conditioning

ot

process. Originally put forth by Schuster et al. (1966), this mode

3
C

states that tolerance comes about as a function of the action of the

drug on the organism's behavior in meeting reinforcement
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contingencies. That is, the initial effect of a drug is behaviorally
disruptive and as a result, reinforcement opportunities are missed.
Any behavior that the subjects can emit that will compensate for the
behavioral disturbance will increase reinforcement. These operant
behavicrs will therefore increase in probability, increasing
reinforcement further to eventually equal or approximate baseline
reinforcement frequency. Schuster et al. (1966) demonstrated that the
administration of d-amphetamine disrupted the interresponse time (IR
behavior of rats being reinforced on a differential reinforcement of

low (DRL) response rate schedule; consequently, subjects missed many

—

reinforcement opportunities, in some cases almost half. Genera
activity levels were higher over the course of drug administration but
with continued daily administration, the animal's performance on the
schedule of reinforcement progressively changed towards behavior
ocbserved under water control conditions. These results suggest a
specificity among behaviors that will show tolerance to chronic drug
administration, those behaviors upon which reinforcement is
contingent. These researchers concluded that operant reinforcement

contingencies represent one class of variables that can influence the

[N

evelopment of tolerance to amphetamines

The difference between operant and respondent acquired tolerance
is in the nature of the specific learning. In the respondent
formulation, an overall tolerant effect can be seen but which is
context specific. In the operant formulation, the tolerance will ke

classes but generalizing across contexts.

imited to specific response

Other studies have confirmed Schuster et al. (1966) and extended

(m

the operant model of tclerance to include barbiturates (Tang &

Talls

alih,




1978), ethancl (Chen 1968; 1972; 1979; Wenger, Berlin, & Woods, 198C;
Wenger, Tiffany, Bombardier, Nicholls, & Woods, 1981), LS
(Commissaris, Lyness, Cardon, Moore, & Rech, 1980C) and phencylidine
(Woolverton & Balster, 1979), with human and nonhuman subjects.
other researchers have studied the development of tolerance as an
operant-respondent interaction process (Beirness & Vogel-Sprott, 1984;

VO ETY sl o
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Smith, 1991a, 1991b) based on Rescorla and Solomon's

that a strict distinction between the two learning paradigms is not

bt AT Am + e
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pragmatic and is used largely for cenveniencs.

1as been to vary the amount of reinforcement given toc

M

subjects while under the influence of a drug, holding context

constant, or to employ different groups of subjects in conditions of
differing context and differential reinforcement contingencies to
measure the emergence of tolerance. Other research has held cperant
reinforcement constant and varied the context.

No study to my knowledge has examined the effects of holding
cperant reinforcement conditicns fived and examined the effects of
modifying the environmental context. This study investigated
parameters of tolerance established by operant and respondent procescesz

the operant contingencies constant. This methodolegy is intended to b=

analogous to a typical human situation of drug use--to hold cngoing

behavicr and reinforcement stable and only medify the setting. Despite
the fact that this study was a basic experimental analysis, the
importance of such studies extends beyond the laboratory and finding:z

can often be generalized to many aspe of society.




SURVEY OF LITERATURE

This section is a review of the literature of drug tolerance that
reted in either respcndent or operant conditicning

Tl LTopUIliaTil o

parameters, among human or nonhuman subjects.

A+ 3
Conditiloning

Pavlov (1927) suggested that the typical drug administration

procedure corresponded te his conditioning paradigm; the
those procedures, rituals, or other contextual cues that relizbly
precede the systemic effects cf the drug agent, with the actual centrzl
effects of the drug composing the US. Siegel (1983b) states that the

context elicited conditioned response (CR) occurring prior to the

e

N

actual pharmacolegical act should interact and summate with t

cormonly opposite in direction and effect to the UR. This response may
have survival value for the organism in the face of rspeated challenges
of the chemical agent (Barrett, 1985). This effect was first reported

by Subkov and Zilev (1937) who found that degs who had been given a

DTl Y
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response, subsequently displayed an antagonistic, bradycardiac respense




when given a placebe in the usual administration environment. Similar
compensétory CRs opposed to pharmacological URs have been reported by
Goldberg and Schuster (1967; 1970), Guha, Dutta, and Pradham (1974)
Siegel (1972; 1975a; 1975b; 1978c), and other studies.

These drug-compensatory CRs attenuate the UR; that is, as the drug
is repeatedly administered in the presence of the same predrug cuecs.
drug-compensatory CRs would be expected to increasingly negate the
effects of the drug and thus show tolerance. On the basis of this
conditioning acccunt, tolerance will not always result from repeated
drug exposure. Rather it should result following repeated drug
administration in the presence of specific environmental cues that

have signalled the drug in the past. Experiments by Adams, Yeh, Woods,

and Mitchell (1969) and Kayan, Woods, and Mitchell (1969) demonstrated

that rats displayed this analgesic-tolerant response to the final
morphine injection in a series, only if this last injection was

administered in the context of the same envirommental cues as the prior

[oN

injections. More recent research has confirmed this outcome an
extended the earlier observations regarding the situational specificity
of morphine analgesic tolerance, employing a wide range of dosages znd
a variety of analgesic measures (Adveokat, 1980; LaHoste, Olson, Clsen,
& Kastin, 1980; Siegel, 197Eb, 1976; Siegel, Hinson, & Krank, 1978;
Tiffany & Baker, 1981).
Siegel et al. (1978) exposed two groups of rats to an equivalent

history with both an audiovisual cue and morphine injections during the
initial tolerance development phase of the study. The cue and drug

were always correlated for the paired group, and never associated for




, the paired group

es

ological histori

In a subsequent test phas

iffer in pharma

- |
AdUC A

ups did

the unpaired group.
were administered the drug in the presence of the cue, and the

Gro

9]
9]
a

—

]

elaticns

3~
L

LU

cf drug-

who had a !}

+alaran~
calaran
T
~} Arge
sacwed

£
L O

1+
LB
\
o~

enced
because on
a PR R T

ard

eri

£

unpai

-
4

A
=D
11

1 ~
ontolaran

il

-

admini

completely
T4 e nn
Lddnddo JiL,

N R T
orphine

1
(
t

M
3
:
Y

audiovisual cue.
ol

4 #

e
o
7

Flha

e Bet
itabl
Kranlk

W

raba,
WLLTLl

»

1

ev
unpalred

unrai red

+A
(SR
o
-l A
ok e
t1ion

d
at

+
&
MV
{

i

;pecte
velo

ormer group

the context of th

=Lt L
no such

does not
_,.L.'.«,..‘I

e
+

i
de
Qe

0

pon

)
p¥]

e

TleArtr~lrq =
UQ‘E.‘\J JSK1IS ,

& ;

cha

FLISEIOY

My

'in%,

L AL

£ Ak

A

In another demonstration of respondent
o)



showed that the locomotor activity diminishing effects of morphine will
progressively decrease if morphine is administered to rats in an open
field test setting. The same increases in activity were not seen among
rats given morphine in a different setting (the home colony) and with
rats given water in the open field setting. BAs a result, the authors
concluded their findings were due to respondent conditioning processes.
Figure 1 summarizes this and other studies of the respondent
conditicning model of tolerance.

Attenuating Morphine Tolerance
With Environmental Manipulation

Based on the respondent conditioning model of tolerance, it should
be expected that nonpharmacclogical manipulations of the predictive CS
that are well known to attenuate respondent conditioning, should

likewise attenuate compensatory CR acquisition and consequent

D

tolerance. Several such CS manipulations have been studied regarding
morphine tolerance: respondent extinction, CS pre-exposure, and

partial respondent reinforcement.
r 3 RS QR R T

Extinction, in respondent terms, is a procedure cf diminishing the
strength of established CRs by presenting the CS in the absence cof the
US. If tolerance develops as a function cof predrug CSs elici
compensatory CRz, tclerance should be subject to extinction b
placekbo administrations in the previously drug predictive context.
Several studies have examined this possibility and although numerous
procedural differences existed among the different experiments, all of

them employed two groups of subjects, both of which were given a series

of morphine injections to develop tolerance. Some days later, zall
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studies shown employed a basic q;walar design, to give two dlffuredv
groups of subjects a drug history in one of twe different environments

and then a final injection in either the same environment as

previous

injections (same) or in a different envircnment than in which
The results from the final drug

injections

administration are presented here.

had been given previously.
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one further morphine injection. Th

subjects were again given at lesac

,_,
~
ry

two groups of subjects differed only with respect to thei
during the interval between the initial series of morphinse
administraticns and the final administration. Subjects (rats) in the
experimental groups received daily placebo (vehicle) adminiztrations in

S ~ PP | M TES 3~
the control group were

(8]

left in their home coleny undisturbed during the period that th
experimentals received the placebc. The responsez of the experimental

animals to the final drug administration were demonstrative of the

effects of extinction--these rats responded more to the final morphine

J —~ + + - 4+ ~tr TNy i P - o~ . - —~ + 3 -~ Y -— -

dose; that is, they were less tolerant than contrecl group rats

L Ty . + - - - P £ - £ s A Ar~vy=11] —~

However, both groups were exposed to the effects of mecrphine squally az
£ -t . 5 ~= - + Ayvr - DR, + wms A At ~a )

often and at identical intervals and according to physiological

theories of tolerance, both groups should have developed equivalent

levels of tolerance at final administration.

(o ~) <r v ;£ ~ =T e ~ 3 v -
Siegel (1978c) exposed two different groups of rats to historizs
~E - 4 P - AF &+ - ££ - 4= ’ o A P A $: Vs 2
of morphine in cne of two different environments and measured ths

temperature increasing effects of the drug. Both groups were

subsequently given a final injection of morphine in either the same
environment as prior injection or in a different environment. Onlj
those subjects who recezived ths final injection in the previcusly drug-
corrzlated envircnment displayed a tolerant responze to the worphine's

hyperthermic effects. Later this tolerant group was given a series of
placebo injections in the previous drug-associated context and the
tolerant response did nct emesrge in another morphine ch

G AC. ZM2ige 11 QiOUIL Morpnlne

This extinction effect which supports the respondent conditioning

T nym - — - : =1 .~ —~ 4 L4 oA 7 o o~
model of tolerance has been demonstrated with respect to the analgesic
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mdisturbed in the colcny during the intervals that evperimental

cubjects receive placekbos. Both groups again are identical with
respect to pharmacological histories. Nonetheless, the partially

reinforced experimental subjects are much slower to acquire tolarance
tc the analgesic (Krank, Hinson, and Siegel, 1984; Siegel,
thermic (Siegel, 1978c) effects of morphine relative to th
continuously reinforced control subjects.

Cther studies (Siegel et al., 1982; Siegel, 1984; and Siegel &

Tllswerth, 1986) have applied the respondent conditioning medsl of

tclerance to explain human and animal death following apparsnt drug
overdoses. Siegel et al. (1982) reported that rats injected with high

doses of heroin in the same environment as previcusly correlated with

¥ 1 1~ N - _—~ - 4 Y =~ .
more likely to survive than animals with

identical drug histeories given the final large decse in

J
egel and Ellsworth (1986) reported the case of a terminal cancer

(- S

patient who had regularly been given morphinz every six hours for

e re= y =~ W v 2 — 3 3 ~ W e - S,

weelks in his bedroom. Morphine was never given in any other setting

The bedroom was dark and contained hospital-like apparatus. On ths d=z
S AT wale o e T g L i oyl T &k

the erdose took place, the patient was found in the krightly li

days. The patient appeared to be in pain and i
was time for an injection; consequently, the patient's son




the effectz of the morphine. Although the patient's son was confident
that he had prepared and delivered the morphine in the usual manner, he
was very distraught until he learned of the conditioning theory of

tolerance in an undergraduate psychology class, at which point the

n

young man was substantially relieved. No postmortem examination wa
conducted to determine the role of morphine in the death, but the fact

th a dose that was well tolerated six hours earlier in the usual

1
ct

o

context, produced a distinct overdose-like response can be descri
terms of respondently conditioned tolerance.

The role of conditioned tolerance to ethanol has also been
investigated in several studies involving human subjects (Annear &
Vogel -Sprott, 1985; Beirness & Vogel-Sprott, 1984; Dafters & Anderson,

L)

1982; Jones, 1974; Lightfoot, 1980; Shapiro & Nathan, 1986). Jones

(1974) suggested that social drinkers are more tolerant to ethanol when
it 13 ingested at the same approximate time as in the past--than when
the ethanol is "unexpected" and consumed at an untypical time.

+ )

Performance on a "cognitive'" task (Raven's Progressive Matrices Tes

+

was compared following ethanol consumption in the afternoon (

p.m.) or evening (5:00-10:00 p.m.). The results showed that

P e

performance on the test was impaired more following afternocn drinking
than following evening drinking. This differential effect of ethanc!
could not be attributed to generally better "cognitive" functioning in
the evening since control subjects, who drank no ethanol, showed bettsr
performance in the afternoon than later. Jones concluded that ethano!

had less of an effect on cognitive performance (i.e., the subjects wer

more tolerant to its esffects) in the =vening relative to the aftzrncon




ro
v

had a history of drinking in the evening and had

l'l

bec;use most subject
"learned" to compensate for the disruptive effects of ethanol. Jones
stated that drinking alcchel in the afternoon may be a very different
experience from drinking it in the evening and attributed this to
differences in human circadian rhythms. Another explanation is that
tﬁe time of day that drinking usually occurs can be seen as a context
in which tolerance develcops and a significant variation from this

context would produce a lack of tolerance and more impaired

Lightfoot (1980) further demonstrated that, amcng humans, =thanol

tolerance can be modulated by environmental cues. In this experiment,
male college students drank a significant amount cf beer--almost 15
ml/kg for a 70 kg subject over a 3C min period, a procedure intended to

raise their blood alcohol level to about 0.07%. The subjects dranlz the

beer in a distinctive setting for each of four daily sessions.

-

However, on the fifth session, their abilities on a number of

—
—

n

13
(SRS

perceptual -motor and intellectual performance tasks were measured.
Each subject drank and was assessed in either the previous drinking
context or a distinctly different environment. On the majority 2f th=
tasks, tolerance to the ethanol was more pronounced if the drinlking ha
taken place in the familiar context than in the alternative context.
Furthermore, these subjects also evidenced alcohol-compensatory CRs on
several assessments when they were given nonalcoholic beer in the

context where they had previously consumed real beer. Consequently,

Lightfoot concluded that respondently conditioned drug compensatory

responses explained her results.




Whereas Siegel (1983b) stated that Lightfoot (1980) provided
comprehensive evidence that the respondent conditioning model is

AF 4+

le to ethancl tolerance among humans, Annear and Vogel-Sprott

o

applica

(1985) criticized Lightfcot for not considering the possibility that

Q

the college students had "mentally rehearsed" to compensate for the
effects of ethanol. In their study, Annear and Vogel-Sprott had four
groups of sccial drinkers learn a visual-motor pursuit task and then

e dose of ethanol (0.62 g/kg) during each of five drinking

(o
L
}.l
£,
¥
ot
10
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sessions. Sessions 1 and 5 provided pre- and posttreatment measurez
of ethanol effects on task performance. During Sessions 2 to 4, two

groups mentally rehearsed the task after drinking either in the same

test enviromment or in a significantly different context. The other
two groups were not allowed to rehearse following drinking and just

performed an audio signal detection task in the test context or in the

Fhis Faals

alternative environment. The subjects whe mentally rehearsed th= tashk

in the same environment showed the least impairment on the task (i.

were the most tolerant to the alcchel). The group who did nct mentzally
rehearse and were tested in the different environment showed the least
tolerance. The groups who mentally rehearsed in a diffesrent

environment and the groups who did not rehearse but were tested in ths
familiar context did not show as much impairment as the nonrshearsing,
different environment groups. However, there was no statistically
significant difference between the impairment of the rshearsing,

different environment group and the nonrehearsing, same environment
group, and between these two groups and the nonrehearsing, different

environment group. Annear and Vogel-Sprott concluded that the =vidence
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from their study was consistent with the hypothesis that respondent
conditioning is involved in the development of behavioral tolerance to
ethanol among humans, but they also included the possibility that
mental rehearsal, a unique human ability, may also contribute to
tolerance. However, this conclusion must consider the fact that the
subjects of Lightfoot's study consumed considerably more alcohol than
the subjects of this later study, and this might disrupt any ongoing
mental rehearsal. With this consideration in mind, the more plausible

evplanation still lies in terms of respondently conditioned tolerance

specific to the drug correlated context. L
Baker and Tiffany (1985) reported research that adds a degrese of

complexity to the respondent conditioning tolerance paradigm. Using

rats as subjects in a standard pain threshold procedure to assess

context specific morphine tolerance, these researchers found that with

4 -~ - -1 v
e impact of drug cues becomes smaller,
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erance that could be seen when drug delivery occurz
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relative to the
in the absence of drug cues. Baker and Tiffany (198%5) found that rats
given .50 mg/kg doses of morphine displayed persistent context
dependent tclerance across repeated test trials. However, r
3.00 mg/kg dose showed that the tolerance speci
diminished across test trials and was not present by the third such
trial. In sumary, as drug dose increased, the proportiocn of 2
tolerance response that could be attributed to a history with drug
predictive cues decreased.

a, and Kalant (1987) replicated Baker and Tiffany {(1985)

(D
:

r
L

and extended those findings to include ethancl. In this study, rats
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may have emerged due to the low level of intoxicaticn produced; a

higher levels of intoxication, a difference between the groups might be

)
u
e

seen. The authors also argued that expectancies or rules th

by
o

followed about behaviors in the different settings ma
their responding. ith either explanation in mind, the robustness cf
conditioned tolerance can be seen to vary considerably across varicus
tudies.

This review has attempted to emphasize the recently recognized
importance of respondent conditioning processes involved in the
development of behavioral tolerance to drug effects. Much of this
lerance to be the result of drug

1 conditioning.

The following section surveys some literature regarding operant

The Tolerance Mcdel Based
Upon Operant Conditioning

'.._A

It is known that organisms with identical pharmacclogica
histories may display radically different levels of tolerance to drugs.
Studies examining tolerance to a wide variety of drug agents--
amphetamines (Campbell & Seiden, 1973; Schuster =t al., 196¢),
barbiturates (Tang & Falk, 1978), ethanol (Chen, 1968, 1972, 1979;

LeBlanc, Kalent, & Gibbons, 127€¢; Mann & Vogel-Sprott, 1981; Wenger et

al., 1980; Wenger et al., 1981; and others), morphine
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Chronic drug administration resulted in initial increases in cvera

ty levels which had the effect of decreasing the frequency o
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conditicns. That is, tolerance developed in that the dru
cffect and reinforcement density returned to baseline.
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In the second experiment, a Sidman avoidance paradigm was emplcye=d
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in which an aveidance response had to occur at least every 30 sec or

floor grid shock would onset and continue until a respo
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Administration of the stimulant increased the response
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I component but this change did not alter reinforcement frsquency;
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subsequently, tolerance did not develop to the rate-increasing =
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f the d-ampheotamine under

O

erformance. But for one s
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similar results to that of
(1968, 1972) reported that

reinforcement developed beh

development of tolerancs was demonstrated by Smith (1972). In

study, pigeons rezponded fc

can emit to

of the morphine wa

the FI as it had to the changed DRL
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ubject who displayed a reduction in recpcnce

orcement on the FI, tolerance did develop on

1is schedule also. In other words, tolerance to the behavicrzl

reinforcement loss would be reinforced and
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ed, data from a number of studies

Schuster et al. (1966). For example, Chen
rats run in a circular maze for

avioral tolerance tc ethanol rapidly but
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response rates recovered to approximately
80-95% of baseline levels. For animals given daily injections but only

placed on the reinforcement schedule on the fifth daily sessien,
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A study that further stresses the role of reinforcement in the

vioral training procedure was used in
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concluded that these procedures had minimized the role of classical
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studies overlocked the effects of the altered chamber on the subject

performance on the zame schedule of reinforcement Theses cutcomes
tended to indicate that respondent processes did cverwhelm the operant
procezs, at least in these experiments. The results here were also

different in that drug delivery occurred before and aftzsr experimental

seszions in different experimental phases. It would seem that the
procedure would have tended to retard any context specific tolerance,

kut the results did not indicate as such.

Whereas the overwhelming majority of studies observing thz =ffects

of reinforcement on tolerance have employed nonhuman su

1ave examined the development of tolerance to ethanol

r

experimenters

among humans through operant procedures (DeVillaer, 197

in two experiments with male college students. In
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e subjects were given pretraining on a visual motor pursuit

required the subjects to track a moving light source with a light
senzitive stylus A test on this task consiszsted cof twe £0 sec trial:s
separated by a 30 sec intertrial interval Following initial training
the subjects were randomly assigned to esither receive alcchel or a
placebo drink and then further tested cn the pursuit task for four

drinking sessicns. On each of the drinking sessions, the ethancl

subjects were given alcoholic drinks (0.88 ml 96% alc/kg) mixed 1:2
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with a carbonated drink and divided into three equal drinks which wer

served at 20 min intervals. Placebo subjects recszived an equivalent
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METHOD

modification of drug

stable operant

Introduction
In most studies of the context dependent
tolerance, the dependent variables have been mertality rates, pain
tolerance, thermal reaction, or some other respondent.
of context dependent tolerance in the presence of
behavior and subsequent manipulaticn of tclerance
context and measuring the behavioral change that

examined in great detail.

Th

is experiment will employ a

has not been

RES

research design but with evperimental and control groups for macrec-
cocmparisons.
Evrerimental Phase--Experiment Cne

Subje Four exp entally naive common barmn pig=scns
(Columba livia) of unknown age and gender served as subjects in the
first experimen Pigeons were selected as subjects dus to their zcut
sensitivities to brightness (Blough, 1958), and because the specizz iz
mcst often the subject of cheoice for schedule of rzinforcement ctudias
(Ferster & Skinner, 1957). In many studies of the behavioral aspects
of drug tolerance, rats have been employed as subjects, with the

selection of pigeons the

research can be extended

in the later experiments
approximately 80% cf its

to another species
T a~t e~
Each sukbject wa:z

The devel opment

single-subject
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Experimental svents were controlled by a Commodore 64

croccrputer, a Commecdore interface (Crossman, 1984), and a Commcdere

2.

1541 disk drive. BRAll experimental events from all sessions of the

evperimental phases were stored on floppy disks for analysis
Evperimentz]l information was alsc transcribed from the computer vidsc

display monitor onto session data sheets.

Training Phase. Once a subject's weight equalled or was less than

90% of its ad libitum feeding weight, each subject was placed in the
¥os

experimental chamber with the houselight illuminated and approximatel

1

5-10g of food placed in the food aperture. This procedure was intended

v

to adapt the subjects to the experimental chamber and to learn to eat
from the food aperture. Each subject remained in the chamber for a

minimum of 15 min, at which pecint the experimenter checked to see 1

NITHS S

the pigeon had consumed the available food. Subjects repeated this

o vy Y - - 4 T F+ha An - , + 4 ~
procedure until all available food was consumed in the specified time
-~ - —~ A Y~ -~ - Y 1y 3 ) v Ra PR |
or if at the completion of three consecutive sessions in which the bird
T v ~ ~y T -~ o - - o |
had not consumed the food, a new subject was selected. Upon succescfil

subjects wers exposed to an autoshaping procedure (Brown & Jenkins,
This procedure had an intertrial interval (ITI)
mulus interval (ISI) of 6=. More specifically, at the

+ici) C CS.

completion cf every 54s ITI, the center key was transilluminated with

1

blue lamp for the 6s ISI. A respense to this 1lit key resulted in a 3
hopper presentation. If the subject did not respond during the 6s ISI,

1d a programmed 33 hopper lift took place.

f

the key was darkened,
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The remaining subjects experienced the same context and
contingencies but only received an injection of water before each
session. These sessions were continued for an equivalent time as the
£

experimental group. Experimental data regarding any changes in rate of

responding and pause length were used to gauge any changes in bhehavior

as a function of the altered context. These sessions lasted for 30 min
or 30 hopper lifts and continued, for a minimum of ten sessions, until

stakle behavior was again obtained for five consecutive sessions.

Experimental Phase--Experiment Two

Subijects. Six experimentally naive homing pigeons (Cclumba livia)
of unknown age and gender served as subjects in the second experiment.
Each subject was maintained throughout experimentation at approximately
80% of its ad libitum feeding weight. All supplemental food was

rovided in home cages no sooner than 30 min following an experimental

session. Water was freely availabkle at all times in home cages.

Apparatus. The experimental apparatus employed in the first

experiment was used in experiment two. Likewise, the experimental
subjects were given the same initial training procedures prior to the
experimentation proper, as described in experiment one.

Developing operant-respondent conditioned tolerant behavior and

testing for context specificity. Following shaping and preliminary

schedule training, the six subjects were exposed to the experimental
manipulations to develop tolerance to the behavioral effects of

ethanol. 2R reversal-replicaticn experimental design with two

Q..

fferent types of probes was employed, the details of which are

<

xplained in the following text.

)
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ethanecl sessicnsz in the original context for ethanol delivery and
finally four more sessions of water delivery in its context.
Afterwards, four consscutive probe sessions, identical to the two

arlier tolerance probes, were administerad. Multiple probe sessions

[ON

one in a consecutive fashion allowed for observations of the endurance
of contextually conditioned tolerance. ARgain, the same operant
cchedule of reinforcement was in effect across all sessions. Directl y
after these probe sessions, probes for conditioned facilitated behavior
k place. These probes consisted of delivering water to the subjectz
le in the presence of the context predictive of ethanol delivery.
Since the respondently conditioned tolerance had been described as
consisting of compensatory mechanisms to negate the unconditioned
effects of the ethanol and as the operant behavioral compensations also
overcame the ethanol's effects, facilitation of behavior as well as
tolerant behavior was expected.

Following these experimental manipulations, all subjects wer=s
placed on the same schedule of reinforcement across the same conditions
of =zuperiment two but in the absence of any injected agent to obtain an
operant baseline level of schedule behavior. Baseline conzisted of
sessions, two alternations across both contexts. This was done
following the conditioning procedures to aveoid any confounding cof
results due to a preexposure to the CS--the experimental chamber

environment.

Experimental Phase--Experiment Three




(@2}

-~ - e~ lrarr 3717 B I i - 1y~ i
he responsz key illuninated red during those

tolerance to ethanol was being conditioned. In sessions preceded by

fa
'g

haze--Tuyneriment Four

WCaa s [S109

Experimenta

ooorantls ~onditdi a3 +.1arant hehavior o e T O RGP O P [ e S
Sk 1LCRCS Toaierant oeng S LOUX Niew [[AMBLE ZETVEN SO

imental subjects in this experiment. All animals

-~ - S | Lyrm s T A~y ey~ - Lt - - R R - A e T
same initizl trazining procedurssz in the same apparatus as dsscribed

P [ ~d A r-vy £ varnd 1L +hat £ +lha Al a~E~ - ~myeT 5 A~
conditicning history different than that of the subjects in sarlisy

simm il ded st =
- e il ._‘K.JAA.-A..:, .

3 ot A ~F
LA.A-—A—.A.\J... b

Sy Bt e Ay
SRR I [
variagcies——mean

duration of session were the zame a3 in

anrliayr avinarimeantats An However hovae +hae acrvh=sao~+ta 12y Ai1vrarn +ha
SOL L LTL TaApTL LTl R v van CWNIZV T, dTL T LIIT D JTo e WO T gL viTal Laal
- 1~ gy + ~vy e ATYY P 3 A~ Ml s medla s e evmemia
injection history across both environments. e

T S . S
7en 1njections wat

Las-li~ht  inoreaced no e e s

rerrlight, 1H6r no NG ALET




57
were given injections cof water before each session in which the chamber
was illuminated by only the keylight with ambient noise levels. BAnd as
in experiment three, a different color keylight was present for each
setting.

This conditioning history was imposed for a total of 16 sessions--
two alternations across both contexts. The operant schedule of
r2inforcement was in effect across all contexts for all sessicns. The
purpcse of this conditioning history was to attenuate the emergence of
subsequent respondent conditioned tolerance through pre-exposing the
subjects to the potential CS context before any exposure to

A novel CS has more efficacy to be conditioned with a US than a

history should interfere with the context to be paired with ethancl
becoming an effective CS to develop respondent tolerance.

Following the pre-ethanol conditioning history, the subjects were
exposed to the same conditioning reéimen as in experiment three.
However, the predicted effects should not be the same as in this case,
stable operantly conditioned tclerance behavior would
established but respondent conditioned tolerance should have been
hindered. The behavioral change in response to the tolerance probes

was expected to be minimal.
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manipulations were intended to help delineate the contributions of

operant and respondent processes to the development of behavicra
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Timeline Experiment One Control Subjects

VR-20 schedule performance measured following water delivery. " Data
collected for a minimum of 10 sessions to a maximum of 15 sessions in
the dark and silent context, the chamber at ambient noise levels and
illuninated by the keylight alone.

VR-20 schedule performance measured following water delivery but in the
bright and noisy altered context, with elevated noise and houselight
illuminated. Data collected to point of stability for a maximum of 15
sessions.

Timeline Experiment One Experimental Subjects

VR-20 schedule performance measured following ethanol delivery. Data
collected for a minimum of 10 sessions or until behavioral stability in
the dark and silent context.

VR-20 schedule performance measured following ethanol delivery, but in
the bright and noisy altered context. Data collected to point of
behavioral stability.

-

Timeline Experiment Two, Exp. Three, and Exp. Four Subjects

VR-20 schedule performance measured for 16 tolerance conditioning
sessions. Water or ethanol delivery alternating every four sessions,
water being paired with the bright and noisy context and ethanol with
the dark and silent context. The keylight was illuminated blue in all
conditions in experiment two; in experiments three and four the
keylight was blue preceding water delivery and was illuminated red
preceding ethanol delivery.

Tolerance probe 1 conducted-usual dose of ethanol administered in
context predictive of water delivery.

Eight more tolerance conditioning sessions, contexts and water or
ethanol delivery alternating every four sessions.

Tolerance probe 2 conducted-usual dose of ethanol delivered in context
predictive of water delivery.

Twelve more tolerance conditioning sessions, contexts and water or
ethanol delivery alternating every four sessions.

Four consecutive tolerance probe sessions-usual dose of ethanol
administered in context predictive of water delivery.

Four consecutive conditioned facilitation sessions in which the usual
dose of water was given in the context predictive of ethanol.

Baseline sessions in which VR-20 performance was measured across both
contexts in the absence of water or ethanol delivery. Data collected
for 16 sessions-two alternations across both contexts.

Figure 2. Experimental timeline for experiments 1-4. Deviations from
this timeline that occurred in experiment one were due to variables
extraneous to the experiment.
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Mean PRP in Seconds

Keylight only Key and Houselight
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Figure 3. Mean postreinforcement pause (PRP) in seconds on a variable-
ratio (VR) 20 schedule of reinforcement for control subjects BP-5 and
BP-8. Both subjects were given an oral injection of 2.00 g/kg of
distilled water before each session. The left panel indicates mean
pause length on the VR 20 schedule with only the keylight illuminating
the chamber. The right panel indicates mean pause length on the same
VR schedule with the key and houselight illuminating the chamber.
Additionally, the ambient ncise level was increased by 15-20 dB and
aluminum foil was draped over the clear sidewalls of the operant
chamber .
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Mean Running Response Rate
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Figure 4. Mean running rate in responses per second, excluding the
postreinforcement pause, on a VR-20 schedule of reinforcement for
control subjects BP-5 and BP-8.
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Mean PRP in Seconds
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Figure 5. Mean postreinforcement pause (PRP) in seconds on a variable-
ratio (VR) 20 schedule of reinforcement for experimental subjects BP-7
and BP-6. Experimental subjects were given an oral injection of
ethanol (25% V/V 2.00 g/kg) before each session, as indicated by the
solid squares (®) Open squares (@) indicate injection of water;
these sessions were intended to probe for tolerance to the ethanol.
The left panel indicates mean pause length on the VR-20 schedule of
reinforcement with only the keylight illuminating the chamber. The
right panel indicates mean pause length on the VR—20 schedule of
reinforcement in an altered context. In the modified environment, the
chamber was illuminated by both the keylight and houselight, the
ambient noise level was increased by 15-20 dB and aluminum foil was
draped over the clear sidewalls of the operant chamber.
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Figure 6. Mean running response rate in responses per second,
excluding the postreinforcement pause, on a VR-20 schedule of
reinforcement for experimental subjects BP-7 and BP-6. The
descriptive labels refer to environmental conditions described in
Figure 5 text.
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Mean Ruﬁning Response Rate
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Figqure 8. Mean running response rate in responses per second on a VR-
20 schedule of reinforcement for subjects BP-9 and BP-12. The legend
and experimental conditions are described in Figure 7 text.
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toclerance conditioning series of sessions. It is as if a large degrese
of tolerance was acquired between exposures to ethancl. A

pattern can be seen for subject B-1 and in i ot
second tolerance conditioning experience, to be discussed later. 1
correspending increase in mean running response rate can ke sssn in
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sessions. By the fourth series of ethancl sessions, the mean PRP ha

dropped and came to overlap somewhat with mean PRP values f£rom watar

sessions
Of additicnal interest are the data from the tolerance probe
sessions. Again, some consistent trends can be seen. TFor three of th=

four subjects, 0-1, BP-14, and A-2, in those probe sessiocns where
ethancl was delivered in envircnments formerly predictive of water, 1

n the value of the mean PRP. R2ll of
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appeared to make nc difference
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the prgbe sessions fell well within the range of values from typical
ethanol sessions. For two of these subjects, BP-14 and A-2, in some
probe sessions the mean PRP values were either a minimum or
approximated the minimum value for mean PRPs obtained following
delivery of ethanol. Subject BP-13 produced a different response
pattérn in that the first tolerance probe resulted in a large increase
in the average PRP which roughly approximated the large increase in
mean PRP seen in the very first ethanol sessions. However, this
outcome needs to be considered in the face of other observations that
this subject displayed considerable variability in its ethanol session
data. All other tolerance probes for BP-13 were well within the range
of values from typical ethanol sessions. Finally, the data from the
sessions wherein water was delivered in the environment predictive of
ethanol showed no real difference from other water preceded sessions.

The running response rate data for these four subjects, shown in
Figures 11 and 12, with the effects of the postreinforcement pause
removed, showed a high degree of behavioral stability in those sessions
in which water was delivered. The introduction of ethanol produced
response suppressicn, being the most pronounced in subjects A-2 and BP-
13. Subject BP-13 displayed a large degree of
various sessions in which ethanol was delivered, and initially showed =
high degree of response suppression in the first four ethanol sesszions.
The next four ethanol sessions evidenced considerable recovery of
response rate, followed by another series of sessions which showed
considerable respcnse suppression, to values that approximated the

degree of response suppression seen in the initial ethanol series.
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However, the tolerance probes for subject BP-13 did not provide any
evidence of context specific tolerance, and in fact showed more
consistency than the tolerance conditioning sessions data. The final
four sessions in which water was delivered in the ethanol predictive
environment cannot be seen as being distinct from other sessions
invelving water. Subject A-2, after showing the large initial
response suppression, displayed considerable response recovery and for
all ethanol sessions thereafter, mean running response rate data fell
into a consistent but fairly large range of values. This subject's
tolerance probes also showed no evidence of context specific tolerance
as all the probe values fell within the range of values from other
ethanol sessions. A possible exception was the observation that twe of
the tolerance probe data points, probe #2 and the final tolerance probe
of the four consecutive probe sessions, constituted the minimum values
of the ethanol session range of values. But both of these values were
well above the degree of response suppression found in the first four
tolerance conditioning sessions. Also, the facilitation probe sessions
did not represent distinct data trends as seen with other birds.

Subject BP-14's data did not show a large degree of response
suppression across any of the ethanol sessions, either tolerance
conditioning or tolerance probe sessions. All of the tolerance probe
values for the subject fell within the range of data points obtained
from typical ethancl sessions.

Subject 0-1's data for this parameter were very similar to the
performance of BP-14 in that there was no large amount of response

)
suppression from ethanol sessions. In general, considerably more
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Baseline Data
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Fiqure 13. PBaseline mean postreinforcement pause (PRP) data for

subjects
sessions
indicate
response

baseline.

BP-14 and 0-1. Data shown by a plus symbol (—) indicate

in which the houselight was illuminated. Filled squares (=)

sessions in which the chamber was illuminated by only the blue

keylight. No injections were given prior to any sessions in
Session numbers are indicated along the X axis.
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Figure 14. Baseline mean postreinforcement pause (PRP) data in seconds

for subjects A-2 and BP-13.
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across different contexts for most subjects. However, the degree of
tolerance found here is limited at best. It might be better

+ v~ 4+ r Y+ al S oy~ 4 £ P T b
that once the initial disruption of kehavior due to ethancl is no

longer present, behavior remained relatively stable. This initial
disruption is not strengly present for all subjects. Namely, BP-14 and

0-1 do not show the clear perturbation of behavior that A-2 and BP-13

show. BAnd this ocutcome could lead one to conclude that while

respondent and operant processes interact to produce tolerance,
evidence could be secen that either process could overwhelm
under appropriate antagenistic conditicns. Other conclusions are alsc

possible. One possikility is that the contexts were not "different

enough" for all subjects to cause a failure of context dependent
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, and the physical appearance
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ue response key was a constant
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tolerance probes were, in fact, no different to the subjects with the

possible exception of BP-12's firct tolerance probe for the mean PRP
parameter As a result, no strong evidence was found for ccntext
specific tclarancs heing absent because the respondent tolerance
process was still viable

To conduct a functional analysis of the possibility that both

4+ - + -~ v 3 - L e 1 ~ o~
cperant and respcondent processes were still in effect in the tolerance
4 -~ 7 4+ - - e e ML~ Fovm w7 A~
probe sessions, an additicnal experiment was conducted. The functional
- 1 Y & £ - 1 ++ + -4 + o+ 44 -
analysis of experiment three attempted to sort cut the conditions under




which operantly conditioned tolerance would be primarily in effect from
the conditions under which respondently conditioned tolerance would ke

in effect. The simplest way to pursue a functional analysis of the

question at hand was to run additional subjects with still further

differences being present from context to context, that is to include a
change in the stimulus present on the response key. Higgins et al.
(1929) stated that increasing the role of discriminative control by

exteroceptive st

produced by a drug. Based on this logic, the experimental changes

proposed next were expected to facilitate t

conditioning process. Again, individual subject dosages had to be
rrived at, but a smaller range of doses was found to be needed,
ranging from 3.00 to 4.00 g/kg of 25% V/V =sthancl The actual dozes

for subject A-4, 3.00 g/kg; subject D-2, 3.25 g/kg; subject B-2,

g
B
8}

3.75 g/kg; and subject D-1, 4.00 g

- 5 £ e Ay | NP < e v I 1, Iy . ™ Aade =
The results of experiment three again showed that mean PRP datz

was the most sensitive to the experimental manipulaticon, az can be
seen in Figures 17 and 18. For all four subjects, the water sessions

showed a high degree o

trends being apparent in the data. Subjects D-1 and D-2 did not show a

e I C e s L R R S : - S 3, e 1o
"rend across consacutive series of ethanol sessions indicative of

nt tolerance development; it could be zeen for both subjects

2 i 4

that a greater degree of response suppression was present in later
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Figure 17. Mean postreinforcement pause (PRP) data in seconds for
subjects D-1 and D-2 on the VR-20 schedule of reinforcement. Data
shown by a plus symbol (——) indicate sessions preceded by water
delivery, blue response keylight, houselight illumination and increased
noise levels. Data shown by filled squares (=) indicate sessions
preceded by ethanol delivery, and in which the chamber was dark except
for a red keylight and ambient noise levels. Asterisks (—=) indicate
sessions in which ethanol was given in the water predictive context,
and open squares (—=-) indicate sessions in which water delivery
occurred in the ethanol context. Sessions are indicated on the X axis.




85
Mean PRP in Seconds

13 4 : Ay

121 § 3.0/
111 ?

10 1
9-
81

71 .
6 A bed
S W

4 9

Number of Seconds

31 el

14

| 0P A g e Y 00 A 786 R A F) 2 SR S O £ 4

y 5 10 15 20 25 30 35 40 45
PRP Data for A-4

14 : : : T 54 3 ; : 3
13 B-3
129 1 | i 3.7%/k
114 ; i

10 1
91
8-
7 4
6 4
5 4
4 4
1 aginy O g ;‘ e o

Number of Seconds

B SN SN S S Sn S B S SIS S S S S A ) 5 S S T SR TR A A 2\ S A i 0B £ T G0 G /o T8 GO, %

15 10 15 20 25 30 35 40 45
PRP Data for B-3

—— Light/Water ~ —®— Dorkness/Alc —=— Tolerance Pro =&~ Facilitation Pr

Figure 18. Mean postreinforcement pause (PRP) data in seconds for
subjects A-4 and B-3.
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ethanol sessions than in earlier ones. BAn exception to that

generalization is that the initial ethanol session for subject D-1
resulted in complete response suppression. Except for this extreme

data point, the maximum value for PRP length occurred in later ethanol
tolerance conditioning sessions; for subject D-2, the most response
suppression occurred in the final session of the last ethanol session.
In fact, an increasing trend was evident in all four sessions of thic
last ethanol series. A fifth data point from an additional ethancl

session which was not shown on the graph indicated that the increasing

trend did not continue but instead declined to a value comparable to
other ethanol session data. D-2's data in Figure 18 show an
interesting trend over the course of the tolerance conditioning
sessions. For the last three series of these sessicns, the data fall

into the pattern of an inverted U. For the very last series, the
ungraphed f£ifth data point is needed to form the inverted U pattern.
The significance of this pattern is not immediately apparent and this
pattern is not evident in the data of any other subject.

) —~ v~ - .~ - = 5 L
On the other hand, the ethanol tolerance probe sessions for these

v ot~
L v

delivered in the midst of conditions predictive of ethancl were, for
the most part, indistinct from other water sessions. Subjects A-4 and
B-3 alsc showed a high degree of consistency across different water
delivery sessions. For those sessions in which ethanol
considerably more variability was fcund in PRP va

1

subjects' data also appeared to show a slight trend of decreasing PRP




values except for an increase for both birds in the fourth seriez of
tolerance sessions. But again for both birds, all of the data points
for the tolerance prcbes for context specific tolerance £<ll within

range of values from ethanol sessions that showed response recovery

relative to the initial ethanol sessions. Finally, the data from the
last four sessions in which water was delivered in an ethanol p d

context were, with the exception of one data point for A-4, not
different from other water session data.

The data for the running response rate dependent variable, shown
in Figures 19 and 20, showed some apparent trends. The
sessions, including sessions in which water was delivered in the
ethanol context, were very stable and consistent. The data from
tolerance conditioning sessions fell within two general trends.
Subjects D-1 and D-2's data showed some degree of *hcreﬁs ng response

recovery across censecutive tolerance sessions, but with a high

IS
e
r

of variability. All of the tolerance probe data points for D-2 fell

within the range of the values from other ethanol sessicns. While it
can be said that subject D-2 showed a slight increasing trend in its

running respense rate data, the subjects' first and second tolerance

probe data points represented minimum or near minimum points of

ate. Other tclerance probes fell within the range of values

“ulic

th
r
Q
3
0
e

her ethanol paired sessions.

For subjects B-3 and A-4, the data from later tolerance
conditioning sessions relative tc earlier tolerance conditioning
sessions did not show a strong trend of response rate recovery but

instead generally showed a stable directicn, falling within a similar
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Figure 20. Mean running response rate data in responses per second for
subjects A-4 and B-3.




ange of values. The data from the tolerance probe sessions were

noteworthy because they represented, in the case of a few data points,

the mavimum or near maximum values of running response rate. Subjec

ok i

B-2 showed a high value in terms of response rate recovery for probe
session two, and for the first three sessicns of the four consecutive

ions of tolerance probes. Some of these data points approximated

Cac*s*
or exceeded running response rate values from water sessions. For

e a A~ Ay i~ - - .y M - oy oy - -~
subject R-4, tolerance prche two represented a value approximating dat

from water sessions.

Overall, the results of this experiment tended to solidif: the
conclusicn that once the reztricted tolerant behavior devzloped tha
was seen here, it remained more or less constant across differen
contexts. This experiment also served tc clarify and replicate the

results of the second experiment by having represented a more adegquate

Vil LA UL
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test of operantly conditioned versus repondently conditioned tolerance.

Here the contexts were made even more different but the outcomes were

very similar to the second experimen While some data could be taken
to indicate a lcss of tolerance to some degree with context cshifts

- 4 + - .- ~ha 1
1g apprcaching the behaviocral changes seen wi

Even with the greater differences across contexts, little evidencs
for a "context effect" was found. As to why this outcome occurred

gain, the most straightforward answer would be to refer tc the

Q)

ontrol of the reinforcement schedule. The operant schedule would

Q

favor behavioral momentum and regularity across contexts. In the

probes for context specific tolerance, the main scurce of behavioral
r B




variation would be from the internal drug state. BAll of the contextual
stimuli had been experienced prior, all except for the intarmal drug
stimuli in the presence of a nonpredictive context. Higgins et al.
(1989) again stated that increasing the control of behavior by

exteroceptive stimuli (by adding to its saliency) would decrease the

control of behavior by drug stimuli. That appears to encapsulate the

*..
[¢4]
[
[}

Another question that could be asked here is why there is no
evidence for behavioral tolerance to the ethanol for much of these
stbijects' data. Cbviously, it could be due to a nurber of uncontrolled
variables, such as the sex, health, and histories cf these subjec

Associated with these variables is the possibility that tolerance would
have been seen after a greater number of ethanol exposures than
conducted here. In the very first experiment, BP-7 showed a gradual

decrease in mean PRP over the course of over 30 consecutive ethanc!

(95

ed sessions. Subject BP-6 showed an initial large decrzase in

mean PRP but thereafter showed no clear decrease in mean PRP over

-

approximately 20 consecutive tolerance conditicning sessicns.

Tolerance will clearly develop at different rates feor differen

t
subjects due to a number of factors. Also, if these subjects had to
rely on the reinforcement schedule for all their food as in a closed
economy, tolerance might have more clearly emerged. As it were, the
cts were maintained at roughly 80% of their free feeding weights
by post session feedings.

Finally, the results of the behavioral baseline sessicns are shown

in Figures 21-24. As is evident from the graphed da
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Figure 21. Baseline mean postreinforcement pause (PRP) data in
seconds, for subjects D-1 and D-2. Data points indicated by plus
symbols (——) are for secssions in which the chamber was illuminated by
the houselight, red keylight, and increased noise levels. Filled
squares (™) indicate sessions in which the chamber was illuminated by
the red keylight alone. No injections were given prior to baseline
sessions on the VR-20 schedule of reinforcement.
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Figure 22. Baseline session data for mean postreinforcement pause
(PRP) in seconds from subjects A-4 and B-3.
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Figure 23. Baseline mean running response rate data in responses per
second for subjects D-1 and D-2. As before, the PRP time is not
included in the calculation of this dependent variable.
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second for subjects A-4 and B-3.
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behavior tended to show stability for all three dependent variables,
across the different contexts. Subject D-1, however, showed more
fluctuations than the other subjects, seen mostly in the mean PRP data,
Figure 21. But considering that by this point the subjects were very
familiar with the contextual manipulations, a high degree of stability

in the absence of any injected agent was not surprising.

Experiment Four

The results of the final experiment were not surprising in light
of the outcomes obtained so far. The last experiment was intended to
add clarification to the interaction between the operant and respondent
processes by having used latent inhibition or preexposure to a
potential CS to limit that stimulus's efficacy to serve as a CS. This
was done by putting the subjects of this experiment through a
behavioral baseline series of sessions prior to tolerance conditioning
sessions. Since little evidence had emerged to argue for any hegemony
by a respondently conditioned tolerance under conditions closer to what
could be considered optimal, manipulation to hinder the development of
respondent tolerance also produced little evidence for its effects.
However, all of the experimental subjects so far had shown a much
different response pattern to the ethanol in that a larger dosage was
required to produce an actually decreased behavioral change, relative
to the two experiment two subjects. The differences in dcsage ranged
from .50 g/kg more to as much as three times the dosage given subjscts
BP-9 and BP-12. For two of the four subjects of the final experiment,
a similar picture was seen in that subject B-2 required a dosage of

6.00 g/kg and S-1 required a dosage of 3.50 g/kg of the ethanol to
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produce the specified behavioral changes. The remaining subjects, B-2
and_A—B, both required approximately 2.25 g/kg of ethanol to cause
behavioral change significant enough to meet the experimental criteria.
Based on the earlier data, for subjects whose behavior is suppressed by
lower doses of ethanol, the respondent process showed a strong
influence countermanding an operant schedule of reinforcement for
tolerant behavior. Based on this conclusion, latent inhibition should
tend to negate or minimize the influence of the respondent process in
such subjects.

The results of the last experiment supported this conclusion. The
results are presented in Figures 25-28 for the initial baseline
sessions and later experimental sessions are shown in Figures 29-32.

As can be seen in the graphs of the baseline data, there was
considerable consistency for all measures for all subjects with some
exceptions. Subject S-1 showed the most variability with all three
measures showing some degree of change, within the first four sessions,
as in Figures 26 and 28. The initial exposure to the altered context,
with dark chamber and red response key, produced an increase in mean
PRPs and slowed response rates for all subjects, but the variations
fell within a small range. These behavior changes were absent for the
most part, in the second exposure to the dark and red key context.

The first four experimental sessions in which water delivery
preceded the bright and noisy context were also essentially lacking in
significant response variation. The introduction of ethanol at the

requisite dosage produced major increases in PRP duration for all
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Figure 25. Baseline mean postreinforcement pause (PRP) data in seconds
for subjects B-2 and A-3. The experimental conditions in effect are
the same as in other baseline sessions but this data was collected
prior tc the ethanol and water preceded experimental sessions for these
subjects and subjects B-1 and S-1. Sessions are indicated along the X
axis.
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Figure 27. Baseline mean running response rate data in responses per
second for subjects B-2 and A-3. This data excludes the PRP time in

calculation of responses per second.
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subjects: accompanied with increases in respense variability. Subject
) 1o b4

B-2, which received the largest dosage of ethanol, 6.00 g/kg, actually
showed the smallest range of PRP values across the first four session:s
as shown in Figure 29. Subjects B-1 and A-3, which both received

2.25 g/kg of ethanol, had average PRPs falling roughly within the same
range as seen in Figures 29 and 30. Subject S-1, which received 3.50

displayed the widest range of average PRP valu

/1 £ ~+ha
g/kg of ethanol,
- Ts ~vymaA 2N Ml A v~ 1 Tl =
shown in Figure 20. The succeeding water sessions for all subjects

showed slightly more variability of mean PRP than the initial four
sessions but all values fell within a narrow range. The mean PRP datza

for subject B-1 (Figure 3C) showed a large decrease between the first

and second series of tolerance conditiocning sessicns. This same

pattern was noted in the mean PRP data of A-2 in Figure 10 and in BP
2's second data set. 2ll of these subjects' subsequent data did not
show a distinct decrease across subsequent tolerance conditioning

between the first and second series and little change thereafter, as

7 vy Arla = A~ ST k5 .
+

el for
€1y, L0 SUBISET DL, Tt

A.u‘

largest behavicral change in the way of tolerance occurred not between

- 1 A N + + +h A ~ym Fivmd - ~a PN

series of sessions but between the very first and second tolerance

‘ A‘%" . » i : - - -
conditioning sessions as shown in Figure 30. Following that change, a
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Figure 29. Mean postreinforcement pause (PRP) data in seconds for
subjects B-2 and A-3. Experimental conditions and graphic details are
the same as indicated in the prior experiment.
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decreasing PRPs indica
degree than with the other subjects. However, this conclusion may be
argumentative.

All of the tolerance probe .sessions data points for all subjects

1 v £ n—dn.\ =
fell within the range of wvalues from later

approach the extreme values from the initial sessions. However, B-2
did not show any distinct or extreme behavioral data as a result of

ethanol administration. Finally, one subject, B-1l, showed an increase
ose sessions in which water was delivered in
the context predictive of ethanol. These variations represented the
largest average PRP values of any sessions in which water was
delivered. For subject B-1 this relatively large jump in mean PRP
fcllowed a large increase in average PRP in the very last tolerance
probe session. Subject B-2 showed the same increase in the finz

tolerance probe session but not the accompanying increase in the water

sessions. Why these patterns occurred is not known, ner is its
significance. In sumation, the mean PRP data from the final
experiment were not divergent from the earlier outcomes and tended t-

show that once tolerance to ethancl emerged, it tended to remzin morz

or less constant across different environments.

sctability, but all subjects displayed some degree of variation in
either the typical water sessicns or the sessions in which water was
given in the ethanol context. The administration of ethancl resulted

in a decrease in response rate relative to
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Mean Running Response Rate
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Figure 31. Mean running response rate data in responses per second for
subjects B-2 and A-3. The PRP time has been excluded in the
calculation of responses per second for this dependent variable.
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Figure 32. Mean running response rate data in responses per second for

subjects B-1 and S-1.
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for all subjects. No subjects showed a strong trend of increasing
response rate cover the series of consecutive tolerance conditioning
sessions with one exception, B-1l, to be discussed below. Subject A-3
(Figure 31) showed a more or less stable pattern of response rate
across consecutive ethanol series. The same generalization applied to
A-3, also shown in Figure 31. Subject B-1 showed an increase in mean
response rate that occurred between the first and second series of
tolerance conditioning sessions, shown in Figure 32. Thereafter,
little change in response could be seen for this subject. The data of
S-1, also in Figure 32, showed an increase in response rate that tock
place across the very first and second tolerance conditioning sessions
and minor response rate change after those sessions.

Considering the tolerance probe data next, for B-2, these data
peints represented maximum or near maximum values of response rate,
with the exception of the very first tolerance probe. A similar
pattern occurred for subject A-3 with two exceptions being the very
first and the very last tolerance prcbes, both shown in Figure 31. The
tolerance probe data points of B-1 (Figure 31) likewise exceeded the
values from other ethanol sessicns with one notable cutlier, the very
last tolerance probe, as seen in Figure 32. For subject S-1, the
tolerance probes fell within the range of data from cther ethanol
exposure sessions and did not show an indication of increasing response
rate indicative of tolerance. The analysis of this dependent variable
adds clarification to the conclusion that once tolerant behavicr

develops, it remains intact despite changes in the environment.
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In the section that preceded the discussion of this experiment it
was argued that the data of two subjects here, B-1 and A-3, would be of
interest since they showed a high degree of response suppression to
dosages very similar to the dosages required to completely suppress
respohding in subjects BP-9 and BP-12. However, following the baseline
sessions, the data of B-1 and A-3 represented little in the way of a
replication of subjects BP-9 and BP-12. Either the baseline sessions
minimized the effect found with the low dosage subjects or a still
unidentified factor could explain the difference between the BP-2 and
BP-12 and all of the latter subjects. One way of further clarifying
the results of these experiments would be to put BP-9 and BP-12 through
the procedures of the final experiment. That is, after obtaining the
results of the earlier experiment, the subjects would be run across a
series of baseline sessions and then have those subjects reacquire
tolerance to a higher dosage of ethanol in a still different context.
Unfortunately, one of these subjects, BP-12, had to be sacrificed as a
result of an infection. The remaining subject, BP-9, was put through
the preocedure described above.

The baseline mean PRP data and mean running response rate data
are shown in Figures 33 and 34, respectively. For these dependent
measures, there is little difference in behavior across the different
contexts in baseline in that a high degree of stability is evident
here. It should be pointed out again that the dark context now
includes the response key illuminated with red. Baseline was

continued for two alternations across both contexts, for a total of 16

sessions.
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Figure 33. Baseline mean postreinforcement pause (PRP) for subject
BP-9 on the VR-20 schedule of reinforcement. Plus symbols (—)
represent data from sessions in which the chamber was illuminated by
the houselight, the red response keylight, and with increased noise
levels. Filled squares (-=-) symbollze data from sessions in which the
chamber vas illuminated by the keylight alone at ambient noise levels.
No injections were given prior to any sessions, which are indicated

along the X axis.
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Figure 34. Baseline mean running response rate in responses per second
for subject BP-9.
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In the experimental session data, Figures 35 and 36, the initial
delivery of water resulted in little change in BP-9's behavior
relative to baseline for any of the behavioral parameters. The average
PRP data from the water sessions was very consistent and all fell
within a small range of values. The largest exception to this
generalization occurred in the final sessions in which water was
delivered in the environment formerly paired with ethanol. This
pattern had been seen with most of the subjects of the earlier
experiments.

The delivery of the larger dose of ethanol, 2.50 g/kg, determined
from a dose response curve, resulted in large increases in average PRP,
particularly across the first four tolerance conditioning sessions.

The increase seen in the second ethanol series was substantially
reduced. ?he reduction occurred between ethanol series as noted
earlier, and by the third ethanol series the average PRP values

approximated the data from water sessions. BAll of the tolerance probe

n

data points fell below the data points from other ethancl sessions a
seen in Figure 35. In terms of this parameter, it appears that
tolerance developed quickly and remained very constant across changes
in centext. This data did not provide support for a context dependent
tolerance effect. The mean running response rate data, Figure 36, did
not display strong response rate differences from either the ethanol or
a context dependent tclerance effect.

In sumation, having the subject reacquire tolerance to a higher
dose of ethanol in another altered environment was an additional

manipulation intended to clarify the mechanisms of tolerance
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Figure 35. Mean postreinforcement pause (PRP) data in seconds for
subject BP-9. This data is from a second tolerance conditioning
session, in addition to this subject's experiment two data. Sessions
are indicated along the X axis. Symbols used are the same as in

earlier graphs.
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Mean Running Response Rate Series 2
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Figure 36. Mean running response rate data in responses per second for
subject BP-9. Data shown is from a second tolerance conditioning

series.
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conclusion that once tolerance developed on an operant reinforcement
schedule, it remained a constant across contexts. The results of the
ocnal analyses involving the additional contextual stimuli changes
also favored the above conclusion. All of the results acquired after
the first two subjects, BP-9 and BP-12, have supported this conclusion
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Cne other largely unrelated conclusion could be drawn. Ethanol

Lodaddl AiTaan . ~—adTd

reinforcement. Cchen, Neuringer, and Rhodzz (1990) reported
of ethancl impaired the ability of rats to emit repetitious respcnse
sequences but not response sequences that were varied. In that study,
as in the present, ethanol served to increase response variability.
usion is subsidiary to the empirical question posed in
this investigation. With respect to the conclusion that once

- : e - & s PRGPORTY, T, pue B st v s
develops via reinforcement of behavior on a schedule of reinforcs

and it remained a constant across contexts, the results of two subjects
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1 a contradiction. 2 reconciliation and discussion o
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ction follows in the discussion secticn.
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DISCUSSION

In formulating the statement of the problem, this author argued
that the nature of the interaction of operant and respondent processes
in developing tolerance to ethanol is not understood. Both processes
are individually supported as being the primary process in acquiring
tolerance by abundant literature. While both processes are no doubt
jointly present, various studies tend to indicate a hegemony by one of
the paradigms. The emphasis on one process over the other could ke
seen as being the result of the type of behavioral parameters
measured. Studies that examine interactions between the two processes
are fewer in number, and for the most part, very similar to other
studies. That is, depending upon the type of behavioral measures
taken, those studies indicated that either process can be crucial in
the acquisition of tolerance to ethanol. Grilly (1989), for example,
proposed that most of the tolerance to ethanol is acquired through
operant means. He presents no empirical evidence to support this
conclusion, however.

The present experiment did add to the existing literature, in
terms of the methodology and the results which replicate and
complement other studies. Table 2 summarizes the results for the mean
postreinforcement pause data and Table 3 provides a sumary of the mean

running response rate data. Only the data from tolerance probe

sessions are shown in these tables. In Table 2, an equal (=) sign
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2 Summary of the Tolerance Probe Data Points for 211 Subjects From the

Mean Postreinforcement Pause Data

Subject

Probe#1

Probe#2

Probe#3

Probe#4

Probe#5

Probe#6

BP-9

HIGH

HIGH

HIGH

BP-12

HIGH

HIGH

HIGH

BP-14

O-1

A-2

BP-13

D-1

LOW

D-2

At

B-3

LOW

B-2

LOW

LOW

A3

LOW

LOW

LOW

B-1

S-1

LOW

LOwW

LOW

BP-9#2

Here, an equal sign (=) indicates that the probe was equal to the range

of prior tolerance conditioning sessions. LOW and HIGH indicate that
the tolerance probe was either less than or greater than the prior
tolerance conditioning sessions by at least one-half second. In terms
of this dependent variable, only HIGH is indicative of a context
dependent tolerance effect in this summarization.
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A Summary of the Tolerance Probe Data Points for All Subjects From the

Mean Running Response Rate Data

Subject Probe#1 | Probe#2 | Probe#3 | Probe#4 | Probe#5 | Probe#6
BP-9 LOW HIGH LOW LOW = =
BP-12 - - Low - - =
BP-14 = = = E = =
O-1 = HIGH = = = LOW
A-2 HIGH - = = » =
BP-13 = = = = HIGH =
D-1 = = HIGH = = =
D-2 LOW LOW = = = -
A4 = HIGH = = - =
B-3 = HIGH HIGH HIGH HIGH =
B-2 E HIGH w = = HIGH
A3 HIGH HIGH HIGH HIGH HIGH =
B-1 HIGH HIGH HIGH HIGH HIGH LOW
S-1 = = B = = =
BP-9#2 s = = = = =

Here, an equal sign (=) indicates that the probe was equal to the range
of prior tolerance conditioning sessions.

tolerance conditioning sessions by at least one-half second.

dependent tolerance effect in this sumarizaticn.

LOW and HIGH indicate that
the tolerance probe was either less than or greater than the prior
In terms

of this dependent variable, only LOW is indicative of a context




=

indicates that a tolerance probe data pecint was equal to the range of

prior tolerance conditioning sessions. The same convention holds for

an equal sign in Table 3. In Table 2, the werd High indicates that a
tolerance probe exceeded the values of prior tolerance conditioning
sions by at least one-half second. The word Low indicates a

tolerance proke was less than the prior tclerance conditioning sessions
by at least one-half a sscond. Hence, High is indicative of data
verifying a context specific respondent tolerance =ffect while Low
contradicts any context specific tolerance effect. 1In Tabkle 3, the

A

senanse yara
sponse race

U

termns High and Low are assigned opposite meanings, since re

is now the dependent variable of interest. Here, High represents a
faster rate of response for a tolerance probe than for =arlier
tolerance conditicning sessions and Low points to a slower rate cf

responding on a tolerance prcbe, relative to prior ethanol sessions.

Both Tables 2 and 3 confirm the conclusions presented in the results

1s study evaluated dependent variables of operant
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)
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+ e + - &L.. Al ayrar~a
T SUD .EC\_Q, that tolerance

reinforcement of compensatcry behaviors was immune to contextual
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stimuli changes asscociated with respondently conditicned tolerance, or
lack thereof. The data summary of Tables 2 and 3 overwhelmingly shows

that the tolerance probe data pocints were mainly equivalent to
erance conditioning sessions and favored the cperant toclerance
effect over the respondent effect. That is, the mest common cutceome
showed the tolerance probe data to be equivalent *+o tolerancs

d mest common outcome was tha result
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that the tolerance probe data points actually represented behavicral
improvement--shorter PRPs or faster response rates--rather than

tolerance conditioning sessionz. The least likely outcome to occur wes

the behavioral disruption that indicated
tolerance. Overall, these data are contradictory to
tolerance hypothesis. Here, contextual variations more often than not

itation of the depandent

0,
t
-

resultad in either no change, cor

measures examined. However, these rasults must be couched within the

r

ated above, because, for a minority of

terms of the qualifications s
subjects, tolerance developed but was subject to extreme disrupticn by
changes in contextual stimuli, presumably dvue to a breakdown i
respondently conditioned toclerance. These same subjects alsc shcowed
wore impairment due to a relatively smaller dose of ethancl than these
subjects whose behavior was immune to any contextual manipulationz
Clearly, something was different about this subset of subjects and
their behavior. It should also be noted here
could have produced long-term physiological changez in all sukjoct:z.

< + ~A £ - + 9
ze in weight under food deprivation

were difficult to stabi in ght unde
conditions. This was not a problem during this study, however.)

5 that of an idio

used to describe an unexpected response or an unusual effect of a drug
(Grilly, 1989). Such a response can be independent of dosage and

implies more than just hyporesponsiveness or merely sampling error.
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Also, this is merely 2 descripticn, not an explanation, of the ob =
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results. Instead of focusing cn some vaguely defined individual
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difference, a few studies discussed here again point to differences in

effects of ethanol and the presence or absence cf

D

susceptibility to the

telerant behavieor due to respondent preocesses, results that are very

As presented above, Baker and Tiffany (1985) reported that

tclerance to morphine was highly context specific at small doses, such
as .50 mg/kg. However, with significantly larger doses, tclerance
tended to decresase over successive probes. By the third such trial, no

centext specific tolerance was present. With larger drug doses, the
amount of telerance that was context dependent clearly decreased.
Le et al. (1987) extended similar findings to include tolerance tc

ethanecl. 2Again using rats in a Pavlovian conditicning paradigm,

ve of sthanc! and in a radically altered environment. Both of
these studies point to a dosage-related variable in context dependent
dies examining autonomic factors

Le et al. (1989) studied operant dependent variables and found =

similar dosage-related factor. They measured tolerance to

FELS IR RE SRR E 2
impairment from ethancl with rats on an active avecidance tacsl. In rzatz
that performed while intoxicated from a low dose of ethanol, {2.C0

\
g/kg), tolerance was highly context specific. Rats that received

intoxicated practice from a larger dose of 4.00 g/kg displayed

ifferent contexts.




Goudie and Demellweek (1986) proposed that, based on earlier
studies in which this same outcome occurred,
nonassociatve or dispositional tolerance becomes a more important
factor. Dispositional factors wculd include altered drug
distribution, metabolism, excretion, and physiclogical changes at
receptor sites. However, Vogel-Sprott (1992) argued that changes
dispositional factors only contribute a minor role in ethanol

tolerance. Chronic ingestion of ethanol will only s

Isbell, Fraser, Wikler, BRelleville, & Eisenmann, 1955; Mendelson,

Stein, & Mello, 1965) in that elimination rates of alccholics are

-
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a factor in afternoon versus evening drinking with tolerance bein:
eld (1988) report

pronounced in the evening. Jarvik and Henningfield (1988)

that tolerancs
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e is lost during sleep as smokers report
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first cigarette of the day is the strongest. More exposure does nct

always mean more tolerance (Vogel-Sprott, 1992).
However, Poulos and Cappell (1991) stated that the intensity
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alled an unconditioned adaptation would

proportional to the magnitude of the drug disturbance insctigated
prolonged unconditional adaptation (or UR) could give rise to a

and
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backward conditioning procedure. Large drug doses serve to extend the

leading to ineffective backward conditioning. These researchers argue

N




that the degree and duration of a UR are directly related to dose and
indirectly to IDI. As a result, associative tolerance is less
pronounced (and nonassociative tolerance more so) when large doses and
short IDIs are used.

Poulos and Cappell (1991) stated that a 48-hour period iz 2

mederate IDI, hencs the 24-hour IDI in the present study is a short
TPI pericd. This helps to explain the lack of context specificity for
classically conditioned tolerance and presumably facilitates (or at

lezst not hinder) the operant acquisition of tolerance since more of an
organism's operant behavior and controlling contingencies would still
be in effect. BAn argument could be made for the facilitatory =ffect in
that a larger dose could remain in the organism's system longer and
provide for extended periods cf operant responding while intoxicate
or "intoxicated practice."

In summary, a small nunber of studies had found a dose effect in

hat tolerance, dus to respendent conditioning cues, was very likely to

o | o Ty AanmA ™ Ak £ solaa & o
be present to smaller doses of morphine and ethancl, both of which
YT A~ - - ~ - - ~a vyl Al rymem A b aerd
behavioral depressants. With higher doses, tolerance which was con #

situations in which tolerance due to operant processes was still
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finctional 'n addition, Kalant, LeBlanc, and Gibbins
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that the larger drug effects from a specific dose would result in more

rapid or greater development of tolerance. This supposition has

been supported by more recent research (Le & Kiianmaa, 1990
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conclusion is that tolerance acquired on an operant -schedule of
reinforcement to lower doses of ethanol is subject to disruption by
contextual changes associated with respondently conditioned tolerance.
With experience to higher doses of ethanol, contextual manipulations
had minimal effects on operantly acquired tolerance. That is, either
process can be a more potent behavioral tolerance mechanism, as a
function of dosage. One question that arises is why this outcome is so
rarely found. The parsimonious answer is that differential outcomes
occur only with differential dosages. If one's subjects all receive
the same dosage, this effect is not found. Differential dosages are
most likely used to arrive at specific criteria of behavioral changes,
in light of individual differences to a given drug.

Bnother important question surrounds the nature of tolerance
acquired through operant conditioning. So far, the means by which
tolerance is acquired has been through some vaguely defined behavioral
compensation. More specifically, if a drug's effects caused a loss or
reduction of reinforcement frequency, the subject would learn to emit
some behavior to regain or recover the pre-drug reinforcement
frequency. The exact nature of this behavioral compensation is not
understood. Based on the present study, a possible explanation could
very well be the selective effect of reinforcement on operant behavior.
That is, whatever behaviors were successful in leading to reinforcement
would be selected for continuation and increased frequency. Those
behaviors that were not effective will occur less frequently. The
subjects of the present study could have learned selective behavioral

immobility. Subject B-3 in particular displayed this behavioral
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tendency. Upcn completion of the time interval allowing for drug
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absorption and distribution, the key light became illuminated and the
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typically pause for several minutes before beginning to respond and
could typically be seen with its head leaning into a corner of the
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chamber. Since the first pause was not included in t

this did not alter the mean values of the dependent variables, but it
did lengthen the total session time. To counter thi
raised the hopper once with a hancheld switch. This was dene after a
minimum of 60 seconds after session onset. The presenta
hopper was often sufficient to induce this subject to begin responding.
Subject A-2 would cecnsistently pause for approximately half of the 30
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eszions were not included in the data; admittedly, this may constitute

a confounding variable to this subject's data. BAfter a sufficient

numnber of missed sessions, A-2 began responding socon enough tc cobtain
all availzble reinforcemen One might argue that the adaptive value
of delaying responding is analogous tc a human waiting to become lzs:z

intoxicated before attempting a behavioral sequence. 2 short-term

Q
)
5
iy
[
n
o 2
[
[N

delay is experienced, but in the long term, responding is ac
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objective data are available for this behavior, it appeared that the
bility to stand immobile in the chamber and in the home cage developed
along with tolerance measured on the dependent variables. Other

studies have found related data. Mellanby (1919) and Newman and Card

(1937a, 1937b) both reported that intoxicated dogs showed decrzased
alccohel -induced impairment of walking gait with repeated intowicated

With repeated experience Goldberg (1943) found that alcohelics had
greater tolerance in terms cof decreased ataxia while walking or

standing than normals. Bocth groups were equally

alcholics had no doubt performed repeatedly while intoxicated. Grilly
(1989) predicted behavioral generalization along this line ¢

hypothesizing.

Another possible explanation of some of the observaticns her-
arises from the observations of the effects of hopper cperaticon -m 2-2
A single hopper operation was sufficient to induce this subject to
begin responding. It could be that the presentation of an
unconditioned stimulus (food) and stimuli associated with it, and the
sound and sight of the hopper operating elicited species specific
appetitive responses (unconditioned responses) such as approach,
investigatory, and consumatory behavior (Carlsen, 1991). These
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the key and resultant behavioral compensation. This may be a lilkely
scenario considering the debate focusing on operant and respondent
aspects of pigeon's directed pecking behavior (Davey, 1990). The two
processes can never be truly separated as both are always present.

As stated earlier, Grilly (1989) made a number of predictions
pertaining to behavioral generalizations of tolerance acquired through
operant conditioning. Some of these pointed to possibilities for
further research. Grilly argued that in order for tolerance to occur,
the organism must perform or emit behavior while under the influence of
a drug. From the viewpoint of operant researchers, this is an obvious
requirement, but it is not completely accepted by others (Le et al.,
1989).

The results of Smith (1991a, 1991b) also add complexity to the
question. In those studies, which were very similar to the present
study, context specific tolerance overrode performance on an operant
schedule of reinforcement. No differential dosages were used and a:z
mentioned earlier, the drugs were given before and after sessions.
This would be expected to hinder context dependent tolerance but could
also facilitate dispositional tolerance. The complexity of the
erxperimental question is not yet resolved. Grilly also argued that
tolerance of this type would tend to be task specific. For example,

learning tc compensate for ethancl's effects on walking behavior would
not necessarily alter ethanol's effects on typing behavior. However,
if two tasks involve similar behavioral repertoires, behavioral

generalizations would be expected from one task to another. The rate

of tolerance acquisition should be a function of the difficulty of the




task, interacting with the availability of reinforcement for

compensatory respending. In other words, situations in which the
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availability and frequency of rsinforcement were akundant would lead
a faster acquisition of tolerance. More difficult tasks will induce

tolerance more slowly but this could be facilitated with increases in

reinforcement density. In suppcrt of Grill predictions, LeBlanc,
Gibbins, and Kalant (1975) showed that rats with acguired tolerance tc

ethanol on a moving belt task did in fact show cross tolerance to
ethancl's effects on a circular maze task. Drug-naive rats showed nc

While the reinforcement-loss operant paadigm is supported by

lere are anomalous findings that de not fit
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this hypcthesis. Goudie and Demellweek (1986) propesed that z modified
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form of the reinforcement loss hypothesis can explain such ancmalouc

outcomes. They argued that the stimulus for the develcpment of
tolerance was nct reinforcement loss per se but was ketter put acs

st. That is, tclerant subjects tend to respond so that

reinforcement was maximized for minimal energy expenditure (Branch,
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1979). Such a cost hypothesis weould predict that tolerance would

develop ated increases in response rate, seven if this does
not cause reinforcement loss, since increased energy expenditure would

+hat morohi
- -
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rate in rhesus monkeys on a continuous shock avoidance schedule, which
increased shock frequency. Following a chronic drug regimen, tolerancs
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eveloped to ne's rate suppressant effect such that shock
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frequency approximated a return to baseline levels. Response rate 2id
not recover to baseline but only showed tolerance to the extent that
shocks occurred very infrequently. Dworken and Branch (1982) concluded

that behavior was more efficient after drug treatment since responce

cost was minimized. This revised view of the operant tolerance

paradigm is attractive because it represents an extension from
behavioral economic theory (Hursh, 1980; 1924) It alse iz compatilkls
with the belief that animals are adapted by natural selection tc
minimize ensrgy expense by generating optimal foraging strategies

(Pulliam, 1981).

Bnother possible effect here which has not been conziderad is
that of state dependent learning, the phenomenon by which animzlz ov
humans learn a task under the influence of a drug; subsequentl;
retention and performance of the task will ke facilitated under tha

came drug state and hindered in a nondrug state. The same effect

occurs for learning in a nondrug state (Grilly, 1989). State dependent
learning could be relevant here because Overton (1985) stated that
shils state d dent learning (SDL) is more frequently a wesak effect
it iz only produced by some drugs at the highest doses that will zllcow

present study showed a context {or ztate) dependent tolerance after
having their behavior abolished by ethanol. However, Qverton /[109%)

also pointed out that a very well learned response will tend to
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generalize to other contexts and states. 2z a resu

of state dependent learning to the prasent resul
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In conclusion, more research is needed in this area. An obvious
extension of the present work would be to have the subjects more
dependent on acquiring tolerance to ethanol's impairment of their
operant behavior; that is, to have the subjects perform in a closed
economy where all food was available from only the reinforcement
schedule. It might be argued that subjects of the same age and sex
from a laboratory breeding colony are needed to control for differences
in the rate of metabolizing alcohol. Under conditions such as these,
the interactions between operant and Pavlovian processes in developing

behavioral tolerance might be more clearly elucidated.
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APPENDIX: Figures Displaying Mean

Overall Response Rate Data
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Mean Overall Response Rate
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Figure 37. Mean overall response rate in responses per second for
control subjects BP-5 and BP-8 on a variable-ratio VR 20 schedule of
reinforcement. Both subjects received an injection of 2.00 g/kg of
tapwater prior to each session. Data from the left half of the graph
are from sessions in which the chamber was illuminated by the keylight
alone. Data from the right half are from sessions in which the chamber
was illuninated by the key and a houselight, reflective foil was draped
over the sidewalls of the chamber, and ambient noise levels were
increased.
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Mean Overall Response Rate
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Figure 39. Mean overall response rate in responses per second on a VR
20 schedule of reinforcement for subjects BP-9 and BP-12. The legend
and experimental conditions are described in Figure 7 text.
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Mean Overall Response Rate
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Figure 40. Mean overall response rate in responses per second, for
subjects BP-14 and O-1. This dependent variables includes the post-
reinforcement pause in the computation of response data. Details of

the experimental conditions are provided in the text and the legend is
described in Figure 39 text.
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Mean Overall Response Rate
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Baseline Data
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Figure 42. Baseline mean overall response rate data in responses per
second, including PRP time, for subjects BP-14 and 0-1.
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Baseline Data
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Figure 43. Baseline data for overall response rate in responses per
second for subjects A-2 and BP-13.
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Mean Overall Response Rate
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Figure 44. Mean overall response rate data in responses per second for
subjects D-1 and D-2. The legend is described in Figure 23 text.
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Mean Overall Response Rate
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Figure 45. Mean overall response rate data in responses per second for
subjects A-4 and B-3.
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Figure 46. Baseline data for the dependent variable mean overall
response rate in responses per second for subjects D-1 and D-2.
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Figure 47. Baseline mean overall response rate data in responses per
second for subjects A-4 and B-3.
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Figure 48. Baseline mean overall response rate data in responses per

second for subjects B-2 and A-3.
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Figure 49. Baseline mean overall response rate data in responses per
second for subjects B-1 and S-1.
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Mean Overall Response Rate
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Figure 50. Mean overall response rate data in responses per second for
subjects B-2 and A-3.
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Mean Overall Response Rate
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Figure 51. Mean overall response rate data in responses per second for
subjects B-1 and S-1.




162

Baseline Data

5
g 41
ot
)
J
0
I 3-
Q
o P
")}
§ 21 I-\-\-\- —y =
g
04 1 -

o 1 ] L) T L T ;AN T  § T T T T ] T  ;

1 5 10 15
Mean Overall Response Rate Data BP-9
—+— Light —&— Darkness

Figure 52. Baseline mean overall response rate in responses per second

for subject BP-9.
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Mean Overall Response Rate Series 2
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Figure 53. Mean overall response rate data in responses per second for
subject BP-9. Data shown is from this subject's second conditioning

series.
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