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interval schedules with the lowest rates of responding maintained 
by higher and presumably more reinforcing doses of the drug. As 
a result, many investigators have attempted to use other measures 
for assessing the relative strength of different reinforcers to control 
behavior. The major independent variables in these studies have 
been magnitude (dose) of reinforcement and relative availability of 
other reinforcers and the goal has been to determine how changes 
in these variables affect a presumed measure of response strength. 
The present symposium is designed to review these studies and 
evaluate the utility of the concept of reinforcing efficacy. Meisch 
and Lemaire will present findings from a series of studies altering 
response cost and concurrent access to other drug doses in order to 
assess the relative reinforcing strength of different doses of 
pentobarbital. Johanson and Nader will discuss the results of 
choice experiments which have evaluated the effectiveness of 
response cost, punishment, and alternative reinforcers to reduce 
cocaine choice. Vuchinich and Tucker will discuss the effective- 
ness of alcohol to maintain behavior as a function of the availabil- 
ity of other reinforcers and their relative constraints. The implications 
of their findings for the treatment of alcoholism will also be 
considered. Finally, Katz will discuss the merits of methods that 
have been used to assess strength, the usefulness of the concept of 
reinforcing efficacy, and the implication of this analysis for the 
prediction of abuse potential. 

RELATIVE REINFORCING EFFECT OF DIFFERENT 
AMOUNTS OF PENTOBARBITAL. Richard A.'Meisch and 
Gregory A. Lemaire. University of Texas Health Science Center, 
Houston, TX. 
(Abstract not available) 

REDUCING COCAINE CHOICE IN MONKEYS. Chris-Ellyn 
Johanson and Michael Nader. Uniformed Services University of 
the Health Sciences, Bethesda, MD. 
(Abstract not available) 

REINFORCEMENT CONTEXT AND HUMAN ALCOHOL 
ABUSE. Rudy E, Vuchinich and Jalie A. Tucker. Wayne State 
University, Detroit, MI. 
(Abstract not available) 

CAN WE SCALE REINFORCING EFFICACY OF DRUGS 
AND DOES IT TELL US ANYTHING ABOUT ABUSE LIA- 
BILITY? Jonathan Katz. National Institute on Drug Abuse Addic- 
tion Research Center, Baltimore, MD. 
(Abstract not available) 

PRESIDENTIAL ADDRESS 
Chair: George E. Bigelow, The Johns Hopkins University/Key 
Medical Center, Baltimore, MD 

OPIOID ANALGESICS: INFERRING RECEPTOR-MEDIATED 
ACTIVITY FROM BEHAVIORAL DATA. Linda A. Dykstra. 
University of North Carolina at Chapel Hill, Chapel Hill, NC. 

Differences between the profiles of activity exhibited by opioids 
suggest that the effects of these compounds are mediated through 
one or more opioid receptor systems. For example, research within 
our laboratory has shown that opioids produce analgesia through at 
least two different opioid receptor types, in particular the mu and 
kappa opioid receptors. We have used a number of pharmacolog- 
ical techniques to relate the analgesic effects of opioid compounds 

to presumed activity at different opioid receptor types, These have 
included studies in which the dose of antagonist required to reverse 
the analgesic effects of mu versus kappa opioids has been 
quantified as well as studies in which animals have been made 
tolerant to amu agonist and cross tolerance to kappa agonist has 
been determined. 

INFORMAL PAPER SESSION--HOSPITALITY SUITE 

SATURDAY A.M. 
INVITED ADDRESS 
Chair: Chris-Ellyn Johanson, Uniformed Services University of 
the Health Sciences, Bethesda, MD 

DOPAMINE RECEPTORS AND BEHAVIOR. William Wool- 
verton. University of Chicago, Chicago, IL. 
(Abstract not available) 

SYMPOSIUM 
Role of Behavioral Pharmacology in Drug Development 
Co-Chair: Linda A. Dykstra, University of North Carolina at 
Chapel Hill, Chapel Hill, NC 
Co-Chair: J. David Leander, Lilly Research Labs, Eli Lilly and 
Company, Indianapolis, IN 
Discussant: Dennis Zimmerman, Lilly Research Labs, Eli Lilly 
and Company, Indianapolis, IN 
Discussant: Robert L. Balster, Medical College of Virginia, 
Richmond, VA 

INTRODUCTION. Linda A. Dykstra. University of North Caro- 
lina at Chapel Hill, Chapel Hill, NC. 

The number and use of behaviorally active drugs has increased 
tremendously during the past 35-40 years. As a result, interest in 
the scientific investigation of these drugs has also increased. 
Presently, the investigation of behaviorally active drugs draws on 
a number of disciplines, including pharmacology, psychiatry, 
biochemistry, physiology and, of course, psychology. Information 
gained from these investigations has had a very important impact 
on the development of new compounds to be used in the treatment 
of various behavior disorders. As a result, a number of fruitful 
collaborations have developed between behavioral scientists and 
members of the pharmaceutical industry. The proposed sympo- 
sium will focus on the role of behavioral pharmacology in drug 
development, with special emphasis on the behavioral technology 
which has helped to advance this interaction. The symposium will 
begin with a historical account of this collaboration which will be 
followed by 3 presentations, each from psychologists now em- 
ployed in the pharmaceutical industry. Each of these presenters 
will discuss an individual drug class (antianxiety agents, cognitive 
enhancers and NMDA antagonists), with emphasis on the models 
that have been used in the development of new compounds within 
that class. 

IMPACT OF BEHAVIORAL PHARMACOLOGY IN THE 
PHARMACEUTICAL INDUSTRY. Francis C. Colpaert. Neuro- 
biology Division, FONDAX, Groupe de Recherche Servier, 7, rue 
Amp6re, 92800 Puteaux, France. 

Behavioral pharmacology is one of the several approaches and 
corresponding methodologies that are being used in the pharma- 
ceutical industry to discover new C.N.S. drugs through preclinical 
research. Most of the important pharmacological principles (e.g., 
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the opiates, the tricyclic antidepressants, the neuroleptics, the 
benzodiazepines, the barbiturates) having been discovered clini- 
cally by the 1960's, behavioral pharmacology has acquired par- 
ticular significance from then onwards because it has produced 
operational definitions of the actions of these drugs (e.g., tail- 
flick, reserpine depression, amphetamine-induced stereotypies, 
conflict, pentylenetetrazol convulsions); it is chiefly these behav- 
ioral procedures that have since permitted the industry to improve 
upon such 'first' molecules as morphine, imipramine, chlorpro- 
mazine, chlordiazepoxide and meprobamate. Influences detracting 
from the behavioral impact on pharmaceutical decision-making 
have been 1) the fall-out of radioligand binding and the discovery 
of 1-dopa for Parkinson's disease through a biochemical approach, 
and 2) the abuse of in vivo models of disease and the general 
slowness of behavioral methods. Among the influences that can 
enhance the impact of behavioral pharmacology are its coming 
about as a scientific discipline and the implementation of higher 
standards, the greater efficiency through data processing technol- 
ogy, the links with other approaches (e.g., through in vivo 
microdialysis), and, perhaps foremost, the recognition that behav- 
ioral pharmacology constitutes a level of analysis of drug action 
which cannot simply be deduced from or induced into any other 
level (e.g., biochemical, electrophysiological, endocrinological). 
But, as the history of the opiates shows, the task of the industrial 
behavioral pharmacologist remains immensely difficult; unlike 
other areas and approaches, the behavioral pharmacologist has no 
apparent access to the dependent variables he proposes to study. 

BEHAVIORAL PHARMACOLOGY OF COMPOUNDS THAT 
ENHANCE MEMORY. Harlon Shannon. Lilly Research Labs, 
Eli Lilly and Company, Indianapolis, IN. 

The continuing increase in the percentage of the population over 
65 years old has brought a renewed emphasis on the discovery and 
development of drugs for the treatment of cognitive deficits which 
occur in the aged population. The behavioral pharmacology of 
memory processes has been investigated for more than 25 years, 
but as yet behavioral pharmacologists have been unable to develop 
animal models which predict drugs with therapeutic utility. This 
review will present a brief overview of the history of the 
behavioral pharmacology of learning and memory and present 
some thoughts on why the animal models used to date have not 
been predictive, and what the requirements might be for animal 
models which might be predictive. The behavioral pharmacology 
of more recent animal models for learning and memory which 
appear promising will be briefly reviewed. In addition, data from 
the author's laboratory will be presented on the behavioral 
pharmacology of short-term memory in the rat. The effects of 
selective opioid receptor ligands, cholinergic agonists and antag- 
onists, dopaminergic agonists and antagonists, as well as benzo- 
diazepine agonists and antagonists will be presented. In addition, 
the effects of lesions of the nucleus basalis and medial septum on 
short-term memory in the rat will be presented. The results of 
these studies support a unique role for M z muscarinic receptors in 
short-term memory, although benzodiazepines and kappa opioids 
also influence short-term memory in the rat. 

THE ROLE OF BEHAVIORAL PHARMACOLOGY IN THE 
DEVELOPMENT OF ANTIANXIETY AGENTS. James L. Howard 
and Gerald T. Pollard. Burroughs Wellcome Co., Research 
Triangle Park, NC. 

drugs seemed simple. Anxiety was a unitary concept. Benzodiaz- 
epines, propranediol carbamates, and barbiturates were acknowl- 
edged to be effective in its treatment, and most other classes were 
thought to be ineffective. The behavioral pharmacologist had two 
preclinical tools, the Geller-Seifter conflict test and the Vogel lick 
suppression test which were sensitive to and selective for antianx- 
iety drugs. Today, the situation is quite different. The nosology of 
anxiety disorders is complex and changing. Even for the limited 
category of Generalized Anxiety Disorder (GAD), there are many 
effective drugs with dissimilar structures and mechanisms of 
action. Some drugs now recognized as effective in GAD, e.g., 
buspirone and imipramine, register poorly or not at all in the 
standard preclinical paradigms. Many new behavioral procedures 
have been proposed as models of anxiety and preclinical screening 
methods for antianxiety drugs, but few have been properly 
validated. The role of the behavioral pharmacologist in the 
discovery of new antianxiety agents has become more challenging. 

BEHAVIORAL COMPARISONS BETWEEN COMPETITIVE 
AND NONCOMPETITIVE NMDA RECEPTOR A N T A G O -  
NISTS IN MICE AND PIGEONS. J. David Leander. Lilly 
Research Labs, Eli Lilly and Company, Indianapolis, IN. 

Competitive (e.g., AP-5 and AP-7) and noncompetitive (phen- 
cyclidine-like drugs) antagonists of the NMDA receptor have been 
compared in a number of animal models: NMDA-induced lethal- 
ity, maximal-electric shock-induced seizures (MES) and neurolog- 
ical impairment in mice; and catalepsy, reversal of NMDA-in- 
duced behavioral suppression and phencyclidine-like drug dis- 
crimination in pigeons. The NMDA-induced lethality, catalepsy, 
and reversal of NMDA-induced behavioral suppression are spe- 
cific for NMDA antagonists (competitive and noncompetitive). In 
the phencyclidine-drug discrimination, phencyclidine-like com- 
pounds are active over the same dose range that they antagonize 
NMDA-induced behavioral suppression. In contrast, the compet- 
itive antagonists are active, if at all, at only much higher doses 
than are effective in blocking NMDA-induced behavioral suppres- 
sion. In terms of protection against NMDA-induced lethality and 
protection against maximal electric shock-induced seizures, both 
competitive and noncompetitive antagonists provide protection at 
doses near those which produce neurological impairment. Thus, in 
the MES model, neither competitive nor noncompetitive NMDA 
antagonists have protective indexes (ratio of neurological-im- 
pairing dose/protective dose) comparable to prototypical anticon- 
vulsants. One phencyclidine-like, noncompetitive NMDA antagonist, 
dextromethorphan, appears to have a second mechanism of anti- 
convulsant action, besides the NMDA antagonist action. This 
action is not present with other phencyclidine-like drugs. These 
tests can exhibit both similarities and differences between com- 
petitive and noncompetitive NMDA antagonists. 

SATURDAY P.M. 
INVITED ADDRESS 
Chair: Steven 1. Dworkin, Wake Forest University, Bowman Gray 
School of Medicine, Winston-Salem, NC 

THE NATURE OF THE STRESS RESPONSE. Adrian Dunn. 
Louisiana State University Medical School, Shreveport, LA. 

Two decades ago the behavioral pharmacology of antianxiety Selye defined stress as the nonspecific response of an organism 


