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Foreword

In this volume the National Institute on Drug Abuse is publishing
once again the scientific presentations from the annual scientific
meeting of the Committee on Problems of Drug Dependenre. This 50th
annual meeting of the CPDD was held in North Falmouth.
Massachusetts, in June 1988. In the typical CPDD meeting,
outstanding investigators from many disciplines present their
current research on a wide range of topics related to substance
abuse. The 1988 meeting was no exception. The topics ranged from
the biochemistry of the neuron to the clinical treatment of drug
dependent patients.

Members of the scientific community and other interested readers of
the NIDA Research Monograph series will find this volume to be a
valuable "state of the art" summary of research into the many
factors involved in drug abuse.

John J. Boren, Ph.D.

CTinical and Behavioral Pharmacology Branch
Division of Clinical Research

National Institute on Drug Abuse
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AIDS and Intravenous Drug Abuse
C. Schuster and R. Pickens

The Acquired Immunodeficiency Syndrome (AIDS) is a fatal, infectious disease
with no known cure. It is caused by the human immunodeficiency virus (HIV),
which is transmitted by intimate sexual contact, exposure to infected blood, or
from mother to child across the placenta or during delivery. At present there is no
vaccine to prevent AIDS or HIV infection, and therapeutics are of only limited
value in increasing life expectancy. Control of the virus is complicated by the fact
that most infected individuals come from stigmatized groups--gay men and in-
travenous drug abusers--which has confounded the application of public health
control measures with moralistic concerns. It has evoked in the public many of
the same fears that were present in earlier epidemics, including bubonic plague
and syphilis, and has presented a serious challenge to our social and biomedical
research programs and medical care system (Institute of Medicine, 1988).

While it is a fatal disease, AIDS is entirely preventable. Prevention requires
modification of the behaviors that expose an individual to the AIDS virus.
However, the high-risk behaviors that are most frequently associated with HIV
transmission--sexual behavior and intravenous drug abuse--are difficult to
modify. Thus, curbing the spread of AIDS will be a difficult and complicated
task, and a challenge to our generation.

This paper will review epidemiological and clinical data on the role of intravenous
drug abuse in HIV infection and AIDS, and will describe the research and
prevention programs established by the National Institute on Drug Abuse (NIDA)
that are directed towards controlling this problem, These programs are part of a
larger federal, state, and local effort designed to eliminate spread of HIV infection
among drug abusers, and between drug abusers and their sexual partners and
children.

HIV Infection

HIV infection is associated with a number of conditions, ranging from the
production of antibodies only (with no clinical symptoms), to a compromise in
immune function resulting in a wide range of fatal opportunistic infections or
diseases (e.g., pneumocystis carinii, Kaposi’s Sarcoma). While HIV infection is
more important from a public health perspective, most public attention has been
focused on the end-stage diseases of HIV infection, At present, therapeutics are
of only limited benefit in the treatment of HIV-related diseases, and no vaccine for



preventing HIV infection or the development of clinical symptoms resulting from
HIV infection has been found.

The incubation period between HIV infection and onset of clinical symptoms is
variable, and may range from several months to several years. Over time, more
and more HIV infected persons develop AIDS. Based on data from a cohort of
homosexual men in San Francisco, 22 percent of seropositive subjects had
developed AIDS after the first three years of the study, and, based on actuarial
projections, half of the seropositives were expected to do so within six years,
with another quarter developing an AIDS-related condition (Moss et al., 1988).

Epidemiology of AIDS

During May, 1988, the total number of reported AIDS cases in the U.S. reached
62,740. The rate of new AIDS cases has been increasing steadily since mid-1981
when the first cases were reported. By the end of 1992, the number of AIDS
cases in the U.S. is expected to increase to a cumulative total of approximately
365,000, with approximately 263,000 deaths (Centers for Disease Control,
1988b).

Table 1 shows data from the AIDS Weekly Surveillance Report by the Centers for
Disease Control for May 23, 1988. Of the 62,740 AIDS cases reported to that
date, 91 percent involved males and 9 percent involved females. Among adult and
adolescent males, the majority of AIDS cases were associated with HIV
transmission by homosexual or bisexual contact. Intravenous drug use was the
second most frequent mode of transmission (28 percent of AIDS cases), which
included 7 percent reporting intravenous drug use and homosexual/ bisexual
contact, and 21 percent reporting only intravenous drug use as risk factors.
Among adult and adolescent females, the majority of AIDS cases were associated
with being an intravenous drug user (54 percent). An additional number of AIDS
cases (both male and female) is associated with being the sexual partner of an
intravenous drug user (Centers for Disease Control, 1988a).

Of the total number of AIDS cases, 2 percent involved children under 13 years of
age. For these children, most AIDS cases were associated with having a parent
with AIDS or at risk for AIDS (77 percent). For the vast majority of these cases,
the parent with or at risk for AIDS was either a mother who was an intravenous
drug user, or the sexual partner of an intravenous drug user (Centers for Disease
Control, 1988a).

Table 2 shows data from the same report for racial/ethnic groups. While AIDS
cases have been reported for all racial/ethnic groups, the proportion of AIDS
cases among U.S. blacks and Hispanics is substantially greater than their
proportions in the U.S. general population. In an analysis of AIDS surveillance
data from June 1, 1981-July 4, 1988, the Centers for Disease Control reported
U.S. AIDS patients to be disproportionately black (26 percent) and Hispanic (13
percent), compared to proportions of these groups in the U.S. population (i.e.,
12 percent black and 6 percent Hispanic), Among men with AIDS, 34 percent of
blacks and 35 percent of Hispanics reported their only risk factor to be
intravenous drug use or being the sex partner of a female intravenous drug user.
Among females with AIDS, 74 percent of blacks and 80 percent of Hispanics
reported only intravenous drug use or being the sex partner of a male intravenous
drug user as a risk factor (Selik, Castro, and Pappaioanou, 1988).



TABLE 1'. AIDS CASES BY TRANSMISSION CATEGORIES (MAY 23, 1988)

MALES

EEMALES

TQTAL

Since Jan 1

Number (%)
umber (%)

Cumulative

Number (%)
SUMOCT 70

Since Jan ]

Number (%)
sumber (%)

Cumulative

Number (%)

11081 \(70)

Since Jan 1

Cumulative

Number (07,) Niisvihar (07

AINULTIOCT \ 70

1 AN
ANUtiluLl \(70)

ADULTS/ADOLESCENT

Homosexual/Bisexual Male 6772 (62) 39001 (69) 6772 (56) 39001 (63)
Intravenous (1V) Drug Abuser 2283 (21) 8578 (16) 686 (54) 2546 (52) 2565 (24) 11524 (19
Homosexual Male and IV Drug Abuser 800  (7) 4568 (8) 800 0)) 4568 @)
Hemophilia/Coagulation Disorder 122 (1) 585 (1) 3O 21 Q) 125 1 606 0]
Heterosexual Cases? 206 (2) 1120 (@) 311 (25) 1415 (29) 517 4 2535 4
Transfusion, Blood/Components 227 (2) 990 (2) 137 (1D 537 (1) 364 ) 1527 2)
Undetermined4 485 (4) 1578 (3 122 (10) 411  (8) 607 (5) 1989 3)
SUBTOTAL [% of all cases] 10895 [90] 56820 [92] 1259 [10) 4930 [8) 12154 [100] 61750 [100]
CHILDRENS

Hemophilia/Coagulation Disorder 14 (11 53 (10) 1 M 3 (D 15 6) 56 6)
Parent with/at risk of AIDS$ 91 (68) 384 (71) 84 (85) 378 (84) 175  (75) 762 (77)
Transfusion, Blood/Components 23 (17N 84 (16) 10 (10) 50 (11) 33 (14) 134  (14)
Undetermined? 5 @ 19 4 4 (4 19 (4 9 4) 38 4)
SUBTOTAL [% of all cases] 133 [57} 540 [55) 99 143)] 450 [45) 232 {100} 990 [100]
TOTAL [% of all cases) . 11028 [89] 57360 [91] 1358 [11] 5380 [9] 12386 {100] 627407 {100]

' These are provisional data from Centers for Disease Control (1988a); ’Cases with more than one risk factor other than the combinations
listed in the-tables or footnotes are tabulated only in the category listed first; * Includes 1518 persons (327 men, 1191 women) who have
had heterosexual contact with a person with AIDS or at risk for AIDS and 1017 persons (793 men, 224 women) without other identified
risks who were born in countries in which heterosexual transmission is believed to play a major role although precise means of transmis-
sion have not yet been fully defined; * Includes patients on whom risk information is incomplete (due to death, refusal to be interviewed or
loss to follow-up), patients still under investigation, men reported only to have had heterosexual contact with a prostitute, and interviewed
patients for whom no specific risk was identified; also includes one health-care worker who seroconverted to HIV and developed AIDS
after documented needlestick to blood.; > Includes all patients under 13 years of age at time of diagnosis; ° Epidemiologic data suggest
transmission from an infected mother to her fetus or infant during the perinatal period; ’ Includes 6457 patients who meet only the 1987

revised surveillance definition for AIDS.



TABLE 2'. AIDS CASES BY RACIAL/ETHNIC GROUP (MAY 23, 1988)’

WHITE ' BLACK OTHERS® .
NOT HISPANIC NOT HISPANIC HISPANIC UNKNOWN TOTAL
Cumulative Cumaltive Cumulative, Cumulative Cumulative

i Number (%) Number (%) Number (%) Number (%) Number (%)
ADULTS/ADOLESCENTS ] . .
Homosexual/Bisexual Male 28710 (78) 6010 (3%) 3891 (44 390 {68) 39001 (63)
Intravenous (IV) Drug Abuser 2229  (6) 5846  (37) 3392 (38) 57 (10) 11524  (19)
Homosexual Male and 1V Drug Abuser 2796 (8) 1111 @) 638 ) 23 4) 4568 ¥))
Hemophilia/Coagulation Disorder 513 (D) 41 ()] 40 ©) 12 2 606 (1)
Heterosexual Cases3 458. (1) 1723 (11 342 (4) 12 (2) 2535 @)
Transfusion, Blood/Components 1136 (3) 234 ) 119 0)) 38 @) 1527 ?)
Undetermined4 747 () 793 3) 406 (5 43 @) 1989 3
SUBTOTAL [% of all cases]) 36589 [59] 15758 [26] 8828 [14)] 575 [1] 61750 [1001
CHILDRENS
Hemophilia/Coagulation Disorder 41 (18) 6 () 7 3 2 (20) 56  (6)
Parent with/at risk of AIDS6 111 47 464  (89) 180 (81) 7 @70 762  (717)
Transfusion, Blood/Components 75 (32) 31 © 27 (12) [ ¢{0)] 134 (14)
Undetermined4 7 B3 23 @ .8 4) 38 @)
SUBTOTAL [% of all cases} 234 [24] 524 [53) 222 [22] 10 1] 990 [100]
TOTAL - 36823 [59] 16282 {26] 9050 [14] 585 {1} 627407 [100]

! These are provisional data from Centers for Disease Control (1988a); 2 Cases with more than one risk factor other than the combinations
listed in the tables or footnotes are tabulated only in the category listed first; * Includes 1518 persons (327 men, 1191 women) who have
had heterosexual contact with a person with AIDS or at risk for AIDS and 1017 persons (793 men, 224 women) without other identified
risks who were born in countries in which heterosexual transmission is believed to play a major role although precise means of transmis-
sion have not yet been fully defined; * Includes patients on whom risk information is incomplete (due to death, refusal to be interviewed or
loss to follow-up), patients still under investigation, men reported only to have had heterosexual contact with a prostitute, and interviewed
patients for whom no specific risk was identified; also includes one health-care worker who seroconvened to HIV and developed AIDS
after documented needlestick to blood.; > Includes all patients under 13 years of age at time of diagnosis; ® Epidemiologic data suggest
transmission from an infected mother t0 her fetus or infant during the perinatal perlod Includes 6457 patients who meet only the 1987
revised surveillance definition for AIDS; ® Includes patients whose race/ethnicity is Asian/Pacific Islander (367 persons) and American
Indian/Alaskan Native (64) persons.



AIDS is not limited to the U.S. but has been reported world-wide. In June
1988, the World Health Organization reported the cumulative AIDS cases by
continent to be 11,753 for Africa; 74,862 for the Americas; 243 for Asia; 12,594
for Europe; and 958 for Oceania, Within Europe, the highest cumulative
prevalence rates per million population are in Switzerland (76.1), France (75.7)
and Denmark (57.3), compared to 286 per million population in the U.S. In
Europe, AIDS cases associated with intravenous drug abuse have increased
rapidly in recent years, particularly in Italy, Spain and France (World Health
Organization, 1988).

HIV Infection in Intravenous Drug Abusers

While attention of the general public is focused on the end-stage diseases of
AIDS, a more important measure of the extent of the health problem is prevalence
of HIV infection. Given that many HIV-infected individuals will later develop
AIDS, prevalence of HIV infection is an early indicator of the potential size of the
future AIDS problem. The Center for Disease Control (1988b) currently estimates
that 1.0 - 1.5 million individuals in the U.S. may be infected with HIV, with
significant differences in infection rates for various regions of the country.

A number of studies have been conducted to determine HIV antibody rates among
intravenous drug abusers. About 21 percent of the total intravenous drug abuser
population in the U.S. is believed to be HIV infected at the present time. Most of
these studies have involved opiate addicts in methadone detoxification or
maintenance programs. Seropositivity rates range from 0 percent in many major
U.S. cities to 60 percent in certain areas of New York, New Jersey, and Puerto
Rico. Based on these data, a multiagency federal analysis team in 1987 estimated
HIV seropositivity rate of 25 percent among an estimated 900,000 regular (at least
weekly) intravenous drug users and 5 percent among an estimated 200,000
occasional intravenous drug users (Dondero et al, 1987).

Table 3 shows current HIV seropositivity rates among intravenous drug abusers
in various cities across the U.S. (Lange et al, 1988; Battjes and Pickens, 1988a).
Marked geographical differences in seropositivity rates are evident, with the
highest rates in New York City (Harlem and Brooklyn) and in certain areas of
New Jersey (Asbury Park). Other cities (Los Angeles, San Antonio, and Tampa)
currently show very low HIV seropositivity rates, suggesting a window of
opportunity for HIV prevention efforts.

TABLE 3
HIV SEROPOSITIVITY RATES AMONG INTRAVENOUS DRUG ABUSERS
Lange Battjes and
et. al. Pickens
1988) (1988)
New York City 61% 60%
Asbury Park, New Jersey 43%
Baltimore, Maryland 29% -
Trenton, New Jersey - 12%
Denver, Colorado 5%
Los Angeles/S. California 3%
San Antonio, Texas 2% 1%
Tampa, Florida 0% _




HIV Transmission in Drug Abuse

Among intravenous drug abusers, HIV is transmitted primarily by the sharing of
injection equipment (“needle sharing”), when a small amount of blood from an
infected person is received by an uninfected person. Addicts frequently share
needles, syringes, and other paraphernalia in the injection of illicit drugs, as such
sharing has both practical and social significance (Battjes and Pickens, 1988c).
Lacking sterile equipment, addicts often share syringes with other addicts to
obtain a drug “high” or to avoid withdrawal symptoms. Since possession of
syringes is illegal in many states, using another’s equipment minimizes the chance
of arrest. Sharing is also a deeply entrenched social ritual among intravenous drug
abusers, reflecting companionship and trust. In a recent study across five U.S.
cities, 93 percent of addicts in methadone treatment reported having shared
injection equipment, with 26 percent of addicts who reported needle sharing
indicating they shared on a daily basis for the past five years (Battjes and Pickens,
1988D).

HIV transmission between intravenous drug abusers and others is also possible
by sexual contact. Approximately one-third of intravenous drug users with AIDS
also have homosexual and/or bisexual behavior as a risk factor (see Table 1).
Except for intravenous drug abuse, no other risk factor for AIDS was reported for
the remaining two-thirds of the intravenous drug users with AIDS. As discussed
previously, heterosexual transmission of HIV is closely associated with
intravenous drug use. About 69 percent of U.S.-born AIDS cases attributed to
heterosexual transmission involve sexual contact with an intravenous drug user
(Chamberland, 1987). Because of its association with heterosexual transmission,
many health authorities are concerned that intravenous drug abusers may be a
major vector for the spread of HIV infection to the general population (Public
Health Service, 1986). Of particular concern is the fact that many intravenous
drug users are also prostitutes, which may which may increase the risk of sexual
transmission of HIV.

While most attention has been focused on HIV transmission by intravenous drug
use, it is important to recognize that HIV transmission may be associated with
other. routes of drug administration as well. For example, prostitution may be
necessary to afford “crack” cocaine. Regardless of the route of drug
administration, whenever a person engages in promiscuous unprotected sex, the
risk for HIV infection is increased (Haverkos and Edelman, 1988). Sex for drugs
is reported to be common in “crack houses,” where individuals’ often engage in
unprotected sexual activity (Friedman et al, 1988). Among intravenous drug
abusers, changing sexual behavior may be difficult. In a recent study, whereas
approximately 86 percent of intravenous drug abusers reported they had changed
their drug-injection practices to reduce AIDS risk, only 14 percent reported they
had started or increased their use of condoms (Battjes and Pickens, 1988b).

Children of intravenous drug abusers are susceptible to HIV infection by perinatal
transmission. HIV may be transmitted between an infected mother and her child
either prior to or during birth, or shortly thereafter. Approximately three-fourths
of all perinatal AIDS cases have occurred in children of intravenous drug abusers
(Rogers et al., 1987).

NIDA’s AIDS Program

NIDA is the lead federal institute for-drug abuse research. Its mission is to
enhance knowledge that will reduce mortality and morbidity associated with illicit



drug use. To carry out its mission, NIDA supports extramural research and
research training through funding of grants and contracts, conducts intramural
research at the Addiction Research Center, and disseminates research findings to
practitioners in the drug abuse field. NIDA also exerts a leadership role by
establishing research priorities in line with scientific developments and national
trends in drug abuse, and making policy recommendations based on knowledge
derived from research findings. NIDA’s activities in the AIDS area are reflective
of these research and leadership functions.

Background and overview of the program. Experience suggests that information
alone will not be sufficient for changing the behavior of intravenous drug
abusers. It is well recognized that intravenous drug abusers do not significantly
change their drug-use practices after receiving information about the harmful
effects of illicit drugs, or even after a life-threatening experience caused by illicit
drug use. Indeed, one recent study reported that the majority of intravenous drug
abusers continued to share their injection equipment although over 90 percent
knew the health consequences for HIV infection (Flynn er al, 1987).

To be effective in controlling the spread of AIDS, most public health authorities
believe that preventive interventions must include application of behavior-change
strategies in addition to disseminating information about AIDS (Public Health
Service, 1987). For intravenous drug abusers, this will involve eliminating
behaviors that place a person at high risk for HIV infection (i.e., needle sharing
and unprotected sexual activity). To assist in the development of such strategies,
NIDA supports research that expands our knowledge base concerning preclinical,
clinical, and epidemiological factors that are involved in intravenous and other
types of drug abuse that are related to AIDS and HIV infection, investigates the
role of abused drugs and drug-abuse practices that are causally related or serve as
cofactors to AIDS and HIV infection, and develops and evaluates the
effectiveness of behavior-change strategies for reducing the risks of AIDS and
HIV infection.

As part of its leadership role, NIDA coordinates federal activities in the
AIDS/drug abuse area by providing chairpersons for the Subgroup on Addiction
and Behavior of the PHS Executive Task Force on AIDS and the Treatment
Subcommittee of the National Drug Policy Board, maintains liaison with other
public and private interest groups, holds scientific and policy conferences on
topics related to AIDS and HIV infection, monitors incidence and prevalence of
HIV infection in the U.S. drug abuse population, and develops strategies for
controlling the spread of AIDS among intravenous drug abusers, their sexual
partners and their children.

While a number of federal agencies are involved in AIDS prevention activities,
NIDA’s AIDS program is unique in that it focuses on drug abuse treatment as an
AIDS prevention strategy. Among intravenous drug abusers, epidemiological
studies show HIV infection is spread largely by needle sharing and promiscuous
unprotected sexual behavior. Both of these behaviors are often maintained by
drug dependence, a chronic biobehavioral disorder that is highly resistant to
change without outside intervention. To overcome their dependence, most
intravenous drug abusers require repeated and prolonged drug abuse treatment.
Such treatment is important in the control of AIDS, for as long as intravenous
drug abusers are drug dependent, they will continue to engage in behaviors that
put them at risk for HIV infection (Hubbard er. al, 1988). Unfortunately, drug
abuse treatment currently lacks the capacity to deliver services to the large number
of intravenous drug abusers who need treatment, as well as by deficiencies in



existing treatment approaches that contribute to unacceptably high rates of
program dropout and relapse after treatment. Both issues are addressed in
NIDA’s AIDS program.

The NIDA AIDS program consists of six elements: (1) research to improve the
effectiveness of drug abuse treatment; (2) basic AIDS research; (3) surveillance of
HIV infection in intravenous drug abusers; (4) AIDS outreach to intravenous drug
abusers not in treatment; (5) AIDS information/educational activities; and (6)
enhancing drug abuse treatment capacity (see Table 4).

Improving effectiveness of drug abuse treatment. Improving treatment
effectiveness is being addressed through NIDA’s regular research and
demonstration research programs. At present, most intravenous drug abusers are
heroin addicts, but a significant number are believed to be using cocaine alone or
in combination with heroin. Drug abuse treatment needs to be responsive to
multiple drug use by clients, as well as trends in drug use by clients. Research is
encouraged that will: (1) overcome deficiencies in existing treatment approaches
that contribute to poor program performance, illicit drug use during treatment,
dropout from treatment, and relapse to illicit drug use following treatment; (2)
lead to the development of new and improved methods for the treatment of
intravenous drug abuse; and (3) have practical clinical utility (i.e., are practical to
implement in treatment settings) (Ruback and Innes, 1988). Both behavioral and
pharmacological strategies are needed, including attempts to mainstream drug
abuse treatment into the primary health care system to address the multiple
medical problems associated with intravenous drug abuse.

Basic AIDS research. Support is provided for a wide range of activities to
improve our understanding of factors related to the spread of HIV infection
among intravenous drug abusers. Of interest are studies of: (1) the epidemiology
and natural history of HIV infection among intravenous drug abusers; (2) the role
of abused drugs as possible cofactors to AIDS and HIV infection; (3) the role of
drug-use practices in the spread of AIDS and HIV infection, including types of
intravenous and non-intravenous drugs used, needle-sharing practices, etc.; (4)
basic behavioral and genetic factors that contribute to the development of
intravenous drug use; (5) strategies for the elimination of intravenous drug use;
(6) prevention of intravenous drug use; (7) the development and evaluation of
behavior-change strategies for controlling the spread of AIDS and HIV infection,
including studies of basic behavioral processes underlying risk-taking behavior,
and (8) effects of drugs of abuse and pharmacological agents used in the
treatment of drug abuse on immune function.

Surveillance activities. NIDA maintains a monitoring system for determining
prevalence of HIV infection among intravenous drug abusers. At present, the
system operates in seven U.S. cities to sample intravenous drug abusers on
admission to methadone detoxification and maintenance programs IO determine
rates and trends in HIV infection. The system also collects data on sexual and
drug-use practices that may be related to infection. After a sufficient number of
rounds of testing have been completed, NIDA will begin reporting on trends in
HIV infection among intravenous drug abusers in different geographical regions
of the U.S.

AIDS outreach activities: One major component of NIDA’s AIDS activities is the
community outreach demonstration program. This large-scale program is
designed to disseminate information obtained from AIDS and drug-abuse research
to intravenous drug abusers and others working in the drug abuse field. The




The focus of NIDA’s AIDS Program is to reduce transmission of HIV infection
among intravenous drug abusers, and between intravenous drug abusers and their

TABLE 4

ELEMENTS OF NIDA'S AIDS PROGRAM

sexual partners and children. It consists of six elements:

I.

II.

111.

Iv.

VI.

Improving Effectiveness of Drug Abuse Treatment

A. Improving existing treatment approaches
B. Developing new treatment approaches

Basic AIDS Research

A. Epidemiology/cofactor studies

B. Evaluating behavior-change strategies
C. Immunological studies

Survellance Activities

A. Monitoring system
B. Nature and extent of intravenous drug use

Outreach Activities

A. Comprehensive Outreach Program
B. Targeted Outreach Program

I. Data collection

2. Information  dissemination

3. Seroprevalence  determination
4. Outreach model evaluation

Information/Education Activities

A. Treatment staff training
B.  Public education

Enhancing Drug Abuse Treatment Capacity
A. Increasing number of treatment slots

B. Increasing treatment personnel
C. Improving quality of treatment



information concerns facts about the nature of AIDS, the risk factors for
becoming infected, and the effectiveness of AIDS risk-reduction measures. The
program is directed towards intravenous drug abusers who are not in treatment.
The primary message is for addicts to stop using drugs and get into treatment to
overcome their dependency. However, if they are unwilling or unable to do so,
they should avoid needle sharing and adopt other AIDS risk-reduction measures.

By FY 1989, the program will be contacting approximately 40,000 at-risk people
in 53 U.S. cities. The program focuses on major cities where intravenous drug
abuse is the most prevalent, and therefore the risk for HIV infection is the
highest. The program employs indigenous outreach workers to reach intravenous
drug users who are not in treatment and their sexual partners who may or may not
themselves be intravenous drug abusers. Outreach is accomplished on the street,
in jails, in emergency rooms, in housing projects, in health clinics, in “copping”
areas, etc. The information disseminated is in both English and Spanish language
versions.

This program also collects information on HIV seropositive rates, drug-use
practices, health problems, sexual practices, etc., of intravenous drug abusers not
in treatment. Since most of our data about intravenous drug abusers is based on
addicts in treatment, this program will provide invaluable data about a previously
hidden population -- addicts not in treatment -- about whom we know little.

The program will also allow the test of the effectiveness of various models for
disseminating information to clients, as well as, evaluate the effectiveness of
various intervention characteristics (i.e., effectiveness of low vs. high intensity
interventions, effectiveness of outreach to sexual partner directly or via
intravenous drug abuser). Finally, by reinterviewing clients at six month
intervals, it will be possible to evaluate the overall effectiveness of the project in
terms of what types of risk-reduction strategies have been adopted, changes that
have occurred in HIV seropositivity rates, etc.

AIDS information/education activities. This program disseminates information
based on research findings to drug-abuse authorities, treatment personnel, and the
general public. Training and technical assistance is provided to drug-abuse
authorities and treatment personnel so they may deal more effectively with the
psychological and medical problems of HIV infection and AIDS. Drug-abuse
counselors are provided with recent information on strategies to use in counseling
HIV seropositive and seronegative clients, clients with AIDS, and their sexual
partners. Public education is accomplished by videos, audios, booklets, and
posters about AIDS and intravenous drug abuse. NIDA also maintains a hotline
telephone service (1-800-662-HELP), which provides information on the
availability of treatment services.

Enhancement of drug abuse treatment. Increasing capacity for treatment of
intravenous drug abuse is being addressed as part of NIDA’s leadership activity
in the drug abuse field. At present, treatment capacity of 148,000 treatment slots
is not sufficient to handle the estimated 1.2 million intravenous drug abusers who
need treatment. Rather substantial increases in treatment capacity are needed,
along with training of new clinical personnel to staff the expanded capacity,
training of outreach workers to encourage more intravenous drug abusers to enter
treatment, and establishing a data system for more accurately identifying types of
clients entering treatment, program characteristics, etc. These issues are being
addressed as part of PHS planning for control of the AIDS epidemic.
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Drug Abuse and AIDS

The problem of intravenous drug abuse has been with us for a long time.
However, it has recently assumed an even greater public health significance
because of its association with HIV infection. This is not only because of the
rapid spread of HIV among intravenous drug abusers, but also because of the
potential for spread of the virus from intravenous drug abusers to the general
heterosexual population. There is also the tragedy of perinatal AIDS, which is
also closely associated with intravenous drug abuse.

We must hope that AIDS prevention efforts will have a major impact on spread of
this deadly virus. Unfortunately, an AIDS vaccine is still in the distant future. In
the intervening period, it is essential that we do whatever is possible to initiate
behavior change in the populations at risk. Among intravenous drug abusers, the
primary problem will be getting them to stop sharing injection equipment. Drug
abuse treatment will play an important role in accomplishing this goal. Treatment
must be available for intravenous drug abusers who desire it, and more
intravenous drug abusers than are currently on treatment waiting lists must be
encouraged to enter treatment. However, to be optimally effective as an AIDS
prevention strategy, the effectiveness of currently-available treatment needs to be
improved and new treatment approaches developed.

For those intravenous drug abusers who are unwilling or unable to come into
treatment, humanitarian alternatives must be available to allow them to minimize
their risk of infection. Equally important will be preventing the transmission of
HIV from intravenous drug abusers to their sexual partners. For those who will
not practice sexual abstinence, the evidence is clear that barrier contraception can
effectively minimize the chances of spread of HIV from one individual to his or
her sexual partner. Finally, we must urge women who are themselves intravenous
drug abusers or are the sexual partners of intravenous drug abusers to be tested
for HIV infection before becoming pregnant.

Control of AIDS will be a difficult public health problem. In the drug abuse field,
our effort will require a focus on treatment and prevention of intravenous drug
abuse, as well as on transmission of HIV itself. This will require knowledge of
the basic factors underlying intravenous drug abuse, as well as improved
strategies for treating and preventing intravenous drug abuse. By providing the
means for accomplishing these goals, drug abuse research will play an important
rote in controlling the AIDS epidemic.
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Introduction of Nathan B. Eddy
Memorial Award
E. Way

It is indeed a great pleasure for me to have the privilege of introducing a good
personal friend as this year’s recipient of the Nathan B. Eddy Award.
Professor Albert Herz, Director of Neuropharmacology and the Max Planck
Institute for Psychiatry in Munich has been the leader of an extraordinarily
active and productive group for a quarter of a century. The contributions from
his laboratory display broad and profound interests in opioid mechanisms and
range from investigations at the molecular level on simple cellular models to
complex social behavioral studies on animal colonies. Time does not permit me
to detail these discoveries but I shall provide some prime examples.

His early detailed studies correlating the physical properties of opiates with
pharmacologic efficacy facilitated the identification of their sites of antinoceptive
action in the brain and significantly enhanced understanding of the role of
disposition factors in opiate action. A valuable tool for characterizing various
opiate receptors was provided by studies of the cross-tolerant properties of
opioid agonists in simple excised tissue preparations. Elegant electrophysio-
logical investigations from his laboratory have stimulated greater emphasis
towards determining the role of ion fluxes in opiate action and led to a better
understanding of the mechanisms involved in neurotransmission.

More recently, significant contributions have been made in establishing the
functional role of endogenous opioid peptides in the regulation of endocrine
action; the studies focused on the modulation of the secretion of hypothalamic
releasing factors by opioidergic mechanisms. Experiments on isolated rat
hypothalami showed that inhibitory influence of opioids on LHRH release
depends on the presence of gonadal steroids and that corticotropin-releasing
factor (CRF) induces the release of B-endorphin and dynorphin by inhibition of
the gonadotropin-releasing hormone.

A molecular approach on the influence of recurrent stress upon the biosynthetic
activity of pituitary cells secreting proopiomelanocortin (POMC) or prolactin
indicated that the biosynthetic activity of corticotrophs and lactorophs is
differentially modulated under chronic stress. Chronic, intermittent electrical
foot-shock caused an increase in mRNA levels encoding for POMC in the
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anterior pituitary. The effects of GABA on gene expression of POMC were
found to be differently regulated in the pituitary lobes; POMC mRNA being
inhibited in the neurointermediate lobe and unaffected in the anterior pituitary.

Other studies indicate that both Ca”™ and CAMP are involved in the regulation of
gene expression of POMC. In contrast, studies on the regulation of
proenkephalin A gene expression in primary cultures of bovine adrenal
chromaffin cells suggest that membrane depolarization plays an important role.
It represents a mode by which substances acting directly on Na' or Ca™"
channels may modulate the regulation of proenkephalin A mRNA biosynthesis
and opioid peptide production.

Studies on pain mechanisms revealed that the spinal dynorphin system plays a
special role in chronic pain and seems to be hyperactive under these conditions.
Chronic arthritic rats showed a remarkable increase in the content of dynorphin
in the lumbosacral spinal cord. The changes paralleled the time course of the
arthritis and were accompanied by a relative decrease in r-receptors and an
increase in u-receptors in this area.

Conditioning experiments for the study of the rewarding and aversive properties
of opioids in rats showed that conditioned place preference is stereospecfic and
is produced by p-opioid receptor active isomers. The aversive effects of certain
x-opioid receptor ligands were shown to correlate with their dysphoric and
psychotomimetic effects in humans.

In studies on receptors and coupling mechanisms, it was observed that chronic
opiate treatment induced receptor uncoupling from its effector. This is a highly
significant event and provides insight as to the molecular events involved in
opiate tolerance.

Light microscopic authoradiography studies on the distribution of opioid
binding sites in rat brain with *H-bremazocine revealed a distribution of <-ssites
different from that of p- and§- receptors with levels highest in particular
diencephalic nuclei. By means of target size analysis, the molecular mass of
opioid receptors was determined in various tissue and cell preparations; the data
indicated that an additional membrane component of 40-44Da kDa is necessary
for high-affinity opioid binding.

Herz’s laboratory was the first to make the monoclonal antibody against
enkephalin that help enormously in the study of opioid peptide actions in the
brain. They prepared the idiotypic antibody of B-endorphin which behaved like
an opioid agonist and more recently other monoclonal antiidiotypic opioid
receptor antibodies. I hope this cursory presentation suffices an indication of
the broad scope and in-depth research carried out in his laboratory.

Dr. Herz is not only a well-known research scientist but is also universally
recognized as a distinguished teacher and scientific statesman. It is indeed a
tribute that there are a number of other highly established and respected
colleagues in the opioid field who collaborated with or trained under him. He
holds or has held important offices in several organizations. He has worked
actively to organize outstanding meetings and symposia for many scientific
organizations. He truly is an eloquent spokesman for drug abuse research.

15



On the basis of his tireless service and lasting creative contributions to this field,
I can think of no person more deserving of the Nathan B. Eddy Award than
Professor Albert Herz.

AFFILLIATION:

E. Leong Way, Department of Pharmacology, University of California, San
Francisco, CA 94143

16



Bidirectional Effects of Opioids

in Motivational Processes and the
Involvement of D, Dopamine
Receptors

A. Herz

ABSTRACT

Exogenous and endogenous opioids significantly affect motivational
processes: depending on the particular opioid receptor type with
which they interact opposite effects are induced: activation of p
and O opioid receptors is rewarding whereas activation of K opioid
receptors induces aversive effects. Antagonism of p-opioid recep-
tors also induces aversion, suggesting the existence of a tonically
active opioidergic reward pathway. There is evidence that BR-endor-
phin pathways arising from the hypothalamus play an important role
in this respect. Opioid-induced reward as well as aversion seem to
be mediated by the mesolimbic dopamine system, reward by increased,
aversion by decreased transmission at D; dopamine receptors.

Opioids and other drugs of abuse exert marked effects on mood and
motivational processes. In humans they produce euphoria and drug
seeking behavior. The repeated administration of opioids results
in the development of tolerance and dependence. Although such lat-
ter actions are important for the maintenance of drug addiction
once established, it is apparent that they are not causal factors.
Rather there is now substantial evidence that it is the ability of
a drug toactivate endogenous reward pathways which determine its
potential for abuse and the addiction process which may subsequent-
ly ensue. In addition, as will be shown, there is indication that
opioids activating K-receptors may produce aversive states. Further-
more, the same neural system which mediates the reinforcing or mo-
tivational effects of opioids may also underlie such effects of
other drugs of abuse as well as those of natural rewards.

MULTIPLICITY OF OPIOID RECEPTORS AND LIGANDS

Soon after the initial detection of the opioid receptors and endo-
genous opioid peptides, the enkephalins, several observations point-
ed to a multiplicity of opioid receptors. Presently the occurrence
of at least 3 opioid receptor types (u,8,K) is generally accepted
(H61llt 1986). These different receptors are the targets of a con-
siderable series of different opioid peptides which are split
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TABLE 1:

Onioid ¢ s Relati ip

Receptor Endogenous Exogenous Antagonist
Type Ligand Ligand
U (Morphine-Tike Morphine Naloxone
Alkaloid?) DAGO (Tow dosage)
B-Endorphin?
o) Enkephalins DPDPE 1c1 174864
K Dynorphin U-50,488H | Nor-Binaltorphimine
U-69593
(8) B-Endorphin (B-Endorphing_,;)

off from three precursor molecules by enzymatic processing. Proopi-
omelanocortin (POMC) is the precursor molecule from which R-endor-
phin (R-EP) is derived; methionine-enkephalin (met-enkephalin) and
leucine-enkephalin (leu-enkephalin) as well as various larger enke-
phalin containing peptides are derived from proenkephalin A whereas
proenkephalin B (or prodynorphin) represents the precursor for
dynorphin and related peptides. This heterogeneity raises questions
concerning the relationship between the various opioid peptides

and receptor types (Paterson et al., 1984) (Table 1). Morphine
exhibits high affinity and selectivity for the p-receptor. At pre-
sent, however, there is no endogenous opioid peptide known which
shows selectivity for this receptor type. The enkephalins exhibit
some selectivity for 6—'receptors and are therefore considered as
possible endogenous ligands of these receptors. Prodynorphin-deriv-
ed peptides bind with high affinity and selectivity to K=receptors
and probably represent their adogenous ligands for this receptor
type. In recent years, peptides (and alkaloids) have been synthe-
sized which exhibit high affinity and selectivity for the various
receptor types; in addition, antagonists with high selectivity for
the various receptors have been developed. These synthetic compounds
have aided greatly the identification of the receptor types under-
lying the abuse potential of opioids. It should be emphasized, how-
ever, that, although the affinity of ligand for the various re-
ceptor types is a major factor in determining the receptor through
which a compound acts, the availability (i.e. concentration) of a
ligand at a given synapse and the presence of other receptor types
there will also determine the receptors to which a ligand binds
in-vivo to exert its biological effects.

A great deal of work has performed in the last decade to ana-
lyse opioid actions in respect to the receptors (and ligands) in-
volved (zukin and Zukin 1984; Watson et al., 1984). These studies
revealed in many cases a complex pattern. Thus, it is now apparent

18



that many opioid effects can not be attributed to the activation

of a single receptor type and several receptor types may be involv-
ed in a particular pharmacological or physiological response. Nev-
ertheless some characteristic pharmacological profiles can be attri-
buted to the activation of the various receptor types. Whereas in
the case of p- and &— receptors this profile shows many similarities,
the activation of K-receptors results in a rather different spec-
trum of pharmacological actions: The lack of respiratory depression,
of gastrointestinal activity and of antidiuretic action is particu-
larly remarkable. Although continuous application of K-receptor 1li-
gands also produces tolerance, the withdrawal symptomatology was
found to be different and relatively mild in comparison to with-
drawal from morphine-like compounds. Thus the pharmacological
Spectrum of K-=receptor agonists seems to offer some promising as-
pects for their medical use, e.g. as analgesics. In view of that,
the analysis of their motivational properties seems to merit parti-
cular interest.

CONDITIONED PLACE PREFERENCE VS. AVERSION

A variety of animal models including self-administration and intra-
cranial self-stimulation have been used to determine the motivati-
onal effects of drugs of abuse. In these procedures, administration
of a drug or rewarding stimulus such as electrical brain stimula-
tion 1is contingent upon the performance of a specific bahavioural
test, 1.e. lever pressing. Data derived in this way provide a mea-
sure of primary reinforcement processes. In the experiments dis-
cussed here an alternative approach has been used to characterize
drug-induced motivational effects, that 1is to say, place preference
conditioning. In this procedure, the association which develops
between the presentation of a drug and a previous neutral stimulus
is examined. This procedure has been used to confirm the reinforc-
ing effects of a variety of psychoactive drugs. Importantly, this
technique permits the detection of both rewarding and aversive
drug-induced motivaional states.

Place preference conditioning has provided the first demonstration
that opioids have reinforcing or aversive effects depending on the
receptor type with which they interact (Mucha and Herz 1985).
Administration of the p-receptor agonists morphine, fentanyl or
sufentanyl resulted in dose-related preferences for the drug-asso-
ciated place, confirming that these drugs function as reinforcers
in the drug-naive animal. Furthermore the potency of these agonists
in eliciting these effects parallels their differing affinity to
l-receptors, indicating that the activation of this specific re-
ceptor type, underlies their reinforcing properties. In contrast to
p-agonists, the selective k-agonists U-50, 488H and U-69593 produced
pronounced conditioned place aversion. Here too, the potencies of
these ligands in producing this effect correlates wall with diffe-
rences in their binding affinities to k-receptors.

By employing the intracerebroventricular (IVC) route of administra-
tion it has also been possible to examine the effects of those opi-
oids, 1i.e. peptides, which do not readily penetrate the blood brain
barrier after systemic application. ICV administration of the spe-
cific &=agonist DPDPE produced marked preference for the drug-
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FIGURE 1: Place Conditioning produced by p- and K=-opioid agonists.

+300 .

+2004 .

+1004

a Sufentanyl
-100 4 Fentany!
* Morphine
O U-69593
L}

U-50488H
-200

Preference for drug-paired place {sec)

-300

iy

00075 .0005 003 o1 06 0k .01 6 10 0.0
Orug dose (mg/kg)

Place conditioning produced by the p-opioid agonists
morphine, fentanyl and sufentanyl and the ¥=topioid ago-
nists U-50, 488H and U-69593. Ordinate: mean difference
(sec) between time spent in drug- and vehicle-paired.
sides of the test box. Abscissa: drug dose. Points
above zero indicateplacepreference, points below a
place aversion. Each point represents the mean condi-
tioning score + S.E.M. of 8-10 rats. Asterisks denote
significant place conditioning (Wilcoxon) test: *p <
0.05; **p < 0.01).

associated place. Pretreatment with the ®=iagonist ICI 174,864
which in itself lacked reinforcing or aversive effects antagonized
the DPDPE-induced preference, but it did not affect morphine-induced
preference Shippenberg et al., 1987). Thus it is apparent that the
reinforcing properties of opioids may result from an activation of
either p- or &-receptors and such agonists of either receptor type
Will have marked potential for abuse. In contrast K—=receptor ago-
nists will induce aversive states.

Place aversion is induced not only by K-receptor ligands but also
by the universal opioid receptor antagonist naloxone (Mucha and
Iversen 1984). The same effect is obtained by the specific p-re-
ceptor antagonist [D-Tic'] CTAP. These findings suggest the exist-
ence of a tonically active endogenous p-opioidergic reward system,
the disruption of which results in aversive states. An enhancement
in the motivational effect of naloxone is observed in animals which
are tolerant and physically dependent on morphine; this finding is
consistent with the aversive state produced by precipitated with-
drawal. As the 6—receptor antagonist ICI 174,864 did not induce
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aversion, it may be suggested that the §=receptor-mediated enkepha-
lin system is not tonically active. The specific K=receptor anta-
gonistnor-binaltorphimine caused some place preference, but the
effect was of borderline significance, thus excluding definitive
statements about the tonic activity of the dynorphin system in
motivational processes (Bals-Kubik, in preparation).

THE CEREBRAL RB-ENDORPHIN SYSTEM

The question arises as to the identity and location of the endoge-
nous opioid systems involved in reward and aversive states. Con-
cerning the reward system, the cerebral B-endorphin (B-EP) pathways
originating in the nucleus arcuatus of the mediobasal hypothalmus
(MBH) seems to be relevant. B-EP is self-administered rats and
monkeys and produces conditioned place preference in rats after
ICV administration (Van Ree et al., 1979; Amalric et al., 1987). A
functional role of endogenous B-EP is indicated by experiments in
which place conditioning was performed in rats with bilateral ra-
diofrequency lesions of the MBH. In these animals, B-EP content in
the hypothalamus and the major projection sites were largely dimi-
nished and the aversive effects of naloxone were found to be mar-
kedly reduced (but not completely abolished). The place preference
induced by morphine and place aversion induced by U-50, 488H were,
however, not affected (Mucha et al., 1985). The attenuation of the
aversive effects of naloxone 1is most easily explained by a diminu-
tion of the release of R-EP with the consequence of a decrease in
the tonic activity of an endogenous opioidergic reward pathway me-
diatedby B-EP.

In line with the assumption of a role of B-EP in reinforcement
processes are results obtained with a metabolite of B-EP, B-EP, ,
(Bals-Kubik et al., 1988). Place conditioning experiments in rats
showed that B-EP,_,; dose-dependently antagonized the reinforcing
effects of R-EP. It also antagonized the place preference induced
by selective p(DAGO) and O-agonists (DPDPE), but not the aversion
induced by K=agonists and the place preference induced by the psy-
chostimulant D-amphetamine, This antagonistic activity of B-EP, .,
appears tobeof functional significance since this metabolite of
B-EP 1is present in various brain structures at concentrations con-
siderably higher than that of R-EP (Zacharian and Smyth 1979).

There are further indications for a role of endogenous opioid pep-
tides, in particular B-EP, in affective behaviours. The phenomenon
of stress-induced analgesia and its at least partial blockade by
naloxone indicates that endogenous opioid peptides are released in
stressful situations. There is indication that opioid peptides play
a key role also in positively motivated rewarding situations. Thus,
non-food-deprived rats expecting or receiving highly desirable food
as candy or chocolate milk exhibited an increase in nociceptive
thresholds which could be antagonized by naloxone (Dum et al., 1984).
In the hypothalmus of such rats R-EP levels were significantly re-
duced (while dynorphin levels were unchanged). A decrease in opioid
receptor binding sites in hypothalmus, but not in other brain areas
was also observed (Dum and Herz 1983). These and other results in-
dicate a release of B-EP in the hypothalamus in response to pala-
table food and indicate that opioid peptides are released in the
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brain not only in stressful but also in rewarding situations. Fur-
thermore, it is most likely that B-EP plays an important role in
this emotional response to (Dum and Herz 1987).

EXPERIENCE IN HUMANS

The motivational properties of morphine and other p-opioid receptor
ligands, being the base of their high abuse potential in humans,
need no further discussion. Respective data concerning &vopioid
receptor ligands are presently not available. Concerning K=opioid
receptor ligands a study in human volunteers in which psychiatric
rating scales were used to evaluate emotional and conceptual; expe-
riences showed that a benzomorphane derivative with preferential
K~receptor agonist activity (Mr 2033) elicited dose-dependent dys-
phoric and psychotomimetic effects which were readily antagonized
by naloxone (Pfeiffer et al., 1986). This result indicates that not
only O~receptors but also K—opioid receptors mediate psychotomime-
sis. Similar effects reported for agonists-antagonists with benzo-
morphane structure may also be related to activation of K—opioid
receptors by these drugs. It is suggested that such dysphoric-psy-
chotomimetic effects are equivalent to the aversion observed in the
place conditioning experiments in rats.

As described above, not onlyK=opioid receptor agonists but also
naloxone (preferentially acting as antagonist at p-receptors) and
the pure p-receptor antagonist [D-Tic'] CTAP produce aversive ef-
fects in rodents. There are also several reports describing aver-
sive effects of naloxone in opioid-naive humans. However, taken as
a whole, the aversive symptomatology seems to be rather mild and in
some cases was not seen at all (Grevert and Goldstein 1978; Downs
and Woods 1976). In monkeys, naloxone was found to function as a
negative reinforcer. The reason for such species differences is not
quite clear. It maybe that in the humans occupation of opioid re-
ceptors with endogenous ligands in the test situation (= basal tone)
is lower than that in rats, mice and monkeys.

LINKS BETWEEN OPIOIDS AND DOPAMINE IN MOTIVATIONAL PROCESSES

Several findings, e.g. the attenuation of the reinforcing effects
produced by electrical brain stimualtion by dopamine (DA) receptor
antagonists have suggested the involvement of dopaminergic systems
in processes of reinforcement (Wise 1987). However, if dopaminergic
neurons are a critical component in tonically active pathways sub-
serving reward, then the blockade of DA receptors or the inhibition
of DA release should, as observed with naloxone, induce aversive
states. Furthermore, 1if the general DA hypothesis of reward is cor-
rect such manipulations should also abolish the reinforcing effects
of all types of drugs of abuse. Until recently, however, such ef-
fects have not been demonstrtated. Thus, the DA antagonists pimozide,
haloperidol and J—flupentixol are ineffective in producing place
and taste aversion and do not function as negative reinforcers in
other paradigms.

The identification of two distinct DA receptor types (D;,D,) and
the availability of antagonists selective for each of them made it
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possible to reevaluate the dopamine hypothesis of reward and the
involvement of D, - vs. D, -receptors in the mediation of reinforcing
and aversive states. Acute administration of the selective D, -ant-
agonist SCH-23390 caused clear conditioned place aversions whereas
the D, antagonists sulpiride and spiperone as well the mixed D, /D,
antagonist haloperidol lacked such effects (Shippenberg and Herz
1987b, 1988). These data support the hypothesis that there is a
tonic activation of D;- but not of D,-receptors, the disruption of
which results in aversive states,

Chronic infusion of the D, -receptor antagonist SCH-23390 - but not
infusion of D,-receptor antagonists - during the conditioning peri-
od completely abolished the reinforcing effect of morphine; the
aversive effects of the selective K-agonist U-69593 as well as nal-
oxone were also prevented by this treatment, whereas D,-antagonists
were without effect. Thus, it appears that D, -receptors, but not
D,-receptors, are critical for the expression of the reinforcing
as well as the aversive effects of opioids (Shippenberg and Herz
1988)

BRAIN DOPAMINE REWARD PATHWAY SUBSERVING OPIOID REWARD

The use of microinjection techniques has permitted the identifica-
tion of the specific brain regions involved in the reinforcing pro-
perties of opioids. Both self-administration and place conditioning
studies revealed that the injection of morphine or enkephalin ana-
logs into several brain areas including the lateral hypothalmus,
septum, ventral tegmental area (VTA) and nucleus accumbens are re-
inforcing (wise and Bozarth 1982). Furthermore, doses required to
produce this effect are lowest in the VTA, suggesting that this
site may be of critical importance. The question whether or not the
sane brain regions underlying reinforcement are also involved in
mediating the aversive effects of opioids 1is presently under invest-
igation; preliminary data pint to a particular role of the nucleus
accumbens in this regard.

The VTA and the nucleus accumbens, areas critically involved in the
reinforcing and/or aversive actions of opioids, represent key com-
ponents of the mesolimbic DA system; the DA-perikarya are located
in the VTA, the nucleus accumbens represents the terminal field of
fibres arising from there. Several lines of evidence suggest that
an interaction between opioid- and DA-system occurs in the VTA:
B-EP fibres originating in the MBH innervate the VTA and the pres-
ence of D;- and D, -receptors therein is well documented. R-EP con-
taining fibres as well as opioid receptors are widely distributed
in the nucleus accumbens. Several findings indicate an increased
dopamimergic neurotransmission in the mesolimbic system under the
action of morphine and an increased release of DA in the nucleus
accumbens by morphine has been recently directly measured in vivo
by microdialysis (DiChiara and Imperato 1988).

Recent data also indicate that the aversive effects of the Kopioid
receptor ligands are related to changes (diminution) in the activi-
ty of the mesolimbic pathway: D, -receptor blockade during the con-
ditioning period inhibited not only the rewarding but also the
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FIGURE 2: Cerebral B-EP and mesolimbic System.
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Schematic representation of the cerebral B-EP system and
its putative connections with DA pathway ascending from
the midbrain (VTA). The major portion of the cerebral
B-EP system arises from perikarya located in the medio-
basal hypothalmus (MBH) and projects from there to many
partis of the brain, in particular the diencephalon and
midbrain. (A minor part of the B-EP fibres originates in
the nucleus tractus solitarius NTS). Thus fibres make
connections with the DA system originating in the ventral
tegmental area (VTA) and ascend to mesolimbic areas in-
cluding the nucleus accumbens (N. acc.) . P = pituitary.

aversive opioid effects; microinjection of specific Kwopioid re-
ceptors ligands were highly effective in inducing aversion when
injected into the nucleus accumbens (Shippenberg and Bals-Kubik,
unpublished); finally, in vivo microdialysis experiments showed
that U-50, 488H reduced DA release in nucleus accumbens
(DiChiara and Imperato 1988).

Table 2 summarizes these results. It includes also the psychostimu-
lants D-amphetamine and cocaine. Amphetamine also increases DA
release, whereas cocaine increases dopaminergic transmission by
other mechanisms. The final result is an activation of D; recep-
tors, giving rise for a general theory on the common mechanisms

of action of addictive drugs (Wise and Bozarth 1987). On the other
side there is indication that decrease in D; receptor activity in-
duces aversion.
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TABLE 2:

Dopaminergic Transmission-Relationship

Motivation
Morphine p receptors
Enkephalins ' increase of
In:n;eaasred N-Endorphin € DA release L activation of
= w
Amphet amine Oy receptors
Cocaine
Decrease {S-ISO,LBBH k recepfors}> decrease of inactivation of
= aversion™ Naloxone p.6 DA release
SCH13390 Dy receptors
no effect OPiperone blockade of
(-)Sulpiride D, receptors
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Effects of 6-Hydroxydopamine Lesions
of the Nucleus Accumbens on a
Concurrent Schedule of Food, Water
and Cocaine Self-Administration

S. I. Dworkin, G. Guerin, S. M. Dworkin and J. Smith

Male Fisher rats were trained on a fixed-ratio 1, fixed-ratio
9, concurrent chain schedule of food, water and intravenous
cocaine self-administration. Food and water presentations were
contingent upon responding on separate levers that were
continuously available. Cocaine infusions were delivered
contingent on responding on a third Tever that was available
for 6 continuous hours (9:00 AM - 3:00 PM). A dose-effect
curve for cocaine (.08 - .83 mg/infusion) was determined before
and after a 6-0OHDA lesion of the nucleus accumbens.

Responding was well maintained by the schedule contingencies.
Increasing the dose of cocaine resulted in an inverted U shaped
curve for responding maintained by cocaine infusions. The 0.17
mg/infusion maintained the highest rate of responding on the
lever which resulted in cocaine infusions. Responding on both
the levers that produced food and water deliveries was not
significantly altered by changes in the cocaine dose. The
neurotoxin lesion resulted in a significant decrease in cocaine
self-administration at both the 0.17 and 0.33 mg/infusion

dose. Total daily responding on both the food and water lever
was not altered by the neurotoxin lesion. However, the hourly
patterns of responding on both the food and water Tlever was
modified by the lesion. 6-0OHDA Tesions can produce a

selective, dose-specific decrease in cocaine self-
administration while not altering daily food or water intake.
Dopaminergic innervations of the nucleus accumbens appear to be
more involved in modulating the reinforcing efficacy of cocaine
compared to the regulation of food or water intake.
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Chronic Cocaine Exposure During
Gestation Results in Neurobehavioral
Deficits Evident Early in Ontogeny

L. Spear, N. Frambes, C. Kirstein, J. Bell, L. Rogers,
V. Yoottanasumpun and N. Spear

Initial studies were conducted to investigate the appopriateness of the
doses and route of administration chosen for use [10, 20 or 40
mg/kg/3cc cocaine HCl given subcutaneously daily from gestational
day ( E ) 8-20]. In exp. 1, in which the behavior or the dams was time
sampled at .5, 1, 2 and 4 hrs. post-injection on E8, 12, 16 and 20,
dams given 10 mg/kg cocaine (C10) exhibited significantly less
sniffing at 2 and 4 hrs. post-injection than C20 and C40 dams,
whereas the later groups did not differ from each other behaviorally.
In exp. 2 in which cocaine levels were assessed after sacrifice at .5 or
2 hrs. post-injection on E20, plasma and brain cocaine levels were
significantly greater in C40 than C20 dams and fetuses at both sacrifice
periods. Plasma cocaine levels in the dams ranged from about 1000-
2500 ng/ml, above those reported in human users. Cocaine readily
entered fetal plasma and brain, with brain/plasma cocaine ratios in
fetuses exceeding those of the dams.

Offspring of Sprague-Dawley dams exposed to this treatment protocol
were examine during the early postnatal period in two studies.
Control groups included offspring of dams pair-fed to the 40 mg/kg
cocaine dams and dams on ad lib feeding; in exp. 2, litters were
surrogate fostered at birth. No alterations were observed in litter size
or sex ratios, pup body weight at birth or day 21 (P21) or
reflex/physical development. Cocaine offspring exhibited impaired
conditioning of an odor/milk association at P7 and an odor/footshock
association at P18, but no alterations in learning/retention of an
odor/footshock association at P7-8. Cocaine infants exhibited less
wall climbing behavior, a decreased sensitivity to apomorphine and an
increased sensitivity to haloperidol, data consistent with an attenuation
in dopaminergic (DA) activity. At P21, no alterations in DA levels or
turnover were observed; preliminary data suggest a possible elevation
in DA levels in cocaine offspring at P1.

AFFILIATION: Department of Psychology and Centers for

Developmental Psychobiology & Neurobehavioral Sciences,
SUNY-Binghamton, NY 13901.
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Differential Effects of the Manipulation
of Serotonin Systems on Intravenous
Amphetamine and Cocaine Self-
administration in Rats

L. Porrino, L. Sharpe, M. Ritz, N. Goodman, S. Goldberg and
M. Kuhar

Previous studies (c.f, Yu et al. 1986) have shown that
significant reductions in intravenous self-administration
(IVSA) of amphetamine (AMPH) in rats can be obtained by
increasing the activity of serotonin (5-HT) system, The
purpose of the present study was to investigate the effects of
pharmacological manipulation of 5-HT system on IVSA of cocaine
(COC) in rats. Rats with chronic indwelling venous catheters
were trained to self-administer COC (1 mg/kg/inf) on an FR10
schedule in daily 4 hr sessions. After stable rates of
responding were established, fluoxetine (2, 5, 5, or 10 mg/kg
ip), a 5-HT reuptake Dblocker, or cinanserin (3, 10, or 17.5
mg/kg sc), a 5-HT receptor antagonist, was injected 30 minutes
prior to IVSA test sessions. Neither fluoxetine nor cinanserin
pretreatment at any dose tested significantly altered IVSA of
COC. Following completion of COC testing, AMPH (.125 mg/kg/inf
was substituted for COC. After stable rates of IVSA of AMPH
were obtained, the effects of fluoxetine and cinanserin were
tested. Confirming previous studies, fluoxetine significantly
reduced IVSA of AMPH by 25-50% of baseline rates. Cinanserin
pretreatment also reduced IVSA of AMPH, although this effect
was less pronounced (3-18%). Pharmacological manipulation of
5-HT systems without effects on IVSA of COC, significantly
alters IVSA of AMPH by rats. These findings may have bearing on
the possible use of fluoxetine in the treatment of stimulant
abuse in lumans and also indicate that treatment of COC and
AMPH abuse may require different therapeutic regimens.

Yu, D.S., Smith, F.L., Smith, D.G., and Lyness, W.H.
Fluoxetine-induced attenuation of amphetamine self-
adminstration in rat. Life Sci. 39:1383-1388, 1986.
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Evaluation of Reinforcing Properties of
Amantadine and its Effect on Cocaine
Self-injection in Baboons

C. Sannerud and R. Griffiths

The dramatic increase in cocaine abuse in the United States has
led to the search for pharmacological approaches to treatment
intervention. Recently, there have been preliminary clinical
reports that amantidine (100 mg b.i.d.), an agent with indirect
dopamine agonist properties and without some of the side effects
reported for dopamine agonist treatments, has been used with some
success to treat cocaine dependence (Tennant and Sagherian, 1987).

The ability of amantadine to maintain self-injection behavior and
to alter self-administration of cocaine was examined in 3 baboons
using a standard intravenous cocaine self-injection procedure.
Responding was maintained under a FR 80- or 160-response schedule
of intravenous cocaine delivery (0.32 mg/kg/injection). Each drug
injection was followed by a 3 hour time-out allowing a maximum of
8 injections per day. Vehicle or amantadine doses were substituted
for cocaine for a period of 15 or more days. Evaluation of a wide
range of amantadine doses (0.21 - 32 mg/kg/injection) showed that
this compound did not maintain self-administration behavior above
vehicle control levels. In another experiment using the cocaine
self-injection baseline in 4 baboons, amantadine (10 or 32
mg/kg/day) was administered via a chronic intravenous infusion.
Cocaine self-injection behavior was maintained and re-initiated
during chronic amantadine exposure, suggesting that the rein-
forcing efficacy of cocaine was not modified by chronic amantadine
administration. The high dose of amantadine (32 mg/kg) in combi-
nation with an intermediate dose of cocaine (0.32 mg/kg) produced
a disruption 1in cocaine self-injection accompanied by behavioral
agitation and decreased food intake, suggesting psychomotor
stimulant toxicity. Although this study provides no evidence

to support the preliminary observations that amantadine may be
useful in treating cocaine abuse, the data do suggest that
amantadine may potentiate some behavioral effects of cocaine.

REFERENCES: Tennant, F.S. and Sagherian, A.A. Double blind com-
parison of amantadine and bromocriptine for ambulatory withdrawal
from cocaine dependence. Arch Intern Med 147:109-112, 1987
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Cocaine-Induced Changes in the
Neurotensin Systems of the Basal
Ganglia

G. Hanson, P. Smiley, L. Bush and J. Gibb

It is known that administration of cocaine enhances the activity of dopaminergic
pathways in the basal ganglia, an effect which contributes to cocaine-induced
increases in motor activity and changes in mental states; however, the responses to
cocaine by related nondopaminergic pathways have not been well studied. The
present research examined the effects of cocaine on extrapyramidal projections
which employ the neuropeptide, neurotensin (NT), as their transmitter. These NT
systems were evaluated because of their close association with nigral-striatal
dopamine neurons and the possibility that NT systems play a role in psychotic
disorders such as schizophrenia. We assessed the response of striatal and nigral
NT afferent projections by measuring the NT content of these tissues following
cocaine administrations.

One hour after multiple cocaine injections (5 doses at 6 h intervals; 30 mg/kg/dose,
i.p.) the levels of striatal and nigral neurotensin-like immunoreactivity (NTLI)
dramatically increased to 200-250% of control. Striatal changes were maximal at
1-8 h but no longer detectable after 48 h. The maximal nigral effect was observed
24 h following cocaine administration (NTLI content was 450% of control) and
diminished by 48 h. Following a single cocaine dose, increases in NTLI concen-
trations were measured in the substantia nigra but not in striatal tissue. Combina-
tions of cocaine with selective D-1 (SCH 23390) and D-2 (sulpiride) antagonists
demonstrated that both DA receptor subtypes were involved in the cocaine-
mediated changes in the NT systems: D-1 receptors had a greater role in the stria-
tum while in nigral tissue D-1 and D-2 receptors appeared to contribute equally.
Comparable administrations of the related drug, methamphetamine, caused similar
increases in striatal and nigral NTLI levels. The methamphetamine-induced striatal
and nigral changes appeared to be mediated entirely by D-1 receptors with little or
no D-2 receptor participation. Finally, treatments with blockers of the DA uptake
carrier complex, such as GBR 12909 and amfonelic acid, produced cocaine-like
increases in striatal and nigral NTLI content, suggesting that cocaine influenced the
NT systems by its action at this uptake site. These findings demonstrate that the
striatal and nigral NT systems are substantially altered by cocaine treatment;
however, the significance of these dramatic changes in NTLI content remain to be
elucidated. (Supported by USPHS grants DA 00869 and DA 04222).
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Pharmacologic Aspects of Cocaine
Rush

K. Kumor, M. Sherer, C. Muntaner, J. Jaffe and R. Herning

Intravenous users [N=60] of cocaine reported that a subjective
effect, termed rush, which appears shortly after I.V. injection
is important in their drug seeking and self-administration
behavior confirming the reports of other investigators [Spotts
and Shontz, 1976; Seecof and Tennant, 1986].

We measured rush using two methods of self-report, an interval
scale and a computerized bar graph. Rush was measured during
five separate studies of cocaine tolerance and drug
interactions: 1. after two sequential injections of cocaine 30
mg given at an interval of 70 or 180 min [Kumor et al, 19877,

2. during steady state cocaine concentrations obtained after
loading injections of 40-80 mg of cocaine [Kumor et al, 1988],
3. with haloperidol 8 mg pretreatment 20 min prior to a cocaine
40 mg challenge [Sherer et al, 19871, 4. with bromocriptine
2.5 and 5 mg pretreatment 60 min prior to cocaine 40 mg
challenges [Kumor et al, 19881 and 5. with nifedipine 10 mg
pretreatment given prior to cocaine 20 to 40 mg challenges.

The results of these studies showed that rush can be measured
reliably and has a distinct pattern of pharmacologic responses
from other subjective effects including self reported “good
feelings”. After repeated injections of cocaine given at an
interval of 70 min only rush showed tolerance, all other
subjective scales scores were unchanged in magnitude and
duration. Similarly during the cocaine infusion studies the
only subjective scale scores unaffected by the presence of
maintained cocaine plasma concentrations was rush. Rush scale
scores segregated independently from other subjective scale
scores during the haloperidol, bromocriptine and nifedipine
studies. Rush did not covary with peripheral cardiovascular
responses and thus 1is not a sensory appreciation of pulse and
blood pressure.
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Prolactin and Luteinizing Hormone
Pulse Frequency Analysis in Cocaine
Abusers

J. Mendelson, N. Mello, S. Teoh and J. Ellingboe

Numerous experimental animal studies have shown that cocaine blocks reuptake
of dopamine at neural receptor sites. Recent studies have shown that cocaine
binding sites associated with dopamine uptake may also be receptors which
mediate the reinforcing properties of cocaine. There is also recent evidence that
chronic cocaine administration to experimental animals produces degeneration of
central dopaminergic neurons and reduction in dopamine concentration in the
brain. Prolactin secretion is mediated by dopaminergic inhibitory control and
hyperprolactinemia has been found in men and women who abuse cocaine. Eight
men ages 24 to 26 who reported a chronic history of cocaine abuse from 1 to 4
years provided informed consent for participation in this study. All had normal
physical examinations, blood chemistry and hemogram studies. Each subject was
studied 12 to 24 hours following intranasal or freebase use of cocaine in doses
ranging from 1/2 to 2 gm. Urine drug screening carried out at the initiation of
each study confirmed cocaine use by presence of cocaine metabolites. An
indwelling catheter was inserted into the subject’s antecubital vein and blood
samples were collected every 10 minutes over 6 hours for analysis of prolactin
and luteinizing hormone (LH) by radioimmunoassay procedures. Pulse
frequency analysis of prolactin and luteinizing hormone levels were carried out by
Pulsar Program developed by Merriam and Wachter. Eight age matched control
subjects participated in an identical study of pulse frequency anaysis of prolactin
and luteinizing hormone. None of the control subjects had any abnormality of
prolactin or luteinizing hormone secretory function. In contrast, four of the eight
cocaine users had clinically significant hyperprolactinemia (> 25 ng/ml). The
cocaine users had significantly greater mean plasma prolactin levels as well as
prolactin pulse amplitude (P < 0.2 and P < 0.3) than control subjects. The
cocaine users with hyperprolactinemia had significantly higher mean plasma
prolactin levels, prolactin pulse amplitude and prolactin pulse peak length (P <
0.1) than control subjects. However, cocaine users with high prolactin levels had
significantly fewer prolactin pulse peaks (P < 0.1) than controls. Cocaine users
with high prolactin levels also had significantly lower mean LH levels (P < 0.1)
and significantly lower LH pulse amplitude (P < 0.2) than cocaine users with
normal prolactin levels. Thus hyperprolactinemia in cocaine users was associated
with suppression of LH secretory activity.
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MDMA Biological Disposition in Man:
MDA is a Biotransformation Product
J. Alrazi and K. Verebey

MDMA, a psychoactive stimulant, is a schedule I controlled substance since
July 1, 1985. Prior to its scheduling by the DEA, MDMA was used by
psychiatrists in their practices. They felt that MDMA in doses of 100-160 mg
was different from other hallucinogenic amphetamines. In their opinion,
MDMA was an effective psychotropic “catalyst” that promoted trust and
confidence between patient and therapist. The decision of the DEA to place
MDMA into schedule I was based on the structural similarities of MDMA to
MDA and other phenethylamines which are known to be addictive and have no
current medical use in the United States. Additionally, MDA, a close structural
congener to MDMA, was shown to destroy serotonergic nerve terminals in
animals.

A healthy 40 year old male volunteer, weighing 140 Ibs., ingested a single 50
mg oral dose of MDMA HCI. Blood samples were collected from 30 minutes
to 24 hours at regular intervals. Fractional urine was collected from 0 to 72
hours. Saliva, perspiration and stool samples were also collected. MDMA and
MDA were found in plasma and urine samples. The presence of MDA, a
metabolite of MDMA, occurs through n-demethylation.

In plasma, MDMA peaked 2 hrs after the dose at a level of 105.6 ng/ml and
declined monoexponentially to 5.1 ng/ml by 24 hrs. The calculated half-life of
MDMA was 7.6 hrs. Unchanged MDMA was the major urinary excretion
product. In 72 hrs a total of 36 mg (72%) of the 50 mg dose was recovered
from the urine as MDMA and MDA. The missing 28% of the dose may have
biotransformed in other metabolites.

Recently, MDA has been identified as a neurotoxic substance, selectively
destroying serotonergic nerve terminals in rat brain. The findings in this study,
that the biotransformation of MDMA in man results in the formation of MDA,
should be a warning to the future legal or illicit use of MDMA by humans.

AFFILIATION:
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Behavioral and Cardiovascular

Effects of Alcohol and d-Amphetamine
Combinations in Normal Volunteers

S. Higgins, M. Capeless, J. Hughes, W. Bickel and M. Belinson

Polydrug use in stimulant abusers is prevalent, yet much remains
to be Tlearned concerning the behavioral and physiological effects
of such combinations. The extant Titerature on this topic in
humans 1is mostly Timited to the effects of stimulant-alcohol com-
binations on psychomotor behavior. Most of these studies fail to
examine effects of the compounds alone as well as in combination
or to include more than one dose of stimulant.

The present study examined the behavioral and cardiovascular ef-
fects of orally administered alcohol (0,28,56 g/70 kg) and d-am-
phetamine elixir (0,12.5,25 mg/70 kg) in eight normal volunteers
(5 M & 3 F). Each subject was exposed once to each dose of d-am-
phetamine and alcohol alone and in combination across 9 sessions.

Behavioral and physiological observations were obtained every 30
min for 1 hr before and 4 hrs after drug administration. Cardiac
effects were assessed via continuous holter-monitor recording
throughout the 5 hr session.

d-Amphetamine and alcohol administered alone generally produced
orderly dose-related behavioral and cardiac effects. The effects
of combining these compounds, however, differed across measures
and cannot be characterized as either "antagonistic" or "additive"
without reference to particular drug doses and dependent varia-
bTes. On the Digit Symbol Substitution Task (DSST), for example,
the low dose of ethanol increased rates of responding above pla-
cebo Tevels, whereas the high ethanol dose decreased response
rates; both active doses of d-amphetamine increased rates of res-
ponding. When the low ethanol dose was combined with either ac-
tive dose of d-amphetamine, response rates were further increased
above levels &served when the compounds were administered alone
(i.e., additive effects). Combining the high ethanol dose with
either active dose of d-amphetamine reversed the rate-suppressing
effects of the high ethanol dose (i.e., antagonistic effects).
With heart rate, as another example, the active doses of ethanol
and d-amphetamine increased rates when administered alone, and
combining ethanol and d-amphetamine produced Targer increases

in heart rate than were observed when the compounds were adminis-
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tered alone (i.e., additive effects).

As measured by the DSST, we found no evidence that the dose com-
binations we examined increased behavioral toxicity. The dose-
dependent, additive effects of ethanol on cardiac output observed
in this study suggests that the combined use of these compounds
may increase cardiac risk. Overall, these results further illus-
trate how the effects of drug combinations are dependent on dose
and measure and clearly are not predictable solely on the basis
of the pharmacological classes of the constituent compounds.
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A Pharmacological Analysis of the
Discriminative Stimulus Properties of
d-Amphetamine in Rhesus Monkeys

J. Kamien and W. Woolverton

Rhesus monkeys (N=4) were trained to discriminate g-amphetamine
(AMPH; 0.67 or 1.33 pmol/kg, i.v.) from saline in a two lever, food-
reinforced drug discrimination paradigm. After acquisition of the
discrimination (average=127 sessions), the monkeys were tested with a
series of compounds selected to characterize pharmacologically the
discrimination. AMPH (0.08-2.6 pmol/kg), cocaine (0.06-1.0 umol/kg; N=4),
the dopamine (DA) uptake inhibitor bupropion (0.25-2.0 pmol/kg; N=2),
and the norepinephrine (NE) uptake nisoxetine (1.0-16 pmol/kg; N=4)
produced a dose-related increase in the percent of responses that
occurred on the AMPH-appropriate lever during test sessions in all
animals tested. For all other drugs tested, individual differences were
noted. Compounds with primarily D2 DA receptor activity, including
apomorphine (0.06-1.0 upmol/kg), piribedil (0.25-8.0 pmol/kg; N=4),
bromocriptine (0.12-1.0 pmol/kg; N=4) and propylbutyldopamine (0.25-4.0
pmol/kg; N=3) occasioned AMPH-appropriate responding in 1 or 2
monkeys. Similarly, the DI agonist SKF 38393 (0.5-64 umol/kg; N=4) and
pentobarbital (4.0-32 pmol/kg; N=4) substituted for amphetamine in only 1
monkey. In tests for antagonism, the D1 antagonist SCH 23390 (SCH;
0.015-0.03 pmol/kg; N=2) completely blocked the discriminative stimulus
effects of AMPH in a dose-related manner in both monkeys tested. On the
other hand, the, D2 antagonists pimozide (0.015-0.12 pmol/kg; N=4) and
raclopride (0.015-0.12 umol/kg; N=2), and the NE antagonists prazosin
(0.32-2.6 pmol/kg; N=3) and phentolamine (3.15-12.6 pmol/kg; N=2)
caused only occasional and inconsistent reductions in AMPH-appropriate
responding. Thus, compounds that inhibit DA and/or NE uptake
occasioned the most consistent AMPH-like responding and a D1
antagonist provided the most consistent antagonism. The data suggest a
prominent role for DA and D1 DA receptors in the mediation of the
discriminative stimulus properties of AMPH in rhesus monkeys, and raise
the possibility that NE is involved as well.
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The Nicotine Withdrawal Syndrome:
Nicotine Absence or Caffeine Excess?

D. Sachs and N. Benowitz

The nicotine withdrawal syndrome is thought to occur when serum
nicotine level abruptly falls after an individual stops smoking. We
came upon data which suggest that caffeine may also contribute to
withdrawal. A 57 y/o female who had successfully stopped smok-
ing 3 yr earlier, but was still using nicotine polacrilex, underwent
a double-blind, randomized, placebo-substitution trial using 0, 1,
and 2 mg nicotine polacrilex doses in 1 wk time blocks. Blood
sampling and psychometric measurements were obtained between
5:00-6:00 PM on 5 sequential Fridays. In addition, the patient
ranked withdrawal symptoms each evening at home using a 0
(none) to 4 (severe) Likert Scale.

During the 2 wk she used placebo medication (0 or 1 mg), her to-
tal tobacco withdrawal symptoms increased over 5-fold (p<0.01).
Anxiety, increased eating, and insomnia, in particular increased
significantly, while restlessness showed a substantial increasing
trend. Her weight also increased 3.5 lbs, from 125.5£1.29 (£SD)
to 129.0+0.09 lbs (p<0.05). Heart rate appeared to decrease as
well by 9 beats/min, from 67.0+6.6 to 58.0+2.8 (p=NS). Also,
mean serum nicotine was 2.0+1.3 (placebo) vs 9.7+2.4 ng/ml (2mg)
(P<0.005). Likewise, serum cotinine was significantly decreased
during placebo usage: 91.0+£127.3 vs 275.5+37.8 ng/ml (p<0.025).
Serum caffeine, however, increased significantly during the 2 plac-
ebo weeks: 12.6+3.5 (placebo) vs 4.5+0.6 mg/L (2mg) (p<0.001).

Insomnia, anxiety, and restlessness can be caused by caffeine,
alone. Thus, the tobacco withdrawal syndrome may be caused by
both nicotine deprivation and caffeine excess. Moreover, con-
troling caffeine level during smoking treatment might improve
treatment success by further minimizing withdrawal symptoms.

DAVID P.L. SACHS, M.D., Director, Palo Alto Center for Pulmo-
nary Disease Prevention, Palo Alto, CA; NEAL L. BENOWITZ,
M.D., Chief, Division of Clinical Pharmacology and Experimental
Therapeutics, San Francisco General Hospital, San Francisco, CA.
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The Effects of Chronic Caffeine
Exposure on the Reinforcing Properties
of Caffeine

S. Evans and R. Griffiths

The present study was designed to directly investigate whether the reinforcing

properties of caffeine could be enhanced by chronic exposure to caffeine. Thirty-two
normal healthy subjects who were daily, moderate consumers of caffeine-containing
foods (average of 300 - 400 mg caffeine per day) participated. Throughout the study
subjects were required to abstain totally from all sources of dietary caffeine. Subjects
were stratified into two groups based on several factors including caffeine preference:
preference for caffeine over placebo was assessed using a caffeine vs placebo choice
procedure. Subsequently. subjects were assigned to receive either caffeine (300 mg
tid.) or placebo (placebo t.i.d.) for 18 consecutive days. Al the end of this time
subjects were again exposed to a preference choice procedure similar to that in the
beginning of the study.

On initial exposure, caffeine significantly increased subjective measures such as
tension-anxiety, active. and jittery compared to placebo. Surprisingly. during the
terminal portion of the chronic phase there were no significant differences between
the two groups with the exception of two subjective measures (liking and
stomachache). This suggests that rapid and complete tolerance developed to the
subjective effects of caffeine. However, in spite of maintaining subjects in the
chronic caffeine group on 900 mg each day, this chronic exposure did not affect
choice. The percent selection of caffeine over placebo in both groups remained
relatively unchanged after chronic caffeine or placebo (43% and 38%, respectivley).
It is not clear why a greater proportion of the chronic caffeine group did not choose
caffeine. It is possible that a longer period of placebo exposure may have been
necessary in order for more subject to come into contact with the adverse effects of
caffeine withdrawal. hereby increasing caffeine choice. However, when -caffeine
choosers were compared to those subjects who chose placebo. irrespective of dosing
condition, a wide range of subjective measures were significant indicating that
choosers responded to caffeine and/or placebo differe