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Dear Mr. Cotton:

This is in response to your July 8, 1985 letter concerning the
documents which the agency provided pursuant to the order of
Administrative Law Judge Francis L. Young. I regret the
confusion and error contained in the transmittal letter of July
3, 1985. You have received all letters from forensic
laboratories contained in the files of the Drug Enforcement
Administration relating to MDMA.

I will explain the manner in which these letters were initiated.
There were eight letters which responded to Mr. Sapienza's letter
of June 6, 1979, which was sent to seventeen state and local law
enforcement laboratories. Three of these letters were included
in Government's Exhibit B-1ll. These eight letters are summarized
in the list attached to your July 8, 1985 letter. There are four
letters which are dated prior to June 6, 1979, which were sent in
response to telephone conversations between Mr. Sapienza and the
laboratory personnel. All four of these letters are included as
part of Government Exhibit B-1ll.

The Drug Enforcement Administration recieved two letters in
response to the Microgram request published in August, 1982.
These letters are included as part of Government's Exhibit B-11,
and are described as follows:

Robert D. Burris, Criminalist
Criminalistics Laboratory
Fort Worth Police Department
1000 Throckmorton Street

Fort Worth, Texas 76102
Dated: August 20, 1982

Don C. Taylor

Supervisor of Toxicology Laboratory
Texas Department of Public Safety
P.0. Box 3393

Abilene, Texas 79604

Dated: December 28, 1982
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All other letters which are included as part of the Government's
documents were either submitted in response to a telephone
conversation or were unsolictied. DEA has recieved no letters to
date in response to the 1985 Microgram request which was
published in March, 1985.

Please note that a letter dated March 12, 1979 from the
Metropolitan Dade County Crime Laboratory was attached to our
July 3, 1985 letter in error. It is unrelated to MDMA, but an
example of DEA's continuous efforts to obtain information from
state and local law enforcement laboratories concerning non-
controlled substances found in the illicit traffic.

Sincerely,

(hedithe A-

Charlotte A. Johrson
Attorney
Office of Chief Counsel

cc: Francis L. Young
Administrative Law Judge
Drug Enforcement Administration
1405 I Street, N.W.
Washington, D.C. 20537
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June 12, 1979

Mr, Frank Sapienza

U. S. Department of Justice

Drug Enforcement Administration

Office of Compliance and Regulatory Affairs
1405 I Street, N.,W.

Washington, D. C. 20537

Dear Frank:

In answer to your inquiry about MDMA and Ethylamphetamine,
our laboratory system has had no encounter with the former.
However, three of our laboratories have encountered Ethyl-
amphetamine,

Submissions have been from the northwest, central, and south-
east areas of the state and one sample consisted of one pound

of material.

I hope this information is of value. Please do not hesitate to
contact us anytime.

Sincerely yours,
Paul S, Gige

Criminalist II

PSG/cj

JUN 151979



NEW YORK STATE POLICE
STATE CAMPUS
ALBANY,. N. Y.. 12226

SCIENTIFIC LABORATCSRY
June 12, 1979

Mr. Frank Sapienza ‘
United States Department of Justice
Drug Enforcement Administration
Regulatory Control Division
Washington, D. C. 20537

Dear Sir:

In response to your letter of June 06, 1979 regarding
MDMA and ethylamphetamine, this Laboratory has not encountered any
exhibits of MDMA and only one (1) of ethylamphetamine in an exhibit
from a clandestine laboratory.

We have, however, encountered ephedrine in tablet,
capsule and powder form quite frequently during the past year. The
exhibits of ephedrine were both in combination with other drugs ang,
less frequently, with no other drugs.

We have also encountered preparations containing
phenylpropanolamine with some frequency.

I hope this information will be helpful to you.

Respectfully,
\ ~—

¢ Lﬁm___——
Stark Ferriss
Captain
Director
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Robert D. Ray
GOVIANOR

Refer To File No.

Charies W Larson
COMN SSIONER

June 13, 1979

Mr. Frank Sapienza
Regulatory Control Division
United States Deparntment of Jusfice
Drug Enforcement Administration
Washington, D.C. 20537

Dear Mn. Sapienza:

In nesponse to your recent Letten, oun Labotatcry has not analyzed
elthen MDMA cn ethylamphetamine 4in the fLast thiee yeans. We have,
howeven, encountered fenethylline 4in sevetral cases 4in 1977.

With the exception o4 nitrazepem which we have discussed previously,
our Labornatony has not been encountering any drugs which may
warant studies about future centrol.

We will keep your address and telephone numben, and should this
status change, keep you posted.

Respectiully,

“)ééi4qdéh52£3 JEHEQLAiEi;JFVL/
SANDRA J. STULTENOW, Criminalist

Divisicn cf Crniminal Investigation
Criminalistics Labornatory

MICHAEL L. REHBERG,
Laboratorny Administrnator
Divisicn of Criminal Investigation
SJS:pg

Division of Criminal Investigatior
Wallace State Office Building
f I t
Bureau of Gnmina Investigation Des Moines, lowa §0318
515/281-5138

Bureau of Na-cct ¢ & Drug Enforcement



Office of the District At._.ney: Laboratory of Criminalistics
1557 Berger Drive, Suite B-2

S ! )
County of Santa Clara AN oS o) saaa00s
Calif or'ni a Louis P. Bergna, District Attorney

June 26, 1979

Mr. Frank Sapienza

United States Department of Justice
Drug Enforcement Administration
Regulatory Control Division
Washington, D.C. 20537

Dear Mr. Sapienza:

In reply to your request of June 6, 1979, this Laboratory has not
yet encountered either MDMA or ethylamphetamine in its casework.
Occasionally, samples of methamphetamine have produced small amounts
of an impurity with the TLC characteristics of ethylamphetamine; however,
this has been the limit of our exposure to date.

About ten years ago, 1 made about 1/10 of a mole of ethylamphetamine
HC1l, and passed out a number of small samples to members of the California
Association of Criminalists for reference purposes.

Maxine Hutchin, of the Alameda County Sheriff's Laboratory, told me
informally that she has encountered it in her controlled substances analysis

casework, but otherwise I have no informatiom.

Sincerely,

A ko) N
AA U~ L
J.) W. Brackett, Jr.

Director

JWB:cs

An Equal Opportunity Empioyer



STATE OF WASHINGTON STATE PATROL
WASH!NGTON Public Safety Building. Seattie. Washingion %10

Dixy Lee Ray
Governor

August 2, 1979

Mr. Frank Sapienza

Regulatory Control Division
Drug Enforcement Administration
U.S. Department of Justice

1405 Eye Street, N.W.
Washington, D.C. 20537

Dear Mr. Sapienza:

In response to your inquiry regarding 3,4-methylenedioxymethamphetamine
and ethylamphetamine, neither our Western Laboratory in Seattle nor our
Eastern Laboratory in Spokane have encountered these drugs. If we en-
counter these drugs in the future, we shall inform you.

Sincerely,

COLONEL R. W. LANDON, Chief

F & C?WZ.
F. E. Perry, Captai

Coordinator
State Patrol Crime Laboratory System

FEP:rgs
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EFFICACY, DEPENDENCE POTENTIAL AND NEUROTOXICITY
OF ANORECTIC DRUGS

C.R. Schuster and C.E. Johanson

The Drug Abuse Research Center
The University of Chicago Pritzker School of Medici
5841 S. Maryland Avenue, Chicago, Illinois 60637

The problem of obesity is not simply cosmetic. Obesity has
been associated with heart disease, hypertension and diabetes and
is therefore a major public health problem. Amphetamines were
widely abused when they were commonly prescribed for weight
reduction. Dependence on the drug, tolerance development and
escalation of dosage to toxic levels were frequent. Amphetamine
prescriptions have decreased but the need for safe, effective
anorectic agents for obesity treatment still exists.

For a number of years we have investigated the dependence
producing properties of amphetamines and related anorectic drugs
with the goal of developing methodologies capable of comparing
their relative dependence potential. Three years ago we broadened
our evaluation of anorectic drugs to include measures of efficacy
as anorectics as well as neurotoxicity to complement the
assessment of dependence potential. The goal of this resear
program is to develop and validate procedures which can bc
utilized to develop safe anorectic agents. We will present data
on seven drugs: d-amphetamine, mazindol, phenmetrazine,
diethylpropion, methylphenidate, fenfluramine and phenyl-
propanolamine. They were selected for review because they are
anorecties with varying mechanisms of action and levels of abuse.

Anorectic efficacy is determined in our evaluation by
monitoring changes in food intake in rats and monkeys following
the acute administration of a drug. Dose-response determinations
are made and an EDsg dose is calculated and compared to
potencies obtained on measures of dependence potential. This
allows a determination of whether patients receiving a therapeutic
dose of an anorectic will be exposed to a dose capable of producing
dependence.
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Dependence potential is assessed in both monkeys and humans
by measuring the reinforcing properties of drugs.. The self-
administration of a drug is assumed to be evidence that it has
dependence potential. Additionally, using drug diserimination
procedures in pigeons and monkeys, we determine whether the
drug will substitute for d-amphetamine. Thus we can predict if
the drug produces dependence from the self-administration results
and whether the dependence is of the "amphetamine-type" from
the drug discrimination results. Similar self-administration and
drug diserimination studies are conducted with humans where it
is also possible to determine the correlation between mood scale
predictions of dependence potential (e.g., euphoria scales) and the
drug's reinforcing effects.

The third component of our assessment of the anorectics is
their neurotoxicity. Our interest in the possible neurotoxic effects
of anorectic agents was prompted by our observations of long-
term changes in brain monoamines induced by methamphetamine
in monkeys (Seiden,Fischman,Schuster 1977), rats and guinea pigs
(Wagner,Seiden,Schuster 1979).

The intent of this review is to demonstrate that the
evaluation of any psychotropic drug for use as an anorectic agent
should include measures of dependence potential, therapeutic
efficacy and possible long-term, even irreversible neurochemical
consequences. By comparing all of these factors, a balanced
evaluation of a drug's risk-benefit ratio can be obtained. Such
evaluations provide a background for comparing new psychoactive
drugs with the goal of finding safe, efficacious drugs with minimal
dependence potential.

ANORECTIC EFFICACY

Rats were utilized in studies that compared the EDsq dose
for anorexic effects with doses that produce long-term
neurochemical consequences. Monkeys were utilized to compare
the ED5q dose for suppression of food-intake with amphetamine-
like discriminative stimulus effects.
Rat Studies

Rats were given 15 minutes access to a milk solution each
day and their intake measured. Dose-response functions were
obtained by administering drugs (S.C.) 15 mins prior to the session.
Monkeys Studies

Rhesus monkeys were given 2 hours access to food pellets
each day and their intake measured. Drugs were given intra-
gastrically 60 mins prior to the session. The anorectic drug effect
is expressed as the change in food consumption from baseline
averaged across animals.
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Results

Table 1 gives the EDsq doses for the anorectics tested.
The rank on:dering of their potencies in rats and monkeys are:
d-amphetamine » mazindol ¥ fenfluramine > diethylpropion
?phenmetrazine = methylphenidate. There is a marked difference
in the efficacy and potency of phenylpropanolamine (PPA) in these
two studies. In rats, PPA had no effect in doses up to 128
mg/kg,. whereas in the monkey PPA was both a potent and
efﬁc_aclous anorectic. Our failure to decrease food intake in the
rat is in contrast to studies by Kornblith and Hoebel (1976) in
which doses of 5, 10 and 20 mg/kg of PPA produced a significant
decrease in food intake in rats. Further research is necessar
to determine what variables account for these differences.

Table 1: Food Intake: EDgg (mg/kg)

DRUG RATS MON .
d-Amphetamine 1.7 (;fst HSUI'?\;\NS
Mazindol 3.2 1.0 1 mg
Fenfluramine 5.0 2.2 20 mg
Diethylpropion 10.0 3.0 25 mg
Phenmetrazine 12.9 3.8 25 mg
Methylphenidate 13.5 ?
Phenylpropanolamine 128 4,2 25-50 mg

*Anorectic Dose from Physician's Desk Reference

DISCRIMINATIVE STIMULUS PROPERTIES

The discriminative stimulus properties of anorectics were
evaluated jn pigeons, rhesus monkeys and humans. The use of
three species permits predictions about the generality of findings
and increases our confidence in the reliability of the results.
Pigeons

Methods.  Pour white Carneaux pi eons i
experiment. Qhambers with two responsg Eeys, t’:;v ‘lfm[i):, g:\l;
8 grain magazine were used. In the terminal conditions of this
experiment, both keys were illuminated during the session and
ln:iectlons were given 10 min presession. One key was associated
wnt.h co_caine injections and the alternate key was associated with
saline injections. After an injection responding under a FR 30
on th.e' appropriate key was followed by access to grain. The drug
condition preceding each session was selected from a semi-random
Sequence. Incorrect responses reset the fixed-ratio requirement
on .the correct key. Each session lasted until 50 reinforcers were
deh.vc?red or until 30 min had elapsed, whichever ocecurred first.
Training continued until the percent of total responses on the
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correct key was above 90% and the number of responses emitted
on the incorrect key before the first reinforcer was delivered
was less than 30 for seven consecutive sessions.

After the previous experiment using cocaine was completed,
d-amphetamine at a dose of 2.0 mg/kg was used as the training
drug. All other aspects of the experiment remained the same
including the drug-key association. Criterion performance
remained stable, i.e., the change in training drug did not disrupt
the discrimination. The stimulus properties of seven anoreectic
drugs were then evaluated during test sessions. Test sessions
were identical to training sessions except that both keys were
activated, i.e., food was delivered following the completion of
30 consecutive responses on either key. d-Amphetamine and saline
training sessions were intermixed with test sessions in a six day
sequence which consisted of two amphetamine, two saline, and
two test sessions. In general, three or four doses of each test
compound were tested in a mixed order.

The percent of drug-appropriate responding during the overall
session was used as a measure of accuracy and the overall session
response rate was used as a measure of non-specific drugs effects.

Results. The previous study using the same subjects had
demonstrated that the diseriminative stimulus properties of
cocaine were pharmacologically specific (de la Garza,Johanson in
press). Other psychomotor stimulants, such as d-amphetamine
and cathinone, substituted for the cocaine stimulus. Drugs, such
as procaine and nicotine, showed only partial substitution whereas
oxazepam and pentobarbital produced saline-appropriate
responding.

Fig. 1 shows the discriminative performance for the seven
drugs expressed as a percent of the animals at each dose that
responded above 80% on the amphetamine-appropriate lever. For
each drug except fenfluramine, there was a dose-dependent
increase in drug-appropriate responding. The order of potency
is: mazindol) d-amphetamine = methylphenidate = phenmetrazined
diethylpropion  PPA. With fenfluramine there were individual
differences that are not well described by the composite function.
Two pigeons showed substitution at criterion levels at 3-10 mg/kg,
one showed a maximum of 60% drug-appropriate responding at
10 mg/kg and the fourth pigeon showed no drug-appropriate
responding at any dose.
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DRUG DISCRIMINATION: PIGEONS

% PIGEONS OVER 80%

O TR TR X R v B T
DOSE (MG/KG, IM)

Fig. 1. The discriminative stimulus properties of anorectics
evaluated using a two-key discrimination paradigm in pigeons
trained to discriminate d-amphetamine from saline. The ordinate
is the percent of g—é-mphetamine trained (2 mg/kg) pigeons
responding 80% or more on the amphetamine-appropriate key
during test sessions as a function of dose.

Rhesus Monkeys )
The species most commonly used in drug self-administration
studies is the rhesus monkey. Few studies, however, have used
this species in drug discrimination studies despite the clear
advantages of comparing the reinforcing and diseriminatir
stimulus properties of drugs within the same species. -
Methods. Three monkeys participated in this experiment.
During experimental sessions, the subjects were seated in a Plas-
Lab restraining chair and placed in a cubicle containing two
response levers and an electric shock delivery system. The
monkeys were initially trained on a trial procedure to avoid or
escape electric shocks. The trial was signalled by the illumination
of stimulus lights. Five seconds after the initiation of the trial,
a shock period began. During this period, shocks were delivered
every 2 seconds until a response occurred on the correct lever
(escape). Immediately after a response occurred, the stimulus
lights and shocks were turned off. If the response occurred before
the five second period elapsed, the stimulus lights went off and
shocks were not delivered (avoidance). A 55 sec intertrial interval
followed before a new trial began. During training, the operational
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or correct lever alternated daily and the lever that terminated
the trial was made conditional upon the presence of drug or
saline. If a correct response occurred, i.e., a response on the
lever associated with the drug condition, the trial was terminated.
The right lever was operative after drug for one monkey, and
the left lever for the other two. The opposite lever was operative
after vehicle. When five consecutive sessions with more than
90% correct trials were obtained, the drug . conditions were
presented in a semirandom sequence. The sessions lasted until
30 trials were completed or until 40 minutes had elapsed,
whichever came first. Training was considered complete when
seven consecutive sessions of more than 90% correct trials were
obtained. A correct trial is a trial in which no incorrect responses
occurred. During testing sessions, responding on either lever
terminated the trial. The percent of drug lever trials was used as
a measure of drug substitution. The cumulative latency to the
termination of the trial was used as a measure of non-specific
effects.

During training the drug used was 0.25 mg/kg cocaine
delivered intramuscularly. A study was then completed comparing
the potency of the stimulus properties of cocaine and
d-amphetamine given by several routes of administration
{de 1a Garza, Johanson in press). After its completion, i.g
d-amphetamine at a dose of 0.56 or 1.0 mg/kg was used as the
training drug. All other procedural details remained the same
(including the drug-lever association) except drug was delivered
via a nasogastric feeding tube 60 min prior to the experimental
session.

Results. In addition to evaluating the seven anorectic drugs,
several additional drugs which are not anorectics were tested to
verify the pharmacological specificity of the disecrimination. None
of the drugs, which included diazepam, pentobarbital and morphine,
produced drug-appropriate responding above 25%. Fig. 2 shows
the percent of animals that responded above 80% on the
amphetamine-appropriate lever at each dose tested for the seven
anorectics. All drugs except fenfluramine and PPA substituted
for the drug cue with the order of potency: amphetamine
phenmetrazine ? mazindol Y diethylpropion » methylphenidate.
None of the animals responded as if they had been given
amphetamine following any of the doses of fenfluramine.
Similarly, PPA only substituted for amphetamine in one monkey
at a dose of 100 mg/kg. The measure of performance decrement,
cumulative latency, was not affected by any of the drugs. For
fenfluramine and PPA it is possible that higher doses should have
been tested. However, since the food intake of the monkeys was
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suppressed by the higher doses for periods of 24 hours or longer
it is clear that a pharmacologically active dose was tested.

DRUG DISCRIMINATION: MONKEYS

% MONKEYS OVER 80%

0.1 1.0 100 100

DOSE (MG/KG, IG)

Fig. 2. This figure shows the discriminative stimulus properties
of selected anorectics evaluated using a two-lever discrimination
paradigm in rhesus monkeys trained to discriminate d-amphetamine
from saline. The ordinate is the percent of d-amphetamine-
trained (0.56 or 1 mg/kg) monkeys responding 80% or more on
the amphetamine-appropriate lever during test sessions as a
function of dose.

Humans .

For many years experienced drug addicts were used in the
evaluation of the dependence potential of new psychotropic drugs.
Often they were asked whether the test drug was similar to other
drugs they had experienced in the past. Essentially these
experienced addicts had training in drug diserimination "on the
street." It is possible to do similar studies by teaching normal
human volunteers to discriminate drugs and compare their
categorization of drugs to that of animals. The most desirable
way to make comparisons to the animal model would be to
duplicate the procedures used in animals. However, for a variety
of reasons, alterations are necessary. For instance, animals are
given extensive periods of training in drug discrimination and the
doses that are tested may approach toxic levels. Animals once
trained can be tested with a multitude of drugs using within-
subject balanced designs. With humans, however, there are
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limitations on time and dose, and the number of drugs which can
be investigated in any one subject. Despite these limitations, our
results to date have demonstrated that using humans in the study
of the discriminative stimulus properties of drugs is feasible and
appears to be a promising alternative to the use of experienced
addicts in determining the similarity of new drugs to known drugs
of abuse.

Methods. The results reported below are from two studies
involving a discrimination between 10 mg d-amphetamine and
placebo. In Study 1 diazepam and several doses of amphetamine
were tested and in Study 2, d-amphetamine as well as two doses
each of phenmetrazine and fenfluramine were evaluated. Standard
procedures were used for recruitment, screening, consent and
payment (Chait,Uhlenhuth,Johanson 1984a). Only healthy
volunteers between the ages of 21 and 35 with no drug abuse or
dependence history were selected. Subjects were told that their
job was to learn to discriminate between two different drugs, "A"
and "B," based on the effects produced by each. They were told
that they could receive either prescription or over-the-counter
appetite suppressants, sedatives or placebos. Subjects reported
to the laboratory between 9 and 11 a.m., three days per week
throughout the 9-week study. Upon arrival, subjects completed
three subjective effects questionnaires. After filling these out,
subjects received a capsule, which they ingested under observation
of the experimenter. Subjects were then free to leave for the
day, taking three additional sets of questionnaires to fill out 1,
3 and 6 hr later. The subjective effects questionnaires were the
Profile of Mood States, the 49-item Addiction Research Center
Inventory and a set of visual analog scales.

The study was divided into three sequential phases which
differed slightly from Study 1 and 2. The phases were sampling,
training and testing. On the first session, all subjects received
Drug A, and it was identified to them as such at the time of
ingestion. All subjects received Drug B on the second session,
and it was also identified to them as such. For half the subjects,
Drug A was placebo and Drug B was 10 mg d-amphetamine (AMP).
The assignments were reversed for the other subjects. In Study 1,
there were only these 2 sampling sessions but in Study 2, sessions
1 and 2 were repeated so that each drug was sampled twice.
The next 6-7 sessions comprised the training period. In Study 1
there were six training days and in Study 2 there were 7 training
days. On the training days, subjects received Drug A or Drug B
in a mixed order but were not told which drug they received
when they ingested the capsule. At 1, 3 and 6 hr after capsule
ingestion, in addition to the questionnaires described above,
subjects filled out a form on which they identified (as Drug A
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or Drug B) the drug they believed they received, and indicated on
a visual analog scale how certain they were of their identification.
Subjects were told that they were free to change their
identification from hour to hour. There were no consequences
attached to the 1- and 3-hr identifications, but the 6-hr
identification was differentially reinforced as follows: After
subjects filled out the final (6-hr) set of forms, they telephoned
the experimenter and reported their final drug identification (Drug
A or Drug B). If their response was correct, they were told so
and received a bonus payment when they returned to the laboratory
for the next session. If their response was incorrect, they were
so informed. We arbitrarily decided that subjects had learned

. the discrimination if identification was correct on at least 5

the 6 training days in Study 1. In Study 2, the criterion was 6 oi
7 or 5 correct in a row.

Only subjects who met the training criterion entered the
test phase. The purpose of the test phase was to determine
whether the discriminative stimulus properties of AMP would
generalize to those of other doses of AMP (2.5 and 5) 9nd another
drug (10 mg diazepam) in Study 1, and phenmetrazine (25 and
50 mg) and fenfluramine (20 and 40 mg) in Study 2. The test
phase consisted of test days intermixed with additional training
days. Test days were exactly the same as training days except
that subjects were not informed when they telephoned whether
or not their response was correct — they were simply told that
it was a "test day" and that they would receive the bonus payment.
Thus, on test days both responses were equally reinforced, and
subjects received no feedback as to which drug they received.
Subjects were not told the purpose of test days, nor did they
know when test days were scheduled until after they had reported
their final identification. Additional training days we
interspersed over the course of the test phase in order tu-
determine whether subjects maintained the diserimination. These
training days were exactly like the training days during the trainiqg
phase. No more than two test or training days occurred in
succession and the order varied across the subjects.

Results. In Study 1, 7 of the 17 subjects who began the
experiment met the criterion of 5 out of 6 correct during training.
In Study 2, 14 out of 27 correctly identified the capsule on 6 of
7 training days or on five in succession. Correct responding was
lowest at hr 1 but was similarly high at hr 3 and 6. Certainty
ratings increased over the day and were higher when the
subsequent identification was correct. The subjective effects of
amphetamine compared to placebo were similar to those found in
a previous study for 10 mg d-amphetamine (Johanson, Kilgore,
Uhlenhuth 1983), '
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During the testing phase the discrimination was maintained
at about 80-90% correct for both amphetamine and placebo over
the two studies. The number of drug-appropriate responses
decreased with lower doses of amphetamine. For 2.5 mg the
percent was 21 and it was 50% for 5 mg. The percent of AMP-
appropriate responses was 29, 29 and 48 for 10 mg diazepam and
the two doses of fenfluramine, respectively. The 25 mg and 50 mg
dose of phenmetrazine produced 79% and 86% amphetamine-
appropriate answers, respectively. These results are in excellent
agreement with those using rhesus monkeys. In both monkeys and
humans phenmetrazine produced amphetamine-like diseriminative
stimulus effects whereas fenfluramine and diazepam did not. It
is our intention to test the remaining anorectic drugs using these
same procedures.

SELF-ADMINISTRATION
Animal Studies

Rhesus monkeys have been used extensively to assess the
dependence potential of new compounds (Johanson,Schuster 1981).
In general drugs which are abused by humans are self-administered
by monkeys (Johanson,Balster 1978) and those which are not
abused, do not maintain responding in monkeys. This concordance
has led to the acceptance of the self-administration paradigm as
an animal model of drug dependence (Thompson,Unna 1977). The
dependence potential of the anorectics reviewed in this paper has
been evaluated extensively both in our own laboratory as well as
others.

Several studies have demonstrated that amphetamine
maintains responding in several species and under a variety of
conditions (see Johanson,Schuster 1981). This is also true for
methylphenidate (e.g., Wilson,Hitomi,Schuster 1971; Johanson,
Schuster, 1975), phenmetrazine (e.g., Wilson,Hitomi,Schuster 197 1;
Griffiths, Winger, Brady, Snell 1976; Woolverton, unpublished
observations), diethylpropion (e.g., Johanson, Schuster 1977), and
mazindol (Wilson, Schuster 1976; Woolverton, unpublished
observations) but not fenfluramine (e.g.,Woods, Tessel 1974;
Griffiths, Winger,Brady,Snell 1976) or PPA (Woolverton, unpublished
observations). These results are in general agreement with the
actual levels of abuse of these drugs and support the use of
animal self-administration studies as a means of predicting
dependence potential.

Humans Studies

Many studies designed to develop a methodology for assessing
dependence potential in humans have not directly measured drug-
taking behavior. For instance, in research conducted at the
Addiction Research Center, a profile of physiologieal and
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subjective effects of an unknown compound is determined in drug-
experienced subjects. The extent to which this profile is similar
to the profile of known drugs of abuse is viewed as an indication
of dependence potential (Jasinski 1973; Martin 1973). While the
results from animal self-administration studies and this type of
human study have yielded similar econclusions, only recently have
studies in humans used both measures of subjective effects and
drug-taking behavior (e.g., Johanson, Uhlenhuth 1980).

Methods. The subjects in these studies were normal human
volunteers between 21 and 35 years of age. Prior to acceptance,
each subject was given a brief interview during which the nature
of the study was explained in detail, a psychological evaluatir~
was conducted, and a drug history was taken. Subjects we
accepted if they were considered normal on the basis of this
interview and a subsequent physical examination. Most subjects
had some experience with psychotropic drugs, but none had a
history of drug abuse or dependence.

Each subject participated in a related series of identical
choice experiments each comparing a drug to placebo. Subjects
typically participated in 2-4 experiments. An experiment consisted
of three sessions per week over a 3-week period (total nine
sessions). During the first four sessions, the subject came to the
laboratory at 9-10 AM and remained there for approximately
5 min. At this time, subjective effects forms were completed
and the subject received a colored capsule (i.e., drug or placebo)
for immediate ingestion. Half of the subjects received drug during
sessions 1 and 3 and placebo during sessions 2 and 4. The order
was reversed for the other half. For each subject, drug and
placebo capsules were consistently colored to facilitate
identification. Each subject was instructed during the initial four
sessions to note the color of the capsule and to try to associa
characteristic effects with each of the two capsule colors. Afte¥
ingesting the capsule, the subjects were free to leave the
laboratory. They took three additional sets of questionnaires with
them which they were to fill out 1, 3 and 6 h later. During the
last five sessions the procedure was identical in every respect,
except that the subjects were given a choice of which of the
two colored capsules they would ingest, i.e., they were given a
choice between drug and placebo.

Dependence potential was assessed using several measures.
These included the capsule chosen during the five choice sessions,
changes in mood, and ratings of liking. Mood states were evaluated
prior to the ingestion of the capsule as well as 1,3 and 6 h later.
The instrument used in all the studies to assess mood was an
experimental version of the Profile of Mood States (POMS), a
72-item adjective checklist, which has been shown to be sensitive
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to the effects of psychotropic drugs including d-amphetamine
(Johanson,Uhlenhuth 1980). In the most recent studies, additional
verbal reports have been used in addition to the POMS. These
included the Addiction Research Center Inventory (ARCI) and a
set of visual analog scales.

Results. Using this procedure preference for d-amphetamine
(5 and 10 mg), diethylpropion (25 and 50 mg), phenmetrazine (25
and 50 mg), fenfluramine (20 and 40 mg), mazindol (0.5, 1 and
2 mg), and PPA (12.5, 25 and 50 mg) has been assessed in separate
groups of subjects. In most cases, there were 10-13 subjects per
drug except for 5 mg d-amphetamine where 31 subjects were
used. As Fig. 3 shows, amphetamine, diethylpropion and
phenmetrazine were preferred to placebo whereas fenfluramine
and PPA were not. These results closely parallel those found in
the study of the reinforcing effects of these drugs in the monkey.
An exception is seen, however, with mazindol. Mazindol served

as a positive reinforcer in two separate studies using monkeys
but was avoided by humans.

REINFORCING PROPERTIES IN HUMANS
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Fig. 3. Mean percent of drug choices across subjects in each of
several studies where a choice was given between drug and
placebo. The doses indicated on the abscissa are considered to
be equitherapeutic. The number above each bar refers to the
published citation. 1) Johanson, Uhlenhuth 1980; 2) Chait,
Uhlenhuth, Johanson 1984b; 3) Johanson, Uhlenhuth,1978;
4) Johanson,Uhlenhuth 1982; 5) Chait, Uhlenhuth,Johanson in press.

Dependence Potentlal of Anorectics / 275

The subjective effects produced by these drugs show a
concordance between certain mood changes and reinforcing
effects. Drugs which served as reinforcers produced changes in
mood states that could be interpreted as positive. For instance,
increases in MBG scores on the ARCI have been considered
evidence of drug-induced euphoria. In several of our own studies
as well as others, amphetamine, diethylpropion and phenmetrazine
increased MBG scores (Jasinski,Nutt,Griffith 1974; de Wit,
Uhlenhuth,Hedeker,Johanson in press; Chait, Uhlenhuth, Johanson
1984a) whereas fenfluramine (Johanson,Uhlenhuth, 1982) and PPA
did not (Chait, Uhlenhuth,Johanson in press). Mazindol, in addition,
to producing decreases in Elation and Positive Mood scores or
the POMS increased LSD (considered a measure of dyphoria) scores
on the ARCI (Chait,Uhlenhuth,Johanson in press).

NEUROTOXICITY

For the past 10 years we have worked in association with
Dr. L. Seiden to investigate the possible neurotoxicity of various
anorectic drugs. These studies were stimulated by initial findings
that the repeated administration of high doses of
d-methamphetamine to rhesus monkeys produced irreversible
depletions of norepinephrine in the frontal cortex and midbrain,
and dopamine in the caudate nucleus (Seiden,Fischman,Schuster
1977). Later investigations of the effects of d-methamphetamine
using the rat and guinea pig found long-term depletions of
dopamine in the caudate in both species (Wagner, Seiden,Schuster
1979). A review of this literature can be found in Ricaurte,
Guillery,Seiden,Schuster,Moore (1982). Of primary relevance in
the present context is the finding that amphetamines produce
damage to DA neurons in several species which strongly suggests
that such changes would also occur in humans. It becomes ot
importance, therefore, to determine whether the amphetamines
are unique in this regard or whether other anorectic drugs produce
similar effects.
Methods

A major problem in comparing drugs for their possible
neurotoxic effects is the selection of appropriate doses. The data
on anorectic potency in rats allowed the caleulation of an EDgg
dose for each drug which could be used as the point of comparison
for the selection of doses to be tested for possible neurotoxicity.
Generally, doses of 5, 10 and 20 times the EDgg for suppression
of food intake were selected for investigation. Higher doses were
tested if no neurotoxic effects were seen at.these doses and a
sufficient number of animals survived the four day regimen. In
certain cases where the lowest dose (5 times the EDgg dose)
produced significant depletions, lower doses were tested. In the
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case of fenfluramine, for example, doses 5 and 10 times the EDsg
produced long term depletions of serotonin and therefore lower
doses of 1.25 and 2.5 times the EDgg dose were tested.

Toxicity testing was carried out as follows: Half of each
daily drug dose was administered subcutaneously in two divided
doses at 0700 and 1700 hours for 4 consecutive days to a group
of male rats. Control rats were injected with the drug vehicle.
Two weeks after completing the 4-day treatment period, rats that
survived the drug regimen were killed for monoamine level
determinations. DA and 5HT were measured in the striatum, NE
and SHT in the hippocampus and DA, NE and SHT in the rest of
brain. The selection of these regions was based upon a more
detailed regional analysis of the effects of d-methamphetamine
(Ricaurte, Schuster, Seiden 1980).
Results

There were marked differences in the effects obtained with
the various anorectic agents tested to date. d-Amphetamine
produced a decrease in the levels of DA and S5HT in certain
regions of the brain including the striatum and hippocampus but
had no effects on NE in any area. The minimal dose (25 mg/kg)
required to produce this effect was 20 times the EDgg dose for
suppressing milk intake. On the other hand, methylphenidate
produced no effects on the levels of DA, NE or SHT at doses up
to 5 times (50 mg/kg) its EDsg for anorexia. Higher doses could
not be tested because they were lethal. Mazindol at a dose 40
times (120 mg/kg) its EDsg for anorexia produced a small but
significant decrease in NE levels in the hippocampus and rest of
brain. Diethylpropion at a dose 10 times (100 mg/kg) its EDsg
for anorexia produced a decrease in serotonin levels in the
hippocampus and rest of brain. Penfluramine also produced a
Jong_lasting depletion of serotonin in the striatum, hippocampus
and rest of brain at a dose (6.25 mg/kg) only 1.25 times the ED
dose for anorexia. In the case of the othermg
minimal dose necessary to produce a prolonged neurochemical
effect varied from 10 (DEP) to 40 (mazindol) times the EDsg
dose. It would thus appear that fenfluramine is a significantly
more toxic drug than the other anorectics tested. This conclusion
is in accord with previous findings by Harvey (1978).

CONCLUSIONS

The present report has reviewed data on the efficacy,
dependence potential and neurotoxic effects of seven anorectic
drugs. Several important conclusions can be made. First, the
necessity of conducting a comprehensive evaluation of a drug
becomes obvious. For instance, for fenfluramine the dependence
potential and efficacy studies would suggest that this drug is an
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ideal anorectic. The neurotoxic effeets of fenfluramine in the
rat, however, are produced at dose levels in the same range as
those necessary to produce anorexia. Further research in other
species is needed to determine whether the neurotoxic effects of
fenfluramine are limited to the rat. If they are found in other
species, this would strengthen the prediction that such effects
could occur in humans and would strongly argue against the use
of this drug. A second conclusion is that it is important to
evaluate drugs in several species. In most cases, as the present
report shows, there is a striking concordance in the results with
animals and humans. However, there are interesting discrepancies.
For instance, mazindol which is self-administered by monk -
when given intravenously is aversive in normal human volunte. . s
when given orally. Fenfluramine and PPA are similar to
d-amphetamine as discriminative stimuli in pigeons but not in
monkeys. Further research, which is necessary to determine the
factors responsible for these differences, may elucidate important
variables contributing to the pharmacological properties of specific
drugs and result in the refinement of our testing procedures.
Finally, the dependence potential testing appears to be a
valid predictor of these anorectic drugs' actual abuse.
Amphetamine, methylphenidate, phenmetrazine and diethylpropion
which serve as positive reinforcers and produce amphetamine-like
discriminative stimulus effects have all been found to be
extensively  abused. In  contrast fenfluramine and
phenylpropanolamine which do not serve as positive reinforcers
or produce amphetamine-like discriminative stimulus effects are
not widely abused. Therefore it appears that these procedures
will be useful in the prediction the dependence potential of new
anorectic drugs. Hopefully, through comprehensive assessmr
we can aid in finding efficacious anorectic drugs with 1 _
dependence potential and an absence of neurotoxicity.
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