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Foreword

The National Institute on Drug Abuse is pleased to publish Problems
of Drug Dependence, 1979, in its Research Monograph series. These
are the proceedings of the 41st annual scientific meeting of the
Committee on Problems of Drug Dependence, Inc., which was held in
Philadelphia on June 4-6, 1979.

The Committee, now incorporated as an independent entity, was for
47 years affiliated with the National Academy of Sciences--National
Research Council. Its membership is drawn from all fields of clin-
ical medicine, psychiatry, public health, pharmacology, chemistry,
and the social sciences. This year, as in previous years, its
annual meeting represents a high point in the science activities
relevant to drug abuse and neurosciences.

The Committee's annual scientific meetings typically present a
truly comprehensive assemblage of reports of ongoing research re-
lating to all aspects of drug abuse and drug dependence. The pa-
pers present contributions to new knowledge of agents involved in
drug abuse or significantly affecting the central nervous system:
their pharmacological action, biological disposition, abuse poten-
tial, safety, tolerance liability, or clinical usefulness, and re-
lated experimental and clinical methodology.

In addition to papers presented or read by title at the meeting,

the proceedings include summaries from a special satellite session
on khat and the annual progress reports of NIDA-supported dependence
studies of new compounds.

To meet space limitations for this volume, many of the papers have
been condensed by the authors. The broad range of subjects treated
may be easily seen by looking through the detailed index, which
gives full accessibility to the contents.
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We believe that this up-to-date review of the field of drug depen-
dence will be of value to readers who will bring to it as wide a
variety of backgrounds, interests, and concerns as that represented
by the Committee on Problems of Drug Dependence itself.

William Pollin, M.D.
Director
National Institute on Drug Abuse
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Hooked for Thirty Years: Tales of
an Investigator

Way, E. L.

It is with deep gratitude and humility that I acknowledge the
great honor bestowed upon me today. It is also with considerable
pride that I accept the Nathan B. Eddy Award because my peers,
rightly or wrongly, have placed me in a niche with such distin-
guished pioneer investigators as Seevers, Isbell, Wikler, Martin
and Kosterlitz, all of whom were or are dear friends.

I first met Nathan Eddy in 1944 and from that time on and until
his death in 1973 our paths crossed many times not only at our
annual CPDD meetings but also on numerous other occasions. I
remember particularly one incident back in the 50's when we were
members on an analgetic evaluation committee for the VA. Since
we were meeting in San Francisco, I, of course, had to arrive a
little late. As soon as I entered the meeting room, Dr. Eddy
came up to me and said, "Eddie, I have 60,000 dollars for you,"
whereupon he reached into his pocket and handed me an ounce of
heroin. Since that quantity is equal to about three thousand

10 mgm fixes, at $20 per bag the price would be about right. The
integrity of Dr. Eddy was such that he had the complete confidence
and trust of the Bureau of Narcotics. As their consultant, he
was allowed to push to whomever he wished extraordinary amounts of
controlled drugs. To have heroin today, investigators need to
have a license registration number and the approval of a joint
FDA/NIDA Committee. Although progress appears to dictate the
need for more rigid security measures and red tape, I do not know
of a single investigator who violated Dr. Eddy's trust.

Before I start discussing some of our investigative work, let me
pay tribute to my many colleagues and, in particular, to former
students and post-doctoral fellows, with whom I have had the good
fortune to have been associated. It will not be possible to name
them all but each one has played a significant role to enrich my
life by helping me solve problems in opiate research and becoming
steadfast loyal friends. Suffice it to say the conditioning I
received in their environment is such that if I had a life to live
again, my free choice for a career would still be in pharmacology
and I would bar press actively for opiates.

314-300 0 -80 - 2



My interest in narcotics started with an undergraduate course in
pharmacology taught by Chauncey Leake at San Francisco but it was
two of my former bosses at George Washington University who
"hooked" me. Under George Roth I studied the local anesthetic
and cardiac effects of meperidine (known in those days as
isonipecaine) but when P.K. Smith succeeded him in 1946 I became
interested in drug metabolism. At George Washington together
with my first graduate student C.Y. Sung (who will head a
pharmacology delegation from the People's Republic of China this
coming fall) we found that meperidine was metabolized by the liver
to an unknown basic metabolite. Based on these preliminary data
I applied for and was awarded a research grant in 1948 from NIH to
study the biologic disposition of morphine and its surrogates. I
transferred the grant when I moved to San Francisco and with sub-
sequent renewals held it for more than 20 years until I shifted to
working on tolerance and dependence mechanisms.

The proximity of San Francisco to Berkeley facilitated the
acquisition of N-''CH, labelled isotopes of meperidine, morphine

and codeine and this gave us a running head start over other
investigators in this area. N-demethylation was found to be a
common metabolic pathway for the surrogates of morphine. In
actuality this turned out to be a relatively minor pathway for
opiates but it provided a major stimulus for studies on microsomal
metabolism. N-demethylation also paved the way for two imaginative
hypotheses. Beckett developed a theory of analgesia based on N-
demethylation and Axelrod and Cochin postulated N-dealkylation as

a mechanism for tolerance. I thought Terry Adler and I had point-
edly rejected both hypotheses but I note recently that Fishman

et al. have found that N-demethylation of opiates occurs in the
brain and as a consequence they have resurrected the early postulates.

I was rather proud of the study on the metabolic fate of meperidine
carried out by Nick Plotnikoff as a graduate student because he was
able to outline several metabolic pathways without the actual iso-
lation of any of the metabolites and he used a non-specific dye
technique for his estimations. By combining the Brodie methyl
orange procedure for organic bases with countercurrent distribution,
Plotnikoff identified meperidine and normeperidine in the urine by
their partition behavior. He then showed that hydrolyzed metabo-
lites of these two substances were biotransformation products by
demonstrating that under esterification conditions with ethanol

the yields of meperidine and normeperidine in the urine could be
substantially increased. Furthermore, evidence that meperidinic
acid and normeperidinic acid were also excreted in the urine as
conjugated products was indicated by the fact that if he subjected
the urine to hydrolytic conditions before esterification, the yield
of meperidine and normeperidine could be further enhanced.

Another pathway established for some opiates was 0O-dealkylation.
Terry Adler first demonstrated in 1951 that codeine could be O0-
demethylated to morphine. To establish this point 0'°CH; labelled
morphine was shown to yield '‘CO, after parenteral administration



of codeine and morphine was unequivocally identified as a urinary
metabolite of codeine by X-ray diffraction studies. Together
with Jim Fujimoto, Adler also found that codeine and morphine were
N-demethylated to their respective nor derivatives, and norcodeine
and normorphine would then be excreted in the urine as conjugates
of glucuronic acid.

In those days it was not so simple to demonstrate glucuronide pro-
ducts of opiates because their high water solubility made their
purification and isolation from urine by solvent extraction
techniques difficult. Oberst at Lexington first demonstrated that
the yield of morphine in the urine could be increased substantially
by acid hydrolysis but it was not until almost 20 years later that
Lauren Woods then at Michigan showed that the "bound" morphine in
dog urine was a glucuronide. Shortly thereafter, Fujimoto demon-
strated that morphine glucuronide was the chief metabolite of mor-
phine excreted in the urine by humans.

With Sung and Peng we found that methadone is N-demethylated but

we had difficulty isolating and identifying the des-methyl metabo-
lites, and it remained for Pohland and associates to demonstrate

that following mono- and di- demethylation, the products undergo
rearrangement to form cyclic metabolites. In studies on l-acetyl-
methadol, Sung and I reported in 1954 that l-acetylmethadol undergoes
extensive biotransformation and that much of its activity results
from the formation of an active metabolite. This conjecture has
only recently been validated by Mule, Misra and associates.

Taking a sabbatical leave at Berne with Walther Wilbrandt to study
the disposition of heroin, we were able to confirm that heroin was
rapidly hydrolyzed to morphine. Later with John Kemp and others
we found that the biologic half-life of heroin was less than 3
minutes and that the sequence of hydrolysis involved deacetylation
first to 6-monoacetylmorphine which was then hydrolyzed to morphine
Based on toxicity studies of heroin, 6-monoacetylmorphine and
morphine after subcutaneous, intravenous and intracerebral
injection, we found that morphine was least potent by the
parenteral routes but most potent after intracerebral injection.

We concluded from these findings that the primary effects of

heroin are due to the formation of morphine. The greater potency
of heroin over morphine by the parenteral routes could be explained
by the lipid solubility conveyed by the acetyl groups which are
than rapidly removed by esterases in the brain. Thus hydrolysis
of heroin to morphine in the central nervous system represents an
activation process but when it occurs outside the brain in the
liver and other organs and tissues, hydrolysis, reflects a de-
toxification process.

The results of these studies led us to a consideration that the
enhanced sensitivity of the newborn to morphine might be attri-
butable to disposition factors. The toxicity of morphine in the
rat was studied from birth to one month of age with Kupferberg.
The LD50 remained relatively constant for 16 days but between days



16 and 32 it increased abruptly by 4-fold. After developing a
sensitive spectrophotofluormetric technique for measurements of
brain morphine levels in the newborn, we found that with equal
doses of morphine the brain levels in the 16-day-old rat were
usually more than twice those in the 32-day-old and in order to
attain comparable brain levels with the two age groups it was
necessary to administer a dose three times as high in the 32-day-
old mice. Thus the results provided an explanation for the
difference in toxicity of the two age groups and indicated that
the decreased sensitivity to morphine in the maturing animal 1is
due in large part to the development of a blood-brain barrier to
morphine. Subsequent studies with heroin and meperidine further
revealed that this process was peculiar to morphine. Virtually
no CNS barrier development to heroin or meperidine could be demon-
strated with increasing age and this was reflected by only small
variations in toxicity between different age groups.

With Kaul, Lin, E1 Mazati, Afifi, Nayak, Berkowitz and others we
studied also the disposition of apomorphine, anileridine, noscapine,
methotrimeprazine and pentazocine and made generalization concerning
the disposition characteristics of basic compounds. Basic drugs
are in general more potent than acidic ones because at body pH
proportionately more base exists in the unionized form. This
property favors their gaining access to target sites for eliciting
pharmacologic effects promptly and sequestering in indifferent
organs for later release to prolong drug action. By and large,
organic bases, including the opiates, have a high apparent volume
of distribution because they rapidly leave the blood and concen-
trate in parenchymatous tissues. Tissue levels can be decreased
and excretion facilitated by lowering body pH. These conclusions
were summarized and published in a 1962 monograph, Biologic
Disposition of Morphine and Its Surrogates, co-authored with

Terry Adler.

We took our second sabbatical leave in 1962 and went to Hong Kong
to assess the unique modes of inhaling heroin. Addicts there use
two techniques: one is by smoking heroin inserted into a cigarette

("ack ack") and the other procedure is by inhaling the fumes re-
sulting from heating a mixture of heroin and barbital ("dragon
chasing"). We were informed that dragon chasing was a more

effective way of inhaling heroin than ack ack. To find an
explanation for this difference, Ben Mo and I decided to compare

the urinary excretion of morphine by these two inhalation techniques
with that after intravenous administration. Our urinary excretion
values of total morphine were consistent with the practice in the
field. Based on the percent of the dose that could be accounted
for in urine, the efficiency of dragon chasing was found to be two-
fifths that of intravenous injection and twice that of ack ack.
Under laboratory conditions simulating the two modes of administratior
we found that the temperature for volatilizing heroin was critical.
At a high temperature such as that of a burning cigarette (746°C),
availability of heroin is poor because of extensive decomposition.
The addition of barbital to the heroin minimizes the loss of heroin
by facilitating the volatilization of heroin at a lower temperature



(244°C) . Perhaps, the Hong Kong junkies had a “connection” who
was a pharmacist with a sophisticated knowledge of delivery systems!

Although most of our initial work centered on drug disposition
studies some of my associates involved me in characterizing sites
of opiate action. There is much current interest in the hypo-
thalamic effects of B -endorphin and these studies relate back to
some early work on morphine and hypothalamo-pituitary-adrenal func-
tion. Bob George and I reported in the 50's that the hypothalamus
is an important intermediary for pituitary-adrenal activation by
analgetic agents and that their effects could be blocked by a
lesion in the median eminence. Subsequently Bob George and

Norio Kokka further noted that growth hormone and gonadotrophin
release are also altered by morphine. More recently Eddie Wei

(my "friends" identify him as the young good-looking one) found
that several mesodiencephalic areas of the brain, the medial
thalamic region in particular, are important for mediating opiate
antinociception and certain withdrawal signs. Also Edgar Iwamoto
has demonstrated that nigrostriatal pathways are much involved in
the expression of abstinence.

In 1966 we were invited to attend an International Symposium on
Analgetics in Santiago. There I met Professor F. Huidobro and
observed his morphine pellet implantation techniques for producing
morphine tolerance and physical dependence in mice. In his
earlier writing Nathan Eddy has mentioned that tolerance and
physical dependence were not characteristic responses in rodents,
but as it turns out the earlier workers simply did not administer
morphine frequently enough. I was fascinated by the simplicity
of the pellet procedure and reflected that I could now study
tolerance and physical dependence mechanisms without interfering
with my week-end golfing activities.

The pellet made by Professor Huidobro did not quite suit our needs
because only limited quantities could be made by a hand press. I
consulted Bob Gibson in the School of Pharmacy and he formulated

a tablet that could be mass produced and this pellet is now in wide
use.

The implantation of this pellet subcutaneously in a mouse for three
days produces a high degree of tolerance and physical dependence.

A quantitative measure of the degree of tolerance development is
given by an increase in the dose of morphine required to produce
analgesia and this 1is generally between 7-and 20-fold. The degree
of physical dependence can be quantified by determining the naloxone
ED50 to precipitate withdrawal jumping, the greater the dependence
the lower the naloxone ED50. Alternatively, Takemori uses the
total number of jumps in a group of animals as an index.

Applying these procedures together with some pharmacologic probes

we initiated studies in the mechanisms involved in tolerance and
physical dependence development. We obtained considerable evidence
supporting the biochemical nature of these processes. Like others,



Loh, Shen and I were able to demonstrate the blockade of tolerance
development with inhibitors of protein synthesis. We found that
cycloheximide not only inhibits the development of tolerance but
the development of physical dependence as well. It was also
possible to achieve this effect without altering the acute action
of morphine and we postulated, therefore, that the macromolecule
involved in tolerance and dependence development may be different
from the receptor concerned with acute effects and likely was
turning over at a more rapid rate.

Inasmuch as the inhibitors of protein synthesis have widespread
effects, identifying the macromolecule possibly involved with the
development of morphine tolerance and dependence has been a
formidable task. Virtually every known putative neurotransmitter
has been assessed with respect to its effect on the acute and
chronic action of morphine. We (including Shen, Loh, Ho, Bhargava,
Friedler, Iwamoto and others) have used various pharmacologic tools
to affect as selectively as possible the synthesis storage, re-
lease, or degradation of acetylcholine, dopamine, norepinephrine,
and serotonin, and the consequences of such maneuvers on the
tolerant-dependent state and on the development of tolerance to

and dependence on morphine were evaluated.

Based on these experiments, we concluded that acetylcholine,
norepinephrine, and dopamine may participate in the mediation of
acute pharmacologic responses to morphine as well as certain with-
drawal signs in dependent animals but they seem less directly in-
volved with the development of tolerance to and physical dependence
on morphine. Although our findings seem to implicate 5-HT to a
greater degree, a causal relationship for 5-HT could not be con-
clusively established, and although our findings have been largely
verified by Herz's laboratory they dispute our conclusions.
Moreover, Kalant's laboratory note that a selective role for 5-HT
in opiate tolerance development can be challenged on the grounds
that decreasing serotonin functional activity also reduces alcohol
tolerance development and it has been pointed out that a
correlation does not appear to exist between brain 5-HT turnover
and development of tolerance to other opiates.

There are other pharmacologic tools which can be used to alter
tolerance and dependence. Although the same caveat can be applied
with respect to interpreting the significance and implication of
such maneuvers, it is important to note that the rate of development
of tolerance and physical dependence may be reduced or accelerated
to varying degrees by pharmacologic agents acting by diverse
mechanisms. For example, tolerance can be inhibited by agonist
receptor blockade with antagonists such as naloxone or by inhibiting
protein synthesis. Although there 1is evidence less impressive, it
appears that reducing serotonin functional activity, PB--adrenergic
blockade, or reducing Xi—aminobutyric acid activity with antagonists
such as bicuculline can also reduce tolerance and dependence
development. It is of interest to note that tolerance and
dependence can be accelerated with agents which oppose the effects
of the latter three classes of compounds. Examples are,



respectively: a stimulator of serotonin synthesis (tryptophan),
CAMP and its analogs, and inhibitors of GABA transamination.
Again, there 1is no evidence that these manipulations affect
directly the causal processes related to tolerance and dependence.

Despite the inability to solve the precise mechanism involved in
opiate tolerance and physical dependence, some essential basic
information has resulted from the studies. The biochemical

nature of the processes was clearly established in that tolerance
and physical dependence could be demonstrated to be reduced or
accelerated by pharmacologic manipulation. Moreover, the fact

that the immediate pharmacologic response to morphine can be
modified greatly without significantly altering tolerance and
physical dependence development indicates that it 1is possible to
dissociate selectively the process involved in the immediate
pharmacologic effects of opiates from those which might be concerned
with the development of tolerance and dependence. The converse
fact that the development of tolerance and dependence can be

blocked without modifying the acute pharmacologic action of morphine
also supports this view.

We went back to the drawing board and decided to assess the role

of Ca’™ in opiate analgesia, tolerance and physical dependence.
There were compelling reasons that prompted our interests.

Takemori first demonstrated in 1962 that morphine inhibits
respiration in depolarized brain slices and later Kokka, Elliott
and I found that the effect occurred only in the presence of low
Ca'". Kaneto reported that Ca’ antagonized the analgetic actions
of morphine and concluded that opiates may be mediating their
effects by altering ca'" flux. Subsequently, Ross found that
opiates acutely lowered the Cca'" content at nerve endings. In the
meantime we had initiated our studies of Ca '-morphine interactions
with Harris and confirmed the findings by Kaneto and by Ross. We
found that in addition synaptosomal Ca’’ content increased with
tolerance and dependence development. We have since carried out
extensive studies on Ca''-opiate interactions.

I should like to present now a personal view concerning the possible
mode of action of opiates. Although there are many gaps, the
operational model that I am proposing appears to offer a more com-
plete explanation than existing ones with respect to the acute and
chronic effects of opiates. Based on the data generated thus

far by our laboratory I should like to postulate that the nociceptive
state is subject to regulation by the intraneuronal Ca'" level.
A lowering of the Ca'’ results in analgesia while elevating Ca
causes hyperalgesia. Thus, morphine and other opiates have been
well established to lower neuronal Ca’’; however, other agents
such as lanthanum, which reduces ca™ uptake, and EGTA, which
chelates Ca’’, also exhibit antinociceptive activity. On the
other hand, the intraventricular injection of Ca'’ produces hyper-
algesia and antagonizes morphine analgesia. Ca'" also reduces
greatly the agonist effects of normorphine and B-endorphin on the
guinea pig ileum. Moreover, the ionophore X537A, which facilitates
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Ca " entry’, augments Ca antagonism of morphine analgesia, whereas



. . . + .
La'"" reverses the antimorphine action of Ca These studies were

mostly carried out by Harris, Iwamoto, Huidobro-Toro and Hu.

i

The acute lowering of Ca'’ by opiates initiates a homeostatic re-

sponse to prevent ca'" loss. This counteradaptive process requires
the presence of morphine and becomes increasingly effective with
each successive dose of morphine. Yamamoto, Harris, and Guerrero-
Munoz have found that the development of tolerance to morphine is
accompanied by an accumulation of synaptosomal ca'" and the sub-
cellular components involved in this increase include the inner
synaptic plasma membrane and vesicles. They also found that the
increase in synaptosomal Ca'’ is proportional to the degree of
tolerance developed. Since Ca'’ antagonizes acute morphine action,
the accumulated Ca’’ would oppose opiate effects and more morphine
would be required for reducing ca’ to produce analgesia. However,
the higher dose of morphine would further enhance the Ca'’ reten-
tion process and render acute lowering of Ca’' even more difficult.
Thus, a mechanism is provided to explain tolerance.

The proposed cumulative enhancement of Ca’’ retention by morphine
also provides a mechanism to explain cross-tolerance. The elevated
ca'" and its increased retention capacity should not only reduce
the effects of other opiates but also those of other agents that
reduce Ca''. Thus, tolerance to morphine has been demonstrated to
result in cross-tolerance to La''' and to EGTA. It could be fur-
ther argued that since these agents tend to augment opiate effects,
they should facilitate the development of opiate tolerance. Consis-
tent with this notion, Schmidt found on comparing the analgetic
response to morphine in mice rendered tolerant by morphine pellet
implantation and infused either with EGTA or saline that a dose of
morphine, which produced analgesia in 50 percent of the saline
treated animals, was ineffective in the EGTA group. Conversely,
Kaneto and others have reported that repeated Ca’’ administration
inhibits tolerance development.

The development of an enhanced ca" storage process after sustained
morphine administration also offers explanations for physical de-
pendence and the abstinence syndrome. Physical dependence is an
invariable accompaniment of tolerance and the two states appear to
be closely linked. Under such conditions cytosol Ca’' may be main-
tained at a higher steady state by the enhanced retention process
which requires the continual presence of morphine. The need for
morphine to support this retention process is indicated by
Yamamoto's finding that administration of naloxone to precipitate
withdrawal results also in a marked fall in synaptosomal Ca''.
Abrupt discontinuance of morphine or antagonist precipitated abstin-
ence results in an increase in cytosol free ca'" at the expense of
the retention process and the abstinence syndrome would reflect
hyperirritable responses to Ca'  that ordinarily are masked by mor-
phine. Hence, when morphine is administered during this state,
abstinence would be suppressed because the free ca'" becomes re-
duced not only by decreased cellular uptake but also by enhanced
intraneuronal removal at amplified storage sites. If this be the
case, then maneuvers designed to lower free ca' should suppress



abstinence and elevating it should exacerbate the syndrome. Thus,
Harris has shown that La'"" decreases the incidence of withdrawal
jumping in morphine-dependent mice and increases the dose of nal-
oxone needed to precipitate withdrawal jumping. Conversely, Schmidt
has shown that hyperalgesia occurs during abstinence and can be
considered to be a withdrawal sign. It is detectable in a depen-
dent animal shortly after discontinuance of morphine and during
this state the hyperalgesia can be further enhanced by ca'" admin-
istration. Thus, we have qualitative data to support our hypotheses
and this provides the framework for validation with more definitive
experiments.

Not all of our approaches have been made from the bench. The con-
ceptualization of an operational receptor with molecular models

by Cho and Loh has yielded fruitful data beyond expectations.
Models of the glycolipids indicate that they might be suitable
candidates for binding opiates. In particular cerebroside sulfate
yielded excellent correlation between binding affinity and agonist
activity. The agreement was obtained not only on the guinea pig
ileum with respect to inhibition of electrically induced contract-
ility but also on analgetic potency in mice and humans. To our
surprise and delight, the opiate "receptor" isolated from mouse
brain by Goldstein's laboratory was found to consist essentially of
cerebroside sulfate. Loh's group has persevered in their efforts
to validate cerebroside sulfate as an integral part of the opiate
receptor and their more recent findings are truly exciting. In col-
laboration with Bauman's laboratory in Paris, an antibody to cere-
broside sulfate has been made which displaces morphine from its
central nervous system binding sites and antagonizes its pharmaco-
logic actions. Moreover, the incorporation of cerebroside sulfate
by a neuroblastoma cell culture appears to initiate prostaglandin
activity in the preparation. Almost certainly there will be in-
creasing activity in the future to assess the role of glycolipids
in interaction with drugs.

Thus, our approach towards combating the problems of drug dependence
has been essentially pharmacologic and directed towards ferreting
the basic mechanisms involved. Although I would without qualifica-
tion concede that misuse and abuse of chemical substances reflect
signs and symptoms of individual and societal maladjustment, I
firmly believe that the pharmacologic approach offers, if not the
cure, certainly the facilitation that makes psychologic, psychiatric
and rehabilitative measures possible. Success with the latter
approaches in the past without drug intervention has been notor-
iously lacking, at least in terms of reaching the major population

of addicts.

To a pharmacologist, all drugs are merely chemical substances which
ultimately must act on biologic processes. Irrespective of environ-
mental factors, the use of adequate amounts must effect pharmacologic
responses by either stimulating or inhibiting cellular activity
after their combination at specific sites. It seems reasonable to
presume, therefore, that compulsive drug use may be associated with



aberrations in these processes and if this be the case, it should
be possible to block or reverse these changes with pharmacologic
agents. There are already modest indications that pharmacologic
intervention offers good chances for success.

The use of disulfiram for alcohol dependence and methadone for
maintenance have not attained universal cures but this should not
be expected. Although the successes attained with these agents
have Dbeen relatively limited, they were achieved with less expendi-
tures of governmental resources in time, effort and money than non-
drug approaches. Further studies to dissociate the processes
involved with acute opiate effects from those concerned with tol-
erance and physical dependence offer hope that more effective
therapeutic agents can be developed and indeed some are already
appearing on the immediate horizon.

In conclusion, I wish to again express my deepest gratitude for
honoring me today and for providing me a forum to summarize
approximately 30 years of labor described in approximately 300
publications in approximately 30 minutes. I hope that some day
(< 30 years) I will again be afforded equal time that will
reflect more efficient utilization of my efforts.

AUTHOR
E. Leong Way, Ph.D.
Department of Pharmacology

University of California San Francisco
San Francisco, California 94143
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The Prescription of Controlled Substances:
What’s Right and What’s Wrong

Cohen, S.

The remark that we live in a drug-oriented society has
been repeatedly made. If this is true, it is in part because our
citizens have come to expect rapid relief from discomfort, un-
ease and other forms of real or imagined psychophysical dis-
tress. Especially, but notexclusively, young people seek
chemical solutions for whatever shyness, boredom, or
tensions of everyday life they may encounter. Beyond the
amelioration of noxious feeling tones, increasing numbers look
to drugs to provide them with positive mood states. They
search out euphoriants to procure pleasure, ecstatants for joy,
and deliriants to deliver them from themselves. Is their
demand for pharmacologic surcease a sign of societal decadence,
individual failure of nerve, or something else? Whatever it is,
the latter day ability to supply chemical configurations that do
what is desired with considerable specificity is at hand. And
this precision tooling of molecular arrangements inevitably
increases demand. It’s not better, but easier living through
chemistry.

It should be made clear that the physician's contribution
to hedonic drug-taking represents only a fraction of the consumer
market. The cocaine, heroin, the hallucinogens, the volatile
solvents, the cannabis and the array of other psychobotanicals
are acquired without benefit of a prescription. Add to these
the tobacco and alcohol products, the proprietary medicaments,
and we are left with the prescription narcotics, sedatives and
stimulants. The supplies of these substances seen on the street
are often obtained by theft, highjacking or illegitimate manu-
facture. Nevertheless, the fraction contributed by the medical
profession is important because, for some people, it may
initiate or maintain a career of drug dependence, it might
cause accidental overdose, or can become a means of suicide.

It was the increased preoccupation with psychochemical
consciousness-alteration during the 1960s that provoked the
Drug Abuse Prevention and Control Act of 1970. As a result
the prescribing of narcotics, sedatives and stimulants became
more restricted than previously with criminal penalties avail-
able to those convicted of violating the various statutes.
Although they make the practise of medicine somewhat more
onerous, these controls seem justified. Increasing the pool
of abusable drugs simply makes them more readily accessible
to users, old and new. The story of the six physicians who
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were responsible for the outbreak of heroinism in London has
been amply described. We have had similar mini-epidemics

in this country. For a while a single doctor was prescribing

2.5 percent of the national supply of methylphenidate. Quick
corrective action must be taken against the script doctor or

the impaired physician who becomes a supplier of large
quantities of mind-altering drugs. A gullible doctor may become
overinvolved in writing for narcotics, and then blackmailed into
continuing to write. Sometimes, the physician is not even in-
volved -- just his prescription pad.

A second reason for the Drug Control Act was the
expectation that patients on dependency-producing drugs would
receive closer supervision. No longer could prescriptions for
sleeping pills be renewed interminably. This was certainly a
worthy goal, and perhaps this hope has been realized in part.
Medication supervision is certainly not what it should be at the
present time.

There 1is an ancient German proverb that translated, says:
"No soup 1s ever eaten as hot as it is cooked." Unfortunately,
the regulatory broth does not conform to the adage. Certain
States have not only adopted the Federal legislation, they have
gone far beyond it. They have enacted laws that are consider-
ably more constrictive and their enforcement borders on the
inane on occasion. Some states have defined the package insert
and the PDR as the basis for medical practise. Deviations
from the approved indications or the recommended doses turns
out to be illegal, or at least, unethical. For example, the
prescribing of a stimulant for an atypical depression unrespon-
sive to conventional therapies can lead to investigations,
administrative hearings and a variety of penalties. When the
administrative judge, who is not a physician, does not under-
stand the great variability of human responses to psycho-
therapeutic drugs, things can go very badly for the clinican
who tries to do as much as he can for his patient. Unfortunately,
judges do not assume responsibility for seriously ill patients.

The prescribing of meperidine for intractable, recurrent,
one-sided headaches is probably poor medicine, but what is the
alternative by the time the desperate patient has become overtly
suicidal. Or consider the case of the busy doctor practising in
a poor part of town. A young man (who later turns out to be
an undercover investigator) comes in complaining of a running
nose, nausea and vomiting, sweating and back pains. A pre-
scription for codeine and aspirin 1is prescribed after a rather
routine history and physical examination. The doctor is charged
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with prescribing narcotics for an addict in withdrawal. He had
diagnosed a viral infection.

These are actual cases from a single State. I hope that
this sort of thing is not the fallout of the Drug Control Act
because I confess, I had something to do with its genesis.

So the practise of medicine in some places has become
rigidified, frozen in the problematic mold of the package insert.
I must remind you that this piece of paper is an agreed upon
statement between the FDA and some pharmaceutical firm.

I know of no legal stature that it may have involving physicians.
Nevertheless, it is being used in courts, not as a guide but as
some absolute decree that must not be transgressed. Unfor-
tunately, there are a few patients whose needs do not happen to
conform to the arcane pronouncements of the package insert.

Meanwhile, the following situation is taking place, spilling
hundreds of dosage units every four minutes onto the black
marketplace. A long line of young people extending back over
a hundred yards from a doctor’s office are awaiting a script
for amphetamines or barbiturates or both (slide). It took 14
months to close this operation down.

So what starts out as a landable effort to deter the diversion
of psychochemicals into non-medical channels, culminates as
a nit-picking effort to fit the practise of medicine into some
committee-constructed Procrustean bed. It may be that those
doctors who had the temerity to prescribe amphetamines for an
atypical depression, Demerol for migraine-type headache,
and codeine for what appeared to be influenza deserved whatever
punishment was inflicted. Although they were not particularly
contributing to our drug abuse problem, the brand of medicine
they practised was not the best. But what of the conscientious
doctor who did not want to give a month’s supply of sleeping
pills or of tricyclic antidepressants to a depressed, indigent
person on Medical or Medicaid? If he wanted to provide such
a person with a sublethal amount of these drugs, a one week’s
supply would be proper. But the rules restrict the number of
patients visits, in some instances to one a month. So while
the bureaucracy frowns upon what may or may not be poor
medicine on one hand, it promotes terrible medicine on the
other.

As we look at the changes in the drug schedules since

1970, it is clear that the trend is in the direction of up scheduling.
The barbiturate hypnotics have been moved from III to II.
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The amphetamines have been similarly treated. Propoxyphene,
pentazocine, pemoline, the weight control drugs and the ben-
zodiazepines, previously unscheduled, are now in IV. Meth-
aqualone and phencyclidine jumped from an unscheduled status
to II. The only drugs that have gone in the opposite direction
are apomorphine and the narcotic antagonists. These changes
are probably reasonable in view of the known pharmacology and
the recent abuse history of the agents involved.

Specific Drug Classes
1. Stimulants

Cocaine 1is in Schedule II and retains some occasional
usefulness as a topical anesthetic and decongestant. On rare
occasions physicians have misprescribed it for its antidepressant
or stimulating actions for themselves or for patients. In even
rarer instances they provided cocaine prescriptions for profit.
The amphetamines, methylphenidate and phenmetrazine are
also in Schedule II, and their indications have become more
restricted than previously. Narcolepsy and the hyperkinetic
behavioral disorders are accepted indications for stimulant
Use. Their antiobesity effects are in dispute but short courses
are permitted. Their use for mild depressive or fatigue states
is much more controversial. An occasional patient with an
atypical depressive reaction that is intractable to other
therapeutic attempts, has benefited from the amphetamines
according to a number of clinicians. The amphetamine-related
drugs have been the prime agents prescribed by unscrupulous
doctors for profit. Weight control substances like fenfluramine
(Pondimen) and diethylproprion (Tenuate) are listed in Schedule
IV. They have a lesser abuse potential and have rarely been
abused in this country.

2. The Hypnosedatives and Anxiolytics

The hypnotic barbiturates and methaqualone
(Quaalude) are located in Schedule II. The non-barbiturate
sedative-hypnotics are either in III: methylprylon (Noludar)
glutethimide (Doriden) and butabarbital (Butisol); or, in IV:
phenobarbital, chloral hydrate, paraldehyde, ethchlorvynol
(Placidyl) and ethinamate (Valmid). The benzodiazepines and
meprobamate also are in IV. These drugs may be overused
by patients or diverted into non-medical channels.

3. Narcotics

Opium, morphine, codeine, oxycodone (Percodan),
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Pantopon, dihydromorphinone (Dilaudid), methadone and meperi-
dine (Demerol) are all to be found in Schedule II. Codeine
combinations with analgesics and paregoric are located in III.
Propoxyphene (Darvon) and pentazocine (Talwin) are in IV and
the codeine-containing cough mixtures are in V. All of these
opioids have been misused by health care professionals or

their spouses or diverted to the black market at one time or
other. Recently, a large number of Dilaudid tablets was
obtained from the UCLA outpatient pharmacy by the forgery of
blank triplicate prescriptions.

An organized effort has been underway to reschedule
heroin from I to II so that it can be used for severe pain,
particularly in the terminally ill cancer patient. In England
and Belgium heroin is used for this purpose. Most of it is
taken orally. When taken in equivalent oral doses (heroin:
morphine = 1:1.5) morphine is at least as effective as heroin
according to the studies at St. Christopher’s Hospital. Patients
given the drugs by the subcutaneous route (usually a 1:3 ratio)
cannot distinguish morphine from heroin. When it is given
intravenously the somewhat more rapid action of heroin is an
advantage. On the other hand, morphine is a bit longer acting.
When enormous amounts of a narcotic are needed, heroin has
the advantage of greater solubility. Until additional data are
acquired, heroin cannot be said to have a distinct medical
advantage over morphine, and rescheduling it does not seem
to be indicated now.

In addition to what has already been said, a listing of the
problem areas encountered in the prescribing of controlled
drugs should be mentioned. They include:

1. The diversion of leftover prescription drugs.

2. Patient non-compliance in using amounts of the
drugs larger or smaller than ordered.

3. Tolerance development in the insufficiently super-
vised patient.

4. Poor prescription security such as careless control
of prescription pads, pre-signed prescription blanks, erasable

prescriptions and improper prescription writing.

5. The failure to do periodic reviews of the drugs
the patient is taking.
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6. Physician deception by drug-dependent patients.

7. The management of patients with chronic pain or
insomnia, and dealing with anxiety in the abstinent addict.

These are all physicians responsibilities, Better
education and training are needed to correct poor habits of
prescribing and supervising patients on controlled drugs.

Author

Sidney Cohen, M.D.

Neuropsychiatric Institute

UCLA Center for the Health Sciences
Los Angeles, CA 90024
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Effects of Scheduling on the
Economics of Drug Development

Cavallito, C. J.

"Controlled Substances," in the context of the present discussion,
refers to those substances covered by the "Comprehensive Drug
Abuse Prevention and Control Act of 1970" (Public Law 91-513, 91st
Congress, October 27, 1970) and regulations pertinent to the Act
beginning with and subsequent to the April 20, 1971 regulations
issued by the Federal Bureau of Narcotics and Dangerous Drugs
(BNDD) of the U.S. Department of Justice and July, 1971 pertinent
regulations of FDA within H.E.W. The BNDD was the predecessor
agency to the Drug Enforcement Administration (DEA). The Statu-
tory amendment to the Public Health Service Act repealed and re-
placed the old Harrison Antinarcotic Act and the 1965 Drug Abuse
Control Amendments. Essentially, the Act regulates the manufac-
ture, distribution and dispensing of narcotics and/or dangerous
drugs through Federal registration of all those involved in this
legitimate chain, excepting the ultimate patient user. Research
and development activities also are encompassed.

The substances or drugs controlled by the Act are placed in five
categories or "Schedules." These are briefly described and illus-
trated. by the following:

Schedule I. This covers certain opiates (including some
isomers, derivatives and synthetics) and hallucinogenic substances

(such as LSD, marijuana, etc.) for which there is a high abuse po-
tential. These also differ from substances in other Schedules by
having no current acceptable medical use in treatment.

Schedule II. Includes certain opiates and opium alkaloids;
most narcotics of the former Class A group; stimulants such as
straight amphetamine and methamphetamine and some of their combi-
nations, phenmetrazine, methylphenidate, etc. These drugs have
a high abuse potential.

Schedule III. Covers depressants, including certain barbi-
turates; nalorphine; straight paregoric and narcotics of former
Class B, etc. These drugs have less potential for abuse than
those in II.

Schedule IV. Includes certain depressants such as chloral
hydrate, meprobamate, certain long acting barbiturates and such
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drugs having a lower potential for abuse than those in Schedule
III.

Schedule V. Preparations which contain limited quantities
of narcotic drugs and include one or more non-narcotic medicinal
ingredients (such as paregoric combination products) for which
there is lower potential for abuse than Schedule IV.

Schedule V at present largely relates to some older combination
products. Deterrents to the development of new products that
might enter Schedule V include the FDA regulatory hurdles to ob-
taining approval of efficacy claims for combination products, and
manufacturing and record controls required for certain ingred-
ients--such as codeine. New combination products of old drugs
become new drugs and the difficulties in satisfying regulatory
requirements for combinations are likely to make it economically
less attractive to develop new products of this class.

Schedule I substances importantly differ from other Scheduled
materials in having no current accepted medical use in treatment.
The scheduling of pharmacologically active substances in this
category also makes it less likely that legitimate medical uses
will be sought and developed. Limited access to materials and in-
creased risks and potential liabilities for sponsors and investi-
gators would constrain investigations of such agents in human sub-
jects. There also are ethical problems involved in the use of
some of these substances except in very serious conditions.

Schedule I at present may be too broad and heterogeneous a cate-
gory. Should LSD and marijuana, for example, be in the same
Schedule? The first has a much greater known potential for harm,
the latter has a much greater incidence of use. Although sub-
stances in this Schedule have no current accepted medical use,
does such classification virtually foreclose investigations of
possible uses of all substances in this class? Should there be
subschedules within I so that certain present or future substances
within the broad category would be differentiated on such bases

as degree of possible harm from infrequent use, ease of access by
abusers, and extent of the abuse problem, and the like? At least
one substance in Schedule I, tetrahydro-canhabinol from marijuana,
is under consideration as a possible therapeutic agent. If a sub-
stance in Schedule I were shown to have merit in serious or termi-
nal illnesses, it might be rescheduled in II. However, this would
require some sponsor to assume a number of unappealing risks with
little potential for reward.

An indirect deterrent of scheduling to the development of new
drugs, particularly with Schedule I substances, relates to the con-
straints on the use of such substances or related materials as
chemical components in the synthesis of other possibly useful pro-
ducts. Prototype substances in Schedule I obviously are pharmaco-
logically active. However, constraints associated with compounds
categorized by broad Scheduling definitions inhibit the traditional
inclinations of medicinal chemists to use these substances as in-
gredient starting points or even as models for molecular
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modifications in the search for new useful medicinal agents. For
example, under Scheduled tetrahydro-cannabinols there are includ-
ed synthetic substances with similar chemical structure and
pharmacological activity. Pharmacological activity often appears
as a multicomponent profile within which all components are not
expressed equally among different compounds of purportedly simi-
lar structures. Furthermore, among molecular analogs, homologs

or isomers, a chemist often, with equal logic, can relate impor-
tant points of similarities or dissimilarities among so-called
similar compounds, and make equally fallible predictions as to
pharmacolgically anticipated properties. Class scheduling lang-
uage that covers as yet unstudied "related" substances can unneces-
sarily constrain the use of such substances either as starting in-
gredients or as models in the search for new drugs.

A new drug comes 1into use through three broad stages--discovery,
development and delivery (1,2). Drug discovery encompasses those
activities that result in identification of a new drug candidate
or new use of a known drug. Drug development covers the range of
activities from point of discovery or selection of a new drug
candidate that appears to merit clinical evaluation, to release
of the product for commercialization. Drug delivery includes
manufacture, distribution, purchase, and conveyance of the drug
product to the patient. Although science and economics had been
the dominant influences on the relationship among these compon-
ents, in recent years political considerations also have assumed
a major role. In examining the economics of any new drug devel-
opment, the associated economics of discovery and delivery must
be concurrently considered before a decision can be reached as to
the merits of entering the field to begin with. The impact of
Scheduling would become more visible on economics as one moves
from discovery through development to delivery. If the economics
of delivery are unfavorable, a mission-oriented discovery program
would not be justified. An accidental or serendipitous discovery
might, of course, change the picture. In any event, the economics
of delivery would likely compel a decision as to whether or not
to try to develop a product regardless of how the new drug candi-
date was discovered, With drugs likely to be scheduled, the econ-
onics of delivery are just that much more complicated.

The effects of Scheduling should be evaluated not only in terms
of current drugs and their categories and the likelihood of simi-
lar new drugs falling into the same category, but one also should
do some speculating as to how impending regulatory changes and
attitudinal trends that may create new regulations might affect
the economics of new drug development and delivery. Since the
development track is likely to be a long one for a potentially
classifiable new drug, the anticipation of changed ground rules
and uncertainties surrounding such can serve as a deterrent.
There are already so many uncertainties associated with the devel-
opment of any new drug, that the likelihood of more strigent new
regulations or interpretations of existing regulations in the
area of Classification of drugs can only be inhibitory to new
development.
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A substance that is considered as a candidate for entry into a
new drug development track and which presently can be anticipated
to be subject to Classification should be examined in terms of
the kinds of contraints associated with Schedule IV as a minimum
and Schedule II as a possibility. Schedule IV drugs require
registration, a narcotic permit, additional record keeping,
greater security in storage areas, and certain limits on refills;
Schedule II additionally demands more stringent record keeping,
uses of special order forms, more elaborate security in storage,
no refills, and imposes manufacturing quotas. Deterrents to dev-
elopment increase in major quantum leaps as one moves from a non-
scheduled to a Schedule IV to a Schedule II drug. The intermed-
iate Schedule III appears closer to IV than to II in its economic
impact.

Any new drug having some effect on higher centers of the central
nervous system is potentially a candidate for classification.
Inhalation anesthetics are not included. Non-drug substances such
as volatile solvents (as in sane glues) are subject to hazardous
abuse by inhalation, but regulation here would be virtually unen-
forceable. Alcohol and tobacco also are outside the Classifica-
tion system, but subject to widespread abuse. For that matter,
how about coffee and caffeine? Imposed regulations frequently

are less related to the magnitude of the target problem than to
the social-political acceptance of the regulations.

Any strong analgesic, sedative, hypnotic or stimulant becomes a
certain candidate for Classification. It will become increasing-
ly difficult to exclude any centrally acting analgesic from future
Classification as such products are likely to fail FDA efficacy
requirements unless their effects are substantial, in which event
they become almost certain candidates for Classification. Pro-
poxyphene was placed in Schedule IV in 1977, and recently has
been the subject of consumer activist pressure to place it in
Schedule II. Pentazocine, first marketed some 10 years ago with
clinical evidence of relatively low abuse potential, has more
recently been subject to abuse and entered into Schedule IV.

The rationale for scheduling becomes further complicated when one
considers that abusers of drugs frequently practice polypharmacy.
Pentazocine is being taken along with the antihistamine pyribenza-
mine as a substitute for heroin. Almost any CNS depressant be-
comes a more dangerous drug when taken with alcohol. Should a
drug be Classified as dangerous largely because its abuse is pro-
moted by combination with other substances? In the recent report
by the Institute of Medicine entitled, "Sleeping Pills, Insomnia
and Medical Practice" (3) it is suggested that control of the
availability of drugs should take into account the hazards of com-
bination with other drugs or with alcohol. Secretary of H.E.W.
Califano a month ago on May Day told the National Council on Al-
coholism that, "We are increasingly concerned about the dangers of
alcohol used in combination with certain other drugs" and that
H.E.W. "will take major steps to protect the public against the
special dangers of combining alcohol with other drugs." He has
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asked FDA to compile a list of commonly prescribed drugs that may
present health hazards when used with alcohol. This could be
quite a list. Further, since public access to alcohol and its
consumption is even beyond H.E.W. control, the likely target for
further controls are drug products. We may even have a new basis
for Classification anticipated on the potential for abuse in
combinations.

An impending regulatory change with economic repercussions would
derive from sections of the latest (1979) version of a proposed
"Drug Regulation Reform Act" originating with Senator Kennedy and
his Staff. Senator Kennedy considers the post-marketing sur-
veillance provisions a most important feature of the proposed
Bill. Pertinent to the issue of controlled drugs, the Bill pro-
poses that additional scientific investigation also might be re-
quired if the drug has known or suspected (emphasis added) risks
or is subject to abuse. The drug sponsor would bear the cost.

It is generally recognized that we need better means for examin-
ation of the performance of certain kinds of drug products in the
period immediately following their market introduction--particu-
larly from the perspective of safety. There is a Joint Commission
for Prescription Drug Use presently investigating the possible
means for improving post-marketing surveillance of new prescrip-
tion drugs. Post-marketing or so-called Phase IV studies are
nothing new for the pharmaceutical industry, and do consume sig-
nificant resources. This 1is 1likely to increase. Greater regu-
latory formalization of such studies with inclusion of extensive
industry surveillance of use by physicians will, of course, add
considerably to over-all costs of new drug development and early
delivery and particularly so with drugs suspected of an abuse
potential. There also can be a self-defeating aspect to highly
formalized requirements for post-marketing surveillance. The
busy physician will tend to refrain from using a new drug for
which he will have to spend additional time with reporting forms
or other formalities covering use of the drug--with the result
that the incidence of use will be restricted and much more time
would be required to gain experience with patient numbers. These
several points only illustrate the uncertainties deriving from
future changes in regulations which will add to the complexities
of development and delivery of new drugs that might be subject

to abuse.

Many factors contribute to the economic profile of discovery, dev-
elopment and delivery of any new drug. The likelihood of Schedul-
ing only adds to or complicates this, particularly with such

drugs as analgesics, sedatives, tranquilizers, stimulants (anti-
depressants?), certain antihistamines--or almost any CNS-active

drug.
Discovery

Since the mid-1950's, the search for new leads among compounds
with possible CNS effects has included screening programs involv-
ing a battery of presumptive tests, frequently beginning with
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response profiles in the mouse and progressing to more elaborate
tests in other animal system. In more recent years, screening
approaches also have involved mechanistically presumptive bio-
chemical tests. Screening methodologies for hypnotic and anal-
gesic propensities go back further in time. Since lab animal
model systems usually are developed around responses observed in
these animals from drugs with established properties in humans, a
limitation of most such laboratory presumptive tests is that they
tend to uncover leads to candidate drugs with properties rather
similar to those drugs already available. Novel leads among

many kinds of drugs have arisen in the course of observing the
performance of new drugs in man while using them for same other
purpose. This "discovery in man" applies equally to unexpected
undesirable as well as desirable properties. Among such unde-
sirable properties have been characteristics leading to abuse.
Although animal pharmacological profiles suggesting abuse po-
tentials can be derived from certain drug categories such as
opiate related analgesics, other CNS active agents such as minor
tranquilizers and moderately potent analgesics have not been as
readily assessable. Even more difficult is the prediction of
abuse potential for drugs directed to replacement for abuse drugs
in the course of treatment. The drug discovery process lacks
adequate lab animal model systems for early detection of abuse
potential in the laboratory--except among drug categories already
established to have distinct abuse potentials. Among these lat-
ter, such as strong analgesics, there has been an understandable
growing reluctance in the pharmaceutical industry to initiate or
continue exploratory new drug discovery programs.

Drug Development to Delivery

If certain programs in drug discovery are inhibited, this obvious-
ly will spill over by providing fewer new drug candidates for
development. The feed-back relationship also mans that the more
complicated the development track and less rewarding the deliv-
ered result, the less will be the motivation for such mission-
oriented discovery programs.

There are considerable differences in development tracks among
categories of drugs aside from questions of abuse potential. A
new antibiotic, anti-cancer drug, certain diagnostic agents, and
the like, can be developed with investment of less time and re-
sources than for example a new anti-inflamatory agent or cardio-
vascular drug. A new drug to be used infrequently in individual
patients, or for use in serious illnesses for which other treat-
ment modalities are of limited value, or for debilitating condi-
tions for which no drug is available-is likely to require a less
lengthy development time than a drug requiring chronic adminis-
tration in a condition for which other drugs are available, or
for a drug which perhaps may be considered only to improve
quality of life. Drugs with suspected abuse potential, of
course, can be expected to have long development tracks.
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Certain regulatory trends are likely to further increase the
development complexities for all new drugs, and especially CNS-
active drugs. The FDA has taken positions implying that we don't
need certain new drugs, or don't need them expeditiously, unless
they provide a distinct advance in therapy. Although FDA does
not have a statutory base enabling it to issue regulations re-
quiring evidence of greater relative efficacy of a new drug in
reference to available drugs as a basis for approval of the new
drug, there are informal modes for practicing such a philosophy.
FDA credits itself--and in a couple of cases with justification--
with expediting regulatory approval for marketing of new drugs
which it considers to-constitute substantial advances in therapy.
The other side of the coin is that new drugs which The FDA con-
siders to be minor modifications of existing drugs or to provide
little improvement, will languish further in the approval process.
Often, the ultimate value of a new drug cannot be assessed until
that Product has had more widespread evaluation under conditions
of practice. Although one might sympathize in principle with the
selective expedition of approval of certain drugs, there is little
comfort in permitting such a judgment to rest with a government
regulatory agency. Certainly, any new drug under a shadow of
abuse potential is unlikely to be expedited and would be assured
to require a Phase IV surveillance.

As noted earlier in the mention of Class I substances, there are
likely to be regulatory constraints--both from FDA and DEA--on
new drugs with purported similarity of chemical-structure or
pharmacological activity with that of an abused drug. Purported
similarities and differences usually involve value Jjudgments.
Examples abound of chemically similar compounds with markedly
different pharmacological properties and dissimilar chemicals
with comparable pharmacology. Each substance ideally should be
evaluated on its specific properties; however, individual regula-
tory attitudes on this subject will vary widely and unpredictably.

Laboratory research programs oriented toward some discovery mis-
sion may take as little as three years or as long as ten or more
years. Although discovery research is highly risky in terms of
yield, it 1is more controllable in terms of resource commitments.
Development introduces less controllable economic risks. Per-
haps no more than one in ten of new substances launched in a
development track becomes a deliverable drug product, and with no
assurance of its commercial success. Following discovery, devel-
opment time in the laboratory may begin from one to two years
before submission of an IND and preliminary testing in humans.
With a CNS-active drug, or with most drugs involving chronic ad-
ministration, development activities are likely to occupy eight
to twelve or even more years including the period an NDA is pend-
ing. Development costs rarely will be less than $1 million per
year per drug candidate and be appreciably higher during certain
development phases. This excludes the prior costs of research
leading to the discovery and research that did not yield drug
development candidates.
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There are many component activities in a drug development that
have increased in terms of unit costs and in elaborateness of im-
plementation. A constructive derivative of the 1962 Drug Amend-
ments was the improvement in the design and implementation of
clinical studies and the quality of the resultant data. The time
and costs for conducting such studies and processing the results
have grown rapidly and continually. Too frequently these have
been extended or complicated by conflicting value judgments as to
what comprised adequate and well controlled clinical studies, or
the statistical interpretation of what might be considered signi-
ficant, or changes in demands arising from changes in regulations
or of regulatory personnel. With certain drugs, such as analges-
ics, difficulties in clearly establishing efficacy and assessing
the potential for habituation, addiction, or other level of abuse,
substantially can complicate clinical assessment and materially
increase development time and costs. In addition to increases in
resources required for support of clinical studies are increased
costs of concommitant laboratory safety studies. This of course
applies to all new drugs. The so-called Good Laboratory Prac-
tices regulations have further increased costs for drug develop-
ment, with a dubious cost-benefit relationship. Among new drugs
with a potential for abuse, further developmental burdens are im-
posed by DEA regulations governing registration of researchers,
security requirements of manufacturers, etc.

Prospective development time and cost estimates for any new drug
are made and modified at periodic intervals during a development.
This is necessary as the properties of the new drug candidate be-
come better defined and as unforeseen events change the economics
of the development. Acceptable development burdens for any new
product will vary with time and the perceived needs and opportuni-
ties of the development sponsor. Opportunities and costs consti-
tute such a shifting relationship that development cost estimates
become subject to frequent changes. A most difficult decision to
make and implement is that of terminating a project for economic
reasons. Scientists in particular will accept termination of a
development if the product appears to be ineffective or has un-
acceptable adverse effects, but may find it difficult to accept

a termination based on anticipated economic deficiencies. With
any new drug candidate, major variables contributing to the econo-
mics of development include:

a. Unit costs of clinical studies in phases I, II, and III.
b. Investment in material and facilities for preparation of
investigational drug supplies (and later for manufac-

ture of the commercial product).

c. Any special laboratory safety studies in addition to
usual requirements.

d. Opportunities for introduction of the new product out-
side the U.S.

e. Time required to develop marketing in the U.S.

f. Probability of competitors earlier entries with similar
products.
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For a drug with recognized abuse potential, the first three
are likely to require a greater economic commitment and have an

overall effect of increasing development time. Increased time
results in a compounding of the accumlating economic invest-
ment. For example:

a. Costs incurred prior to delivery (drug marketing) be-
come cumulatively compounded in the order of 12% per
year and may be higher as costs for money can rise.

An investor would be foolish to place money in a devel-
opment venture in which his past costs are compounded
in double digit figures, his chances are appreciable of
losing his past investments, and his potential return
limited to a short period of time. One could more
prudently direct new product development to a field
with less risk, or just invest in commercial paper.

b. The return on investment must be adequate during the
period the innovator has a sole-source market presence.
This wusually means during life of the patent. The
longer the development time, the shorter the residual
patent life. The profitable patent life is further sub-
ject to erosion for any drug requiring a Phase IV post-
marketing surveillance. Any new drug with a shadow of
abuse potential is likely to carry a Phase IV require-
ment. As abuse potential becomes suspect with more
categories of drugs, this Phase IV shadow will lengthen.
A post-marketing stricture of three to five years (or
more superimposed on a long development time could con-
sume the patent life of the new drug.

c. The post-patent entry of non-innovative manufacturers
would reduce the innovator's income with multi-source
competition at about the time the expensive risks al-
ready had been assumed by the innovator. Non-innovative
manufacturers can enter if it appears the drug is be-
coming successful, or avoid it if it is not, and have
assumed no prior risks in the process. contributing to
this has been FDA's practice of facilitating multi-
source entries, largely as apolitical expediency pur-
portedly in the public interest. With drugs in Class
II, there also are manufacturing quotas established by
regulation. With a successful Class II drug product,
the entry of manufacturers in addition to the innovator
would result in a fragmentation of quotas and a further
reduction in the innovator's return.

d. Long development time in the U.S. can reduce market pene-
tration abroad. It has become increasingly difficult
for American companies to introduce products in some
foreign markets prior to obtaining FDA approval for use
in the U.S. Regulatory strictures in this country on
export of products from the U.S. prior to U.S. NDA ap-
proval, and FDA dictation of labeling for products going
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overseas further place U.S. companies at a disadvantage
in worldwide competition. This can be a greater problem
for drugs more likely to be subject to abuse in a U.S.
culture than in other countries.

At any one time, an innovative pharmaceutical company will

have access to more potential new drug candidates for development
than it has reources to develop. This is as it should be and it
does require its management to make selections with considerations
of the economics of product development and delivery. Placing
new categories of drugs in Class IV or escalating Class IV pro-
totypes to Class II, will tend to be an economic disincentive to
selection of analagous substances for development. Further, as
the strictures of Classification require the assumption of great-
er economic risks both in development and delivery, there is a
further shrinkage in the base of numbers of companies with the
resources to assume such risks.

In 1976 and 1977, in the U.S., there was a two-year total of 36
new single drugs, diagnostic agents and biologicals marketed for
the first time (4). Of these, new single drugs comprised 7 in
1976 and 8 in 1977. With an industry R. and D. expenditure of
the order of $1 billion in each of those years, the U.S. marketed
new product output appears small. This reflects on the resources
required to bring a new drug or related health product to market,
the resources to maintain existing drug products, and expended
resources that have not yet or will not yield marketed products.

By the time a new drug is released for marketing in the U.S., that
drug product usually will have had several years of use experience
in sane other countries. That experience helps to anticipate the
success or failure of the new drug in the U.S. in terms; of medical
performance relative to existing drugs and may detect adverse
reactions of such incidence that can be observed only from wider
use than experiences in development. Successful use abroad, how-
ever, 1s no guarantee of success in the U.S. for a variety of
reasons, often hinging on differences in medical practice con-
cepts. Particularly limited may be the value of prior use abroad
in assessing the potential for abuse of anew drug. The U.S.
appears to have a particularly large, active, and imaginative

drug abuse sub-culture. There also appears to be a gray-area of
transition of abuse from "legitimate" prescription-inflicted to
illegal self-inflicted. This brings about changes in specific
drug abuse preferences. In the recent report by the Institute

of Medicine (3) the impression is left that benzodiazepines are
replacing barbiturates as abuse culprits. With abuse of a new
drug, the regulatory solutions usually involve changes in pro-
duct labeling from FDA and drug Classification by DEA. The
economic consequences on the innovative manufacturer can then be
quite substantial. If this solves the problem, let the chips

fall where they may. Unfortunately, such solutions may be short-
lived as the immaginative abuser will turn to something else.
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The Institute of Medicine report, for example, acknowledges that
controls have reduced the incidence of suicides from barbiturates,
but with little effect on the numbers of drug-induced suicides.

Concluding Remarks

During the past twenty years costs of doing business of all kinds
have markedly increased. This is particularly true of businesses
and industries subject to considerably increased regulations, of
which the innovative prescription drug industry is one of the
most affected. Present society is far too complex to live with-
out regulations. Regulations, like medicine, should be prescribed
within effective dose ranges; over-medication and over-regulation
both are dangerous to someone's health. Clinical pharmacology
has made more sophisticated the evaluation of optimum dosages of
our medicines. We have yet to enter the threshold of objective
evaluation of optimum dosages in regulations.

With the human propensity for self-abuse, it is unrealistic to
propose that certain drugs with abuse potential not be controlled
by regulations. With human ingenuity in discovering new routes
to self-abuse, it also should be recognized that there are
limits as to how far a government can go in protecting people
from themselves. Regulators also can be self-serving and can
rationalize the need for more regulations. What would have
seemed ludicrous in 1962 as future regulatory extensions of the
1962 New Drug Amendments, in 1979 are regulatory realities. It
would be challenging to speculate on the scope of regulations in
1987 based on the Drug Abuse Prevention and Control Act of 1970.
The discovery of opioid peptides such as B -endorphin and
enkephalins and their possible madiator roles 1is suggesting an
ultimate common or similar receptor route for analgesic effects
of as diverse a group of agents as opiates, acupuncture needles
and placebos (5). Taking regulatory innovation to logical con-
elusions, will we see new abuse classifications proposed to
cover needles, placebos, and then just as logically, psychia-
trists?

In the development of new drugs subject to possible abuse, the
burden of classification added to that resulting from new drug
regulations in general may become the economic straw that broke
the development camel's back. A productive approach at this
time could be to resolve regulatory disincentives to the devel-
opment of new drugs in general and caution prudence in the ex-
tension and implementation of regulations governing drug classi-
fication. Disincentives derive not only from known regulatory
restraints, but perhaps even so from concern with the un-
certainties of threatened further regulations.
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The Impact of Regulations on the
Development of Psychoactive Drugs

Lasagna, L.

Dr. Richard Crout, the capable Director of the Bureau of Drugs
of the Food and Drug Administration, said four years ago that regu-
lation must inevitably "cut down on innovation" in the development
of new drugs. It is hard to envision a facilitatory role for most
regulation. Furthermore, I believe that it is important for people
to recognize that regulations are really more important than laws
these days. It has been said that we have become a nation governed
by men rather than by laws, and I believe there is a great deal in
that. This is true for a variety of reasons. To begin with, laws
are more general than regulations. Second, one doesn't need to have
laws passed in order to have regulations promulgated. Third, regu-
lations can be invoked at many different layers. For instance, one
can have regulation at the level of institutional review boards
(IRB'S). Such IRB's vary considerably in makeup, functioning, and
toughness, but they can at times provide major obstacles to research
and new drug development, even if only at the level of delaying
research. Considerable mischief is possible if an institution
decides, in an act of self-flagellation, to appoint "public" repre-
sentatives of the kind who believe that the only fun in life comes
from using dental floss three times a day, jogging, and drinking
Perrier water, and who love dogs and cats but hate doctors and
research.

Another layer of regulation comes from the Department of
Health, Education and Welfare, as exemplified recently by the regu-
lation that information would have to be given when informed consent
was being obtained, concerning the availability of compensation
for physical. injuries suffered by research subjects. There are also
regulations that can he promulgated by the Drug Enforcement Admini-
stration, or by the states. For instance, my own state of New York
is about to repeal. the Hatch-Metcalf Act, which in the past has
allowed a few dogs and cats to be diverted from pounds to research
laboratories. The future consignment of all these animals to the
gas chamber will in all likelihood triple tie cost of large animal
research.

Regulations may also result as the consequence of the delibera-
tions and recommendations of such groups as the National Commission
for the Protection of Human Subjects of Biomedical and Behavioral
Research, or the Institute of Medicine.

Finally, and most important in regard to new drug development,

the Food and Drug Administration represents an extremely influential
source of regulations.

29



To exemplify the interrelationship between several of these
layers, let me discuss some recent happenings as a result of recom-
mendations made by the National Commission for the Protection of
Human Subjects and the Food and Drug Administration.

The Commission made a number of recommendations in regard to
IRB'S. One was that the Department of Health, Education and
Welfare should be the single agency for the promulgation of regu-
lations relating to the protection of human research subjects. A
second recommendation took up the composition, procedures, authority
and facilities of IRB's, in most instances merely describing what
is currently the case. Still another recommendation described what
should be considered in deciding whether a protocol was acceptable
or not, and a final recommendation defined in fairly permissive
terms what should constitute a quorum for an IRB to make decisions
at a meeting.

The FDA, in turn, came up with recommendations which were much
more stringent in regard to the matter of quorum, which asked
IRB's to assure the validity or reliability of scientific data,
which assigned to the FDA authority to copy records of human sub-
jects, and which limited the ability of IRB's to review and approve
the work of any investigator who had participated in the selection
of an IRB member for the panel.

As Dr. Robert Levine, a distinguished clinical pharmacologist
and member of the National Commission said in an article on this
problem:1 "The FDA has proposed to establish regulations that are
contrary to the letter and the intent of the Commission's recom-
mendations. The FDA proposal expects the IRB to perform some
functions for which it is incompetent - e.g. assure the validity or
reliability of scientific data. It instructs the IRB to collaborate
in such dubious activities as facilitating access to patients’
medical records. It burdens the IRB with the requirement to perform
various tasks of dubious value. And it prescribes heavy penalties
for noncompliance with its requirements."

Santayana long ago recommended that we learn from history lest
we repeat the errors of the past. What does a survey of the past
show?

A lot of unfortunate things have been happening to drug develop-
ment in recent years, and I believe that many of them can be
attributed to excess regulatory zeal. For instance, a short time
ago our Center for the Study of Drug Development at the University
of Rochester estimated that it took about eight years of human
testing and about $54 million to bring a new chemical entity to
market. Other estimates have put forth a lower dollar figure, but
I believe these are in error because they have not taken into
account the considerable amounts of money spent on chemicals that
never do make it to market. If one simply looks at the R§ D
expenditures of American pharmaceutical firms over the years and
divides this by the number of new chemical entities brought to
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market, I think one will come up with a figure that is close to
our estimates.

The most recent data available to us, namely those for the
year 1976, show that the total time has now gone up to nine years
for the human development phase. About six and a half years of
this is the time spent from the filing of the IND to the filing
of the NDA, and the rest of the time is spent in processing the
NDA. The latter phase has remained fairly static at about two
and a half years for some time. It might be argued by the FDA
that they are not responsible for the increasing length of time
spent in the first phase, but I believe that it is foolish to
assert that expectations about what will be required in the NDA
phase do not have an impact on how much work is done during the
earlier phases. This long duration of gestation obviously means
a considerable decrease in the effective patent life for compounds
that finally make it to market.

It has also been said that an increased amount of R § D money
is spent in nonproductive, so-called "defensive", research, but
since I don't have any hard data on that point, I shall say no more
about it.

I also sense that in conjunction with this increased duration
and expense of drug development, many firms have shown a decreased
adventuresomeness in research. This is not unique to the drug
industry. It is also being seen at the National Institutes of
Health, and in both cases is a reflection of the decreased amount
of funds available for research. It used to be said that the NIH
peer review system was one of the noblest developments of American
science. We used to believe that the system worked beautifully
in deciding priorities. In fact, it seemed to work well because
there was enough money available to eliminate the need for priori-
ties. Now that the need is there, one Finds a good many defi-
ciencies. It is not at all infrequent to hear of study sections
turning down research because it looks "chancy", and not predict-
able in its outcome.

A special side issue is the decreasing likelihood that any
company will pursue so-called "orphan drugs", i.e. drugs intended
for the treatment of patients with diseases that afflict so few
individuals that commercial return will never be adequate enough
to pay for their development.

Our data also show a decrease in the rate of new chemical
entities being taken into man. For about a decade the number
remained static at about fifty per year, but in the last two years
of our survey, i.e. 1975 and 1976, this number dropped to about
half of the former plateau. The number of IND filings has gone
down from a level of forty to fifty per year to about twenty,
and it is particularly distressing to note that whereas most of
the new chemical entity IND filings by U.S. firms used to be for
chemicals originated by these firms themselves, in 1976, for the
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first time, more than one third of the filings were for NCEs not
originated by these firms.

More and more new chemical entities are being studied abroad
for the first time. This number used to be minuscule a decade ago.
It has risen gradually to a high of 44% in 1976, and my guess is
that it has risen still higher during the years since then.

All these trends might not be so depressing if one could look
forward to a counterbalancing of regulatory zeal by external advice.
This is unlikely to happen, however, not through any fault of the
FDA, but because the current administration has vowed to cut back
on advisory committees, and because discussions between HEW and the
Justice Department have defined conflict of interest in a manner
unlikely to encourage the use of the best advisors.

So much for the past. What about the future? One can foresee
developments that are likely to add to the burdens already described.
To begin with, there will probably be an increasing interest in
developing patient package inserts for drugs prior to their mar-
keting. This will almost certainly delay still further the advent
of new chemical entities on the market.

The advent of the so-called "fast track" and "slow track"
systems in the FDA poses new problems. First of all, the judgment
as to whether a drug is really a major advance is hardest to make
at just the point when it is being made -- when it first enters
the FDA evaluative system. Second, however, directing the attention
of reviewers in the FDA to certain favored drugs will almost
certainly mean a slowdown in the evaluation of the chemicals unlucky
enough not to be so judged.

There will almost certainly be more post-marketing surveillance
studies, which will add to the expense of drug development. I have
long argued in favor of post-marketing surveillance, but not of
the kind which is currently going on. There are many things about
a drug's usage that can only be determined after it is marketed,
such as appropriateness of use, degree of misuse, drug abuse,
results of gross overdose, etc. What is being measured, however,
is primarily the adverse drug reaction performance of a drug, with
a view towards checking out suggestions of trouble in the premarket-
ing phase, lest the regulators be embarrassed at the approval of
a drug that turns up unpleasant surprises later on in its history.
Such studies are extraordinarily expensive and have thus far
yielded 1little of novel interest.

There will certainly be more "gumshoeing" by FDA investigators
who, despite the fact that they are not supposed to be engaged in
"fishing expeditions", but only examining records where there is
good reason to expect fraud, will be in fact looking for whatever
they can find unless halted by investigators or institutions.
Furthermore, this problem will be compounded by the inclination
of certain pharmaceutical firms to ask investigators to sign
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general release forms about patients' records, providing even
greater authority than is stipulated in the regulations. If a
firm takes this attitude, and only awards contracts or grants to
investigators who are willing to sign such releases, it will
penalize those investigators who quite properly are more concerned
about the privacy of patients’ records.

Finally, there is the extra obstacle involved in demands by
the FDA that a new drug be evaluated for all sorts of indications
other than ones of major interest to the manufacturer. It can be
argued, quite correctly, that an interesting new anti-inflammatory
analgesic will likely be used not only for rheumatoid arthritis
but for osteoarthritis, ankylosing spondylitis, and juvenile rheu-
matoid arthritis even if the drug has only been well worked up for
adult rheumatoid arthritis and the manufacturer only wants to
promote it for that purpose. Yet, to demand that all of these
studies be done before a drug is marketed will mean a delay in access
of patients with rheumatoid arthritis to the drug, as well as penal-
ties for the manufacturer, who cannot possibly begin to earn back
any money on his investment until all of the studies are done.

What are the roots of all these troubles? One root is
stupidity. The FDA is no different from the university world or
the industrial world in this regard. There is much more incompe-
tence in this world than there is unadulterated evil, regardless of
what romantic people would like to think. I am at least part of
the time a university bureaucrat, and honestly believe that my own
mistakes are almost invariably the result of stupidity.

But there are also other motivations. There are individuals
in regulatory agencies who are ambitious, arrogant, or motivated
by a psychotic hate of industrial producers. Some believe that
they are better equipped to tell people what is good for them than
are people themselves able to judge this on their own behalf. This
is depressing to those of us who believe that government should
act as an umpire and not as a dictator.

Perhaps most important of all, however, is the absence of any
real feeling in the FDA for cost-benefit analyses. It is all too
easy for a regulator to promulgate regulations without assessing
fully the implications of his moves. If one looks, for example,
at the "good laboratory practices" that were prescribed for toxi-
city testing in animals by, or on behalf of, industrial sponsors,
it is clear that the extra work and expense involved in meeting
these regulations would spell the doom of any such activities in
most universities, since universities do so little of this work
that most of them would give up the opportunity to do it rather than
shoulder the considerable expense involved in meeting the rather
arbitrary requirements.

An especially depressing aspect of bad regulations is that
they are very hard to undo. The advice by some that one repeat-
edly take the government to the legal mat is not really appealing.
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It is just not very realistic to engage in litigation every time
one runs across a foolish or even dangerous regulation.

More sensible would be an opportunity to have impact on those
formulating regulations before the latter are issued for a first
view by the general public. Although the preliminary publication
of regulations in the Federal Register in theory allows for their
change on the basis of comments received by the government such
changes are probably harder to achieve than would be the case if
the regulations had not yet been published. That is only common
sense and human nature.

The government quite correctly would argue back that they
cannot show such drafts to a few people because then they would have
to show them to everyone. I do not, however, see why our society
cannot set up advisory committees of people representing all
strata of opinion about regulation who would have a chance to
express their opinions on proposed FDA regulations before they
were ever published in the Federal Register.

In conclusion, therefore, I believe that our current "drug
lag" is attributable to excessive regulation, and that on
balance this is not in the interest of the American public,
although I would admit that I cannot easily quantify in toto
the benefits and the risks that have resulted from this drug lag.
I acknowledge that there are others who say that we don’t have a
drug lag, but a "death lag", and that the public is better off
because drugs are so expensive to develop and take so long to
reach the market. I am sure that they believe that as devoutly
as I am convinced of the opposite.

On the other hand, I believe that the most parsimonious explana-
tion of what has been going on is that the drug lag both exists
and 1s deleterious, that regulation is at the base of the changes,
and that a reversal of the present trend would reverse these
untoward effects.

It has been said that a pessimist is someone who says that
things can't possibly get any worse than they are, and that an
optimist is a person who says, "Oh yes they can!".

I am an optimist, but not really that kind of optimist. I
agree that things can get worse than they are, but don't believe
that they need to get worse. They will, however, never improve
unless influential segments of our society demand that they change.

On balance, despite heroin and thalidomide and other untoward
results of drug development, the development of psychotropic
drugs and of drugs in general have been fantastically beneficial
for our society. I see no evidence that we have come to the end
of that road unless as a society we insist on putting insuperable
obstacles in our own way.
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The Influence of the Mode of
Morphine Administration on
Tolerance and Dependence

Cochin, J.; Miller, J. M.; Rosow, C. E.; Grell, R,;
Poulsen, J. L.

For the past several years, we have, with the support of the
Committee on Problems of Drug Dependence, been exploring the
effects of implantation of morphine pellets on the development
and loss of tolerance and dependence in the rat and comparing
this method of drug administration with a series of injections
designed so as to approximate the amount of morphine delivered
by the pellets. We have also compared the effects of injections
and pelleting on both the analgesic and temperature responses

in the mouse. Because this is the last report we will make to
the Committee about the work that it has supported, we are taking
the liberty of summarizing some of the experiments that have been
described at previous meetings of the Committee before reporting
some new findings obtained in the past year. Figure 1

LOSS OF TOLERANCE IN THE RAT
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(Cochin et al, 1978a) shows the comparison of the effects of a
series of injections, pellet-retention and pellet-removal on
tolerance to the analgesic hot-plate response in the rat as eli-
cited by the injection of a 15 mg/kg test dose of morphine sul-
fate at the indicated intervals. Although the degree of toler-
ance after three days of injections or after three days of
pellet in situ is maximal, this tolerance disappears significant-
ly more rapidly in the group of animals in which the pellets
were removed than in the groups of animals that received injec-
tion or in which the pellets were retained. However, four weeks
after pellet removal or termination of injections, the degree of
tolerance is identical for all three groups, although even that
long after pellet removal or termination of injection the ani-
mals are still slightly tolerant. We believe, therefore, that
although there are quantitative differences in the rate of
recovery of drug sensitivity, probably related to the amount of
drug released by the pellets over time, pellet implantation is
not qualitatively different from other forms of drug administra-
tion.

We also investigated the onset and disappearance of physical
dependence using the three-hour weight loss after naloxone-pre-
cipitated withdrawal as an index of the presence of and severity
of physical dependence. Although we observed other signs of
physical dependence such as ptosis, wet-dog shakes, Jjumping,
diarrhea and tooth chattering, we found weight Toss to be the
most easily quantifiable and very sensitive as well. Figure 2

WEIGHT LOSS AFTER PRECIPITATED WITHDRAWAL
PELLET vs INJECTION
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Onset and disappearance of physical dependence in the rat as
measured by 3-hour weight Loss after a nuloxone (10 mg/kg) chal-
lenge given at the indicated times.

* = P < 05 compared to placebo-pelletted group.
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summarizes the results obtained in those experiments. Three

days after the beginning of treatment, all groups of animals

were profoundly dependent on morphine, but the injected group
(broken Tine) demonstrated less physical dependence than the two
pelleted groups and Tost that dependence more rapidly. By three
days after the termination of the injections, there was no sig-
nificant weight Toss after naloxone challenge in the injected
group. This rapid loss of dependence is probably caused by the
patterns of drug administration and the Tlevels of drug admini-
stered during the three days of injections. The group of animals
from which the pellets had been removed three days after implan-
tation also showed rapid loss of dependence, significant weight
loss no longer being detectable a week after the pellets had been
removed (solid line). The group of animals in which the pellets
were allowed to remain (slashed 1line) showed a much slower re-
turn to control values with significant weight Toss observed for
at Teast 12 days longer than the group in which the pellets had
been removed.

We also compared the development and loss of tolerance in the
mouse with respect to analgesia as measured by the hot-plate
assay and by morphine-induced temperature changes. Earlier work
in our Tlaboratory has shown that it is difficult to induce tol-
erance in mice to the analgesic effects of morphine by giving
multiple daily injections. Pelleting has made the demonstration
of the development of tolerance in this species much easier.
Figure 3 shows that mice pelleted with a single 75 mg morphine

LOSS OF TOLERANCE IN THE MOUSE
HOT-PLATE
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pellet will show a significant degree of tolerance for as Tlong
as 35 days after pellet implantation and that animals tested
repeatedly with a 20 mg/kg morphine injection (solid line)

showed a greater degree of tolerance than those that were tested
only once. However, even the pelleted animals that were given
only one morphine injection (broken 1line) showed residual tol-
erance 28 days after pellet implantation (Cochin et al, 1978a).
We still have to Tlook more systematically at the degree of
residual tolerance with respect to analgesia in animals in which
pellets are removed after three days. Attempts to show residual
tolerance after a single morphine injection in an unpelleted
mouse have not been successful thus far.

The effect of morphine on body temperature in the mouse is an

assay system which we have used very extensively in our Tabora-

tory and which we have described at several previous meetings.

It is possible to show tolerance to the hypothermic effect of
morphine after a series of injections or after morphine pellet-

ing (Miller et al., 1977, 1978; Cochin et al., 1978b). Figure 4 shows
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Temperature response of mice to 160 mg/kg of mohphine at three
anbient temperatures.

the effects of twice-daily injections of 160 mg/kg of morphine
for 50 days at three different ambient temperatures. As can be
seen, the hypothermic effect almost disappears at 20 degrees and
is converted to hyperthermia at 25 and 30 degrees. In pelleted
mice, one can see a more striking reversal of the hypothermic
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effect and indications of the loss of tolerance a month after
pelleting. The temperature effect can also be used to measure
cross-tolerance either after injections or pelleting.

The studies described above concern themselves with tolerance
to the hypothermic effect of the opioids and opiates. In the
past year we have turned to a study of tolerance to the hyper-
thermic effect of morphine. It has Tong been believed that no
tolerance developed to the hyperthermic effect of morphine and
one sees many references to this in the literature. We have
not understood this because even if hyperthermia is a stimula-
tory effect some tolerance should develop to it and it should
be reversible by the antagonists. At this time we will address
ourselves only to the first point, that of the development of
tolerance. Since we were never able to see any indication of
tolerance development to hyperthermia in mice that received 160
mg/kg of morphine twice a day for 50 days, we decided to pursue
this further by using morphine-pelleted animals rather than in-
jected animals (Miller et al., 1979). Groups of mice were
implanted with either morphine or placebo pellets and were then
tested at various intervals after implantation. Figure 5 shows

ONE DAY AFTER PELLET IMPLANTATION
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Tolerance to the hyperthermic effect of morphine (40 mg/kg) in
mice one day after pellet implantation.

the results obtained one day after the implantation of a 75-mg
morphine base pellet and after a test dose of 40 mg/kg of mor-
phine was administered. It is evident that there is a signifi-
cant decrease in morphine hyperthermia at 30° ambient tempera-
ture although there is still a discernible effect. Four days
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after pellet implantation an injection of a 40 mg/kg test dose
demonstrates almost complete tolerance to the hyperthermic ef-
fect (Figure 6). We do not believe that these results are

TOLERANCE TO MORPHINE HYPERTHERMIA

FOUR DAYS AFTER PELLET IMPLANTATION
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Tolerance to the hyperthermic effect of an injection of morphine
(40 mg/kg) in mice four days afterpellet implantation.

different than those seen after a water or saline injection.

It is, of course, a well known fact that tolerance is a function
of dose as well as time. Figure 7 shows the results obtained

in animals implanted four days previously after receiving a dose
of 160 mg/kg of morphine rather than 40 mg/kg and it is ob-
vious that there is incomplete although measurable tolerance

to the Targer dose. The difference between the placebo-pelleted
and the morphine-pelleted mice is much smaller than that in the
groups given 40 mg/kg. Figure 8 shows a return of drug sensi-
tivity in morphine-pelleted animals that received a 40 mg/kg
test dose one week after pellet implantation. One still sees

an attentuated response but it is nowhere near as marked as the
response to the same test dose observed in animals four days
after pellet implantation (Figure 6).

This assay system can also be used to study cross tolerance to
opiates other than that in the implant. When mice implanted
with either morphine pellets or placebo pellets for one week
are given 30 mg/kg of levorphanol there is significant attenu-
ation of levorphanol hyperthermia in the morphine-pelleted
group (Figure 9). The difference between the two levorphanol
curves is almost as great as is the difference between the two
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TOLERANCE TO MORPPHINE HYPERTHERMIA
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TOLERANCE TO MORPPHINE HYPERTHERMIA

ONE WEEK AFTER PELLET IMPLANTATION
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CROSS TOLERANCE TO LEVORPHANOL HYPERTHERMIA
ONE WEEK AFTER MS PELLET IMPLANTATION
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Cross tolerance to the hyperthermic effect of Tlevorphanol
(30 mg/kg) 7in mice one week after morphine pellet implantation.

morphine curves a week after implantation (Figure 8). This is
not surprising since 30 mg/kg of Tevorphanol is approximately
the equivalent of 40 mg/kg of morphine in this assay system.

The differences between the two curves can also be measured
precisely as shown in Table 1 which Tlists the areas under the
curves in minute-degrees for the experiments shown in figures
5-9.

It is apparent that both hypo- and hyperthermia are excellent
assays for tolerance and cross tolerance and that one can get a
more quantitative estimate of the degree of tolerance by mea-
suring the differences in response between two groups of ani-
mals. We have also demonstrated that hyperthermia is an opiate
effect to which tolerance develops and some preliminary exper-
iments in our Tlaboratory also demonstrated that hyperthermia can
be blocked by naloxone (Miller et al., 1979).

Finally, we would Tike to describe experiments using a
technique developed in E. Leong Way's laboratory. We had been
having some problems in removing the pellets because they were
either heavily encapsulated or were in a form whose outline was
very difficult to difine. Dr. William Schmidt, a student of
Dr. Way's, told us about a tecnique in which pellets were
wrapped in small nylon bags cut from a Targer piece of panty-
hose. Although the exact brand of panty hose is not important.
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Table 1

THE USE OF AREA UNDER CURVE OF HYPERTHERMIC EFFECT
TO MEASURE TOLERANCE AND CROSS TOLERANCE
IN MICE

rug Dose Pretreatment Area After Drug Injection
(in mg/kg) (min/degrees)

One Day After Pellet Implantation

MS 40 Placebo Pellets 128.85
MS Pellets 75.75

Four Days After Pellet Implantation

MS 40 Placebo Pellets 140.85
MS Pellets 18.25
MS 40 Placebo Pellets 175.95
MS Pellets 95.40

One Week After Pellet Tmplantation

MS 40 PTacebo Pellets 120.70
MS Pellets 47.57

Levorphanol PTacebo Pellets 121.70
30 MS Pellets 70.70

the mesh probably is. We used the upper part of the garment
which is made up of heavier material than is the stocking

part. We proceeded to wrap a number of pellets and then re-
peated that part of our earlier experiments in which the pel-
let was allowed to remain in the rat. To our surprise, we

were able to detect significant dependence as measured by 3-hour
weight lToss after naloxone challenge for 52 days after the
implantation of a wrapped pellet. It took 59 days for the
animals to become indistinguishable from controls. This con-
trasted with the results with implantation of unwrapped pellets
after which it took only 17 days to return to control values
(Figure 2). We then decided to undertake a new series of
experiments which would compare in a systematic fashion the
delivery of morphine via unwrapped pellets or via nylon-enshroud-
ed pellets, using the disappearance of dependence as the mea-
sure of drug effect.
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The animals used in these experiments were adult male Wistar-
Lewis rats weighing 250 to 300 grams. All were housed in gen-
eral animal quarters with food and water freely available.
Three groups of animals were used. One group was implanted
with two 75-mg morphine-base wrapped pellets, another with

two 75-mg morphine-base unwrapped pellets, the third group was
implanted with two placebo pellets. The animals were tested
for dependence at weekly intervals from 7-71 days after implan-
tation of the pellets. Half the animals in each of the pelleted
groups were given a challenging dose of 10 mg/kg of naloxone to
precipitate abstinence, the other half received 30 mg/kg. On
day 50 the group that had received 30 mg/kg of naloxone was
given a dose of 60 mg/kg and on day 57 and thereafter all rats
received a dose of 60 mg/kg of naloxone. The results are shown
in Figure 10. The open squares and circles represent the

WEIGHT LOSS AFTER PRECIPITATED WITHDRAWAL

WRAPPED vs UNWRAPPED PELLETS
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Thee-hour weight Loss after naloxone challenge in rats
implanted with morphine pellets either unwrapped or nylon-
wrapped. The naloxone challenge dose (in mg/kg) 7s indicated
in the key.

unwrapped pellets, the closed circles, squares and triangles
the wrapped pellets. As can be seen, rats with the unwrapped
pellets return to control values within 14 to 21 days after
implantation, while the animals with the wrapped pellets showed
significant weight loss as compared to the controls through day
50 with both 10 and 30 mg/kg of naloxone, and on day 64 after

a 60 mg/kg naloxone dose (triangle). Except for the first two
test days there is no difference between the effects of 10
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and 30 mg/kg naloxone challenge doses. One can speculate that
had we given 60 mg/kg instead of 30 all the way along, the dif-
ference between these two Tines in the graph would have been
exaggerated, but this is something that would have to be shown
experimentally.

With respect to signs of physical dependence other than three-
hour weight loss our results are as follows: In the animals in
which the pellets were not encased, the only signs seen two
weeks after pellet implantation were diarrhea and ptosis and by
three weeks after implantation, diarrhea and ptosis were seen in
only 20% of all the experimental animals regardless of the chal-
lenging dose of naloxone. In the animals which were implanted
with nylon-wrapped pellets, however, the results were quite
different. Nine out of 17 animals demonstrated jumping behavior
42 days after implantation, and this behavior was seen in a small
number of animals for as long as 71 days. A significant number
(6 out of 17) had diarrhea on day 64, not severe enough to
result in weight loss after the 42nd day, but present, neverthe-
less. Ptosis was also observed in 4 out of 17 animals 64 days
after pellet implantation. Wet-dog shakes were not remarkable
except for the first week and we do not believe that they
constitute a very sensitive indication of the presence or
absence of physical dependence.

It is clear that encasing the pellet in a nylon mesh bag is a

way of ensuring that there is steady release of small amounts

of morphine throughout a period of several weeks. It is also
clear that this is an inexpensive and stable delivery system
which depends on passive diffusion at a rather constant rate for
its effectiveness. If the tie of the bag in which we put the
pellet is, for some reason or another, forced open, then the
results resemble those seen with unwrapped pellets. Several
animals in the wrapped-pellet group gave results that were
similar to those observed in rats in which unwrapped pellets were
implanted and recovery of the nylon bag showed that much of the
morphine base had already been extruded and that the walling off
of the pellet was Tike that which would be seen with the unwrapped
pellet. It is obvious then that the bag serves to protect the
morphine pellet as much as it serves as a vehicle to deliver the
morphine to the animal.
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Biosynthesis of the Enkephalins in the
Myenteric Plexus of the Guinea Pig lleum:
Further Analysis of the Interaction of the
Enkephalins and Their Analogues With the
Opiate Receptors

Kosterlitz, H. W.; McKnight, A. T.; Corbett, A. D.; Gillan, M. G. C;
Paterson, S. J.; Robson, L. E.; and Sosa, R. P.

In this paper, we are reporting on the research of the Unit for
Research on Addictive Drugs during the past year. The results
which were obtained have been submitted for publication elsewhere
in more detailed form.

BINDING SITES OF VARIOUS OPIATES AND OPIOID PEPTIDES IN HOMOGEN-
ATES OF GUINEA-PIG BRAIN

The binding of a number of tritiated agonists to opiate receptors
was studied in homogenates of guinea-pig brain by a modification
of the method of Pert and Snyder (1973). The compounds could be
divided into a group with low numbers and another group with high
numbers of binding sites (Gillan, Kosterlitz and Paterson, 1979a;
Gillan, Paterson and Kosterlitz, 1979b). To the first group be-
longed ligands which in an earlier investigation (Kosterlitz et
al., 1979) had been assigned to interact preferentially with 8-
receptors, e.g. {BH)—D—AlaZ—D—LeuB—enkephalin or the p-receptors,
e.qg. {BH}—dihydromorphine. Their maximal number of binding sites
were 7.4 + 0.3 pmol/g brain tissue (n = 5) and 4.26 + 0.36 pmol/g
brain tissue (n = 4), respectively. On the other hand, the
number of binding sites of {BH}—D—AlaZ—L—LeuB—enkephalin amide

(n = 5) were 12.4 + 0.9 pmol/g and of {BH}—etorphine 15.4 + 2.5
pmol/g (n = 3). It may be concluded that the latter two ligands
combine with both the - and pn-binding sites. When cold ligands
were tested against their respective labelled ligands, it was
found that for the displacement of {BH}—D—Alaz—D—LeuB—enkephalin
84 times more cold morphine was required than for the displace-
ment of {BH}—dihydromorphine. On the other hand, for the dis-
placement of {BH}—dihydromorphine only 3.7 times more cold D-Ala’-
D—LeuB—enkephalin was required than for the displacement of {BH}—
D—AlaZ—D—LeuB—enkephalin. Thus, considerable cross reactivity
was found for D—AlaZ—D—LeuB—enkephalin. D—AlaZ—L—LeuB—enkephalin
amide, which has similar affinities to both receptors, was equally
effective in displacing {BH)—dihydromorphine and {BH}—D—AlaZ—D—
LeuB—enkephalin.
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SPECIFIC PROTECTION OF THE BINDING SITES OF D-ALA’-D-LEU’-ENKEPH-
ALIN (& -RECEPTORS) AND DIHYDROMORPHINE (u-RECEPTORS)

Although there is now considerable evidence in favour of the ex-
istence of more than one receptor with which the opioid peptides
interact (Lord et al., 1977; Gillan et al., 1979%a,b; Kosterlitz
et al., 1979), it was thought desirable to obtain a more direct
proof by examining whether or not appropriate ligands specifically
protect the binding sites against inactivation by alkylating agents
(Robson and Kosterlitz, 1979). Phenoxybenzamine was chosen as an
alkylating agent because it has been shown that it inhibits the
specific binding of {BH}—naloxone irreversibly (Cicero, Wilcox and
Meyer, 1974; Spiehler, Fairhurst and Randall, 1978). It was
found that, in homogenates incubated at 37°C for 15 min, phenoxy-
benzamine inactivated p- and &—receptors to the same extent, the
ICs, values varying between 0.8 and 1.3 nM. To obtain an inacti-
vation of 70-80%, a concentration of 2.4 uM of phenoxybenzamine
was required. The principles of the experimental procedure in
the protection experiments were based on preincubation with vary-
ing concentrations of the cold ligands for 10 min at 37°C whose
protecting power was to be investigated before the homogenates
were exposed to the action of phenoxybenzamine for 15 min at 37°C.
The cold ligands were removed from the homogenates by centrifuging,
reconstituting the homogenate from the pellet and incubating it
for 15 min at 37°C. This procedure was repeated once before
testing the achieved protection by binding assays with either ’uy-
dihydromorphine or {BH}—D—Ala2—D—Leu5—enkephalin (40 min, 25°C).
The results showed that the binding of {BH}—dihydromorphine was
protected about 6 times better by cold dihydromorphine than by
cold D—Alaz—D—Leu5—enkephalin and that the binding of {BH}—D—AlaZ—
D—Leu5—enkephalin was protected about 20 times better by cold
D—Alaz—D—Leu5—enkephalin than by cold dihydromorphine. No such
selectivity was found when D—Alaz—L—Leu5—enkephalin amide was used
for the protection of either the p- or the &-binding sites. The
results of these experiments constitute so far the best evidence
for the existence of p- and &-binding sites because the cross-over
design excludes metabolic effects.

ENKEPHALIN PRECURSORS IN THE MYENTERIC PLEXUS OF GUINEA-PIG ILEUM'

It has been shown previously that, in the myenteric plexus of the
guinea-pig ileum, the enkephalins originate from unknown precur-
sors produced locally by ribosomal synthesis (Sosa et al., 1977;
McKnight et al., 1978). It has further been found (Lewis et al.,
1978) that, in the striatum of various species, peptides of
40,000-100,000 daltons occur and, on tryptic digestion, yield
fragments that bind to the opiate receptors of brain homogenates.
It has been suggested that these peptides may be precursors in the
biosynthesis of enkephalins.

Analogous putative precursors have now bean isolated from the
myenteric plexus of the guinea-pig ileum (McKnight et al., 1979).
Preparations were homogenised in 5 volumes of 10% (v/v) acetic
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acid containing 0.01% (w/v) dithiothreitol and centrifuged at
49,000 g for 30 min. The supernatants were applied to 1.5 x

50 cm columns of Sephadex G75 and eluted in the same solution
used for extraction but containing 0.02% (w/v) sodium azide.

In the early experiments, 2 ml fractions were collected, dried
and re-dissolved in 200 pl of Krebs solution without bicarbonate.
Generally, a 100 pl aliquot was taken with 100 pl of a 1 mg/ml
solution of trypsin treated with diphenyl carbamyl chloride
(Sigma) in 0.1 M Tris hydrochloride (pH 7.8 at 37°C) for incuba-
tion at 37°C. The remaining 100 pl was used for a control
incubation without trypsin. Digestions were terminated by
acidifying to pH 2 with HCl. The digested and non-digested
samples were transferred to 10 x 0.5 cm columns of Amberlite
XAD-2 with 0.1 M HCl. After washing with distilled water the
columns were eluted with methanol. The eluates were evaporated
and the dried samples were dissolved in the modified Krebs
solution for bioassay on the mouse vas deferens.

When the effects of electrical stimulation were examined, control
and stimulated (10 Hz) preparations were incubated for 2.5 h in
Krebs solution containing a mixture of amino acids (1 ng/ml)

(Sosa et al. 1977). When synthesis of proteins and enkephalins
was to be inhibited, the Krebs solution of both the unstimulated
and stimulated preparation contained cycloheximide (0.1 mM). In
these experiments, 8 ml fractions of eluate from G75 columns were
collected, freeze dried and dissolved in 1 ml modified Krebs
solution and digested with 400 pg of trypsin in 1 ml 0.1 M Tris.
After a 2 h digestion the samples were purified and assayed as
before. In certain cases, the active fractions after digestion
were purified by thin layer chromatography.

The elution patterns of materials causing a naloxone-reversible
depression of the contractions of the mouse vas deferens showed
one area of activity in the total volume and another area which
eluted generally between 30 and 60 ml from the G75 column, which
corresponded to material of a higher molecular weight of between
10,000 and 20,000 daltons. No activity was ever observed which
corresponded to material larger than 20,000 daltons even after
tryptic digestion for 16 h. The total activities of the high and
low molecular weight materials after digestion were approximately
100 and 200 ng methionine-enkephalin equivalents per gram of
tissue, respectively; in control samples incubated without tryp-
sin only the activity due to the low molecular weight material
was found. Since this was unchanged by tryptic digestion, it
was assumed that the low molecular weight material probably con-
sisted of enkephalins.

The possibility that the active products after tryptic digestion
of the high molecular weight material might be enkephalin-like was
supported by pharmacological tests using both the vas deferens

and the myenteric plexus assay tissues. The active fractions
were more potent in the former tissue in producing naloxone-
reversible inhibitions, confirming that the activity was "enkeph-
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alin-like" rather than "B—endorphin—like" (Waterfield et al.,
1977) .

The proposal that the crude extract of the 10,000-20,000 daltons
material might include peptides which were the precursors of the
enkephalins was tested by examining the effects of electrical
stimulation and cycloheximide on the levels of the putative pre-
cursors. Control tissues had a mean content of naloxone-revers-
ible activity after tryptic digestion of the high molecular
weight peptide of 140 £ 27 ng/g (n = 3). Stimulation alone or
cycloheximide alone did not significantly alter this wvalue.

When tissues were stimulated in the presence of cycloheximide

the content of enkephalins was reduced by about 70% (P < 0.005).
Although the exposure of myenteric plexus preparations to cyclo-
heximide reduced the incorporation of {BH}Tyr into proteins by
93% after only 1 h, the mean content of the naloxone-reversible
activity after tryptic digestion in preparations stimulated for

2 h in the presence of cycloheximide was not significantly differ-
ent from the unstimulated control value.

Preliminary attempts to identify the active products of tryptic
digestion of the 10,000-20,000 daltons material were performed by
thin-layer chromatography of pooled active fractions. In each of
four experiments, unstimulated or stimulated, in the absence or
presence of cycloheximide, the activity patterns were similar.
Activity was present at the origin and in the band preceding the
band due to standard methionine-enkephalin, which itself contained
only little active material, but no activity was found in other
areas of the plate. No activity corresponding to leucine-enkeph-
alin was detected.

The results from our experiments on the effects of stimulation

and cycloheximide may be taken as evidence against the view that
all of the "enkephalin-like activity" generated by tryptic di-
gestion can be related to original precursor molecules. After
stimulation in the presence of cycloheximide, the total enkephalin
content of the myenteric plexus preparation fell. Since previous
work had shown that this depleting effect was maximal after this
time (Hughes, Kosterlitz and Sosa, 1978; McKnight et al., 1978)
we might have expected to see at least a similar reduction in the
level of the putative precursors. Since this was not the case,

it would appear that not all the large peptides yielding on
tryptic digestion fragments interacting with opiate receptors are
precursors of the enkephalins. It has been shown that the in-
corporation of {BH}—tyrosine into proteins of preparations of
myenteric plexus is virtually abolished by 0.1 mM cycloheximide
(Sosa et al., 1977) but whether any residual capability of the
cell for protein synthesis might exist and whether this might be
able to maintain sufficient stores of precursor is not known.

The possibility that cycloheximide may inhibit the enzymes re-

sponsible for conversion of precursor to enkephalin or prevent
their synthesis must also be considered.

51



ACKNOWLEDGEMENTS

The work was supported by the Medical Research Council, the U.S.
National Institute on Drug Abuse (DA 00662) and the U.S. Committ-
ee on Problems of Drug Dependence.

REFERENCES
Cicero, T.J., Wilcox, C.E. and Meyer, E.R. Effect of ®-adren-

ergic blockers on naloxone binding in brain. Biochem Pharmacol,
23:2349-2352, 1974.

Gillan, M.G.C., Kosterlitz, H.W. and Paterson,S.J. Comparison
of the binding characteristics of tritiated opiates and opioid
peptides. Brit J Pharmacol, 66:86-87P, 1979;.

Gillan, M.G.C., Paterson,S.J. and Kosterlitz, H.W. Comparison
of the binding characteristics of opiates and opioid peptides.
In: Way, E.L., ed. Endogenous and Exogenous Opiate Agonists and
Antagonists. Oxford: Pergamon Press, 1979b, in press.

Hughes, J., Kosterlitz, H.W. and Sosa, R.P. Enkephalin release
from the myenteric plexus of guinea-pig small intestine in the
presence of cycloheximide. Brit J Pharmacol, 63:397p, 1978.

Kosterlitz, H.W., Lord, J.A.H., Paterson, S.J. and Waterfield,
A.A. Effects of changes in the structure of enkephalins and
narcotic analgesic drugs on their interactions with p-receptors
and 5—receptors. Brit J Pharmacol, in press, 1979.

Lewis, R.V., Stein, S., Gerber, L.D., Rubinstein, M. and Uden-
friend, S. High molecular weight opioid-containing proteins in
striatum. Proc Natl Acad Sci USA, 75:4021-4023, 1978.

Lord, J.A.H., Waterfield, A.A., Hughes, J. and Kosterlitz, H.W.
Endogenous opioid peptides: multiple agonists and receptors.
Nature, London, 267:495-499, 1977.

McKnight, A.T., Sosa, R.P., Corbett, A.D. and Kosterlitz, H.W.
Enkephalin precursors from guinea-pig myenteric plexus. In:
Way, E.L., ed. Endogenous and Exogenous Opiate Agonists and
Antagonists. Oxford: Pergamon Press, 1979, in press.

McKnight, A.T., Sosa, R.P., Hughes, J. and Kosterlitz, H.W.
Biosynthesis and release of enkephalins. In: Van Ree, J.M. and
Terenius, L., eds. Characteristics and Function of Opioids.
Amsterdam: North-Holland Biomedical Press, 1978, pp. 259-270.

Pert, C.B. and Snyder, S.H. Properties of opiate receptor bind-
ing in rat brain. Proc Natl Acad Sci USA, 70:2243-2247, 1973.

Robson, L.E. and Kosterlitz, H.W. Specific protection of the
binding sites of D—AlaZ—D—LeuS—enkephalin (5—receptors) and
dihydromorphine (p-receptors). Proc Roy Soc B, 205:425-432, 1979.

52



Sosa, R., Mcknight, A.T., Hughes, J. and Kosterlitz, H.W.
Incorporation of labelled amino acids into the enkephalins.
FEBS Lett, 84:195-198, 1977.

Spiehler, V., Fairhurst, A.S. and Randall, L.O. The inter-
action of phenoxybenzamine with the mouse brain opiate recep-
tor. Mol Pharmacol, 14:587-595, 1978.

Waterfield, A.A., Smokcum, R.W.J., Hughes, J., Kosterlitz,
H.W. and Henderson, G. In vitro pharmacology of the opioid
peptides, enkephalins and endorphins. Eur J Pharmacol, 43:
107-116, 1977.

AUTHORS

Kosterlitz, M.D., D.Sc.
Mcknight, Ph.D.
Corbett, B.Sc.

.C. Gillan, Ph.D.
Paterson, B.Sc.
Robson, B.Sc.
Sosa, M.D.

oHwn R PP
UEG QU s

Unit for Research on Addictive Drugs
University of Aberdeen

Marischal College

Aberdeen AB9 1AS

Scotland

FOOTNOTE

1. The sections on Binding Sites of Various Opiates and Opioid
Peptides in Homogenates of Guinea-Pig Brain and on Enkephalin
Precursors in the Myenteric Plexus of Guinea-Pig Ileum appear in
somewhat modified form in Endogenous and Exogenous Opiate Agonists
and Antagonists, E. Leong Way, editor, copyright 1980, Pergamon
Press, Inc., Elmsford, New York. They are used with permission of
Pergamon Press and may not be further reproduced without their
specific permission.
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The Binding of LAAM and Its
Metabolites to Blood Constituents

Toro-Goyco, E.; Martin, B. R.; Harris, L. S.

INTRODUCTION

A diversity of reports indicate that in vivo the narcotic analges-
ic LAAM', which shows an opiate-like profile (Fraser and Isbell
1952) is converted to two major metabolites, namely a-acetylnor-
methadol (McMahon, Calp, and Marshal 1965) and a-acetyldinor-
methadol (Billings et al. 1973). Both metabolites have been found
to remain in the circulation for prolonged periods (Billings,
McMahon, and Blake 1974) and there is existing evidence that a
significant portion of the activity of LAAM is due to its metabo-
lites (Billings et al. 1973; Nickander, Booher, and Miles 1974).
LAAM and its metabolites have been found to bind to the opiate
receptors of rat brain (Horng, Smits, and Wong 1976).

Despite the fact that the binding of drugs to plasma proteins is
well established as an important parameter in the pharmacological
and therapeutic activities of medicinal agents, no studies, to our
knowledge, have been reported on the binding and distribution of
LAAM and its major metabolites to blood constituents.

In this work, we report the distribution of LAAM between RBC and
plasma proteins. By using the techniques of gel filtration and
equilibrium dialysis, we studied in vitro the nature, extent and
reversibility of the binding of LAAM and its metabolites to plasma
proteins. We also identified a LAAM binding fraction in plasma
and characterized it as a high molecular weight a--globulin present
in Tow (about 1 mg/ml) concentration.

MATERIALS AND METHODS

)rugs: LAAM, tritiated in carbon 2 of the heptyl chain, specific
activity 38.06 mCi/mmole, (Batch No. 1634-88); nor-LAAM, tritiated
in the o,0' carbon atoms of the phenyl rings, specific activity
'Abbreviations used: LAAM, (-)f-a-éacetylmethadol; nor-LAAM,

(-)a-acetyl-N-normethadol; dinor-LAAM, (-)a-acetyl-N,N-dinor-
methadol; CsCl, cesium chloride; SDS, sodium dodecyl sulfate.
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1.40 Ci/mmole (Batch No. 2014-1B-2); dinor-LAAM, tritiated in the
0,0' carbon atoms of the phenyl rings, specific activity 94
mCi/mmole, (Batch No. 2150-2) and methadone, tritiated in the o,0'
carbon atoms of the phenyl ring, specific activity 16.7 Ci/mmole,
(Batch No. 1709-148B-8) were obtained as their hydrochloride salts
from Research Triangle Institute (Research Triangle Park, N.C.) as
authorized by the National Institute on Drug Abuse. All the com-
pounds were over 95% purity as determined by radioscan after chrom-
atography. The above named unlabelled compounds were also supplied
in crystalline form by the same organization.

Chemicals: Optical grade ultrapure C,C1 was from Nutritional Bio-
chemicals. A1l other chemicals were CP or reagent grade.

Materials: Sephadex G-200, 40-120 p, 30-40 ml bed volume/gm dry
gel was obtained from Pharmacia.

We used Glenco gravity flow columns 1.5 x 100 cm, 1.5 x 60 cm, and
5.0 x 100 cm for gel filtration chromatography. Experiments were
done at a room temperature of 20 + 3°C. Absorbancies were detected
with a IsCOUA-5 absorbance monitor and recorder (Instrumentation
Specialties Co., Lincoln, Nebraska). The eluent was collected in
tubes in an automatic fraction collector. Radioactivity was count-
ed in a Beckman Tiquid scintillation counter. Quench was corrected,
whenever necessary, by external standardization. Blood was collect-
ed into evacuated blood collection tubes (vacutainers) from non-
fasting, apparently healthy individuals with no current or past
history of narcotic abuse. When sera was desired, blood was collect-
ed in the absence of anticoagulants, allowed to clot at room temp-
erature and centrifuged immediately thereafter. The sera was remov-
ed and stored at 4°C. For larger amounts of plasma, outdated blood
from the institution's Blood Bank was used.

The time course of binding of the different drugs to serum proteins
was determined by dialysis. Equilibrium dialysis was used to de-
termine percent. binding of drugs to protein. Bound/free ratios were
calculated at various concentrations of drug for Scatchard's plots
(Scatchard 1949).

The basic apparatus for the dialysis has been described before
(Judis 1976). The dialysis tubing was prepared by heating for 1 hr
at 80° in the presence of 1% EDTA and soaking in water with 0.1%
EDTA until used. Dialysis was carried out at 20° £ 3°. The electro-
phoretic mobility of the LAAM-binding fraction was determined by
Sepraphore polyacetate electrophoresis and estimation of its molecu-
lar weight by SDS gel electrophoresis. Gels were prepared as sug-
gested by Maizel (1966) and molecular weights were estimated as sug-
gested by Weber and Osborn (1969). Proteins of known molecular
weights (Sigma Chemical) were used as standards in the calibration
curve for molecular weight determination. Quantitative protein de-
terminations were made by Sutherland's (Sutherland et al. 1949)
modification of the Folin reaction. Spectrophotometric measurements
were done in a Model 635 Varian UV Vis spectrophotometer
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RESULTS

Distribution of LAAM in blood constituents. The results presented
indicate that in whole blood, LAAM is nearly evenly distributed be-
tween RBC's and plasma proteins. The results were-consistent for
the six subjects studied. It must be emphasized, however, that the
subjects used for this study had not been recently exposed, to our
knowledge, to LAAM or any other opiate-like drugs and significant
differences could occur in individuals exposed to LAAM or analogous
drugs. Evidence of the weak nature of the binding of LAAM to plas-
ma protein was obtained by Sephadex G-200 gel filtration. The elu-
tion pattern indicated that even when the serum proteins were allow-
ed to equilibrate for 18-24 hr with this drug, almost all the drug,
as shown by the radioactivity used to trace its presence, was eluted
after the proteins. The radioactivity coincided with the elution of
other small molecules present in plasma which absorb at 280 nm and
that elute with the total volume (or volume accessible for diffu-
sion) of the chromatographic columns. This chromatographic behav-
ior is in marked contrast to highly Tipophilic drugs such as the
cannabinoids, that are strongly bound to plasma proteins and elute
from the column together with the proteins'. Since the metabolites
of LAAM (nor-LAAM and dinor-LAAM) have been found to last periods
of over 48 hr in plasma, we also performed a gel chromatographic
study of these drugs after equilibration with plasma to ascertain
whether their chromatographic behavior was different and might be

a clue for their long lasting presence in plasma. Their elution
behavior did not differ from that of LAAM.

Equilibrium dialysis. Our experimental approach to equilibrium

dialysis was to allow the plasma proteins to accumulate the drug
until saturation. The time taken to attain saturation was deter-
mined by removal of aliquots from the dialysis bag (and dialysing
buffer) at various time intervals until the ratio of bound/free
drug reached a plateau. This plateau was attained 24 hr after
start of the dialysis. Bound/free ratios were calculated from
samples removed at 36 hr or Tlonger.

Reversibility of the binding of [AAM. Our data indicates that the
binding of LAAM was readily reversible. When the drug was incubated
with plasma, and the ratio-of Tabelled:unlabelled drug was 1:5

serum proteins bound a significant higher amount of radioactivity
than when lower ratios (1:25 and 1:50) were used. After the addi-
tion of a 10-fold excess of unlabelled drug, thus decreasing the
lTabelled to unlabelled ratio from 1:5 to 1:50, the amount of radio-
activity bound per ml of protein diminished reaching the same values
of radioactivity bound when the dialysis was started with a labelled
to unlabelled ratio 1:50. An identical effect was observed when
LAAM (Tabelled:unlabelled ratio 1:5) was incubated with serum pro-
tein and the ratios were decreased 1:25 and 1:50 by the addition of
unlabelled nor-LAAM and dinor-LAAM. It can be inferred from these
results that the binding of LAAM is highly reversible and that the

'B. R. Martin and E. Toro-Goyco - unpublished data.
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metabolites compete for the same binding sites. The reversal of
the situation, the displacement by LAAM of one of its metabolites
(dinor-LAAM) and the opiate methadone from their binding sites was
studied also. After 24 hr equilibration of serum with the drugs,
addition of an excess of unlabelled LAAM (50 x) caused their dis-
placement from the binding sites as shown by a decrease in the
amount of bound radioactivity per ml plasma.

The results of our equilibrium dialysis experiments show that the
binding affinity for LAAM and its major metabolites nor-LAAM and
dinor-LAAM, and methadone is of the same order of magnitude when
their respective concentrations in plasma are identical (1 nmole/ml
or 1 puM). We also found that for any particular one of the above
drugs in serum at the concentrations used, a 5- to 10-fold excess of
any other of the drugs studied causes a displacement of the binding
of the same order of magnitude. These results are also consistent
with the fact that binding is weak and reversible and that the four
drugs studied here compete for the same binding sites.

Identification of the IAAM binding fraction. Our failure to isolate
and identify a serum-protein-LAAM complex by gel filtration Ted us
to simulate conditions that favor an equilibrium between drug and
protein. Equilibration of a chromatographic column with a buffer
containing a given concentration of drug (in this case LAAM) favors
the presence of a LAAM-protein complex no matter how weak it may be.
This is true for any 1ligand provided appropriate concentrations of
the Tigand are found in the eluting buffer. This approach enabled
us to identify a specific plasma fraction with affinity for LAAM.
This fraction eluted between the first and second protein peak of
the chromatogram. Neither the immunoglobulins nor albumin showed
any appreciable binding of LAAM.

Further characterization of the [AAM binding fraction. Further
characterization of the LAAM binding protein indicates that it has
the electrophoretic mobility of an p-globulin. On SDS gel electro-
phoresis, because of dissociation of polypeptide chains in the
several proteins comprising this fraction, several different bands
of varying molecular weights were observed. However, two of the
sharpest bands 1in the gel correspond to particles of molecular
weights close to 400,000.

A Scatchard plot traced to determine specific binding indicate that
one ml of plasma binds close to 3 nmoles of LAAM. These results
corroborate the data which indicates that albumin plays an insig-
nificant role in the binding of LAAM and suggests that the drug must
be bound by a protein of low concentration in plasma.

DISCUSSION

Several factors determine the rate at which a drug Tleaves the circu-
lation. Among these are the drug's partition coefficient, or ratio
of solubility in 1ipid to solubility in water, molecular weight and
state of aggregation in plasma. For drugs Tike LAAM and its metabo-
lites, which are of low molecular weight and water soluble, these
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factors alone would favor their rapid disappearance from plasma.

The remaining factor, state of aggregation, is very important in
determining their Tong lasting presence. Qur results show that at
drug Tlevels found in humans treated with these drugs (100-1000 ng/ml
serum) (Billings, McMahon, and Blake 1974; Kaiko and Inturrisi 1975)
the fractional binding and the partition coefficient could be impor-
tant parameters in determining their continuous presence in plasma.
In the absence of a renal active process for the clearance of the
drug from plasma, only glomerular filtration will account for their
removal in urine. If the fractional binding is high, as shown by
our results, the amount of drug available for glomerular filtration
rate is significantly diminished. Despite a high fractional bind-
ing, strength of binding is weak. This Tlast factor favors rapid
removal from plasma. Unfortunately, there is no information avail-
able as to what the fate of LAAM and its metabolites is after
glomerular filtration. The indirect evidence at hand (long dura-
tion in spite of weak plasma binding) suggest that reentry of the
drug into the circulation by reabsorbtion cannot be discarded as a
possibility.

It has been reported (Toffaletti, Savory, and Gittelman 1977) that
in subjects receiving LAAM, 24 hr plasma levels show the simulta-
neous presence of LAAM and its two major metabolites, but the bulk
consist of the metabolites. Our results suggest that this may be
accounted for by the displacement of LAAM from its binding sites
by its metabolites. Probably the higher Tipid:water partition
ratio of LAAM' contributes to its removal from plasma in prefer-
ence to its metabolites.

We must conclude that the evidence presented here cannot support a
statement asserting that the long Tasting presence of LAAM and its
metabolites in plasma can be explained on the basis of the strength,
nature and magnitude of their binding to plasma proteins.

An unexpected finding in this work has been the weak role played by
albumin in the binding of these drugs. Albumin plays the most im-
portant role in drug binding by plasma proteins and is usually taken
as a model protein for drug studies. It has been previously report-
ed that methadone binds mostly to a globulin fraction (Judis 1976).

Being aliphatic amines, LAAM and its metabolites are protonated at
physiological pH. It would be Togical to expect the binding of
these drugs to the albumin molecule, which contains over 100

carboxyl groups available to form salt Tike linkages. This is not
the case and in turn, the binding occurs to another molecular entity.
The suggestion is made that another negatively charged group (possi-
bly a sulfate) may be forming a salt-like Tlinkage with the amine.

The experimental approach used to identify a protein-drug complex
is very helpful in cases like this where protein drug complexes
are difficult to identify because of the weakness of the associa-
tion. This approach has been used before to identify plasma

2. Toro-Goyco - unpublished data.
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protein calcium complexes in human serum (Toffaletti, Savory, and
Gittelman 1977). The results obtained from the Scatchard plot are
very significant. It is shown that 1 ml of serum (or plasma) is
capable of specifically binding about 3 nmoles of LAAM. If we as-
sume a minimum of one binding site per protein molecule, we con-
clude that one ml of plasma contains three nmoles of the binding
protein. The same volume of plasma contains close to 600 nmoles
of albumin, making the binding by albumin a very unlikely possibil-
ity. On the other hand, if we suppose the binding globulin to be
a very scarce protein in plasma, as suggested by our data, and this
protein to be high molecular weight entity of around 400,000 as
calculated from SDS gel electrophoresis experiments, we can safely
conclude that a protein with a concentration of 1-2 mg/ml plasma
could very well be the binding protein. Small changes in the con-
centration of this binding protein, without a significant change
in total plasma proteins could account for marked changes in the
LAAM binding capacity of the blood. We have found (work in pro-
gress) differences as high as 10-fold in the specific binding
affinity for LAAM in the serum of individuals. By the same rea-
soning these differences could explain the marked differences in
dosages required by individuals to react therapeutically.
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ARC PROGRAM

By September of this year the ARC clinical research
program will be relocated into temporary quarters at
Baltimore City Hospital (Please I). The animal and
chemical research programs will remain in Lexington
for two to three years. In 1981 or 1982, the entire
ARC will relocate into refurbished laboratories at
Baltimore City Hospitals (Phase II). In the Phase I
unit, the ARC will reinstitute clinical abuse potential
studies to complement the animal and chemical abuse
potential studies. The ARC will maintain its relation-
ship with the CPDD) in regard to abuse potential
studies. It is doubtful that the ARC will ever be able
to) clinically assess the number of drugs that it did in
the 