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PROGRﬁSS REPORT FROM THE CLINICAL PHARMACOLOGY SECTION
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Donald R.
rles Gorodetzky, M.D., Edward Cone, Ph.D. and David Xay, M.D.
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From the

Naticnal Institute on Drug Abuse
Division of Research
Addiction Research Center
Lexington, Kentucky 40511

DEPARTMENT OF EEALTH, EDUCATION AND WELFARE
Publis Health Service
Alcohol, Drug Abusc and Mental Heazlrh Administration

U. S.

on Prob-

ollaborated with the Committees on =
lems of Drug Dependenca In assessing analgesics for morphinelike abuse poteuntials

These studies were conducted in volunteer prisoner addicts. The Director of the
Bureau of Prisons prohibited the use of federal prisoners as research subjects;
subjects

and as of December 31, 1976, the ARC research program using prisoner
was discontinued. This report, therefore, will be the last report from the
Clinical Pharmacology Secticn concerned with these collaborarive studies.

For almost 45 years, the ARC has ¢

A

This report will describe (1) the assessment of nefopam, {(2) the determin—
arion of the relative potency of dilaudid as a euphoriant, {3) studles ¢f the
comparative metaboliswm of hydrocodone ané hydromorphone, {4) the development
of methods to assess the abuse potential cf sedative hypnotics, and (5) the

assessment of methaqualone.
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{s & benzoxazocinas derivative (Fig. 1) demonstrated to
be an effective analgesic in men 172! to 1/3% as potent as morphlie., In animals,
the pharmacologic profile of nefopam more closely resembles amphetamine Or DPro~
caine rather than morphine.3’“’5 In monkeys, nefopan has reinforcing proper-—

ties.®

Nefopam. This drug

The present study assegged the profile of subjective, hehavioral and

physiclegic effects produced by nefopam in pon-tolerant, non—dependent narcotic
addicts. Nefopam 40 and 80 mg, d-amphetanine 15 and 30 mg, morphine 10 and 20
mg, and placebo were sdministered intramuscularly to 7 subjects in random ordar
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Fig. 1. Structure diagram of nefopam (5-methyl-l-phenyl-3,4,5,6-tetrahydro-

18-2,5-benzoxazocine hydrechloride).

utilizing a double blind crosscver design. Seven day intervals separated each
drug administration. Drug effects were measured with our standard procedures
for morphine7’s’9’lc’11 and amphetamine-like drugs.12’13’1“

Nefopam and d-amphetamine Increased systolic blood pressure and pulse rate
(Fig. 2). All three drugs increased diastolic blood pressure. Only morphine
changed pupil size {constriction) and only d-amphetamine changed body tempera-~
ture (increased). Nome of the drugs changed respiratory rate (Fig. 2). 0Nnly
d~anphetemine affected both subjects and observers estimates of hours of sleep
(Fig. 2). All three drugs produced decreases in caloric inteke (Fig. 3).

Subjects distinguished amphetamire from morphine (Table 1). Nefopam was
identifisd as smphetamine rather than morphine (Table 1). Analysis of the
responses to individual symptoms and sign items in the single dose oplate
questionnaires indicate only miner differences in the profile of symptom and
sign responses among nefopem, morphine, and d-amphetamine (Teble 2). The most
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Fig. 2. Dose response curves for intramuscularly administered placebo,
nefopam, morphine, and d-amphetamine. Each point represents the mean total 5
kour change from control for blcod pressure, pulse rate, reépiratory rate, rec-
ral temperature, and puplllary constricticn. Observers' sleep estimates repre—
sent mean total hours subjects were judged asleep (10 pm to & am) by observers
checking subjects every 1/2 hour the night following drug zdministretion. Sub-
estimates of sleep were determined the morning of the day following drug
Asterisks represent a significant diffarence (p ¢ .05) from
.05) regression of response on dose.

jects’

administration.
placebo. 'R represents a significent (p <
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response on dose.
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roticeable difference is the responses on the symptom "drunk" with nefopam.

Morphine and d-amphetamine, but not nefopam, produced significant scores on

the opiate symptom, opiate sign, and subjects liking scales (Fig. 3). Nefopan,
like morphine and g;amphetamine, did produce significant scores on the obger-
vers liking scale. None of the drugs produced significant MBG or LSD scale
ccores; howaver, nefopam and morphine did produce significant PCAG responses
(Fig. 3). Relative potency czlculations indicate that nefopam is about 1/4 as
potent as morphine and 1/5 as potent as d-amphetamine in producing subjective
effects (Table 3).

Thess studies indicate that nefopam produces a profile of effects more
similar to those of d-amphetamine rzther than morphine. In contrast to d-
amphetemine, nefopam, like morohine, produces a degresa of sadation and does
not disturb sleep. Further, nefopam did not produce significant subjects 1ik~
ing or MBG scale scores; hence, significant euphoria was not demonstrated.

The indicarion in these studies that nefopam can produce subjective effects
similar to_thosc of d-ampbetamine and the observations of Fishman and her
colleagues! that cocaine alsc produces similar subjective effects to ampheta-
mine indicates that structures unrelated to phenethylamine can produce
amphetamine-like efiects.

—— Assessment of hydroworphone (Dilaudid)

A single dose study was initfated to determine the relative euphorigenic
potency of dilaudid to morphine when both drugs were administered subcutanecus—
1y and orally. The study utilized our standard procedure which involved a
crossover design. Drugs were aduinistered double blind in random order and
with 7 day intervals between drug administration. Effecrs were measured at 1/2,
1, 2, 3, 4, and 5 hours after drug 2dministrztion. The measures of drug effect
utilized were changes in diameter of pupil photographs,9 Subjects and Observers
Single Dose Opilate Questionnaires,7’8 and the Subjective Drugz Effect Question— .
naire. 19’11 The drugs administered were placebo, hydromorphine 1.5, 3, and 6
mg subcutaneously, hydromorphone 7, 14, 28 mg orally, worphine 10 and 20 mg
subcutanecusly, and morphine 130 and 260 mg orally. Not all subjects coxpleted
the crossover becuuse of withdrawal from rhe study and the termivnation of the
use of prisoners by the Bureau of Prisons. As a result, we proceeded to analyze
the data utilizing the methods for the analysis of variance of unbalanced incom—
plete block designs!®’17 and calculation of relative potencies from the dose
response curves of the resultant adjusted means (Fig. & and Table 4). All drug
conditions produced dose related miosis and scale scores on the scales measuring
morphinelike subjecrive effects. Relative pctencies meeting the statistical

criteria for validity were obtained and indicated that subcutaneocusly admini-

‘gtered dilaudid was 1/9 as potent as subcutaneous:y administered morphine;
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oral dilaudid was 1/5 as potent as subcutaneous dilaudid; and oral morphine
was approximately 1/10 as potent as oral dilaudid. Thus, cral morphine is 1/5
as pectent as subcutaneous morphine. These potencies are cons%stent with those
of other investigators. As an analgesic, Mahler and Forrest!® found a potency
of 8.6 relating intramuscular dilaudid to intramuscular morphine. Wellenstein,
Houde and Beaver!? found that a potency of 6 to 1 for oral to subcutaneous
morphine in relieving pain in cancer patients. Consequently, these results
also indicate that useful relatlve potency data way be calculated from unbal-
anced incomplete block desigans and suggests that this technique might be usgeful
in other circumstances where complete crossover studies cannot be completed or

conducted.

Comparative metabolism of hydrocodone and hydromorphone In man and labora-

tory animals

Az part of a continuing effort to delineate appropriate animal models for
use in the in vivo study of analgetics, we have ‘examined the metzbolic prafile
of hydromorphone (M) and hydrocodone (EC) in man end several animal speciles.
Single oral doses of HC or HM were edninistered to 6 human subjects from whon
informed consent had been obtained. Total urine collections were made at timed
intervals ending at 0, 2, 4, 8, 12, 24, 48, 72, and 96 hours following drug
administration. Single doses of HC or EM (subcutaneous) were administered to
enimals housed in metal cages fitted with stainless steel collector pans. Urine
collections were made at 0, 24 and 48 hours. Drug and metabolite content of the
urine samples were determined using gas chromatography and/or gas chromztography-
mass spectrometry (operating in the chemical lonization mode with methane es the
Cyclazocine was used as an internal standard for quantitatiom.

reagent gas).

The metabolites of HC and HM which were identified in this study zre shown
in Figure 5. HM was metabolized by conjugation (presumably glucuronide) and/or
keto reduction to give the 6o- and 68-hydroxymetabelites (6ai and 68HM). HC
was metabolized by keto reductica to the analagous 6a- and 6f-hydroxymetabolites
(6cHC and 68HC) and by N~ and O-demethylation. The latter biotransformatiom
pathway led to the formation of HM which was metabolized similarly to EM admini-

stered as a single dose.

Quantitation of drug and metabolite for each species is shown in Teble 5.
The data is presented as the totel % administered dose recovered from urine and
rTepresent a mean of three determinations. Conjugated drug was determined by
subtraction of % free from % total drug (acid-hydrolyzed). The major drug or
metabolite of each speciés 1s indicated by an asterisk.
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Fig., 5. Metabolism of hydrocodone and hydromorphone.

It is evident from Table 5 that both HC and BM were metabolized extensively
11 man and animalc. All species differed considerably in the metabolism of HC.
Man excreted the largest amount of parent cozpound (11.6%) whereas rat excreted
relatively large smounts of conjugsted 68HM (4.8%7) and free 68HC (4.57). The
major metabolites in the guinea pig, dog, and rabbit were free 68HC (32.9%),
free NC {15.0%), and conjugated M (6.0%), respectively.

For BM there was a much greater similarity in the patterns of metabolism
between man and the other animz)l species. Man as well as rat, deg, and rabblt
excreted relatively large amounts of conjugated XM (13-30%Z) and small amounts
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of Go¥M (o.2%—1.1z) and 6RMM (0.72—1.72). In contfast, the guinea pis differed
by producing large emounts of free 6oHM (8.3%), free 68N (19.1%) and free ™

(34.0%) -

within these specles some limited generalizations regarding metabolism of
compounds having the hydromorphone structure can be made. Man, rat, and rabbit

appear able to metabolize opiates through a variety of metabolic pathways in-
cluding conjugation, reduction and N- znd O-demethylation where any one of
thege processes may predominate for & given drug. Drugs with free phenolic

. groups ATe 1likely to be highly conjugated by rhe dog. Methylation of the
phenolic group cffectively blocks conjugation and N—demethylation then may be-
come the predominant metabolic pathway. Reduction plays & major role in
metabolism of -Lketo-compounds BY the guinea pig hereas conjugation appears

to ba rather limited.

The.imporrance of these specles differences iz influencing the ovexall
pharmacologic sctivity of the drug is & comﬁlexnissueA“"§§9hm0f the bilotrans~
formations described herein with the exception of conjugation b%esumably‘
results in the formazion of a metabolite whose activity may be greater or less
than that of the parent compound. Their rate o formation, distribution,

petzbolism and excretion should ultimately decide their relative contribution
to the activity of cthe druz.

Development of methods to assess sedative—hyvnotics

In 2 serles of studies, Martin and his colleaguesza’zl demonstrated that
non—tolerant narcotic 2ddicts (1) distinguish pentobarbital from placebo and

morphine, and (2) report euphoria with pentobarbital. These investlgaters

further observed that pentobarbital produced a ‘dose-related facilitation of

post-Totatory nystegmus and subsequently vtilized the electro-oculogran and
bioassay techniques to compare the increased frequency and duration of post—

rotatory nySiagrus produced by pentobarbitai and wmeprobamate.

These studies by Martin and his colleagues suggested that cedative hypnot-
ics might be evaluated for barbiturate—llke sLbuse potential by assessing thelr
ability to produce pentobarbitalvlike subjective effects, euphoris, and
facilitation of post-rotatory nystagmus in ron—tolerant non—dependent addicts.

0n this basis, studies were conducted to {1) compare intramuscularly zdministered
morphine, pentobarbital, gfamphetamiue. and placebo, (2) compare {ntranuscularly
adwinistered pentobarbital, secobarbital, phenoBarbital,Aand placebo, and (3

compare orally administered peatobarbital, secobarbital, and placebo (Table £).

The purpose of these studies was to develop 8 scale To measure barbiturate-like
o deteruine relative

guphoria, te determine 4f these measures could be used t
potencies of sedative hypnotics in producing subjective effects and euphorie,
and to evaluate if such studies cculd be conducted with orally administered

drugs.
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The measures of drug effect were, with slight modification, those developed
by Martin and his colleagueslg’zo to measure the effects of pentobarbital.
These were (1) electro-oculographs of post-rotational nystagmus, (2) the ''sub-
jects' and obgervers' single dose oplate questionnaites"'and (3) a stbjective
drug effect questionnaire containing 40 items from the Addiction Research Cen-
ter Inven:cry}o’ll This questionnaize contained subsets from the Morphine—
Benzedrine Group scale (MBG), the Pentobarbital—Chlorpromazine—Alcchol Group
Scale (PCAG), and the LSD Specific Scale. The subset of items in this particu-
lar questionnaire had been chosen to distinguish the subjective effects of
morphine from those of cyclazocine.w’l1 The items in the MBG Scale gnd the
PCAG Scale subsets were, with one or two exceptions, different from those
utilized by McClane end Martin?! in their comparison of pentobarbital and
morphine. From the responses to pentobarbital {n the three present studies,
a euphoria scale was derived from the MBG scale and a sedation scale was de-
rived from the PCAG 1tems (Table 7). This was done by gnalyzing to Tresponses
individual {items and only those MBG irems that showed a dose related response
tn;pentobagbgtékLugorphine, and d-emphetamine placed in the euphoria scale
and thoge PCAG I{remsg that ShowEd ddse re>plnsc -alated increases with morphine
and pentobarbital were placed in the sedation scale (Tzble 7). There were no
ce relarsd sedation items with gfanphetamine.

In Study 1, subjects and observers correctly identified pentobarbital end .
distinguished 1t from morphine and g;amphetamipe (Table 8) and the symptom and
sign items "sleepy’ and ngrunk' were high response items with pentobarbital

but not morphine or d-azphetamine {Table 9). All three drugs produced respon-
=zes on the sign, symptom, and liking scales of the single dose questionnaire
(Fig, 6). All three drugs produced significant responses in the euphoria scele
buz only pentobarbital and morphine produced significant responses on the
gedation scale. Dextroamphetamine was 1.5 to 2 times less potent then ampheta-

aine in producing subjective effects and pentobarbital is 1/3 ro 1/2 as potent
(Fig. 6)-. ‘

In Study 2, the regponses on +he subjective scales and the measures in
frequency and duration of post—rotational nystagmus indicated that pentobarbital,
sacobarbital, znd phenobarbltal had a similar onset and duration of actiom
although the guestionnalre responses at 24 hours suggest less of a decrement iIn

response from 12 to 24 hours for phenobarbital.

Pentobarbital, secobarbital, and phenobarbical produced dose-related in-
creases on scale scores and dose-related increases in the.frequenéy and duration
of post-rotatory mystagmus (Fig. 7). Omn all measures, secobarbital was equi-
potent te sentobarbital. On the other hand, phenobarbital was 1/4 to 1/5 as
potent as pentobarbital as determined from scale scores but 1/2 to 1/5 as potent
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TABLE 7. TItems in the Euphoria Scale and the Sedation Scale
derived from the MBG and PCAG scales of the ARCI.

l\

EUPHORIA SCALE

T FEEL AS IF 1 WOULD BE MORE POPULAR WITH PEOPLE TODAY.
THINGS AROUND ME SEEM MORE PLEASING THAN USUAL.

I FEFL I WILL LOSE THE CONTENTMENT I NOW HAVE.

I f‘EE’L LESS DISCOURAGED THAN USUAL.

1 AM IN A MOOD TO TALK ABOUT THE FEELING I RAVE.

I fEE:L SO GOOD I KNOW OTHER PEOPLE CAN TELL IT.

I FEEL AS IF SOMETHING PLEASANT JUST EAPPENED TO ME.

SEDATION SCALE

MY SPEECH IS SLURRED.
I AM NOT AS ACTIVE AS USUAL.

T HAVE A FEELING OF JUST DRAGGING ALONG RATHER THAN
COASTIXNG.

I FEEL SLUGGISH.
MY HEAD FEELS HEAVY.

{ FEEL LIXE AVOIDING PEOPLE ALTHOUGH I USUALLY DO KOT
FEEL, THIS WAY.

I FEEL DIZZY.

PEOPLE ﬁIGHT SAY I AM A LITTLE DULL TODAY.
IT SEEMS HARDER THAN USUAL TO MOVE AROUND.
I AM MOODY.

I FEEL DROWSY. .

[§ SR
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Fig. 6. Dose response Curves for the comparison of intramuscularly
2dministered pentobarbital, morphine, d-amphetamine, and placebo (Study I).
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dose response curve are the standard deviations for responses to the large dose
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morphine (P x M} v: wp of amphotamina gquivalent to 1 mg of morphine (& x M.
Nuzmbers in brackets represent 95% confidence limits. Broken line represents
35% confidence 1limits of mean placebo response.
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as measured by the increase in frequency and duraticn of post-rotatory nystag-
mus' {Fig. 7). Significant Increases in dysphoria scale scores were observed
but valid biozssays were not obtained. '
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Subjects and observers i1dentified 211 three drugs predominantly as bar-
birurates (goofballs) (Table 10) and reported similar signs and zymptoms
{Table 11). .

In Study 3, pentobarbital and secobarbital administered orally had similar
onsets and similar duratioms of actica through 12 hours. Comparison of dose
response curveg utilizing total 5 hour scores and relative potencies indicated
that secobarbital is approximately equipotent to pentobarbital although there
was a tendency for secobarbital to be less effective in producing the responses
on the sedation scale (Fig. 8). Again subjects 2nd observers identified both
secobarbital and pentobarbital or goofballs (Table 12) and reported similar
symproms or signs (Table 13).
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Fig., 8, Dose response curves for the comparison of orally administered
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right hand corner of ezch graph represents the standard deviztion calculzted
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The results of these three studies confirm the observations of Martin and
his colleagueszo’21 that pentobarbital produces a type of euphorie, that the
subjective effects are distinct from those of morphine or d-amphetamine, and
that the facilitation of post—rotatory'nystagmus can be used to assay for the
relative potency of sedative hypnotics. In addition, these studies suggest
that the abuse potential of seda=ive hypnotlc agents can be evaluated by
assessing their ability te produce the characteristic profile of a prototypic
¢rug (pentobarbital) when administered acutely.

sssessment of methaqualone

The introduction of methagqualone following its introduction into the
United Stares resulted in 2 number of cases of sbuse. Gerald and his colleagues
summarized the pertinent literature and reported the results of a survey of
methaqualone users. His results indicated that methaqualone appeared to producze
a euphoric state and subjective effects which were barbiturate-like. On the
other hand, there is 1frtle documentatioa of barbiturate~like physical depen-
dence although there are case Teports of withdrawal syndromes in the literature.
Acute poisoning with methaqualone produces coma but unlike berbiturate poison-
ing there is lilttle respiratory or cardiovascular depression, wmuscle tone is

increased, and chronic convulsions occur.

22

These consideratiouns indicate that the classification of methzqualone ss a
Sarblturate-like drug is uncertein. & study was conducted to compare wmethaqua~
lone, pentobarbital, and placebo vrilizirng the methods described above for
assesaing pentobarbital-like effects. This study (Methagqualcme Study 1) invelved
the oral administration of methaqualone 100, 200, and 400 mg, pentobarbiral 100
and 200 mg, and plscebo to 7 subjects.

In these studies, the onset and duratioen of the effects of methaqualone
and pentobarbital were similsr (Fig. 9). Subjects and observers 1dentified
wmethaqualcone as a barbiturate (Table 14) and reported similar symptoms and
slgns for both drugs (Table 15). Methaqualone produced dose related responses
on the scales measuring the pentobarbital-like subjective effects including
cuplivt La «nd sedation and a dnes related facilitation of post-rotatory nystag-
mus (Fig. 10). Methagqualone was 1.5 to &4 times less potent than pentobarbital.
Some of the subiects reported generalized numbness and tingling with the
larger doses of methaquazlone but not:pentobarbital. Although not significant,
the dosz response curves in Fig. 10 suggested that methaqualone produced more
eupheria with less sedation ard less facilditation of post-rotatory nystigmus
than pentobarbital. The study was repeated (Methagualone Study II) but the
doses were changed cn the basis of the relative potencies obtained in Study I.
In Study 2, methaquzlone 160 and 320 mg and pentobarbital 50, 100, and 200 mg
were administered orally to 6 subjects. As an additional measure of drug effect,
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Fig. 9. Time action curves for orally 2éministered pentobarbital, metha-
qualone, and placebo on the symptom snd sign scales and the increase in frequency

of post-rotational nystagmus (Methaqualome Study I).

one minute EEG samples from untlateral bipolar (frontgl temporal) derivation

were collected during eyes open and eyes closed conditions. These semples were
tzken twice prior to drug and three times post—drug at 1, 2, and 3 hours. This
was done to determine If the increase in relative beta frequency bands could be

used to assay for barbiturate-like effects.

In this second study, methaqualone was asgain identified as a barbiturate
(Table 16}, produced similar symptom and sign responses (Table 17), and preduced
dose related responses on the various scale and facilitated post-rotatory

‘nystagmus. In this study, there was no evidence of an abilirty of methaqualone
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Fig. 10. Dose response curves for the comparison of orally administered
methaqualone, pentobarbital, and placebo (Methagualome Study I). Numbers in
upper left hand corner of each graph represent mg of methaqualone equivalent
to 1 mg of pentobarbital and 95% confidence 1imics.

to be more euphorigenic and less sedating than pentobarbital (Fig. 11). On all
measures, methaqualone was about 1/2 as potent as pentobarbital. Both panto—
barbital and methaqualone produced a relative Increase in beta activity and =a
decrease in delta activity with eyes closed (Fig. 11) and relative potencies
calculated from dose responses curves for these EEG changes were similar to
those calculated for subjective effects and facilf{tation of post-rotatory

nygtagmus.
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Fig. 11. Dose response curves for the comparison of orally administered
methaqualone, pentobarbital, and placebo (Methaqualong sStudy II). Nuwbers fa
upper left hand corner of each graph represent mg of methaqualono equivalent
to 1 mg pentobarbital and 957% confidence limits.

These studies indicate that acutely administered methaqualone Is capeble
of producing a profile of typical pentobarbital-like effects In man.
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