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ADDENDUM

ADDICTIVENESS OF NEW SYNTHETIC ANALGESICS

Benzimidazole Derivatives: ’ .
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1. Benzimidazole Derivatives

-

Data on the two benzimidazole derivatives (hereinafter
designated NIH=-7586 and NIH=7607) is abstracted from a report
by Isbell and Fraser (uhpublished).1 Hungervgg,gl.a and
Gross and Turrian3 have found that some basically substituted
. benzimidazole derivatives have analgesic activity. In
addicted monkeys, NIH=-7586 was twice, and NIH=7607 was 1500
times as potent as morphine in alleviating abstinence.h Since
these compéunds constituted a completely new éhemical class of
analgesics, NIH-7586 and NIH=-7607 were referred to the
Addiction Reseafch Center, U. S. Public Health Service Hospital,
Lexington, Kentucky, for determination of their addictive

potentialities in man.
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Methods

Because of reports of respiratory depression after
parenteral administration, the oral route was used exclusively.
NIH-7586 was given in the form of. compressed tablets, each
containing 25 mg. NIH-7607 was administered ‘in a solution in
distilled water in concentrations of 0.01 and 0.1 mg/ml. Drugs
were administered to patients in a fasting state. Identity of
the drugs was unknown to the patients but was known to the

observers ("single=blind").

Effects of Single Doses of NIH=7586 and NIH=7607.

Observations were made one, two, three, four, six, eight, ten;
twelve and fourteen hours after medication and included suﬁjec-
tive effects as tabulated from questionnaires, measurements of
pupillary diameter and recording of morphine=like behavior.5 '
Thirteen subjects received NIH=7586 and 7 subjects recelved
NIH=7607 and the effects cbserved were compared with those
obtained in ili subjects who receivéd 20 and 30 mg of morphine,
60 and 90 mg of codeine, and a placebo (all orally) in another

experiment.
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Suppression of abstinence was evaluated in 5 patients

who were stabilized on 60 mg of morphine sulfate administered
subcutaneously four times daily.5 NIH=7586 and NIH=T7607 were
substituted orally for morphine in amounts thought, 6n the

basis of preliminary experiments, to be approximately equivalent
to 10 to L0 percent (18 to 72 mg) of the patient's accus tomed
dose of morphine. In tﬂe case of NIH-7586; the dosages selected
were 75 and 150 mg divided into three doses during the 24 hours.
In the case of NIH=7607, the dosages chosen were 0.15 and 0.3 mg,
likewise divided into three doses during the 2l hours. Data
were compared with those obtained in another experiment in which
9 patients received 18 mg (10 percent of their accustomed dose),
36 mg (20 percent), and 90 mg (50 percent) of morphine sulfate
subcutaneously in similar tests. Regression lines, estimates

of potency of NIH-7586 and NIH~7607 given orally as compared
with the ﬁotency of morphine given subcutaneously, and 95 percent
confidence limits were calculated according to the method

described by Bllss.6

A "short™" (18 day), "doublewblind,”™ direct addiction

test was carried out on NIH-7607, and its addictiveness by the
oral route was compared with that of morphine, heroin and a
placebo, the latter three medicatlions being administered subcu=

taneously. The methods employed are described elsewhere by
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Fraser, Isbell, Van Horn and Martin.7 Eight nontolerant

former opiate addicts were used, and each was exposed to a11
drugs. The average initial daily dosage of each drug was as
follows: morphine, 30.6; heroin, 13.0; and NIH=7507, O 383 mg.
 The dosage of each drug was orogressively accelerated and the
final average daily dosage attalned on the 18th day was és
follows: morphine, 207.0; heroin, 86.8; énd NIH~7607, 2.95 mg.
All drugs were abruptly withdrawn and identically éppearing
’placebos substituted. Observations fof intensity of abstinence
were made for ten days according to the method of Kolb and
Himmelsbach employing a "gtandard® and a "modified" Himmelsbach
scoring procedure.S Once daily throughout the éxperiment, a
Mchronic Dosage Attitude" questionnaire for oplates (patientst
ratings) and a parallel "Chronic Dosage Attitude" questionnaire

for aides (obser&ars' ratings) were ¢ohpleted.8

Results

Effects of Single Doses. The results as presented in

"Tables’ 1 and 2 are compared with those obtained with 20 and 30 mg
of morphine sulfate orally, and with 60 and 90 mg of codeine
sulfatc orally ia another experimeni., Both drugs induced typical
morphine=like "euphoria" and behavior, NIH=~7586 appears to be
roughly one=third to one=-fifth as potent as morphine, and

roughly equivalent to codeine in this respect. NIH=7507 appears

to be more than 80 to 120 times as effective as morphine orally

D228
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Suppression of Abstinence. Both NIH=-7586 and NIH=7607

partially suppreésed abstinence from morphine in the doses used.
The results shown in Flgure 1 indicate tpat 1 mg of mofphine
subcutaneously was equivalent to 2.62 (1.00=6.59) mg-of NI1H=7586
orally, and 1 mg of NIH=7607 orally was equivalent to 59.3

(15.55 to 136.5) mg of morphine subcutaneously. The curves met

the standard requlrements for significance‘of slope and parallelism.

The figures in parentheses are the 95 percent confidence limits.

"short," "Double=Blind,™ Direct Addiction Tests (NIH-7607

Orally; Morohine and Heroin Subcutaneously). In 6 of 8 patlents,

no difficulty was encountered in progressively accelerating the
dosage of drugs. However 2 patients were quite intolerant to all
drugs when the dosage was augmented. For example, the maximum

daily dosage of heroin attained by the 18th day for one patient

was hl S mg, and the other 48 mg; whereas S other patlients

reached a dose of 103 mg daily, and one 90 mg daily. The results

of tabulating the MAttitude" questlonnaires for opiates,

employing both patientst! and aides! ratings, are shown in Flgure 2,
Whereas heroin and morphine were consistently identified as
Pdope,™ NIH~7607 was frequently not ‘so classified and many of
the patients identified it as being "dope" and "goof balls™

(barbiturates) concurrently. It is noteworthy however that the
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aides considered that the pattern of effects objectively
resembled those of an opiate and were not impressed by the
"non-oplate™ characteristics of NIH-7607. Insofar as "estimate
of stréngth" {s concerned, patients congidered the effects of
NIH=7607 quite weak, since the average score on the weighted
scale was only 1.0, whereas morphine and heroin rated about
3.5, In response to thé question, "would ydu like to take the
drug daily?" only 16 percent of the responses indicated they |
‘would like to take NIH=7607 daily, whereas 32.6 §efcent
indicated they would like to take heroin daily, and L2 percent, |
morphine daily (It should be pointed out that U.S. addicts
prefer to iake their drugs by injection, and this may account
in part for the.suﬁjectsf relatively low acceptance rate for
NIH~7607, which was administered orally in this study). The
low incidence of positive responses following a placebo, in

the ratings by boih patients and aldes, is noteworthy since

no attempt was made tp*eliminate placebo responders in the
selection of subjects.7 When ail three drugs were abruptly
discontinued and replaced by a placebo, a moderately severe
abstinence syndrome ensued during the next ten days and; as
shown in Figure 3, the severlty of abstinence as Judged by the =
total daily point scores was very similar for morphine, heroin,

and NIH=-7607. The patients, however, considered that abstinence
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from NIH-7607 was somewhat less severe than that which followed
withdrawal of subcutaneously administered morphine and heroinj
this might be in part due to a more gragual onset of symptoms
when drugs given orally are discontinued., These experiments
indicate that a very high degree of physical dependence,
comparable to that produced by morphine and heroin, develops

when NIH=-7607 is administered chronically on an abusive schedule.

Summary

1. The addiction liability of orally adminisiered
1-(Beta-d£ethylamlnoethyl)—2-(benzyl-hachloro)-s-nitrobenz1mie
dazole (NIH-?SBé)Iand 1~{Beta~-diethylaminoethyl)~-2~(p~ethoxy~
benzyl)-S-nltrobenéimidazole methane sulfonate (NIH-7607) has
been investigated in man.

2., 1In single doses both NiH~7586 and NIH—7607 induced
merphine-like subjectlve effects and behavior in nontolerant
former morphine addicts. NIH-7586 is one-fifth to one=-third
as potent aé oral morphine in Inducing sub jective effects,
whereas NIH=7607 is 80 to 120 times as potent as morphine in
this respect. Both drugs constrict the pupils.

3, Both NIN=7586 and NIH-7607 suppress symptenms of i

abstinence from morphine.
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i, When NIH=-7607 was given in a direct addiction
study the overall pattern observed during chronic.administration
and following withdrawal resembled that’of patients glven
morphine or heroin. Although identified as an oplate, patients
were much impressed by the hypnotic actloas of this drug.

It is concluded that NUH=7586 and NIH=T7607 hgve addictive

po;entials comparable to that of morphine.

11. JpB-Hydroxv-N-(B,3-dimethylallyl)-mogphinan hvdro=
bromide, | ‘

This compound, developed by Hoffran=Lz Roche and herein-
after designated as NIH-T4L6, is structurally related to .
levallorphan. Nalerphine, although an effective analgesic,
provokes disturbing méntal effects which preclude its use as
an analgesic. Therefore an effort has been made to find
nona&dictlng coapounds of the nalorphine type with fewer
uhdesirable side effects. One of these, MIH=Tl 6, was referred
for study. ' |

Keats found that NIH=7446 was as potent as morphine as
an analgesic in relieving postoperativebpain,_but, when given
in equivalent analgesic doses to normal subjects, was only
half as potent as morphine in depressing respiration.9 However
in another experiment, in 3 patients, high doses (1 mg/%ilo)
of NIH=TLli6 provoked respiratory depression which waé equivalent
to that induced by morphine and which waé dramatically antagonized
by nalorphine.9

5-~22y
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In comparison with nalorphine, the morphine-antagonistic

prdperties of NIH-7l4}16 are not prominent. Thus Keats found
that NIH-74Li6 produced little antagonism in 3 patients who had
received morphine (1 mg/'kg).9 .

In the following presentaiicn, the addictiveness of
NIH=70L6 will be evaluated from the viewpoints of (1) the
effects of single doses; (2) its antagonistic properties in
morphine=dependent subjects, and (3) its ability to suppress
‘symptoms of abstinence in morphine-dependent patients.

Methods

Effects of Single Subcutanecus Doses of NIH-7Lhé (10 and

15 ma) as Compared with Corresaondihg,noses of Morphine Sulfate.
Effects were evaluated In & ®singlew~blind," cross=over experie
ment employing 9 nontolerant former oplate addicts, each of whon
received in a ranéqmized order at weekly intervals 16 and 15 mg
of NIH-T7L46, and 10 gnd'ls mg of morphine sulfate., Observations
were made 1/2, 14, 24, 3%, 5% and 7% hours after medication.
These Included responses to the "Single Dose Attitude” question;
naire (patientst ratings),a Single Dose Attitude” questionnaire
{observerst ratlngs),8 and measurements of the pupiilary diameter =
made in a room with controlled Ilghting.5 In tabulating the data
emphasis was placed on the incidence of "opilate™ symptoms and the
extent to which thesc former addicts "iiked" the medication, as

evaluated in a weighted scale.

220
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ol -Hour Substitution of NIH=TLLi6 for Morphine, as

Compared with Morphine antinuedi,and with a Placebo. Nine
addicted paiients, who were stabilized on an average of 240 mg
of morphine sulfate daily, received as a substitute an average
of 200 mg of NIHaTLL6 (divided aﬁong four equal subcutaneou§
doses). This was compared with 180 mg of morphine sulfate and
a placebo continued 1n<ihe same patientss (Note that only
three Injections of 60 mg each of morphiné sulfate, or a total
‘of 180 mg during the interval of substﬁtution, 15 equivalent

to 210 mg of morphine sulfate daily, since the fourth injection
of morphine is due at the end of the 2l hours).

Observations for intensity of abstinence ﬁere made from
the 14th through the 2th hour of substitution, and the total
abstinence scores for eleven hours (TAS~11) were calculated
‘according to the method of Winter and Flataker.lq The paired
t=test, using eacﬁ {ndividual as his own control, was employed
to determine whether there was a significant difference in the
TAS~11 scores for NIH~Tlli6, morphine, and placebo.11

Antagonistic (Nalquhine) Characteristics were evaluated

by administering 2 to 20 mg of NIH~TLL6 subcutaneously to

S patients chronically recelving 240 mg of morphine sulfate =
daily. NIH=-T4lé was given two to three hours after the last
subcutaneous 1n3éction of morphine and patients were observed

for signs of abstinence from morphine.’

-2/9
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Results
~ *  Effeects of Single, Subcutaneous Doses of NIH-7Ih6 (10

and 15 mg), as Compared with Corresponding Doses of Morphine
Sulfate. All 9 patients identified both morphine sulfate and
NIH=T7Lli6 as being "dope," and, as shown in Figure L, the
incidence of Mopiate-like™ symptoms and degree of "liking"™ for
both drugs were very similar when the same doses were given
(These observatiéns are in accordance with those of Keats in
respect to the relative analgesic potenéy of-morphine and
NIH-T446). _

2li-Hour Substitution of NIH~7ul6 for Morphine, as

Compared with Morphine Continued, and with a Placebo. NIH-Thhé

substituted veryfsatisfactorily for merphine in a relative
dosage of 200 mg of NIH~TW:6 for 180 mg of morphine, However
the curve was not as flat as that observed when morphine was
continued, and the dlfrerence between these curves is signifi-
cant (P = <0.001, Figure 5), On the other hand, NIH~TLL6
;uppressed ebstinence significantly better than did a placebo
(P < 0.001, Figure 5), It is concluded that in the dosage .
employed NIH=7Ulé effectively, but 1ncomp1ete1y,.suppressed

symptoms of abstinence from morphine.
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Antagonistic {(Nalorphine) Characteristics. No evidence

of.any effect was observed when 2 to 10 mg of NIH-TLL6 was
administered to morphine-dependent patients. However, the
patients stated that when the dosage was increased to 20 mg
there might have been a siight "hoost™ in oplate=like effects.
There was no evidence of precipitation of abstinence by admine

{stration of NIH-TUlL6 in any of the tests.

Summafx
1t is concluded from these Studies that the qualitative
and quantitative effects of NIH=Thl6 are very similar to thése
of morphineg, and its addictiveness probably approaches that of

morphine.

111, (a) N-(I-Methyluz-piper1dinoethy1)-oropioani!ide

‘hydrochlorlde (Phenampromid), and

(b) N-LZ-({Methyl]—phenethvlaminolepronvll-

_propioanilide sulfate (Dianmpromid).

These drugs (Phenampromid and Diampromid) were developed
by Wright, Brabander and Hardy.12 The analgesic potency of
Phenampromid equalled that of codeine in mice, and meperidine
in rats, Diampromid approximated the analgesic potency of

13

meperidine‘in mice, and of morphine In rats. Nalorphine

antagonized the analgesic and respiratory depressant actions of
both compounds,13 and both were effective analgesics in prelim=

1L

tnary trials in man.
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The methods used for evaluating the addictiveness of
these compounds in man were similar to those enumerated for
NIH-TLL6, exéept that when single doses were administered

incomplete comparisons were made with morphine administered to

the same subjects. : | - ]

For convenience in presentation, the results obtained

with the two drugs will be presented separately.

Results. (a) Phenampromid

- Effects of Sinqle, Subcutgnéous Doses of Phenampromid.

These were evaluated using the "Single Dose Attitude" question=
naire (patientst ratings)8 in sixteen tests in a dose range of
10 to ZCO’mg. Observatlons were carried out 1/2, 14, 2%, 3%,
5% and 74 hours after medication. Definite opiate-like

sub jective effec?s were reported with doses of 75 mg. Six
patieﬁts received 200 mg. In this doéage, one patlent liked

the drug "slightly," four, "moderately,” and one, "an awful lot.

Suppression of Abstinence from Morphine with Phenampromid

was evaluated in the same § subjects used in the studies on
NIH-T4l46. For comparative purposes, 2ii=hour substltutions were
also carried out with morphine (positive control) and a placebo

(negative control) on each subject. The average dosage

O~2/¢
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administered during the 2l hours was 1135 mg, divided among
three approximately equal subcutaneous doses. At the conélusion
of the substitution each patient completed the "Chronic Dosage
Attitude™ questionnaire (patientst ratings).8 The intensity of
absiinence was measured hourly from the lLth through the 24th
hour during the interval of substitution, using the "modified"‘
Himmelsbach hourly point score.5 Although, during the substi=
tution, L of the 9 patlents identified Phenampromid as being
’"dOpe," all emphatically stated they did not like the effects

of the medication. They complained that it gave them a “weird
feeling™ which they had not experienced previously, and compared
{ts effects with those of lysergic acid diethylamide (LSD=25),
cocaine, or marihuana.

Abstinence phenomena were pattially, but significantly,
suppressed by Phenampromid (Figure 5). Because of the |
disturbing side effects it was not feasible to employ larger
doses of Phenémpromid in order to evaluate the pharmacclogical

equivalence of morphine and Phenampromid more completely.

L-~2,5




Results. (b) Diampromid

Effects of Sinqgle Subcutaneous Doses of Diampromid were

evaluated in tweive tests in a dose range of 5 to 75 mg, using
the "Single Dose Attitude” questionnairé (patientst? ;atings)
and the parallel questionnaire for observers' ratings. With
doses of 50 and 75 mg, very typical "subjective™ morphine-like’
effects were reported by the patients and characteristic
morphine=like behavior was observed by the aides. A dose of
75 mg was considered to be roughly equivalent to 20 mg of
morphine suﬁcutaneously. Although peak effects were similar
to those of morphine, all patients complained that the medication
had 2 short duration of action, and this was substantiated by
pupillary measuréments, which indicated that maximum miosis
persisted for only two and one-half to three hours,

Effects of Single Ihtravenous'Doses of Diampromid were
evaluated in a pilot study using dosages as follows: 20 mg
(1 subject), 25 mg (2 subjects), and 75 mg (1 subject).
."Single Dose Attitude" qﬁestionnaires were cqmpleted by both
the subjects and observers, and the pupillary diameter was
measured at Intervals as describéd'for single subcutaneous doses. -
In these doées, all subjects consistently identified the
medication as "dope" and the extent to which they liked the

§~2/4/m
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medication ranged from Mslight®™ to "y jot." The patient who
received 75 mg of Diampromid became‘pgle one minute after the
injection and had difficulty walking to'the observation room.
He sat on a chair and very promptly fell asleep. He'was given
10 mg of nalorphine intramuscularly about four minutes after
the injection of Diampromid, and recovered rapidly. No further
injections of nalorphiﬂe were required,

Suppression of Abstinence from Morphine with Diampromid

’was evaluated in the same 9 subjects employed for Phenampronid,
using the same controls and methods of observation. A dosé

of 750 mg (divided among four edual doses) was substituted for
morphine in 8 of these subjects, and in one subject a dose of
625 mg, similarly divided, was used. Diampromid substituted
quite adequately for morphine in this dosage, but the chief
compiaiht of the patlents was: "it only holds you for about
two hours." This observation is confirmed by the intermittent
peéking of the abstinehée scores, and in each instance
abstinence symptoms were promptly relieved by medication (note
the arrows in Figure 5). 1In the case of Diampromid, the total
TAS-11 score was significantly greater than that observed when

morphine was continued 1n'the same patients, but the ability

=2/3
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of Diampromid to suppress abstinence from morphine was
inadequately tested, since medication would need to be given

at more frequent intervals. ‘ .

Summary

Both Phenampromid and Diampromid possess addiction
1iability. These experiments, however, are insufficient to
‘assess their relative addictiveness as compared to morphine

and codeine.
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Table 1

"Sub Jective™ characterization of NIH=-7586 and NIH=7607 as compared

with morphine, codeine and 2 placebo, all administered oraliy.+

Number of Patients Responding
Positive Positive

Dose No, of for for other Questione-
Drug (mg) Subjects Opiates Drugs able Negative
NIH~7586 100 13 s 1 3 L
NIH=-7607 0.25 7 6 1 0 0
Morphine # 20 ih 7 1 [1] 3 3
Morphine # 30 i 7T 2 3 2
Codeine 60 1l g 1 (1] L s
Codeine * S0 1L 6 1 5 2
Placebo % - 1L 1 [1] 1 12

+ For method of scoring, see Reference No. S.

{1 Figures in brackets represent patients who also
reported positively for opiates. '

* Data from another experiment.
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Table 2

Pupillary constriction after NIH-7586 and NIH=7607, as

compared with morphine, codeine and a placebo, all given orally.

Dose No. of . Mean Area Under Curvé

Drug (ng) Sub jects (Mm Hours # S.E.)
NIH~7586 100 13 . 8.14 2 0.81
NIH~T607 0.25 7 10.9 = 1,35
Morphine % 20 1k 11.L % 2.5
Morphine 30 il 17.1 £ 3.2
Codeine % é0 1L 9.0 % 1.7
Codeine # 90 1l 1.k £ 2.4
Placebo — i . O = 1.63

*

Data from another experiment.
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- Legend for Figure 1.

Figure 1. Dose=effect curves and relative po%ency for
suppression of abstinence from morphine by NIH~7607 and
NIH=7586 as compared with graded doses of morphine; Zh-hour
substitutions in addicted individuals stabilized on 2L0 mg of

,morphine per day.
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Figure 1. Addictiveness of New Synthetic Analgesics.
ﬁAC Report, January 1960.
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Legend for Figure 2.

Piéﬁre 2., Summary of the results of "Chronic Dosage
Attitude™ Questionnaires independéntly completed by patients
(patients! ratings) and,aides (observers! ratings) when they
evaluated the effects of heroin, morphine, NIH=7607, and a

placebo during an 18~day, Mdouble-bilind," direct addiction

study.
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- Legend for Flgure 3;

Figure 3. Comparative intensity of abstinence after
abrupt withdrawal of morphine, heroin, and NIH=7607. Dailly
point scores were computed by using the averages for rec£31
temperature, respiratory rate, blood pressure and caloric
intake observed during 10 days on placebo (*modified”
Himmelsbach procedure), and the ®standard" Himmelsbach proce-
dure in which the aﬁove variables were computed from those
observed during the ‘last seven days on drug. The TAS=10 values
represenf the mean areas (total intensity of abstinence for

10 days).
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Legend for Figure li.

Figure L. ‘Comparative effects of 10 and 15 mg of
morphihe sulfate and 10 and 15 mg of KIH-T4h6 (patieatst! ratings)
in respect to tae inc;dencz of cplate symptoms (maximum possible
positive answers hourly = 7.0); and a weighted attlitude score
(maximum possible hourly score = 4.0). "TRS" vélues represeni
the mean areas (tctal response scores for 7% hours) z standard
,areas of the mezan., It should be acted that mcrph;ne and NIH-TLL6
showed very similar effects in respect to these variables. There
was a tendency for the effects of morphine to develop more

rapidly than dld those of NIH-TLLE,
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Legend for Figure S.

Figure 5. Comparison of average intensity of-abstinence
during a 2l=hour substitution of (1) a placebo, (2) NIH=TLlL6,
(3) Phenampromid, (4) Diampromid, and (5) morphine, contihued
in the same 9 subjects addicted to.ﬁorphine x5 evaluated by
the "modified" Himmelsbach hourly pointvsystem. The TAS=~11
’values represent'the total abstinence hourly scores for eleven
observations, starting from the 1iith and continuing through
the 2hth hour of abstinence, * the standard error of the means.
In the case of Diampromid, arrows Indicate that medication was

given immediately following the abstinence score ililustrated.
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