Precipitated Withdrawal by a Bénzodiazepine Receptor
Antagonist (Ro 15-1788) After 7 Days of Diazepam

Abstract. Baboons implanted with intragastric catheters were given diazepam (10
milligrams per kilogram of body weight) twice daily for 45 consecutive days. On days
7 and 35, they were given intramuscular injections of the benzodiazepine receptor
atitagonist Ro 15-1788. Mild and intermediate withdrawal signs, including retching
and vomiting, were observed after 7 days of diazepam, and more frequent and
intense withdrawal signs; including tremor and convulsion, occurred after 35 days of
diazepam. With the termination of the diazepam injections after 45 days, a mild to
intermediate withdrawal syndrome was observed over the next 15-day period.

The benzodiazepines, which are
among the most widely used of all pre-
scribed drugs, are given in the therapeu-
tic management of anxiety, insomnia,
muscle rigidity and spasticity, and con-
vulsions. Treatment with benzodiaze-
pines frequently extends for periods of
months or yeats, and there have been
numerous clinical reports of a withdraw-
al syndrome upon the abrupt cessation of
drug administration after such long-term
treatment. The incidence of withdrawal
is controversial. Although a review of
the literature suggests a relatively low
incidence of withdrawal reaction (I),
other studies suggest that, if patients are

evaluated carefully, the incidence of
withdrawal may be considerably higher,
even among those maintained at thera-
peutic dose levels (2). The signs and
symptoms of withdrawal resemble those
that occur with alcohol and barbiturates
(7). The benzodiazepine withdrawal syn-
drome has also been documented in ani-
mal studies. Cessation of drug adminis-
tration after oral dosing of diazepam or
chlordiazepoxide to monkeys for four or
more weeks produced a typical barbitu-
rate-like withdrawal syndrome (3).

The discovery of specific, high-affinity
benzodiazepine receptors in the mamma-
lian brain (4) has spurred considerable

research relating to the site of central
action of these compounds (5). High
correlations obtained between the poten-
cies of a series of benzodiazepines in
binding the receptor and their potencies
as anxiolytics, muscle relaxants, and
anticonvulsants strongly - suggest that
these receptors mediate the therapeutic
actions of the benzodiazepines. Recent-
ly, a specific benzodiazepine receptor
antagonist was discovered (ethyl-8-flucro-
5,6-dihydro- 5 - methyl-6-oxo-4H -im-
idazo(1,5-a)(1,4)benzodiazepine - 3 - car-
boxylate, or Ro 15-1788) that b\loe‘ks nu-
merous pharmacological effects of the
benzodiazepines (6). This antagonist
provides a unique and potentially power-
ful tool for further investigating benzodi-
azepine withdrawal effects. We now re-
port that Ro 15-1788 precipitates an
acute withdrawal syndrome when ad-
ministered to baboons that have received
diazepam for as short a period as 7 days.
~ Four adult male baboons (Papio anu-
bis) weighing between 25 and 31 kg were
surgically implanted with intragastric
catheters (7) and placed in a harness-
tether restraint system. One bab()on (JE)
was drug-naive; the other three had his-
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Fig. 1. Data on Ro 15-1788-precipitated withdrawal and spontarieous withdrawal in diazepam-treated baboons. Data for day 0 represerit control
data obtained after administration of Ro 15-1788 (5.0 mg/kg, intramuscularly) alone. The antagonist Ro 15-1788 was also given on days 7 and 35 of
continuous diazepam administration (20 mg/kg per day, intragastrically). We assessed spontaneous withdrawal by terminating diazepam
administration after 45 consecutive days. Symbols indicate that the withdrawal sign occurred one or more times in the time block except for
yawns for which four or more were required. The data shown for the spontaneous withdrawal were for 10-minute observation periods at 12 noon
on days 4, 9, and 14. Body postures are depicted in Fig. 2. Individual subjects are indicated by different symbols: PH, O; AL, ®; SA, W; arid JE,
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(B) Nauseated

(D) Withdrawn/
depressed

(E) Rigidly
braced

(F) Convulsing

Fig. 2. Baboon body postures observed during control conditions and during benzodiazepine
withdrawal. The ratings in Fig. 1 were conducted on the basis of the observation of body
postures and not on the basis of the interpretative labels that appear below each posture sketch.
The baboons are wearing harness-tether vests. The rigidily braced posture may be a preconvul-

sive state.

tories of intermittent exposure to various
drugs, none of which were benzodiaze-
pines. Diazepam was put into suspension
(8) and administered at a dosage of 10
mg/kg, intragastrically, twice daily (9:00
a.m. and 5:00 p.m.) for 45 consecutive
days (9). At days 7 and 35 of diazepam
administration, Ro 15-1788 was admin-
istered (5.0 mg/kg, intramuscularly) at
11:00 a.m. (10), and the subjects were
continuously observed for signs of with-
drawal over a 2-hour period. Subjects
were also observed for withdrawal after
receiving control injections of Ro 15-
1788 (5.0 mg/kg, intramuscularly) either
prior to diazepam administration (sub-
jects SA and JE) or 6 weeks after the
termination of diazepam administration
(subjects PH and AL). All subjects were
observed for withdrawal after receiving
vehicle control injections on days 6 and
34 of diazepam administration. Approxi-
mately 30 percent of these withdrawal
observations were conducted by observ-
ers who were blind to the experimental
condition. Diazepam dosing was contin-
ued until day 45, at which time injections
were stopped and the subjects were ob-
served for signs of spontaneous with-
drawal over the next 15 days (11).
Subjects were sedated, ataxic, and hy-
pokinetic but remained ambulatory dur-
ing the early days of diazepam adminis-
tration. In addition, in three of the ba-
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boons a loss of facial muscle tone was
evidenced by a characteristic droop of
the lower lip. Subjects developed virtual-
ly complete tolerance to these sedative
effects over the course of diazepam ad-
ministration (/2). One of the baboons
(subject PH), however, continued to dis-
play the ‘“‘lip-droop’’ throughout the di-
azepam treatment. There were no obvi-
ous changes in eating or drinking behav-
ior during the period of diazepam admin-
istration.

No unusual changes in behavior were
noted after the control injections of Ro
15-1788 (day 0 in Fig. 1) or after injec-
tions of the Ro 15-1788 vehicle on days 6
and 34 of diazepam administration. Nor-
mal eating, drinking, and grooming pre-
dominated for the next hour. The with-
drawal signs noted after injection of Ro
15-1788 in baboons treated with diaze-

.pam for 7 days included bruxism, retch-

ing, vomiting, and several abnormal
body postures suggesting nausea, lethar-
gy, and withdrawal/depression (Figs. 1
and 2). One subject also exhibited body
and foot tremors. Withdrawal effects
peaked 10 minutes after the Ro 15-1788
injection and lasted about 2 hours. In
comparison to that observed after 7
days, the frequency of withdrawal signs
precipitated by Ro 15-1788 was in-
creased after 35 days of diazepam admin-
istration. Also, these withdrawal signs

persisted for 4 to 6 hours after the injec-
tion. In addition to body and limb trem-
ors, head tremors were observed in two
subjects and grand mal convulsions in
one subject (Figs. 1 and 2).

After 45 days of diazepam administra-
tion, we examined spontaneous with-
drawal by stopping the diazepam injec-
tions. No clear signs of withdrawal ap-
peared until day 7, after which signs
progressively developed, peaked on
days 9 and 10, and subsided thereafter
(Fig. 1). Food intake was suppressed to
approximately 25 percent of control lev-
els beginning on day 8 and remained at a
low level throughout the 15-day period.

To verify that the observed precipitat-
ed withdrawal signs reflected physical
dependence and not an idiosyncratic in-
teraction between diazepam and Ro 15-
1788, an additional control experiment
was conducted 8 weeks after termination
of the diazepam in three subjects. In this
experiment Ro 15-1788 was given at a
dose of 5.0 mg/kg, intramuscularly, 1
hour after the subjects had received a
sifigle dose (20 mg/kg) of diazepam intra-
gastrically. Diazepam produced signs of
sedation and ataxia which were com-
pletely reversed by the antagonist. No
withdrawal signs were observed during a
4-hour postinjection period.

The results of this study demonstrate
that physical dependence to diazepam,
as revealed by precipitated withdrawal,
can develop in as few as 7 days of di-
azepam administration. However, the
degree of withdrawal after 7 days was
not maximal since after 35 days more
intense and frequent withdrawal signs
were observed, including grand mal con-
vulsions. This finding is consistent with
an earlier study (3) that demonstrated
that the intensity of withdrawal pro-
duced by diazepam increases with longer
exposure.

Although the dose of diazepam used in
this study was relatively large (13), it was
by no means behaviorally toxic. Subjects
remained ambulatory throughout and, al-
though signs of sedation were evident
during the early days of diazepam admin-
istration, almost complete tolerance de-
veloped to these effects.

The withdrawal induced by Ro 15-1788
had a rapid onset, was very intense, and
lasted only a few hours. Spontaneous
withdrawal, in contrast, had a slow on-
set, was relatively mild, and lasted for
a number of days. These differences
between Ro 15-1788-precipitated and
spontaneous withdrawal are quite likely
related to the kinetics of diazepam (or
metabolites) receptor binding. Diazepam
and its active metabolite, N-desmethyl-
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diazepam, are only slowly eliminated
from the body (/4); thus, the rate at
which the benzodiazepine receptors are
left unoccupied is relatively slow, there-
by producing a gradual change in the
functional status of the central nervous
system. On the other hand, by virtue of
its ability to displace diazepam from the
benzodiazepine receptor, Ro 15-1788
produces a relatively rapid change in the
central nervous system. A similar phe-
nomenon has been identified for the
" opioid 1-a-acetylmethadol (LAAM).
This opioid has long-acting metabolites
(15) that delay the onset of abstinence
signs after spontaneous withdrawal (/6).
Immediate and intense withdrawal ef-
fects, however, were observed after
LAAM-treated animals received the
opioid receptor antagonist naloxone
16).

The clinical significance of the rela-
tively rapid development of physical de-
pendence to diazepam observed in our
study is unclear. Several clinical case
reports indicate that withdrawal signs
and symptoms have been observed after
relatively short-term administration (2
weeks to 4 months) of diazepam, even at
therapeutic doses (/7). The low frequen-
cy of such reports, however, has led
some investigators to conclude that the
risk of significant benzodiazepine with-
drawal is very low if patients have been
taking diazepam for long periods at ther-
apeutic doses for 6 months or less (/8).
On the other hand, it has been argued
that benzodiazepine withdrawal may be
missed or underreported because anxi-
ety is the cardinal symptom of both
benzodiazepine withdrawal and of the
original condition for which the drug was
prescribed (/9). Carefully conducted
clinical studies will be necessary to de-
termine the minimum dose and treatment
interval after which significant benzodi-
azepine withdrawal occurs.

A major implication of this study is
that benzodiazepines may produce clini-
cally relevant functional changes in the
central nervous system more rapidly
than heretofore expected. The procedure
used in this experiment of exploring the
development of physical dependence on
benzodiazepines with antagonist-precip-
itated withdrawal will be useful in inves-
tigating biochemical, neurophysiologi-
cal, and behavioral aspects of benzodi-
azepine physical dependence.
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Mammalian Tyrosinase Catalyzes Three Reactions in the

Biosynthesis of Melanin

Abstract. The biosynthesis of melanin is initiated by the catalytic oxidation of
tyrosine to dopa by tyrosinase in a reaction that requires dopa as a cofactor.
Tyrosinase then catalyzes the dehydrogenation of dopa to dopaquinone. The
subsequent reactions can proceed spontaneously in vitro. Tyrosinase, purified from
murine melanomas and the skins of brown mice, has now been shown to catalyze a
third reaction in mammalian melanogenesis, namely the conversion of 5,6-dihy-
droxyindole to melanochrome. This reaction requires dopa as a cofactor and is
inhibited by tyrosine. Conversely, 5,6-dihydroxyindole inhibits the oxidation of
tyrosine to dopa, so that the relative concentrations of tyrosine and 5,6-dihydroxyin-
dole within the mammalian pigment cell are capable of regulating melanogenesis in
a previously unrecognized fashion. Tyrosinase has the unusual property of catalyz-
ing three distinct reactions within a single biochemical pathway: the hydroxylation of
a monophenol, the dehydrogenation of a catechol, and the dehydrogenation of a
dihydroxyindole. The first and third of these reactions require dopa as a cofactor; in

the second reaction, dopa is a substrate.

Melanin is a biopolymer found
throughout the animal and plant king-
doms. Regulation of melanin biosynthe-
sis has been under investigation for more
than 80 years, and the intermediate
chemical reactions, known as the Ma-
son-Raper pathway, were determined in
the 1920’s (/). The pathway is initiated
by the conversion of tyrosine to dihy-
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droxyphenylalanine (dopa), then of dopa
to dopaquinone. Both steps are cata-
lyzed by the enzyme tyrosinase (E.C.
1.14.18.1), and, in mammals, dopa is a
cofactor for the oxidation of tyrosine to
dopa. Melanotropin (MSH) causes a
marked increase in tyrosinase activity
and a concomitant increase in melanin
formation (2). Until recently it appeared
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