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CHAN, A. W. K., H. B. GREIZERSTEIN AND W. STRAUSS. Alcohol-chlordiazepoxide interaction. PHARMAC.
BIOCHEM. BEHAV. 17(1) 141-145, 1982.—The effects of chlordiazepoxide (CDP) or its N-demethyl metabolite
(NDCDP) on ethanol-induced sleep time were investigated. The results indicate that CDP or NDCDP produced a supra-
additive effect on the duration of sleep time induced by ethanol. These effects were not due to an alteration in the rate of
elimination of blood ethanol levels. Mice which were administered CDP/ethanol had significantly higher blood and brain
CDP levels than mice injected with CDP alone. The increase in CDP concentrations could be partly responsible for the
supra-additive prolongation of ethanol sleep time. Our results also indicate that NDCDP and/or its metabolites were largely
responsible for the supra-additive effect, because mice injected with CDP/ethanol or NDCDP/ethanol (ethano! 4 g/kg; CDP
or NDCDP, 10 mg/kg) showed comparable increases in sleep time, and the blood and brain levels of NDCDP were

comparable in these two groups.
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THE interaction of ethanol with other drugs has been docu-
mented in a number of studies [16, 21, 22, 24]. Benzodiaze-
pines are widely used as sedatives or minor tranquilizers and
very often in combination with ethanol. However, little is
known about the clinical consequences of their combined
use [1,5].

There have been conflicting reports concerning the com-
bined effects of alcohol and chlordiazepoxide (CDP). The
discrepancies may be due to factors such as differences in
species, dosages, testing methods, and time courses of drug
effects, etc. Thus, human data have appeared which
demonstrate that CDP did not potentiate the actions of
ethanol [14,18], enhanced the alcohol-induced impairment of
psychomotor skills [17,19], and antagonized the soporific ef-
fects of ethanol {8]. In animal experiments, the combination
of CDP and ethanol produced a supra-additive effect in the
tilted-plane test in mice [8,9].

In our laboratory, we have determined that CDP
produces a supra-additive effect on duration of sleep time
induced by ethanol [3]. Further studies determined that the
observed interaction did not involve alterations on GABA
fevels [6]. The mechanism for the observed interaction be-
tween CDP and ethanol has not been characterized. A recent
report has shown that the route of administration of benzodi-
azepines plays an important role in the observed interaction
with ethanol [15].

The present studies were undertaken to ascertain whether
the effects of CDP on the duration of ethanol-induced loss of
righting reflex in mice are due to changes in distribution and
elimination of CDP and/or one of its metabolites,
N-demethylchlordiazepoxide (NDCDP). The contribution of
NDCDP in prolonging the ethanol sleep time was also inves-
tigated.

METHOD

Male CS7BL/6J mice (8-10 weeks old) were purchased
from the Jackson Laboratories, Bar Harbor, ME. They were
housed singly in plastic cages in a controlled environment
room (21-22°C) on a 12/12 hr light-dark cycle and received
Teklad mouse diet (Teklad Milis, Winfield, TA) and tap
water ad lib for at least one week before the beginning of an
experiment.

The hydrochloride salt of CDP was dissolved in saline,
and NDCDP was dissolved in 0.02 N HCl. Ethanol solutions
were prepared either in saline or 0.02 N HCl, depending on
the experiment.

Experiment 1: Chlordiazepoxide Pretreatment

Groups of mice were administered IP 0, 5, 7.5, 10, or 12.5
mg/kg CDP solution. After 30 minutes, a second injection of
4 g/kg ethanol solution was administered and sleep onset
times and sleep times determined, as previously described
[23].

A separate experiment was performed to determine
whether ethanol affected the distribution of CDP and
NDCDP in blood and brain of mice receiving both drugs.
Groups of mice were pretreated with a 10 mg/kg CDP solu-
tion and after 30 minutes injected with 4 g/kg ethanol or
saline solution. Groups of 8-12 mice from each treatment
were sacrificed at Ya, /2, 1, 2, 3 and 4 hr after ethanol admin-
istration and 50 pl blood and brain samples collected for later
determination of CDP and NDCDP concentrations by liquid
chromatography [11,13]. The limits of detection were 0.1
pg/ml and 0.1 wg/g for blood and brain samples, respectively.
The same experiment was repeated and blood samples (10

'Supported in part by Grants #1309 and 1732 from the New York State Health Research Council.
2Also Member of Department of Pharmacology and Experimental Therapeutics, State University of New York at Buffalo, Buffalo, NY

14214.

Copyright © 1982 ANKHO International Inc.—0091-3057/82/070141-05$03.00/0



142

176

g

5

8

g

Increase in Ethanol Sleep Time (min)
3
[+ /]

3

CDP (m¢g / kg)

FIG. 1. Effect of CDP on ethanol sleep time. CDP (5, 7.5, 10 or 12.5
mg/kg) was injected half an hour before ethanol (4 g/kg) injection.
Mean increases (N=8 to 12; p<<0.001 for each dose of CDP) in
ethanol sleep time were calculated by the difference in sleep time
between mice injected with ethanol plus CDP and those injected
with ethanol alone.

ul) were collected for ethanol determination by gas chroma-
tography, using n-propanol as the internal standard [12].

Experiment 2: Simultaneous Administration of
Chlordiazepoxide and Ethanol

Mice received 2, 2.5, 3, or 4 g/kg ethanol alone or in
combination with 10 mg/kg CDP, and sleep times were de-
termined for all. In a separate group of mice, the blood and
brain CDP and NDCDP concentrations were determined, as
in the previous experiment.

Experiment 3: Simultancous Administration of NDCDP and
Ethanol

The same procedures as used in Experiment 2 were fol-
lowed; namely, mice received 4 g/kg ethanol in combination
with 0, 5, 7.5, or 10 mg/kg NDCDP and sleep time was meas-
ured. In a separate experiment, NDCDP blood and brain
concentrations were determined as described above.
Statistical Analysis

Results were expressed as mean+S.E.M. Significance of
the difference was analyzed by Student’s r-test.

RESULTS
Experiment 1: Chlordiazepoxide Pretreatment

The significant increase (p<0.001) in sleep time produced
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FIG. 2. Influence of CDP on rate of disappearance of blood ethanol
levels. CDP (10 mg/kg) was injected half an hour before ethanol (4
g/kg) injection. Each point represents the mean value for 8 to 12
mice; vertical bars indicate =S.E.M.

by each dose of CDP in combination with ethanol is repre-
sented in Fig. 1. Administration of CDP alone, even at a dose
of 50 mg/kg, did not result in loss of righting reflex in mice.

Chlordiazepoxide pretreatment did not significantly affect
blood ethanol levels when compared with animals receiving
ethanol alone (Fig. 2).

The blood and brain concentrations of CDP and NDCDP
after CDP alone or CDP/ethanol (¥/2 hr later) are shown in
Fig. 3A and B. Animals injected with CDP/ethanol had sig-
nificantly higher blood CDP levels (p<<0.01) at /2 and 1 hr
after the second injection than those of CDP-saline treated
mice. Similarly, brain CDP levels showed the same trend for
these two groups of mice. No detectable level of CDP was
found in the CDP-saline group at one hr after the second
injection. However, CDP was present for over four hours in
brains of mice injected with CDP-ethanol. Blood and brain
NDCDP levels were not significantly different between the
two groups. The precipitous drop (reproducible on repeating
experiment) in brain NDCDP levels at one hr and the subse-
quent elevation at two and three hr seems to be characteris-
tic of the treatment protocol, since the same was not ob-
served in animals which received the drugs by simultaneous
injection.

Experiment 2: Simultaneous Administration of
Chlordiazepoxide and Ethanol

The sleep times of mice receiving various doses of ethanol
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FIG. 3. Blood (A) and brain (B) CDP (---) and NDCDP (—) levels (means+S.E.M.) after injection
of CDP/saline or CDP/ethanol. CDP (10 mg/kg) was injected /2 hr before saline or ethanol (4 g/kg)
injection. The time periods were those after the second injection. *p<0.01.

by itself or in combination with CDP (10 mg/kg) are repre-
sented in Fig. 4. None of the mice receiving the 2 g/kg
ethanol dose lost their righting reflex, while 70% of the mice
injected with the same dose of ethanol plus CDP (10 mg/kg)
did. The dose-response curves are parallel, but the sleep
times were significantly longer (p<0.001) in the mice receiv-
ing CDP/ethanol.

Experiment 3: Simultaneous Administration of NDCDP and
Ethanol

Mice receiving NDCDP in combination with ethanol had
significantly longer (p<0.001) sleep times than mice receiv-
ing ethanol alone (Fig. 5). The magnitude of increase in sleep
time elicited by NDCDP (10 mg/kg; 171.7+19.3 min) was
comparable to that (145.7+18.6 min) brought about by CDP
(10 mg/kg), both in combination with ethanol (4 g/kg). Blood
NDCDP levels (Fig. 6A) were significantly higher (»<0.05)
in the ethanol group at 2 and 4 hr; the same was true for brain
NDCDP concentrations (Fig. 6B) at /2, 2, and 3 hr.

The blood and brain levels of NDCDP resulting from the
injection of NDCDP (with or without ethanol) were com-
parable to those attained after CDP injection (with or without
ethanol) (compare Fig. 3 and Fig. 6) at 2 to 4 hr after CDP or
NDCDP injections.

DISCUSSION

QOur results clearly indicate that CDP, when administered
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FIG. 4. Sleep times (means+S.E.M.) after the simultaneous admin-
istration of saline/ethanol or CDP/ethanol. The dose of CDP was
constant at 10 mg/kg. *p<0.001 compared to saline-ethanol group.
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FIG. 5. Effect of NDCDP on ethanol sleep time (means=S.E.M.).
NDCDP was injected simultaneously with ethanol (4 g/kg).
*p<0.001 compared to sleep time resulting from injection of ethanol
alone.

simultaneously with, or one-half hour prior to, the injection
of ethanol, caused a supra-additive prolongation of ethanol
sleep time. Moreover, the same effect was observed after
injection of NDCDP, one of the active metabolites of CDP,
which yielded comparable sleep times as those resulted from
the administration of CDP and ethanol. A possible mech-
anism for such an interaction is that the combination of CDP
and ethanol elicited different neurochemical changes com-
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pared to those caused by the ethanol alone or CDP by itself.
In support of this hypothesis, we have recently reported that
ethanol and CDP together induced a supra-additive decrease
of ¢-GMP concentrations in the cerebellum at two and four
hours after administration of the combined drugs [4]. This
resulted in a lengthened period (about 2-5 hr) during which
the cerebellar c-GMP levels were below 30% of control val-
ues, and this interval coincided with the increase in sleep
time, suggesting a possible relationship between these two
factors.

However, the data do not exclude other possible causes
for interaction such as pharmacokinetic variations after ad-
ministration of both drugs. We have shown that the supra-
additive effect of CDP on ethanol sleep time was not due to
an alteration in the rate of elimination of blood ethanol
levels. Nevertheless, our results show that for relatively
similar increases in sleep times after CDP/ethanol or
NDCDP/ethanol treatment, the blood and brain levels of
NDCDP were comparable (at 2-4 hours) in these two groups.
These data suggest that NDCDP and/or its metabolites were
largely responsible for the observed supra-additive effect. It
has been reported [7] that in mice, the antipentylenetetrazol
activity of CDP appeared to parallel the brain levels of
NDCDP rather than those of the parent compound or its
lactam metabolite (LCDP). In the absence of data relating to
LCDP levels, we cannot determine the degree of contribu-
tion of LCDP in the prolongation of ethanol sleep time. Pre-
liminary results from our laboratory suggested that such in-
teraction is possible. Mice injected with ethanol (4 g/lkg) and
LCDP (10 mg/kg) showed an increase of sleep time of 116
minutes over mice receiving only ethanol. Nevertheless,
CDP itself can also make a contribution to this interaction,
since mice that were administered ethanol-CDP had higher
blood and brain CDP levels than mice injected with CDP
alone, for comparable NDCDP levels. The increase in CDP
concentrations could be partly responsible for the supra-
additive prolongation of ethanol sleep time. This is not con-
trary to our observation that injection of CDP alone in doses
up to 50 mg/kg produced no loss of righting reflex in mice. It
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FIG. 6. Blood (A) and brain (B) NDCDP concentrations (means=S.E.M.) after the simultaneous
injection of NDCDP/saline or NDCDP/ethanol. Dose of NDCDP was 10 mg/kg and that of ethanol
was 4 glkg. *p<0.05 compared to saline/NDCDP group.
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is possibie that CDP can interact with ethanol (mechanism
yet to be explored) in the central nervous system, perhaps
via brain neurotransmitter receptors, in such a way that the
depressant effects of ethanol are augmented. Our results are
analogous to those reported by Paul and Whitehouse [20]
who found a supra-additive effect of the ethanol-diazepam
combination on motor coordination in mice. These inves-
tigators suggested that the accumulation of the phar-
macologically-active demethyldiazepam in the brains of
mice pretreated with ethanol offered an explanation for the
supra-additive effect of the ethanol-diazepam combination
[20].
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In light of the acute interactions of CDP with ethanol, it is
of interest to investigate the chronic effects of the combined
intake of CDP and ethanol. Some of these investigations
have been reported [2,5].
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