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CHAN, A. W. K., F. W. LEONG, D. L. SCHANLEY AND S. M. HOWE. Alcohol withdrawal reactions after chronic
intake of chlordiazepoxide and ethanol. PHARMAC. BIOCHEM. BEHAV. 15(2) 185-189, 1981.—Withdrawal reactions
were compared in C57BL/6J mice, which had been fed an ethanolic liquid diet containing chloridazepoxide (CDP, 3.2 or 6.4
mg/100 ml, group B or C, respectively) with those which had been administered an ethanol diet alone (group A) for 15 days.
Group A showed a significantly more pronounced decrease in rectal temperature (4 to 10 hr) and a higher withdrawal score
(4 to 14 hr) than mice in groups B and C. The differences in withdrawal signs still persisted even after mice were fed an
ethanol diet without CDP for one extra day before withdrawal. The presence of metabolites of CDP in the blood during
withdrawal could only account for a minor contribution to the protective effect. Our data are more suggestive of an
increased rate of ethanol metabolism leading to lower blood alcohol levels during diet intake period as being the major
factor. However, we cannot rule out the alternative possibility that CDP or its metabolites might interfere with the
development of tolerance to and physical dependence on alcohol.

Chlordiazepoxide Ethanol diet

Alcohol withdrawal reactions

THE consumption of both the benzodiazepines and alcohol
together is not uncommon [8]. However, not much is known
about the clinical consequences of their combined use [1].
Recently an atypical withdrawal syndrome was reported for
a small number of alcoholics who had a mixed alcohol-
benzodiazepine addiction [1]. This was characterized by a
delay in appearance of a withdrawal syndrome which closely
resembled that of withdrawal from benzodiazepines.

We have recently investigated [2] the influence of
chioridazepoxide (CDP) on the consumption of an ethanolic
liquid diet in mice. In light of the supra-additive effect of
CDP on ethanol sleep time [3], it can be speculated that mice
receiving the diet containing CDP might be more affected by
the combination of drugs, and this in turn might influence the
development of tolerance to and physical dependence on
alcohol. On the other hand, since CDP and other ben-
zodiazepines are commonly used as drugs to treat alcohol
withdrawal [10], the chronic administration of both CDP and
alcohol might retard or abolish the development of tolerance
to and physical dependence on alcohol. This in turn might
affect the withdrawal manifestations which follow cessation
of diet administration. Therefore, we have compared the
withdrawal reactions exhibited by mice that had been fed

chronically an ethanolic diet with or without the incorpora-
tion of CDP. Two common measures of withdrawal signs
were chosen, namely, rectal temperature [12], and with-
drawal scores based on convulsions on handling [7].

METHOD

Male CS7BL/6] mice (8-9 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°) on a 12/12 hr light-dark cycle and received
Teklad mouse diet (Teklad Mills, Winfield, IA) and tap water
ad lib for 7 days before the beginning of an experiment.

Mice (N=33) were fed ad lib a chocolate-flavored Nutra-
ment liquid diet (distributed by the Drackett Products Co.,
Cincinnati, OH), fortified with a vitamin mixture (ICN
Pharmaceuticals, Inc., Cleveland, OH) and containing 3.5%
(v/v) ethanol (from 95% ethanol). Fresh diet was prepared
each day according to published procedure [6]. Daily diet
intake was recorded. Another group of mice (N=33) was fed
the same liquid diet except that an isocaloric sucrose solu-
tion was substituted for ethanol. The amount of diet adminis-
tered for each of the 3 days was equal to the daily mean
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intake of those mice receiving the ethanol diet (first day in-
take determined from pilot experiments). After 3 days of
acclimatization with the liquid diet, mice that had received
the ethanol diet were arranged in 3 groups (A, B, C, N=11
each) such that one member of each group matched closely
with the corresponding members of the other two groups in
terms of their mean diet intake. Mice that had been fed the
sucrose diet were randomly divided into 3 groups (D, E, F;
N=11 each). Group A mice continued to receive the 3.5%
ethanol diet ad lib for another 3 days. The concentration of
ethanol in the diet was then increased by 1.5% every 3 days
up to 8% (total of 12 more days after acclimatization). Mice
in groups B and C were fed ad lib the same ethanol diets
except that CDP (3.2 mg and 6.4 mg/100 ml, respectively)
were incorporated each day. The hydrochloride of CDP
(Hoffman-LaRoche, Inc., Nutley, NJ) was dissolved in the
volume of water used to solubilize the vitamin mixture [6].
The diet tubes were wrapped in foil to protect CDP from
light. We have tested (unpublished results) by high-pressure
liquid chromatography, that CDP was stable for at least 24 hr
in aqueous ethanol solutions (from 3.5 to 15%). Mice in
group D were pair-fed with group A the corresponding
isocaloric sucrose diets, while those in groups E and F were
pair-fed with groups B and C, respectively, the isocaloric
sucrose diet containing the respective CDP concentrations.
After the 8% diet had been administered for 3 days, the mice
were withdrawn from the ethanol diet at 8 a.m. on the next
day and every group received an isocaloric (for 8% ethanol)
sucrose diet containing no CDP. Rectal temperature [12] and
withdrawal scores based on convulsions on handling [7] were
recorded every 2 hr for 14 hr and at 24 hr after withdrawal.

The above experiment was repeated with the exception that
3 times the number of animals were used for groups C and F,
other groups remaining the same. One third of the mice in
groups C and F only were sacrificed at 10:30 a.m. on the day
that ethanol diet was withdrawn. Blood and brain samples
were collected and assayed for CDP and its N-demethyl
metabolite (NDCDP). The extraction procedure and ana-
lytical methods were the same as those previously reported
[9]. Groups B and E were not used for these analyses be-
cause our results showed that withdrawal signs were similar
between groups B and C, and between groups E and F. The
other mice in groups A, B and C were administered diet A
(8% ethanol) for one extra day before withdrawal. This was
to minimize the presence of blood and brain levels of CDP or
its metabolites on the next day. Likewise, control mice were
pair-fed an isocaloric sucrose diet containing no CDP. At
8:00 a.m. the next morning, the mice were withdrawn from
the ethanol diet. Half of the mice in (the remaining) groups C
and F were sacrificed and blood and brain samples were
collected and analyzed as above; the remaining animals (in-
cluding groups A, B and E and the rest of C and F) were
monitored for withdrawal signs as described above.

In another experiment similar to the first one, but involving
only groups A and C, tail blood samples (20 ul) were col-
lected on the day of withdrawal at !/> and 2!/ hr after re-
moval of ethanol diet. These were analyzed for ethanol ac-
cording to published procedure [11].

Student’s ¢-test and analysis of variance were used for the
statistical evaluation of the data on rectal temperature. The
Mann-Whitney U test was utilized for ordinal measurements
such as withdrawal scores.

RESULTS

We have demonstrated previously [2] that mice in groups
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B and C showed a sharp increase in diet intake (20-40%,
compared with group A, p<0.001; unpublished results) on
the first day that CDP was incorporated in the 3.5% diet
(diets B and C). The magnitude of increase was the same for
mice consuming diets B and C. However, there was no sig-
nificant difference in the volume of diet consumed among
mice in groups A, B and C on the second and third days that
CDP was present in the 3.5% diets. The same was true for
the six days when CDP was included in the ethanol diet
which contained 5 or 6.5% ethanol (v/v, 3 days each). On the
next 3 days when the diet contained 8% ethanol, mice in
groups B and C showed an increase (10-20%, compared with
group A) in the intake of the diets containing CDP. Except
for the increase in diet intake mentioned above, the average
daily ethanol intake ranged from 12 to 18 g/kg/day, irrespec-
tive of the concentration of ethanol in the diet. This is be-
cause the volume of diet consumed varied inversely to the
ethanol concentration. Thus the daily CDP intake actually
decreased with time as exemplified by a mean intake of
about 20 mg/kg/day on the first day (day 4 of diet administra-
tion) for group B mice and of about 10 mg/kg/day on the last
day (day 15 of diet administration). The corresponding CDP
intakes for group C mice were about 40 and 20 mg/kg/day,
respectively. The mean body weight for each group of mice
was not significantly different from the others before and
after diet treatment, e.g., group A had a mean body weight of
24.23 g (= 0.30, SEM). There was an increase in weight
(about 1 to 1.5 g) during the first week of diet administration
for all groups, but a gradual decline to pre-experimental
value occurred in the next week.

Figure 1A depicts changes in rectal temperature at var-
ious times after withdrawal from ethanol diet. There were
very little and insignificant changes in temperature for mice
in control groups D, E and F; therefore, only the result in
group D is shown. It is seen that mice fed the ethanol diet
alone (group A) had significantly lower temperature (com-
pared to groups B, C and D) at 4 to 10 hr. Mice that had been
fed the ethanol diet containing CDP (groups B and C)
showed a significant decrease (compared to group D) in tem-
perature only at 4 hr and the magnitude of decrease was
significantly smaller than that found for group A at the same
time (Fig. 1A). Furthermore, there was no significant differ-
ence in temperature between groups B and C. An analysis of
variance indicates that at 4 to 10 hr significant interaction
effects (ethanol x CDP) were observed, e.g., at 4 hr,
F(1,40)=22.49, p<0.001.

Withdrawal scores at various times after diet withdrawal
are shown in Fig. 2A. The data depicted for group D, namely
zero score for the entire period, were similar to those (not
shown) exhibited by groups E and F. Mice in groups Band C
had significantly (p<0.01) lower withdrawal scores than
group A mice from 4 to 14 hr after withdrawal. The number
of mice exhibiting signs of withdrawal such as body tremor
and convulsions on handling was also significantly larger in
group A than groups B or C; for example, at 4 hr, 9 mice
(N=11) in group A showed the above withdrawal signs com-
pared to 4 mice (N=11) in group B or C.

Analysis of blood alcohol concentration (BAC) at !/2 and
21/, hr after withdrawal revealed that group A mice had BAC
(mg% + SEM) of 176.5 + 29.4 and 55.7 = 19.4, (N=8), re-
spectively, while the corresponding values for mice in group
C were 111.1 = 15.7 and 13.5 £ 3.8 (N=7). The differences
between the two groups were not statistically significant,
because of large variations in each group. At 2!/2 hr after
withdrawal, blood and brain samples taken from mice that
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FIG. 1. Effect of combined administration of chlordiazepoxide and
ethanol on rectal temperature during withdrawal. Zero hour was the
moment that the ethanol diet was withdrawn. Mean values (N=11
for each group) was depicted. Closed symbols represent values sig-
nificantly different (p <0.01) from corresponding values in group D.
Group A: ethanol diet alone. Group B: ethanol diet + CDP (3.2
mg/100 mi). Group C: ethanol diet + CDP (6.4 mg/100 ml). Group D:
isocaloric sucrose diet. *Significantly different from groups A, B and
C, p<0.05. (B) was different from (A) in that there was an extra day
of diet administration before withdrawal, in which groups A, B and
C received the 8% ethanol diet containing no CDP and groups D, E
and F (the latter two groups not shown; see text) received an
isocaloric sucrose diet.

0 2

had consumed the CDP/ethanol diet (group C) and the con-
trol diet containing CDP (group F) showed no measurable
level of CDP for either group. There was also no detectable
level of NDCDP in group F; however, group C showed a
mean blood NDCDP concentration of 2.61 + 0.47 ug/ml
(N=8).

In the experiment where mice which had received the
CDP-containing diet for 12 days (excluding 3 days of
acclimatization) were fed a diet containing no CDP for one
extra day before withdrawal, blood and brain samples taken
at /2 hr after withdrawal did not show any detectable levels
of CDP and NDCDP. Nevertheless, results of measurement
of rectal temperature (Fig. 1B) and withdrawal scores (Fig.
2B) were qualitatively similar to those described previously
for mice not receiving an extra day of liquid diet (Figs. 1A
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FIG. 2. Effect of combined administration of chlordiazepoxide and
ethanol on withdrawal score during withdrawal. Zero hour was the
moment that ethanol diet was withdrawn. Mean values (N=11 for
each group) are depicted. Closed symbols represent values signifi-
cantly different (p<0.02) from corresponding values in group A.
Treatments for the various groups (A to D) were identical to those
shown in legend for Fig. 1. The difference between (A) and (B) was
as indicated in legend of Fig. 1.

and 2A). There were slight increases in withdrawal scores in
groups B and C (Fig. 2B, compared with Fig. 2A), and a
more pronounced decrease in rectal temperature for groups
B and C (Fig. 1B compared with Fig. 1A), especially at 4 and
6 hr. Nevertheless, the intensity of these withdrawal man-
ifestations remained significantly less than those exhibited
by mice in group A.

DISCUSSION

One or more factors may be responsible for the attenua-
tion of withdrawal signs seen in mice which had been ad-
ministered an ethanolic liquid diet containing CDP. Firstly,
the chronic co-administration of CDP and ethanol may lead
to an increase in the rate of metabolism of ethanol such that
lower blood alcohol levels (BAL) were maintained (com-
pared to those ingesting ethanol diet alone), especially during
the latter part of the period of diet administration. It has been
demonstrated [7] that the intensity of withdrawal reactions
was directly correlated with BAL during chronic ethanol in-
take. We have observed at two time intervals after with-
drawal, higher BAL in mice fed the ethanol diet alone (group
A) compared to those in mice fed the CDP/ethanol diet
(group C), although the difference was not statistically signif-
icant. These data are suggestive of an enhanced rate of
ethanol metabolism in group C mice, especially in light of our
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observation that there was a significant increase (10~20%) in
the intake of the 8% diet by these animals. However, since
we did not monitor the pattern of diet intake each day, we
cannot rule out the possibility that the feeding pattern could
be different in the two groups of animals, thereby leading to
the apparent differences in BALs. Another less likely
possibility is that chronic CDP treatment might alter the ab-
sorption of ethanol. However, we have previously reported
[3] that mice injected intraperitoneally with an acute dose of
ethanol plus CDP did not have different BALs compared to
those injected with ethanol alone.

Another plausible factor contributing to the attenuation of
withdrawal signs may be the presence of long-lasting
metabolite(s) of CDP during withdrawal. No blood or brain
CDP level was detectable during the withdrawal period.
However, blood levels of NDCDP were appreciable at 2!/2 hr
after withdrawal. It has been reported [5] 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). Therefore, the
presence of blood and brain NDCDP or its metabolites dur-
ing withdrawal might lessen the severity of withdrawal
symptoms. However, our results do not provide a firm sup-
port for this hypothesis. The cessation of CDP administra-
tion one day before withdrawal led to no detectable blood and
brain levels of CDP and NDCDP, yet we still observed consid-
erable attenuation of withdrawal reactions. In this instance
there was, however, a trend for a slightly more severe man-
ifestation of withdrawal reactions (compare Figs. 1B and 2B
with Figs. 1A and 2A). These results suggest a minor contri-
bution of NDCDP in attenuating the withdrawal reactions
seen in Figs. 1A and 2A. The fact that groups B and C,
having different CDP intake (one was about doubled), had
very similar withdrawal signs also suggests a minor contri-
bution of NDCDP. Although we cannot rule out the
possibility that some other long-lasting metabolite (e.g.,
LCDP) might still be present, it is not likely. It has been
reported [5] that after a single, oral administration of CDP
(20 mg/kg) in mice, blood CDP could be detected up to 4 hr,
but brain CDP was measurable up to 2 hr only; NDCDP was
present in the blood and brain up to 18 hr, and polar conju-
gates could not be detected at this time; LCDP was not pres-
ent in the brain at 18 hr, but could still be measured in the
blood at 24 hr, having a mean value of 0.85 ug/g. Since the
intake of diet in the present investigation was spread out
throughout the whole day (total daily intake of CDP for
group C mice amounted to no more than 20 mg/kg) lower
blood and brain levels of CDP and its metabolites (compared
to one single oral dose) would be maintained. For the period
that attenuation of withdrawal signs was observed in the
second experiment (Figs. 1B and 2B) mice would have been
off the CDP diet for at least 28-38 hr. Therefore, it is not
likely that appreciable amounts of metabolites of CDP would
have been present in the blood or brain of these animals.

A third factor that can also account for the diminished
intensity of withdrawal signs may be related to a probable
ability of CDP to interfere with the mechanisms by which
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mice develop tolerance to and physical dependence on alco-
hol. There is no prior report suggesting such an action of
CDP, but our preliminary results (unpublished) indicate that
mice which had consumed the CDP/ethanol diet had a
shorter ethanol sleep time (when challenged with an IP in-
jection of ethanol, 3.5 g/kg; 35.91 = 3.75 min, N=7) com-
pared to mice receiving the isocaloric diet (96.74 + 3.27 min,
N=7) or the ethanol diet alone (55.57 + 7.37 min, N=7).
However, further experimentation is needed to identify the
basis (metabolic or functional tolerance) for the observed
difference.

Our results differ from those reported for human studies
[1] in that there was no delay in the appearance of with-
drawal signs in mice which were administered CDP and
ethanol; in fact the time course for appearance of withdrawal
signs was identical in mice receiving ethanol diet alone or
ethanol diet plus CDP, although the intensities and duration
differed significantly. Because of the complexity of differ-
ences between animal and human investigations, an extrapo-
lation of the present data to the human situation is premature
and unwarranted. The withdrawal syndrome exhibited by
patients having a mixed alcohol-benzodiazepine addiction
started 2-10 days after abrupt discontinuation of drugs, and
the nature of the specific symptoms resembled withdrawal
from benzodiazepines {1]. Patients addicted only to alcohol
had withdrawal reactions within 24 hr after the last drink. It
is probable that the attenuation of alcohol withdrawal reac-
tions observed in mice could also be operative in the human
situation. However, because of the longer elimination half-
lives of benzodiazepines in humans, the attenuated alcohol
withdrawal syndrome would have been suppressed by the
presence of these drugs and their active metabolites. The end
result was the appearance of a benzodiazepine withdrawal
syndrome. In our investigation, we have monitored the mice
each day for 1 week after the initial withdrawal and we did
not detect any delayed appearance of withdrawal signs.

In summary, we have found that in mice chronic intake of
CDP/ethanol diet resulted in a marked suppression of with-
drawal signs upon termination of diet administration. The
presence of blood NDCDP during withdrawal could account
for a minor contribution to the protective effect. Qur results
are more suggestive of an increased rate of ethanol metabo-
lism during chronic diet intake as being the major factor for
the observed attenuation of withdrawal signs, although we
cannot rule out the alternative possibility that CDP or its
metabolites might interfere with the development of
tolerance to and physical dependence on alcohol. Further
investigations are needed to pinpoint the exact mechanisms.
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