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Diltiazem Alters Some Withdrawal Signs
in Pentobarbital-Dependent Rats
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YUTRZENKA, G. J. AND M. REYNEN. Diltiazem alters some withdrawal signs in pentobarbital-dependent rats. PHARMA-
COL BIOCHEM BEHAV 40(4) 801-805, 1991. —Male, Sprague-Dawley rats were made dependent on pentobarbital sodium (PB)
by continuous, IP infusion of PB for 13 days. On Day 14, a 72-hour PB-free period began during which body weight, 24-hour
water consumption and withdrawal scores were noted. In Study 1, rats were placed into one of four treatment groups at the start
of the PB-free period. Groups included saline-infused control rats with twice daily administration of either vehicle or diltiazem
and PB-dependent rats treated twice daily with either diltiazem or vehicle. In Study 2, rats were placed into one of the four
treatment groups at the start of the 13-day PB-infusion period. In Study 1, PB-dependent rats treated with diltiazem exhibited
approximately 10% loss of body weight at both 12 and 48 hours of the PB-free period while PB-dependent rats treated with
vehicle exhibited only about a 5% loss of body weight. PB-dependent rats treated with either diltiazem or vehicle both exhibited
about a 40% decline in water consumption and were noted to have significant increases in withdrawal scores by the fifth hour of
the PB-free period. As compared to the scores of PB-dependent rats treated with vehicle, diltiazem did not significantly alter the
withdrawal scores of PB-dependent rats at any time point during the PB-free period. In Study 2, the chronic administration of
diltiazem to PB-infused rats produced both a significant decrease in water consumption at 48 and 72 hours and a significant
increase in withdrawal scores from 3-48 hours. Mortality, which occurred only during the PB-free period and involved only
PB-dependent rats treated with diltiazem, reached 50% by the end of the PB-free period. It appears that the chronic administration
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of diltiazem for 13 days led to an exacerbation of some of the typical withdrawal symptoms in PB-dependent rats.
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THE calcium channel blockers have become an important group
of therapeutic agents for treatment of hypertension, arrhythmias
and angina (13,15). This class of therapeutic agents, represented
clinically by such diverse drugs as nitrendipine, verapamil, and
diltiazem, direct their action towards the blockade of voltage-
dependent calcium channels in the membrane. The inhibition of
calcium flux through these channels results in the disruption of
such functions as excitation-contraction coupling or the stimu-
lus-secretion coupling events which lead to the release of hor-
mones and neurotransmitters (4, 11, 21, 27).

The calcium channel blockers have been shown to alter the
effects of a variety of centrally acting agents. It has been re-
ported that diltiazem, verapamil and nicardipine produced both a
dose-dependent analgesic effect as well as an enhanced antinoci-
ceptive action of morphine in laboratory rodents (8). Addition-
ally it was noted that these calcium channel blockers reduced
the degree of opiate withdrawal symptomology following nalox-
one administration to opiate-dependent rodents (2, 3, 5). On the
other hand, administration of the calcium channel activator, Bay
K 8644, significantly increased the degree of withdrawal symp-
tomology observed following naloxone challenge (2). While the
opiates and the calcium channel blockers do not appear to act at
the same receptor site, it does appear that there is a functional
interaction between the sites as morphine administration does
appear to lead to an increase in the number of binding sites for
calcium channel blockers (2,3).

The calcium channel blockers also have been shown to alter
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many of the effects of CNS depressant drugs. It has been re-
ported that these agents may reduce the duration of hypnosis in-
duced by ethanol (22,24), barbiturates (20) and benzodiazepines
(18). The calcium channel blockers have also been noted to both
increase the acute motor incoordination effects of ethanol as well
as delay the acquisition of tolerance to some of the effects of
ethanol (24). It has been noted that while acute ethanol adminis-
tration increased levels of ionized calcium and reduced the mag-
nitude of KCl-stimulated calcium release from synaptosomes, the
chronic administration of ethanol resulted in a lessening of these
effects suggesting the establishment of tolerance to these etha-
nol-induced effects on ionized calcium (4). Finally, it has been
demonstrated that whereas verapamil and nitrendipine potenti-
ated the anesthetic effect of pentobarbital and ethanol, Bay
K8644 inhibited the anesthetic action of these CNS depressant
drugs (9,10).

The present investigation was designed to assess the effects
of the calcium channel blocker, diltiazem, on the withdrawal
symptomology associated with the establishment of physical de-
pendence on barbiturates.

METHOD

Male, Sprague-Dawley, rats (Sasco, Omaha, NE) weighing
160-180 g at the start of the study were housed individually.
Purina Lab Chow (Ralston Purina Co., St. Louis, MO) and wa-
ter were available ad lib. Rats were maintained under a 12-hour
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on/off light cycle with lights on at 7:30 a.m. All rats were accli-
mated to the animal care facility for several days prior to use in
the study.

Rats were surgically prepared with intraperitoneal cannula
(PE90) while under halothane/nitrous oxide anesthesia (25). Rats
were allowed several days recovery from surgery and were then
placed into an infusion harness and were acclimated to the infu-
sion apparatus for several days during which time they were
continuously infused, IP, with sterile 0.9% saline.

In these studies, rats were randomly assigned to either a pen-
tobarbital-infused treatment group or to a saline-infused control
group. Rats were then infused for 13 days with either saline or
with escalating doses of pentobarbital sodium. Rats were initially
infused with pentobarbital at a dose of 100 mg/kg/24 h with
subsequent doses being adjusted, daily, according to the degree
of CNS depression exhibited by the individual rat. By day 13,
rats typically were receiving a dose of 1000 mg/kg/24 h. The
escalating dosage schedule and the CNS depression rating scale
have been described previously (25). Body weight and water
consumption were monitored daily.

On Day 14, there began a 72-hour drug-free period during
which all rats were infused with saline. Body weight and water
consumption were noted daily. In addition, behavioral signs in-
dicative of withdrawal from barbiturates were noted every hour
for the first twelve hours and at 24, 48, and 72 hours. The
withdrawal sign rating scale used has been described previously
(26). Briefly, the rats are assigned a withdrawal score based on
the response of the rat to: 1) a puff of air directed at the head,
2) response to prodding of the flank with a blunt probe; 3) pres-
ence of ‘‘high’’ posture characterized as standing on all four feet
with an arched back and with or without piloerection; 4) the re-
sponse of the rat to being grasped and held above the floor of
the cage. No attempt was made to observe spontaneous convul-
sive activity during the drug-free period.

Study 1 was designed to demonstrate the effect of acute ad-
ministration of diltiazem on the expression of withdrawal signs
in pentobarbital-dependent rats. In this study, rats were assigned
to one of four groups on Day 14. Group 1 rats (n=10) were
saline-infused control rats and received saline injection, IP, twice
daily, at 8:30 a.m. and 8:30 p.m. Rats in Group 2 (n= 10) were
control rats which received diltiazem, 25 mg/kg, IP, twice daily.
Group 3 rats (n=9) were pentobarbital-infused rats and were in-
jected with saline, IP, twice daily. Finally, Group 4 rats (n=
11) were pentobarbital-infused and received twice daily injections
of diltiazem, 25 mg/kg, IP.

Study 2 was designed to determine the effect of diltiazem,
administered twice daily during the pentobarbital infusion phase,
on the expression of withdrawal signs during the subsequent
PB-free period. In this study, rats were assigned to one of the
four treatment groups at the start of the 13-day pentobarbital in-
fusion period. Group 1 rats (n=6) were saline-infused control
rats administered vehicle, IP, twice daily, at 8:30 a.m. and 8:30
p-m. Rats in Group 2 (n=6) were saline-infused and received
twice daily administration of diltiazem, 25 mg/kg, IP. Group 3
consisted of pentobarbital-infused rats (n=6) treated twice daily
with vehicle and Group 4 rats (n=6) were pentobarbital-infused
and were treated twice daily with diltiazem, 25 mg/kg, IP.

Pentobarbital sodium was dissolved in 0.9% saline as a 30
mg/ml stock solution. At the time of infusion the appropriate
amount of pentobarbital stock solution was drawn up into a 10
ml syringe and the total volume was brought to 10 ml with sa-
line. Diltiazem hydrochloride (Sigma) was dissolved in 0.9%
saline. All solutions were sterilized by filtration through 0.2 mi-
cron Metricel filters (Gelman Science Inc.) prior to use in the
study.
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FIG. 1. Percent change in body weight (A) and 24-hour water consump-
tion (B) for control and pentobarbital-dependent rats treated with either
vehicle or diltiazem, 25 mg/kg, IP, twice daily, during the 72-hour long
withdrawal period. Each point represents the mean percent change, as
compared to time zero, for 9-11 rats. Filled symbols indicate significant
difference (p<<0.05) from corresponding control group. *Indicates sig-
nificant difference (p<0.05) between pentobarbital-infused rats treated
with vehicle and pentobarbital infused rats treated with diltiazem.

Statistical analysis of withdrawal scores was carried out us-
ing the Mann-Whitney U-test. Changes in body weight and wa-
ter consumption were analyzed using Student’s r-test.

RESULTS

In both Study 1 and Study 2 the continuous infusion of pen-
tobarbital for 13 days resulted in the establishment of physical
dependence on pentobarbital as reflected by decreases in body
weight and water consumption (Figs. 1 and 2) and increases in
withdrawal scores (Figs. 3 and 4).

In Study 1, it was noted that the body weight of pentobar-
bital-infused rats treated with saline (Group 3) was depressed by
5% while the body weight of pentobarbital-infused rats treated
with diltiazem (Group 4) was depressed by about 10% at 12
hours of withdrawal (Fig. 1A). The body weights continued to
be significantly depressed throughout the 72-hour drug with-
drawal period. Similarly, the water consumption exhibited by
these two groups of rats was significantly depressed by 24 hours
into the withdrawal period (Fig. 1B).

Withdrawal scores for Group 3 and Group 4 were noted to
be significantly elevated over corresponding control groups by
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FIG. 2. Percent change in body weight (A) and 24-hour water consump-
tion (B) for control and pentobarbital-dependent rats treated with either
vehicle or diltiazem, 25 mg/kg, IP, twice daily, during the 13-day pen-
tobarbital infusion period. Each point represents the mean percent change,
as compared to time zero, for 6 rats. Filled symbols indicate significant
difference (p<<0.05) from corresponding control group. *Indicates sig-
nificant difference (p<0.05) between pentobarbital-infused rats treated
with vehicle and pentobarbital-infused rats treated with diltiazem.
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the fifth hour of the withdrawal period (Fig. 3). There was no
significant difference in the withdrawal scores between Group 3
and Group 4 at any time during the withdrawal period.

In Study 2, body weights of pentobarbital-infused rats treated
with either vehicle (Group 3) or diltiazem (Group 4) were found
to have been significantly decreased during the withdrawal pe-
riod (Fig. 2A). Interestingly, while the water consumption of
rats in Group 3 was found to be significantly depressed by 24
hours of the withdrawal period, the water consumption of the
pentobarbital-infused rats treated with diltiazem was not signifi-
cantly depressed until 48 hours after the start of the withdrawal
period (Fig. 2B). At 72 hours, while the water consumption of
rats in Group 3 had returned to control levels, the water con-
sumption of rats in Group 4 continued to be significantly de-
pressed.

Pentobarbital-infused rats treated with diltiazem showed sig-
nificantly elevated withdrawal scores by as early as three hours
into the PB-free period and the withdrawal scores continued to
remain significantly greater than withdrawal scores of the corre-
sponding control groups up to 48 hours of this period (Fig. 4).
Throughout this period the withdrawal scores also tended to be
somewhat higher than the withdrawal scores noted for the pen-
tobarbital rats which did not receive diltiazem.

It was also noted that the pentobarbital-dependent rats that
were treated daily with diltiazem showed 50% mortality during
the withdrawal period. Mortality was not evident in this group
during the previous pentobarbital infusion period nor did any
deaths occur in any of the other treatment groups.

DISCUSSION

It has been previously demonstrated that the calcium channel
blockers may interact with CNS depressants to modify both the
acute and chronic effects of these drugs (1, 9, 24). In the cur-
rent investigation it was demonstrated that diltiazem was able to
exacerbate at least some of the typical signs indicative of with-
drawal from pentobarbital. This was especially true in Study 2
in which the twice daily administration of diltiazem, along with
the continuous infusion of pentobarbital, led to alterations in the
pattern of 24-hour water consumption as well as alterations in
the intensity of the typical withdrawal signs (Figs. 2B and 4). It
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FIG. 3. Mean withdrawal scores for control and pentobarbital-dependent rats treated with
either vehicle or diltiazem, 25 mg/kg, IP, twice daily during the 72-hour long withdrawal
period. Each point represents the mean withdrawal score of 9-11 rats. Filled symbols indi-
cate significant difference (p<<0.05) as compared to corresponding control groups.
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FIG. 4. Mean withdrawal scores for control and pentobarbital-dependent rats treated
with either vehicle or diltiazem, 25 mg/kg, IP, twice daily, during the 13-day pento-
barbital infusion period. Each point represents the mean withdrawal score of 6 rats.
Filled symbols indicate significant difference (p<0.05) as compared to corresponding

control groups.

appears that treatment of these rats with diltiazem delayed the
onset of the hypodipsia by 24 hours and significantly elevated
the mean withdrawal scores by as early as 3 hours after the start
of the pentobarbital-free period. In control rats, diltiazem admin-
istration did not significantly alter any of the parameters ob-
served.

It is difficult to elucidate the nature of the interaction between
barbiturates and calcium channel blockers as evidenced by the
results of the present study. The data suggest that diltiazem ex-
acerbates at least some of the typical withdrawal symptomology
observed in pentobarbital-dependent rats. The fact that this ex-
acerbation of withdrawal signs was apparent even when dilt-
iazem was no longer being administered (i.e., during the PB-
free period in Study 2) suggests that the chronic administration
of diltiazem may lead to a persistent alteration of the function of
the calcium channel.

The evidence from previous studies suggests that the barbitu-
rates, along with other CNS depressant drugs, are capable of in-
hibiting depolarization-induced calcium conductance as well as

altering calcium flux across the neuronal membrane and that tol-
erance to this effect appears to develop along with the develop-
ment of tolerance to the effects of barbiturates (4, 7, 12-14, 16,
17, 19, 23). Inhibition of calcium flux at the level of the pre-
synaptic neuronal membrane may lead to inhibition in the re-
lease of GABA, or other neurotransmitters, which are ultimately
involved in the mediation of the action of barbiturates (27). Im-
portantly, the efflux of GABA from synaptosome preparations
has been shown to be inhibited by calcium channel blockers in
concentrations which inhibit calcium entry into cells (6).
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