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Benzodiazepine withdrawal has been associated with hostile and aggressive behavior. The benzodiazepine
antagonist flumazenil has reduced, increased or not affected hostility and aggression in animal and human
studies. In the present study we analyzed data collected in a placebo-controlled study of the effects of the
benzodiazepine antagonist flumazenil in patients previously treated for benzodiazepine dependency, and
healthy controls. The aim was to analyze the effects of flumazenil on hostility and aggression. Ten patients
and 10 controls received, on two separate occasions, cumulative doses of flumazenil (0.05, 0.1, 0.25, 0.5 and

i;é‘;vezrg;'n 1 mg at 15 min intervals) or placebo. Withdrawal symptoms were rated after each injection. Patients had
Benzodiazepines been free from benzodiazepines for 47 (4-266) weeks on the first occasion. A three-way interaction
Withdrawal (group x treatment x dose) was found, and was explained by: 1) patients rating aggression and hostility
Flumazenil higher than controls at all times during placebo, while 2) during the flumazenil provocation i) the initial
Humans significant difference between patients and controls was no longer significant above the 0.5 mg dose, and ii)

patients rated aggression and hostility significantly lower above the 0.5 mg dose compared to base-line. The
results suggest that self-rated aggression and hostility in patients treated for benzodiazepine dependency

was reduced by the partial benzodiazepine agonist flumazenil.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

In the clinical setting of treatment of benzodiazepine withdrawal
there are some who terminate treatment themselves, or are dis-
charged, as a consequence of intolerable withdrawal related feelings
of irritability and aggression. It would therefore be beneficial for the
patients, as well as for people close to them and for society if this sub-
group of patients could stay in treatment for a controlled withdrawal
from medication to maintain a stable life situation. Therefore it is
important to investigate the possibility of a pharmacological inter-
vention to reduce abstinence symptoms in this group of patients.

Benzodiazepines were initially known for their “taming” proper-
ties (Randall, 1960). It has been shown, in animals, that moderate to
high doses of benzodiazepines reduce aggression while low doses
may have an intensifying effect in some situations (Miczek et al.,
1994). Benzodiazepines are also known to produce paradoxical rage
reactions in some individuals of both animals and humans (DiMascio,
1973). Furthermore, benzodiazepines have dependency producing
properties (Hollister et al., 1961; Lader, 1991).

Benzodiazepine withdrawal has, among many other symptoms
(Ashton, 1991), been associated with irritable, hostile and aggressive
behaviors in both animals (Herman et al., 1976; Krsiak et al., 1998;
Nath et al., 2000; Votava et al., 2001) and humans (Hallstrom and
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Lader, 1981; Petursson and Lader, 1981; Lader and Petursson, 1983;
Owen and Tyrer, 1983; Ashton, 1984; Fontaine et al., 1984; Lader,
1984). The incidence of such symptoms ranges, in patient popula-
tions, from 19 to 75%. Withdrawal symptoms may cause problems
with treatment compliance as well as in the social and professional
life for some individuals.

A growing evidence suggest that benzodiazepines might increase
an aggressive behavior in humans (Wallace and Taylor, 2009), and
several possible explanations to this increase has been suggested. The
behavioral and emotional control can be lost by GABAergic neurons
which synapse with other neurons that control behaviors when
activated. Alternatively, anxiolytic effects of benzodiazepines can
diminish fear of negative consequences, or lead to change in the self-
conscious emotions of shame, guilt or embarrassment. For a more
detailed discussion of benzodiazepines and aggression see Wallace
and Taylor, (2009). The benzodiazepine antagonist flumazenil, also
suggested to have partially agonistic effects at doses higher than
30 mg (File and Pellow, 1986), has been reported to reduce (Allikmets
and Rago, 1983; Ushijima et al., 1984; Vasar et al., 1984; Ostrovskaia
and Molodavkin, 1985; Uhlirova et al., 2004), increase (Rodgers and
Waters, 1984; Beck and Cooper, 1986) or not/inconclusively affect
(Polc et al., 1981; Sulcova and Krisiak, 1984; Skolnick et al., 1985; Mos
and Olivier, 1986; Mos et al., 1987; Sakaue et al., 2001; Fachinelli et al.,
2003; Gourley et al., 2005) hostility and aggression in animal studies.
Studies in benzodiazepine-naive humans have shown more self-
reported “antagonism” in subjects given flumazenil compared to
placebo (Darragh et al., 1983; Higgitt et al., 1986). Flumazenil has also,
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in animals, been shown to decrease the aggression-heightening
effects of the GABA, receptor modulator alcohol (Miczek and Krsiak,
1979; Weerts et al., 1993; De Almeida et al., 2004). One study has
investigated the effects of flumazenil on aggressive responding in
humans (Tcheremissine et al., 2005). Doses of flumazenil (2 and
3 mg) did not produce statistically significant changes in aggressive
responding. There was, however, some individual variation across
subjects and it is speculated if this might be related to the previous
history of benzodiazepine abuse in the two subjects responding to the
provocation.

It has been suggested that consumption of benzodiazepines causes
a receptor shift so that agonists become less effective and inverse
agonists become more effective (Nutt, 1990). Bidirectional effects of
flumazenil are discussed by File and Hitchcott (1990) To the receptor
shift theory File and Hitchcott (1990) have added that individual
levels of anxiety influence the effect of flumazenil on benzodiazepine
withdrawal. They suggested that flumazenil acts as an agonist when
anxiety is high and as an inverse agonist when it is low.

Another possibility would be that flumazenil acts by blocking
endogenous inverse agonists that produces the withdrawal related
symptoms — as have been a suggested in alcohol withdrawal (Potokar
et al, 1997). Still another possible explanation is if withdrawal
symptoms continue to be low after the flumazenil provocation. Then
it might be that flumazenil revesed a receptor tolerance that have
followed as a consequence of the previous benzodiazepine consump-
tion (Savic et al,, 1991).

In the present study, we analyzed data collected in a placebo-
controlled study of the effects of the benzodiazepine antagonist
flumazenil in patients previously treated for benzodiazepine depen-
dency, and healthy controls. The aim was to analyze the effects of
flumazenil on self-rated hostility and aggression.

2. Method
2.1. Participants

Ten patients and 10 controls participating in a study of the effects
of the benzodiazepine antagonist flumazenil on withdrawal symp-
toms after treatment for benzodiazepine dependency. The patient
group consisted of 5 males and 5 females with a history of
benzodiazepine dependence according to DSM-III-R. They had been
treated for this by tapering and should have been free from
benzodiazepines for at least three weeks, but still complain about
characteristic withdrawal symptoms. Their characteristics have been
described previously (Saxon et al., 1997). The patients ranged from 28
to 51 (mean 43) years in age and had been benzodiazepine free for 47
(4-266) weeks before the first provocation. All subjects were
medically examined prior to provocations and subjects were to be
excluded from the study if: 1) using drugs of any kind, 2) were alcohol
dependent, or 3) had any signs of previous illness or central nervous
system damage. Control subjects consisted of physically and psychi-
atrically healthy hospital staff (5 males and 5 females) with ages
ranging from 34 to 48 years (mean age 42 years). All subjects were
screened for benzodiazepines and salicylates in their urine and for
indicators of high alcohol consumption in blood.

2.2. Assessments

For subjective ratings, a unipolar 90-item visual analogue self-
rating scale previously validated for symptoms commonly associated
with benzodiazepine withdrawal and with the use of flumazenil was
used; see Saxon et al. (1997). This rating scale is divided into three
subscales, consisting of aggregates of Positive- and Negative Psycho-
logical Items, as well as Somatic Items. For the present study, six of the
items on the Negative Psychological Aggregate were used: “Irritation”,
“Temper outbursts you cannot control”, “Having urges to break or

smash things”, “Wants to shout or throw things”, “That you easily get
annoyed or irritated” and “Having urges to beat, injure, or harm
someone”. Each item consisted of a 100 mm scale ranging from “not at
all” to “very much”. The subjects were instructed to define the
subjective meaning of the extremes, rated to what extent they
experienced each symptom at that precise moment — not to indicate
changes, and that they should perform the ratings quickly. The sub-
jects were accustomed to the instrument by a practice rating before
the experiment began. Self-ratings commenced 7 min after each
infusion, and were completed in approximately 6 min. For further
information on the self-rating instrument, see Saxon et al. (1997).

2.3. Procedure

Subjects received, on two separate occasions, cumulative doses of
flumazenil (0.05, 0.1, 0.25, 0.5 and 1 mg at 15 min intervals) or
placebo intravenously. Both occasions were initiated by two single-
blind placebo injections. Withdrawal symptoms were self-rated on
100 mm visual analogue scales after each injection.

Subjects gave their consent to participate in the study after
receiving verbal and written information about the study, which was
approved by the local Ethics Committee. Subjects received some
financial compensation for participating. A physician examined the
subjects before each experiment.

The experimental protocol was approved by an Institutional
Review Committee for the use of Human Subjects and are in
compliance with the Declaration of Helsinki for human subjects.

2.4. Data analysis

Group differences, differences between group changes over time
(i.e. groupxtime interaction), over treatment conditions (i.e.
group x treatment interaction), and treatment effects over time
(i.e. treatmentx time interaction), as well as three-way interactions
(i.e. group x time x treatment interaction) were tested for significance
by analysis of variance (ANOVA, a split-plot design; (Kirk, 1968)).
Post-hoc analysis for paired comparisons was carried out using
Tukey's HSD Test (Kirk, 1968). The level of significance was set at 5%
and sequential Bonferroni was used to control for possible alpha
inflation (Rice, 1989).

3. Results

A significant [F(6,108) = 2.44, P=0.03] three-way interaction was
found between group, treatment and dose (Fig. 1). In post-hoc tests
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Fig. 1. Sum (4 SEM) of aggregate of the six self-rated aggression and hostility items. The
100 mm visual analogue scale ranged from “not at all” to “very much”.
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(Tukey's HSD) this was explained by: 1) patients rating aggression
and hostility significantly (P<0.0001) higher than controls at all times
during placebo, while 2) during the flumazenil provocation i) the
initial significant (P<0.01) difference between patients and controls
was no longer significant above the 0.5 mg dose, ii) patients, during
flumazenil, did not differ significantly from patients placebo above the
0.5 mg dose, and iii) patients rated aggression and hostility signifi-
cantly (P<0.05) lower above the 0.5 mg dose compared to base-line.
Additionally, the possibility of how aggression relates to anxiety was
tested. The results showed that Pearson product moment correlation
between aggression and anxiety was significant both for the patients
(r=0.80, P<0.01) and for the controls (r=0.89, P<0.01).

4. Discussion

Benzodiazepine withdrawal has, among many other symptoms,
been associated with hostile and aggressive behavior, whereas the
benzodiazepine antagonist flumazenil has had variable effects on
hostility and aggression in animal studies.

In this analysis of data collected in a study of effects of the
benzodiazepine antagonist flumazenil on benzodiazepine withdraw-
al, we found that patients treated for benzodiazepine dependency
experienced stronger feelings of aggression and hostility than
controls. This self-rated hostility and aggressiveness was reduced by
intravenous administration of flumazenil among patients, whereas
controls tended to respond with the opposite effect. Thus, flumazenil
seems to have acted as an agonist in the patient group and, possibly, as
a weak inverse agonist in the control group. This inverse agonist effect
in humans have been described elsewhere (Schopf et al., 1984),
however this inverse agonist effect was not found by Coupland et al.
(1997). Our results indicate that previously reported aggression
reducing effects of flumazenil in animals may also be shown in
humans. The effects do, however, not support the suggestion that
benzodiazepine consumption causes a receptor shift that makes
inverse agonists act more effectively (Nutt, 1990). Another possibility
would be that flumazenil acts by blocking endogenous inverse
agonists that produces the withdrawal related symptoms — as have
been a suggested in alcohol withdrawal (Potokar et al., 1997). It is not
possible to tell, from this study, if this was the case. It could, however,
be studied in an experiment with a longer follow-up period — if
symptoms return when flumazenil concentrations are decreasing this
theory is supported. A third possible explanation is if withdrawal
symptoms continue to be low after the flumazenil provocation. Then
it might be that flumazenil revesed a receptor tolerance that have
followed as a consequence of the previous benzodiazepine consump-
tion (Savic et al.,, 1991).

Limitations of these results are the limited number of subjects
studied and the post-hoc nature of the analyses performed. The
results are, however, interesting and further studies should be
performed to confirm these results. We observed that the patient
with the highest base-line anxiety showed the largest response to
flumazenil. It would therefore be interesting to test the hypothesis of
File and Hitchcott (1990), that the effects of flumazenil depend on
individual levels of anxiety, by comparing effects in larger groups of
patients with low and high base-line anxiety.

Flumazenil has also been reported to reduce symptoms of alcohol
withdrawal in humans (Nutt et al, 1993; Potokar et al., 1997), and
when given in combination with the GABA analogue gabapentin to
subjects with alcohol withdrawal, a more favorable effect on
subsequent drinking in patients with high alcohol withdrawal
symptoms (Anton et al., 2009). Further, in the group with high
withdrawal symptoms, there was a significant difference between
flumazenil/gabapentin and placebo in reduction of withdrawal
symptoms. It would therefore also be of interest to evaluate the
influence of anxiety on alcohol induced self-reported aggression

during flumazenil provocations, related to a past history of aggressive
behavior for both groups.
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