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Abstract

Effects of histaminergic agonists and antagonists were investigated on withdrawal signs in lorazepam-dependent rats. Physical

dependence was developed by giving lorazepam admixed with the food in the following dose schedule (in mg/kg given daily� days): 10� 4,

20� 4, 40� 4, 80� 4, and 120� 7. The parameters observed during the periods of administration of lorazepam and after its withdrawal were

spontaneous locomotor activity (SLA), reaction time to pain, foot shock aggression (FSA), and audiogenic seizures. During the withdrawal

period, the rats were divided into groups of 10 each. Control-withdrawal group did not receive any drug. The drugs (in mg/kg administered

intramuscularly) Ð L-histidine (50), histamine-N-methyl (2), promethazine (10), pheniramine (10), astemizole (10), and thioperamide (1) Ð

were given separately in other groups daily during the withdrawal period. The withdrawal signs in control group were hyperkinesia,

hyperaggression, and audiogenic seizures. L-Histidine, precursor of histamine, and thioperamide, antagonist of H3 receptor, potentiated

hyperkinesia, hyperaggression, and audiogenic seizures. Histamine-N-methyl, agonist of H3 receptor, and H1 receptor antagonists,

promethazine and pheniramine, blocked all the withdrawal signs. Astemizole, a peripheral antagonist of H1 receptor, could not affect any

withdrawal sign. It may be concluded that histamine H1 receptors are facilitatory and H3 receptors are inhibitory for benzodiazepine (BZD)

withdrawal syndrome. D 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

The entity of histamine as central neurotransmitter is well

established. The presence of histamine neurons and it

receptors subtypes (H1, H2, and H3) in the brain has been

demonstrated (Schwartz et al., 1995). Certain behavioral

responses are influenced by central histaminergic receptors

(Nath et al., 1982, 1988). However, the role of histaminergic

system in drug dependence has not been elucidated. In the

present endeavor, histaminergic system was investigated for

its possible role in benzodiazepines (BZD) dependence. The

physical dependence on BZD, the most frequently pre-

scribed group of antianxiety drugs, is now a recognized

fact in man and in different species of animals Ð monkey,

dog, and rodent (Howe, 1980; Tyrer and Seivewright, 1984;

Wood et al., 1995). Most of the studies on BZD dependence

were mainly concerned with the development of physical

dependence characterized by withdrawal syndrome. BZD

are known to interact with other neurotransmitters through

GABA±BZD Clÿ ionophore complex (Hobbs et al., 1996)

but central neurotransmitters do not receive much attention

in BZD dependence. We, indeed, reported the involvement

of dopaminergic system in BZD dependence in rats (Nath et

al., 2000). In our earlier studies, diphenhydramine, an

antagonist of histamine H1 receptor, was found to affect

the dependence induced by methaqualone and lorazepam in

rats (Nath et al., 1994, 1997). Comparative evaluation of

dependence liability of BZD with different half-life showed

that lorazepam was the most suitable one to induce physical

dependence in rats on the basis of severity and consistency

of withdrawal signs (Gupta et al., 1993). Therefore, loraze-

pam has been taken as the representative drug among BZD

in the present study to investigate the effect of histaminergic

drugs on the withdrawal syndrome of BZD in the rats.
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2. Method

2.1. Drugs

The drugs used were lorazepam (Cipla, India), phenir-

amine (Torrent, India), promethazine (Torrent), astemizole

(Torrent), L-histidine (RBI, USA), histamine-N-methyl

(RBI), and thioperamide (RBI). Their doses (in mg/kg,

given daily) were histamine precursor L-histidine (50), H3

receptor agonist histamine-N-methyl (2), H1 receptor

antagonists pheniramine (10), promethazine (10), and aste-

mizole (10), and H3 receptor antagonist thioperamide (1).

Each drug was dissolved in normal saline and administered

in separate group by intramuscular route.

2.2. Animal

The study was conducted on male Wistar rats (weighing

150±180 g). Each rat was fed daily with a special diet

comprising gram flour (9 g), milk powder (0.9 g), and

glucose (0.1 g) mixed with 20 ml of water in deep contain-

ers to avoid spillage. It has been our observation that 20 ml

of this diet is more than the daily requirement. Water was

available ad libitum. The animals were housed in a room

with a light±dark cycle of 12 h.

2.3. Development of physical dependence on lorazepam

The present study was conducted in two sets Ð one for

agonists and another for antagonists of histaminergic sys-

tem. In each set lorazepam was administered daily for 23

days after uniformly mixing with the food, as described by

Yanura et al. (1975). The dose schedule of lorazepam used

was (in mg/kg daily� days) 10� 4, 20� 4, 40� 4, 80� 4,

and 120� 7 (Gupta et al., 1996). The average amounts of

lorazepam consumed by the rats of both the sets, calculated

on the basis of daily food intake were (in mg/kg daily� -

days) 8.7� 4, 17.8� 4, 34.1� 4, 70.2� 4, and 98.6� 7.

The withdrawal syndrome was observed after cessation of

lorazepam administration. In each set during the withdrawal

period, the rats were divided into groups of 10 each. One

group did not receive any drug and served as control-

withdrawal, while other groups received histaminergic drugs

in their pharmacologically effective doses daily during the

withdrawal period. The drugs and their dose (in mg/kg

given daily) were histamine precursor L-histidine (50), H3

receptor agonist histamine-N-methyl (2), H1 receptor

antagonists pheniramine (10), promethazine (10), and aste-

mizole (10), and H3 receptor antagonist thioperamide (1).

Each drug was administered in separate group by intramus-

cular route 30 min prior to the start of experiments.

One group of rats (n = 10) was kept only on the diet (no

lorazepam) for 33 days and served as lorazepam nondepen-

dent control group for each set.

Following responses were observed prior to the start of

lorazepam administration (control-Day 0) and during the

periods of administration and withdrawal of lorazepam and

in nondependent control groups.

2.4. Spontaneous locomotor activity (SLA)

SLA was recorded by photoactometer (Techno) (Dews,

1958). The activity was counted for 5 min after a period of

2-min acclimatization in each rat.

2.5. Pain response

The tail clip method was employed to study pain

response (Chen, 1958). The time interval between the

application of clip to tail and first biting of the clip by the

rats was taken as reaction time to pain. The rats, which had

initial reaction time of more than 10 s, were excluded from

the study. The cut off time was 30 s in test groups.

2.6. Foot shock aggression (FSA)

Aggression was induced by electric foot shock (2 mA,

five shocks per second) by Aggressometer (Techno) to pairs

of rats according to the method of Tedeschi et al. (1959).

The paired rats were kept in close proximity to each other.

The numbers of fighting bouts in upright posture were

counted for a period of 1 min.

2.7. Audiogenic seizures

Audiogenic stimuli were given with the help of electric

doorbell (sound volume 50 dB) fixed in a metal chamber for

30 s to elicit the seizure (Essig, 1966).

In all the groups, parameters were observed in the

forenoon. The order for observation of these parameters

was SLA, pain response, FSA, and audiogenic seizures.

The parameters were recorded with an interval of 2 min

except between FSA and audiogenic seizures where it was

5 min.

Body weight and food intake was recorded daily in all

the groups.

The significance of difference between the groups was

determined by ANOVA (two-way analysis of variance) and

followed by Dunnett's test for SLA, reaction time to pain,

and FSA, and chi-square test with Yates correction for

audiogenic seizures.

The research work was approved by a committee of

Central Drug Research Institute.

3. Results

3.1. Lorazepam administration period

On the last day (i.e., Day 23) of lorazepam administra-

tion, the count for SLA and FSA were 25 � 3.7 and 2 � 0.4,

respectively, which were significantly lower as compared
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to control-Day 0 (SLA 81 � 7.1; FSA 4 � 0.3) and on 23rd

day in nondependent group (SLA 77 � 10.9; FSA 5 � 0.5).

Pain reaction was not affected significantly. Audiogenic

seizures did not appear in any rat. These data are combined

of both the sets. There were no significant differences

between the responses observed during the lorazepam

administration in rats of both the sets. The nondependent

controls in both the sets were also not significantly

different from each other.

3.2. Lorazepam withdrawal period

The maximal effects (peak withdrawal) appeared on

Days 2±4 and then gradually declined to level of control-

Day 0 and nondependent control groups within 8±9 days.

The results on the different parameters are the following.

Fig. 1. Effect of histaminergic drugs Ð histamine precursor L-histidine (50

mg/kg im) and H3 receptor agonist histamine-N-methyl (2 mg/kg im) Ð on

SLA during the withdrawal period (W1± W8) of lorazepam. The percent

change indicates change in SLA counts from Day 0, i.e., prior to the start of

lorazepam administration. LZ 23 = 23rd day (i.e., last day) of lorazepam

administration. * Significant difference ( P < .05) from control values (by

Dunnett's test; all data are mean � S.E.M.).

Fig. 2. Effect of histamine antagonists Ð H1 receptor antagonists

pheniramine (10 mg/kg im), promethazine (10 mg/kg im), and astemizole

(10 mg/kg im) and H3 receptor antagonist thioperamide (1 mg/kg im) Ð on

SLA during the withdrawal period (W1± W8) of lorazepam. The percent

change indicates change in SLA counts from Day 0, i.e., prior to the start of

lorazepam administration. LZ 23 = 23rd day (i.e., last day) of lorazepam

administration. * Significant difference ( P < .01) from control values (by

Dunnett's test; all data are mean � S.E.M.).

Fig. 3. Effect of histaminergic drugs Ð histamine precursor L-histidine (50

mg/kg im) and H3 receptor agonist histamine-N-methyl (2 mg/kg im) Ð on

FSA during the withdrawal period (W1± W8) of lorazepam. The percent

change indicates change in FSA counts from Day 0, i.e., prior to the start of

lorazepam administration. LZ 23 = 23rd day (i.e., last day) of lorazepam

administration. * Significant difference ( P < .01) from control values (by

Dunnett's test; all data are mean � S.E.M.).

Fig. 4. Effect of H1 receptor antagonists pheniramine (10 mg/kg im),

promethazine (10 mg/kg im), and astemizole (10 mg/kg im) and H3

receptor antagonist thioperamide (1 mg/kg im) on FSA during the

withdrawal period (W1 ±W8) of lorazepam. The percent change indicates

change in FSA counts from Day 0, i.e., prior to the start of lorazepam

administration. LZ 23 = 23rd day (i.e., last day) of lorazepam administra-

tion. * Significant difference ( P < .01) from control values (by Dunnett's

test; all data are mean � S.E.M.).
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3.2.1. Spontaneous locomotor activity

There was significant difference in the SLA count

between control-withdrawal histaminergic drugs except

astemizole (Figs. 1 and 2). As compared to control-Day 0,

L-histidine and thioperamide group showed hyperkinesia

(95±97% increase in SLA) significantly different from

control-withdrawal (69% increase). There was decrease of

20±28% in SLA (hypokinesia) during the withdrawal

period of promethazine-, pheniramine-, and histamine-N-

methyl-treated rats, which was significantly different from

control-withdrawal (72% increase).

3.2.2. Foot shock aggression

As compared to control-Day 0, the aggressive response

was significantly higher in rats that received L-histidine and

thioperamide (71±74% increase) daily during the with-

drawal, which was significantly more than control-with-

drawal (52% increase) (Figs. 3 and 4). Administration of

promethazine, pheniramine, and histamine-N-methyl pro-

duced 20±26% decrease in FSA (hypoaggression) signifi-

cantly different from control-withdrawal (49% increase).

3.2.3. Audiogenic seizures

In control-withdrawal group of both the sets, 30% of rats

developed audiogenic seizures (Fig. 5). The seizures

appeared from the Day 1 of lorazepam withdrawal and

persisted till Day 9. The audiogenic seizures were poten-

tiated (50±60% incidence) in the groups that received L-

histidine and thioperamide. Promethazine, pheniramine, and

histamine-N-methyl (10% audiogenic seizures only on sec-

ond day) afforded 100% protection against audiogenic

seizures. Astemizole-treated rats showed the audiogenic

seizures similar to control-withdrawal group.

There were no significant differences in the reaction time

to pain and food intake between the control-Day 0, control-

nondependent, and drug-treated groups. The gain in body

weight was similar in lorazepam-dependent and nondepen-

dent groups.

4. Discussion

That the central histaminergic system exerts significant

influence on physical dependence induced by lorazepam

has been observed in the present study. Hyperkinesia,

hyperaggression, and audiogenic seizures were observed

following the cessation of lorazepam administration in the

rats that received lorazepam daily in increasing order of

doses. These effects are withdrawal signs because these

signs are absent during the period of lorazepam admin-

istration and subsided by readministration of lorazepam

(Nath et al., 1994). Characteristic feature of withdrawal

syndrome of psychotropic drugs is neuronal hyperexcit-

ability (O'Brien, 1996) and, as matter of fact, these

withdrawal signs, particularly audiogenic seizures, reflect

a state of neuronal hyperexcitability (Essig, 1966). It is

an accepted view that appearance of withdrawal syn-

drome confirms the development of physical dependence

and severity of withdrawal syndrome indicates the mag-

nitude of physical dependence (O'Brien, 1996). There-

fore, involvement of a neurotransmitter in the physical

dependence can be ascertained by studying the effects of

drugs, acting through that particular neurotransmitter

system, on withdrawal signs. Following this strategy, we

have determined the role of histamine in lorazepam-

induced physical dependence.

Administration of L-histidine (precursor of histamine),

that freely crosses the blood±brain barrier, potentiated all

the withdrawal signs of lorazepam. This observation indi-

cates the enhancement of histaminergic system aggravates

withdrawal signs of lorazepam. Histamine receptors belong

to three distinct groups Ð H1, H2, and H3. The distribution,

molecular characterization, and cloning of these histamine

receptors are well documented. Histamine H1 and H2

receptors are postsynaptic while H3 is presynaptic (Hill,

1990). The role of histamine receptors in lorazepam-induced

physical dependence was delineated by observing the effects

of specific antagonists in their known effective doses on

withdrawal signs. However, H2 antagonists could not be

employed because the currently available H2 antagonists do

not cross blood±brain barrier and daily intracerebroventi-

cular administration was not suited to the present experi-

mental design.

H1 receptor antagonists Ð promethazine and phenira-

mine Ð blocked withdrawal signs. The observation was

similar to that reported in case of diphenhydramine (Nath

Fig. 5. Effect of histaminergic drugs Ð histamine precursor L-histidine (50

mg/kg im), H3 receptor agonist histamine-N-methyl (2 mg/kg im),

peripheral H1 receptor antagonist astemizole (10 mg/kg im), and H3

receptor antagonist thioperamide (1 mg/kg im) Ð on the incidence of

audiogenic seizures during the withdrawal period (W1 ±W9) of lorazepam.

LZ 23 = 23rd day (i.e., last day) of lorazepam administration. The incidence

of audiogenic seizures was 0% on LZ 23 day and in H1 receptor antagonists

Ð pheniramine (10 mg/kg im)- and promethazine (10 mg/kg im)-treated

rats during the withdrawal period. * Significant difference ( P < .05) from

control values (by chi-square test with Yates correction, df = 1, n = 10).
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et al., 1997). Astemizole, a peripheral H1 receptor antago-

nist that cannot freely permeate the blood±brain barrier

(Krstenansky and Cluxton, 1987), could not affect signifi-

cantly any of the withdrawal signs. This indicates the

involvement of central, not peripheral, H1 receptors in

lorazepam-induced physical dependence. Histamine H1

receptor antagonists are not reported to cause significant

behavioral changes except sedation in humans (Wood et

al., 1995). Sedation might play a contributory role in

reversal of hyperkinesia by H1 antagonists Ð prometha-

zine and pheniramine Ð during the withdrawal period.

Mepyramine, an H1 antagonist, potentiates FSA in mice

(Nath et al., 1982), but in this study, H1 antagonists

promethazine and pheniramine inhibited the foot shock

hyperaggression that occurred following the withdrawal

of lorazepam. It seems that antagonism of hyperaggression

of lorazepam withdrawal by H1 antagonists could be due to

interference in the mechanism of withdrawal rather than

per se effect of H1 antagonists.

Histamine H3 receptor agonist histamine-N-methyl

inhibited and H3 antagonist thioperamide potentiated the

withdrawal signs of lorazepam. H3 receptors are autorecep-

tors that regulate the release of histamine. Stimulation of the

autoreceptor by the agonist decreases the release of neuro-

transmitter and blockade by the antagonist increases it

(Array et al., 1992). Therefore, the inhibition of withdrawal

signs by H3 agonist and potentiation of withdrawal signs by

H3 antagonists may be attributed to the decrease and

increase in the release of histamine, respectively.

In the present study, enhancement in histaminergic

activity by precursor L-histidine and release thioperamide

(H3 antagonist) potentiated the audiogenic seizures of

lorazepam withdrawal and H1 antagonist suppressed the

seizures. It has been reported that inhibitory effect of H3

agonists on amygdaloid-kindled seizures is blocked by H1

and H3 antagonists in rats (Kakinoki et al., 1998), but H3

antagonists do not produce pronounced effect against elec-

troshock- and pentylenetetrazol-induced seizures in mice

(Fischer and van der Goot, 1998). Histamine inhibits

audiogenic seizures in genetically sensitive rats but does

not affect ethanol withdrawal-induced audiogenic seizures

in rats (Feng and Faingold, 2000). Thus, the facilitatory

effect of histamine on audiogenic seizures obtained in this

study indicates that histaminergic system in lorazepam

withdrawal is involved in a specific manner because it is

contrary to the inhibitory influence of histamine observed

by other workers on different types of seizures. Finally, it

emerges that enhancement in histaminergic activity, by

increasing synthesis either through precursor L-histidine or

release by H3 (autoreceptor) antagonist thioperamide,

potentiates the withdrawal signs whereas central histamine

H1 receptor antagonists or release inhibitor H3 agonist

histamine-N-methyl inhibit them.

In conclusion, the results of the study implicate the

histamine system in the physical dependence of lorazepam.

It was demonstrated that the histaminergic facilitation,

presumably mediated through histamine H1 receptors and

H3 receptors, might exert inhibitory influence in the devel-

opment of withdrawal signs. The study further highlights

the significance of central histaminergic system in the

regulation of behavioral responses.
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