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Abstract:

Background: The aim of the present study was to examine whether different treatment schedules could be associated with tolerance

development to the ataxic and sedative effects of flunitrazepam in mice.

Methods: Effects of repeated flunitrazepam administration were studied in the rotarod and the chimney test for motor coordination

and in a photocell apparatus for locomotor activity in mice. Flunitrazepam doses varied in particular types of injections or in different

experiment duration periods.

Results: Repeated flunitrazepam administration (1 mg/kg, sc and 2 mg/kg, ip) for 8 consecutive days induced tolerance to the motor

impairing effects of flunitrazepam in mice, both in the rotarod and the chimney test. In turn, no tolerance developed to sedative fluni-

trazepam effects, regarding either dose level, injection type or treatment duration.

Conclusions: Those findings confirmed the previous observations that tolerance to benzodiazepines was not simultaneous for each

pharmacological property of the drugs. Interestingly enough, an acute dose of flunitrazepam (1 mg/kg, sc) in our study enhanced lo-

comotor activity of mice.
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Introduction

Benzodiazepines (BZ) are useful therapeutic agents,

prescribed for a variety of specific conditions, such as

anxiety, sleep disorders or epilepsy. The drugs act on

g-aminobutyric acid (GABA)A receptors and enhance

GABA-mediated neuronal inhibition [9, 35]. GABAA
receptors exist as multisubunit (a1�6, b1�3, g1�3, d, e, j,

p and r1-3), ligand-gated chloride channels [4, 29].

Unfortunately, despite the obvious advantages of BZ

as broad-spectrum drugs, they are also liable to de-

velop tolerance and dependence in treated patients

[21, 23].

Tolerance is defined as a gradual decrease of drug

potential to produce same pharmacological effects in

time [2]. The tolerance to diverse effects of BZ

(ataxic, sedative, muscle relaxant, anxiolytic and anti-

convulsant) after its prolonged administration is

a well-documented issue in both clinical and animal

studies [3, 13, 21, 23, 26]. However, the gradual re-

sponse diminution to BZ, observed on time of its in-
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take, is not simultaneous for each pharmacological

property of the drug [3, 15, 21, 23]. For instance, the

tolerance to the sedative and motor coordination

affecting features of BZ develops more rapidly than

that to their anticonvulsant or anxiolytic effects [3, 16,

24]. The mechanism, underlying the tolerance to BZ,

is not fully understood but a growing body of evi-

dence indicates its pharmacodynamic character, as it

is determined by adaptive changes in the central nerv-

ous system (CNS) [3, 17, 21]. Many studies have

demonstrated GABAA receptor down regulation, fol-

lowing its exposure to BZ, what means that GABAA
receptor’s ability to bind BZ and enhance GABA neu-

rotransmission is gradually reduced in time with BZ

administration [3, 17, 26, 36]. Moreover, it is thought

that excitatory mechanisms (such as the glutamatergic

system) are sensitized to compensate for BZ-induced

chronic enhancement of GABAergic inhibition [1, 2, 6].

The purpose of the reported study was to examine

the effects of different treatment schedules on toler-

ance development to ataxic (motor impairing) and

sedative effects of flunitrazepam (FNZ) in mice. FNZ

was chosen as a full BZ agonist with highly hypnotic

and sedative effects [9]. In many countries, FNZ has

been reclassified into a dangerous drug. An increasing

number of reports indicate FNZ abuse for its intoxi-

cant and relaxant effects, often in combination with

alcohol and/or illicit drugs (heroin, marijuana) [14,

28]. Moreover, FNZ is known as a date-rape drug be-

cause sexual predators use it to chemically incapaci-

tate their victims [14]. FNZ, as another BZ, can lead

to physical dependence, addiction and to a state,

known as the BZ withdrawal syndrome [8, 11, 18, 28].

In addition, a chronic intake of FNZ has been associ-

ated with violent crimes, committed by people with

history of violent behaviors [10].

In our experiments, we studied effects of repeated

FNZ administration on animal behaviors in the rota-

rod and chimney tests, which are generally accepted

as motor coordination assessment tests in animals

[39]. Additionally, a photocell apparatus was used to

monitor tolerance development to FNZ-induced seda-

tion in mice [39]. The tolerance to BZ has been re-

ported for both low and high doses of the drug if dos-

ing frequency and administration duration are suffi-

cient [3, 15, 16, 37]. Therefore, different FNZ dosing

protocols were combined with different injection

types or experiment duration periods.

Materials and Methods

Animals

Male albino Swiss mice were used with an initial body

weight of 20–25 g at the study onset. The animals were

housed in groups of 8–12 animals and maintained in a 12 h

light-dark cycle and controlled temperature (21°C). They

received standard food (Murigan pellets, Bacutil, Motycz,

Poland) and tap water ad libitum. All behavioral experi-

ments were carried out, according to the National Institute

of Health Guidelines for the Care and Use of Laboratory

Animals and to the European Community Directive for

the Care and Use of Laboratory of 24 November 1986

(86/609/EEC). The study protocols were approved by the

Local Ethics Committee (68/2009).

Drugs

Flunitrazepam of Sigma Chemicals (St. Louis, USA),

was dissolved in 0.5% Tween 80 (1–2 drops), gently

warmed and then diluted with 0.9% NaCl. A control

group of mice received a vehicle, consisting of 0.5%

Tween 80 (1–2 drops) and 0.9% NaCl.

Experimental procedures

Experiment 1

The mice were treated subcutaneously (sc) with FNZ

in dose of 1 mg/kg for 8 consecutive days and intrape-

ritoneally (ip) by FNZ (1 or 2 mg/kg) to induce toler-

ance to the motor impairing effect of FNZ. Motor co-

ordination of the animals was measured on the 1st, 5th

and 8th day of the experiment, using the rotarod and

the chimney test, 30 min after the administration of

either FNZ or 0.9% NaCl [18, 33, 34].

Experiment 2

The mice were treated according to one of the follow-

ing patterns: FNZ – once a day (1 mg/kg, sc, 30 min

before the test; 1 mg/kg, sc, 60 min before the test;

2 mg/kg, sc, 30 min before the test) and FNZ – twice

a day (2 mg/kg, sc, 30 min before the test). The treat-

ments lasted 11 consecutive days.

Locomotor activity of the animals was measured

on the 1st, 2nd, 5th, 8th or 11th day of the experiment, us-

ing individual circular alleys, 30 or 60 min after FNZ

administration [18, 34, 37].
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BEHAVIORAL TESTING PROCEDURES

Motor coordination

Rotarod test

The rotarod test apparatus consists of a circular rod

(2 cm in diameter), rotating at constant speed

(18 rpm). Animals, when placed on the rotating rod,

naturally try to keep their balance and remain there

rather than fall onto a platform some 30 cm below.

Before drug administration, the mice were trained

daily for a 3-day period. During each training session,

the mice were placed on the rotating rod for 3 min,

being allowed an unlimited number of trials. All the

animals from training sessions were used in subse-

quent experiments. Drug testing was conducted in, at

least, 24 h after final training. During the test, the

mice had to remain on the rotating rod for as long as

possible (a 60 s test was used for the test as maxi-

mum).

Chimney test

The chimney test is a simple test for tranquilizing and

muscle relaxant activity and can be used as an addi-

tional test with other motor coordination determining

tests. The animals had to climb backwards up a plastic

tube (3 cm in lumen, 25 cm long). The mice were

trained once daily for 3 days before the first day of ex-

periment. Motor impairment was assessed as inability

of the mice to climb backwards up the tube within

60 s. The length of time during which the mice

remained in the chimney was measured and recorded

[39].

Locomotor activity

Locomotor activity of individual mice was recorded,

using a photocell apparatus (a round Plexi cage,

32 cm in diameter, Multiserv, Lublin, Poland). The

animals were placed in individual cages for 60 or

30 min after FNZ injection. The cages were equipped

with one row of infrared light-sensitive photocells

(2 emitters and 2 sensors) located 1 cm above the

floor. Locomotor activity was assessed as the number

of photocell interruptions during a period of 30 min.

Motor activity measurement is a standard behavioral

assay in testing the sedative effects of a drug [39].

Statistical analysis

All the results in the reported experiments were ana-

lyzed by one-way ANOVA (for acute FNZ effect) and

by two-way ANOVA (for tolerance development as-

sessment). Post-hoc comparisons were carried out by

Tukey’s test. The level of p < 0.05 was considered

statistically significant. The data are presented as the

means ± SEM. Each group consisted of 8–12 mice.
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Fig. 1. Effects of acute and chronic administration of FNZ on motor performance in the rotarod test (A) and in the chimney test (B). FNZ
(1 mg/kg, sc; 1 mg/kg, ip and 2 mg/kg, ip) was injected for 8 consecutive days. The test was performed 30 min after the injection of FNZ, on the
1st, 5th and 8th day of the experiment. The results are expressed as the means ± SEM (n = 10–12 mice/group). ### p < 0.001 vs. FNZ (1st day),
*** p < 0.001 vs. 0.9% NaCl (1st day) (Tukey’s test)



Results

Effects of acute and chronic administration of

FNZ on motor performance in the rotarod test

(Fig. 1A)

FNZ administration in a single dose (1 mg/kg, sc;

1 mg/kg, ip and 2 mg/kg, ip) on day 1 impaired the

motor coordination of mice (p < 0.001) in the rotarod

test, while, the repeated (5- or 8-day) treatment of mice

with FNZ (1 mg/kg, sc; 1 mg/kg, ip and 2 mg/kg, ip)

reduced their motor incoordination. The two-way

ANOVA showed a significant effect for both days and

the drug and a significant day × drug interaction (see

Tab. 1). A post-hoc comparison confirmed tolerance

development to the motor impairing effect of FNZ by

significant differences between the FNZ-acutely

treated groups (day 1) and FNZ-chronically treated

mice (5 or 8 days) (p < 0.001).

Effects of acute and chronic administration of

FNZ on motor performance in mice, measured

by the chimney test (Fig. 1B)

FNZ administration in a single dose (1 mg/kg, sc;

1 mg/kg, ip and 2 mg/kg, ip) on day 1 impaired the mo-

tor coordination of mice (p < 0.001) in the chimney test.

The two-way ANOVA showed a significant effect

of the drug and day and of the drug × day interaction

for FNZ (1 mg/kg, sc and 2 mg/kg, ip). The injection

of FNZ (1 mg/kg, ip) resulted in a significant interac-

tion, observed in the two-way ANOVA (see Tab. 2).

A post-hoc comparison showed significant differ-

ences between the FNZ-acutely treated (1 mg/kg, sc

and 2 mg/kg, ip) (day 1) and the FNZ-chronically

treated (1 mg/kg, sc and 2 mg/kg, ip) mice (8 days)

(p < 0.001) in the chimney test. That result clearly

demonstrated tolerance development to the motor im-

pairing effect of FNZ (1 mg/kg, sc and 2 mg/kg, ip)

after 8 days of treatment. In turn, the post-hoc com-

parison did not show any significant differences be-

tween the FNZ-treated (1 mg/kg, sc and ip; 2 mg/kg,

ip) groups on day 1 and the FNZ-treated (1 mg/kg, sc

and ip; 2 mg/kg, ip) groups on day 5 or between FNZ

treatment (1 mg/kg, ip) on day 1 and FNZ treatment

(1 mg/kg, ip) on day 8 in the chimney test.

Effects of acute or chronic administration of

FNZ on mice performance in the photocell test

(Fig. 2A, Fig. 2B)

The acute (the 1st day of experiment) administration

of FNZ (1 mg/kg, sc), 60 min before the test, in-

creased locomotor activity of the mice in a photocell

apparatus (p < 0.05), whereas the acute administra-

tion of FNZ (1 mg/kg, sc and 2 mg/kg, sc), 30 min be-

fore the test, had no influence on the locomotor activ-

ity of mice in the photocell apparatus.

FNZ administration on day 2 (1 mg/kg sc; 2 mg/kg

sc, 30 min before the test; 1 mg/kg sc 60 min before

the test and 2 mg/kg sc, 30 min before the test but

after twice daily injection) caused sedation in the
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Fig. 2. Effects of acute and chronic administration of FNZ on mouse performance in the photocell apparatus (a single injection of FNZ – A;
a double injection of FNZ – B). FNZ (1 or 2 mg/kg, sc) was administered for 11 consecutives days. The test was performed 30 or 60 min after
FNZ injection, on the 1st, 2nd, 5th, 8th and 11th day of the experiment. The results are expressed as the means ± SEM (n = 10–12 mice/group).
* p < 0.05, ** p < 0.01, *** p < 0.001 vs. 0.9% NaCl (2nd day); # p < 0.05 vs. 0.9% NaCl (1st day) (Tukey’s test)



mice, measured in the photocell apparatus (p < 0.001,

p < 0.01, p < 0.05 and p < 0.001, respectively).

The two-way ANOVA showed a significant effect

of the drug × day interaction (FNZ 2 mg/kg, sc, once

a day, 30 min before the test), drug (FNZ 2 mg/kg, sc,

once a day, 30 min before the test; FNZ 1 mg/kg, sc,

once a day, 30 and 60 min before the test; FNZ

2 mg/kg, twice a day, 30 min before the test) and day

(FNZ 1 mg/kg, sc, once a day 60 min before the test;

FNZ 2 mg/kg, twice a day, 30 min before the test) (see

Tab. 3).

However, a post-hoc comparison did not show any

statistically significant differences between locomotor

activity of the FNZ-treated mice on day 2 and 5, 8 or

11 measured in the photocell apparatus.

Discussion

A long-term use of BZ results in the development of

tolerance to these drugs, both in animals and humans,

while one of the most striking features is such that this

tolerance develops at different rates with regards to

different behavioral effects [3, 16, 23]. In the reported

experiment, the ataxic effect of FNZ after its repeated

administration was examined in the rotarod and chim-

ney tests. Those tests have proven useful in the as-

sessment of motor impairment induced by a number

of central depressive drugs [27, 30, 32, 39]. Following

our results, the acute FNZ (1 mg/kg; sc or ip and

2 mg/kg; ip) administration produced significant mo-
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Tab. 3. Tabular results (two-way ANOVA) of chronic FNZ administration on mice performance, measured in the photocell apparatus

Variation source

FNZ doses and the route of injections

FNZ 1 mg/kg, sc (30 min) FNZ 1 mg/kg, sc (60 min) FNZ 2 mg/kg, sc (30 min) FNZ 2 mg/kg, sc (30 min);
twice a day

Interaction F
3,68

= 1.189; p = 0.3204 F
3,72

= 0.123; p = 0.9457 F
3,88

= 2.95; p = 0.0371 F
3,82

= 1.552; p = 0.2074

Drug F
1,68

= 290.7; p < 0.0001 F
1,72

= 45.10; p < 0.0001 F
1,88

= 143.3; p < 0.0001 F
1,82

= 109.0; p < 0.0001

Day F
3,68

= 0.926; p = 0.4328 F
3,72

= 2.878; p = 0.0419 F
3,88

= 0.519; p = 0.6702 F
3,82

= 5.502; p = 0.0017

Tab. 2. Tabular results (two-way ANOVA) of chronic FNZ administration on motor performance in mice, measured by the chimney test

Variation source

FNZ doses and the route of injections

FNZ 1 mg/kg, sc FNZ 1 mg/kg, ip FNZ 2 mg/kg, ip

Interaction F
2,42

= 4.417; p = 0.0182 F
2,42

= 0.6212; p = 0.5422 F
2,42

= 5.469; p = 0.0077

Drug F
1,42

= 46.76; p < 0.0001 F
1,42

= 104.5; p < 0.0001 F
1,42

= 39.46; p < 0.0001

Day F
2,42

= 4.019; p = 0.0253 F
2,42

= 0.3076; p = 0.7368 F
2,42

= 4.894; p = 0.0123

Tab. 1. Tabular results (two-way ANOVA) of chronic FNZ administration on motor performance in mice, measured by the rotarod test

Variation source

FNZ doses and the route of injections

FNZ 1 mg/kg, sc FNZ 1 mg/kg, ip FNZ 2 mg/kg, ip

Interaction F
2,47

= 15.55; p < 0.0001 F
2,47

= 13.31; p < 0.0001 F
2,50

= 28.08; p < 0.0001

Drug F
1,47

= 88.99; p < 0.0001 F
1,47

= 53.05; p < 0.0001 F
1,50

= 79.37; p < 0.0001

Day F
2,47

= 14.44; p < 0.0001 F
2,47

= 12.72; p < 0.0001 F
2,50

= 26.67; p < 0.0001



tor impairments in mice in both tests, whereas the

chronic administration of FNZ in the same doses

brought tolerance to the motor impairing effect of

FNZ, observed on day 5 and day 8 of the experiment.

Additionally, two different injection routes were used

for further comparisons. After ip administration, the

injected substance is absorbed through the perito-

neum, getting quicker into circulation than after sc ad-

ministration [20]. However, an ip administration may

cause an untypical, weak response to injected com-

pound when the needle has by mistake been inserted

into the intestine, while not passing between the vis-

cera. In general, it may lead to the lack of repeatabil-

ity of the response to administered compound, i.e., to

failure in the reproducibility of results [20, 22].

Therefore, the lack of injection failure risk is an ad-

vantage of sc injection over ip injection. In addition,

Inoue et al. [22] showed that sc injection was safe as it

did not cause any local damage at injection site in

mice after 7-day treatment. In the reported study,

a lack of significant correlation was observed between

the development of tolerance to the motor impairing

effect of FNZ in mice and the ways of drug admini-

stration (sc or ip) in the rotarod test.

In the chimney test, a tolerance to FNZ motor im-

pairment was observed only after the repeated ad-

ministration of the drug (1 mg/kg, sc and 2 mg/kg, ip)

for 8 days. There were no significant results after the

chronic FNZ (1 mg/kg, ip) treatment in the chimney

test. It is difficult to interpret the discrepancies, ob-

served between the two motor deficit models (chim-

ney and rotarod). The rotarod test is used to assess not

only motor coordination but also the rodent’s sense of

balance [19, 32, 39]. Moreover, motor coordination

deficits, identified by the rotarod test, are subtle and

provisional in many experiments, including the re-

ported one [7, 32], while the chimney test can be used

only as complementary to other tests which determine

muscle relaxant activity [39]. In this context, we may

suggest that chronic treatment with FNZ in dose of

1 mg/kg, sc or ip, for 5 days, is the most appropriate

treatment schedule to obtain tolerance to the ataxic ef-

fect of the drug, measured only in the rotarod test.

Our results support the literature data, in which the

tolerance to the motor impairment inducing effects of

BZ developed during a relatively short time, i.e., 5–14

days of BZ treatment at a wide range of doses [13, 23,

26, 31, 33]. For instance, tolerance to the ataxic effect

of lorazepam (a BZ agonist which has an intermediate

half-time similar to that of FNZ) developed between

day 4 and day 7, and the tolerance was not dose-de-

pendent within the range of used doses (1, 2, 4 and

10 mg/kg) [26]. Moreover, a tolerance to the motor in-

coordination effect of diazepam (a BZ agonist with

very long half-life: 40-120 h) developed after a 10-

day treatment [33].

The other purpose of the reported study was to de-

termine a treatment schedule necessary to develop tol-

erance to the sedative effects of FNZ. It is widely

known that FNZ produces relatively strong sedation

and amnesia in humans, in comparison with other BZ

[9]. Interestingly enough, the animals in the reported

experiment showed an increased locomotor activity

after the first injection of FNZ (1 mg/kg, sc, 60 min

before the test) but on the 2nd day of the experiment

the same injection of FNZ caused a significant de-

crease in the locomotor activity of the mice. An ex-

planation of this result is difficult because BZ are

used clinically, mainly to treat anxiety, muscular

spasms and sleep disorders. However, irritability and

aggressive outbursts have been reported in patients

treated with BZ, a phenomenon referred to as “para-

doxical effects” [9, 12]. FNZ, when used illegally, has

been linked to a high incident of barbaric crimes, in-

volving rape and violence against other individuals

[10]. It is known that the paradoxical effects of FNZ

are not related to its blood concentration levels. Con-

sequently, certain individuals (a 6% subgroup out of

415 cases) could be more susceptible to aggressive or

paradoxical reactions induced by FNZ [8]. Moreover,

these paradoxical effects have been observed in most

experimental models with low doses of BZ, for exam-

ple, an increased spontaneous locomotor activity in

rats after alprazolam injection (0.0037 mg/kg) [5].

What is more, De Almeida et al. [11] showed that

FNZ at low doses (0.01, 0.03, 0.1 and 0.18 mg/kg, ip)

tended to increase aggressive behaviors in rats. The

mechanism of paradoxical effects has not yet been ex-

plained but, probably, these reactions are coupled

with the activity of BZ site on the GABAA receptor

complex. Weinbroum et al. [40] showed that the

midazolam-induced paradox phenomenon was re-

versible by flumazenil (an antagonist of the GABAA
receptor). It is worth noting that no paradoxical effect

was observed in the reported study after acute FNZ

injection on day 1 of the experiment in both the chim-

ney and the rotarod test.

A substantial decrease in locomotor activity of

the studied mice, measured by a photocell apparatus,

was observed on the second day of the experiment.

That diminution of locomotor activity was found in
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response to all the used injections. However, that ef-

fect did not change after 5, 8 and 11 days of the ex-

periment, what means that no tolerance developed to

the sedative effect of FNZ. Because the treatment

with single daily injection of 1 mg/kg did not signifi-

cantly alter the potency of FNZ, a higher dose of FNZ

(2 mg/kg) and two injections daily were used in the

treatment regimen of the experiment. That treatment

was chosen upon the results of van Rijnsoever et al.

[37], which had shown that a repeated (for 9 days)

treatment of mice with diazepam (10 + 5 mg/kg/day;

on day 9 – only 10 mg/kg; sc) resulted in a develop-

ment of tolerance to its sedative effect, observed as an

increased locomotor activity of mice, measured in

a photocell apparatus. Similar conditions – twice

daily injections, were used by Gerak [18] to induce

tolerance to FNZ (1 mg/kg, ip) action in rats. But, in

the reported study, no tolerance developed to the seda-

tive effect of FNZ after twice daily injections of FNZ

(2 mg/kg, sc), either. The literature data provide oppo-

site results for tolerance to BZ-induced sedative activ-

ity. For example, it was demonstrated in rodents that

tolerance to the sedative action of a BZ with shorter

activity duration, i.e., lorazepam, developed rapidly,

within 3-5 days of chronic administration [16, 24],

whereas tolerance to the sedative action of diazepam

(a long-acting BZ) developed after 7–9 days of treat-

ment [15, 37]. However, De Almeida et al. [11]

showed that tolerance to the initially sedative effect of

FNZ (0.3 mg/kg, ip) developed in rats after 42 days of

administration, once a day. Therefore, one of possible

explanations for our results can be the too short treat-

ment to develop tolerance to the sedative effect of

FNZ, which has a high affinity with central BZ recep-

tors and affects them profoundly [9].

Because the tolerance to BZ develops gradually in

time, lasting from days to weeks, it would be sugges-

tive of some structural changes of the GABAA recep-

tor, which may lead to decreased BZ capacity to phar-

macologically enhance the GABA response (i.e., tol-

erance causes uncoupling and desensitization) [38].

But there are some opinions that a specific desensi-

tization-resistant population of GABAA receptors are

present at postsynaptic sites, what was found in in vi-

tro studies [25]. Mellor and Randall [25] showed that

FNZ was completely ineffective in unmasking

transmitter-induced desensitization, what could par-

tially explain the lack of tolerance to the sedative ef-

fect of FNZ.

The data from our study are consistent with the

previous results that tolerance to diverse effects of BZ

was not simultaneous for each pharmacological prop-

erty of the drug [3, 23]. Many behavioral studies have

shown rapidly developing tolerance to sedative and

motor coordination deficits, whereas tolerance not

always develops to the anxiolytic or memory impair-

ing effects of BZ-type drugs after long periods of their

use [13, 15, 33, 34, 37]. Bateson [3] suggests that dif-

ferences in the time scale of tolerance development,

while being dependent upon receptor subtype and/or

the brain region, are responsible for various tolerance

degrees to particular BZ effects.

It may then be concluded that a chronic treatment

with BZ produces tolerance to different behavioral ef-

fects, induced by these drugs, and that the tolerance

develops along different time courses. We demon-

strated in the reported study that tolerance to motor

disturbances, exerted by FNZ, occurred rapidly,

whereas no tolerance developed to the sedative effect

of FNZ. Further investigations are needed to better

explain the observed processes and mechanisms, re-

sponsible for the development of tolerance to BZ ef-

fects.
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