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Role of nitric oxide in benzodiazepines-induced antinociception in mice.
S. TALAREK, S. FIDECKA. Pol. J. Pharmacol., 2002, 54, 27–34.

The influence of nitric oxide (NO) on antinociceptive activity of diaze-
pam (DZ), chlordiazepoxide (CDP) and clonazepam (CZ) was examined
using the writhing test in mice. The effect of DZ was also studied in mice
using hot plate and tail flick tests. DZ (1.25, 2.5 and 5 mg/kg), CDP (1.25,
2.5, 5, 10 and 20 mg/kg) and CZ (0.075, 0.3125, 0.625, 1.25 and 2.5 mg/kg)
produced significant, dose-dependent (DZ, CDP) antinociception in mice.
The benzodiazepines (BZs)-induced antinociception was antagonized by flu-
mazenil (5 mg/kg) and was not changed by naloxone (2.5, 5 and 10 mg/kg),
except that of CZ, which was reversed by 5 mg/kg of naloxone. N�-nitro-L-
-arginine methyl ester hydrochloride (L-NAME) as well as 7-nitroindazole
(7-NI) intensified antinociceptive activity of BZs. The antinociceptive effect
resulting from co-administration of L-NAME with CZ and 7-NI with CDP
was reversed by L-arginine. Methylene blue (MB) increased, whereas L-ar-
ginine (but not D-arginine) decreased antinociceptive effects of the studied
BZs. These results suggest that the NO-cGMP pathway is involved in the
mechanism of BZs-induced antinociception in the writhing test in mice.
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INTRODUCTION

The benzodiazepines (BZs) are generally
known as sedative, antianxiety, hypnotic and anti-
convulsant drugs. They exert their pharmacological
effects via interaction with specific recognition
sites that are part of the macromolecular GABA re-
ceptor complex. BZs bind to �-aminobutyric acid-A
(GABA") receptors and act to enhance the action
of the inhibitory neurotransmitter GABA at these
receptors [13]. Several observations indicate an anti-
nociceptive effect of BZs [12, 32] while other find-
ings do not support those observations [25, 28, 29].
Despite these discrepancies in research data, the
BZs have gained widespread clinical acceptance as
adjuvants in the management of several specific
painful states. They are recommended for pain as-
sociated with anxiety, pain due to muscle injury
and spasm, and neuropathic pain [26].

Nitric oxide (NO) is a free-radical gas with strong
biological properties formed by the enzyme NO
synthase from L-arginine. NO is known to activate
soluble guanylate cyclase and to increase the intra-
cellular content of cGMP, which may modulate
a great number of physiological functions [33].
There are evidences that NO may be involved both
peripheral and central nociceptive processing [5, 8,
16, 34]. The number of in vivo and in vitro studies
suggest that NO plays a modulatory role in either
release or uptake of neurotransmitters including
glutamate [11] and GABA [11, 19, 30]. Histoche-
mical mapping of NO synthase revealed that NO
synthase-positive neurons are co-localizated with
GABA [36]. It has also been postulated that NO
can modulate the activity of GABA" receptors [39]
or act directly on GABA" receptors [18].

The aim of this paper was to estimate the role of
NO:cGMP pathway in antinociceptive effects of
BZs, the activity of which is closely connected with
GABAergic neurotransmission.

MATERIALS and METHODS

Animals

The experiments were carried out on male Al-
bino Swiss mice (18–26 g). The animals were kept
8–10 to a cage under standard laboratory condi-
tions (at a temperature of 20 ± 1°C and a 12 h
light/dark cycle) with free access to food and water.
All experiments were performed between 9:00 a.m.
and 4:00 p.m.

The experiments were performed in accordance
with the ethical requirements.

Drugs

The following drugs were used: diazepam (DZ,
Relanium, Polfa, Poland), chlordiazepoxide hydro-
chloride (CDP, Elenium, Polfa, Poland), clonazepam
(CZ, Rivotril, Hoffmann-La Roche, Germany),
N#-nitro-L-arginine methyl ester hydrochloride
(L-NAME, Sigma, USA), 7-nitroindazole (7-NI,
RBI, USA), flumazenil (Hoffmann-La Roche, Ger-
many), and methylene blue (MB), L-arginine hy-
drochloride, D-arginine hydrochloride, and na-
loxone hydrochloride (all from Sigma, USA).

Procedure

The following tests were used to investigate the
nociceptive reaction in mice.

1. The writhing test [15]. The number of writh-
ing episodes was counted during a 10 min period,
starting 5 min after intraperitoneal (ip) administra-
tion of 0.6% acetic acid solution in a volume of 10
ml/kg.

MB was administrated intravenously (iv) at the
dose of 5 mg/kg 5 min before the acid. Other sub-
stances were administered sc: the BZs, L-NAME,
7-NI and naloxone 30 min before the acid, flu-
mazenil 15 min prior to acid administration, L- and
D-arginine 35 min prior to acid administration.
Treatments that produced a significant decrease in
the number of writhing episodes compared to that
of vehicle-injected control mice tested on the same
day were considered to be antinociceptive. The ab-
solute mean values of writhing episodes in control
group ranged from 22.5 ± 1.0 to 32.0 ± 2.8 (± SEM).

2. The hot plate test [6]. The animals were
placed at constant temperature of 56°C and the la-
tency of pain response (paw licking, jump) was
measured.

3. The tail flick test [3]. The animal’s tail was
placed in a hot water bath at a temperature of 52°C
and the latency of response (rapid tail movement)
was measured.

In both tests the cutoff time was 20 s. Each animal
was tested 15 min before and 15, 30, 60 and 90 min
after DZ (1.25, 2.5 and 5 mg/kg sc) administration.

Statistical analysis

Data are expressed as the means (± SEM). Sta-
tistical significance of differences between groups
was determined by Student’s t-test.
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RESULTS

The antinociceptive effects of benzo-

diazepines in the writhing test in mice

DZ (1.25, 2.5 and 5 mg/kg), CDP (1.25,
2.5, 5, 10 and 20 mg/kg) and CZ (0.075,
0.3125, 0.625, 1.25 and 2.5 mg/kg) produced
significant, dose-dependent (DZ and CDP but
not CZ) decrease in the number of writhing
episodes in mice (Fig. 1).

The influence of flumazenil and nalox-

one on antinociceptive effects of benzo-

diazepines in the writhing test in mice

Flumazenil (5 mg/kg) was able to antago-
nize antinociceptive effects of DZ (2.5 mg/kg),
CDP (5 mg/kg) and CZ (2.5 mg/kg). The BZs-
-induced antinociception was nonsignificantly
attenuated by naloxone (2.5, 5 and 10 mg/kg),
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Fig. 1. The antinociceptive effects of diazepam, chlordiazepoxide and
clonazepam in the writhing test in mice. The results are expressed as
means ± SEM of groups consisting of 8 (10) mice. The mean value of
a number of writhing episodes in the respective control group was as-
sumed to be 100%. ** p < 0.01, *** p < 0.001 vs control
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Fig. 2. The influence of flumazenil (Flu) and naloxone (Nx) on antinociceptive effects of diazepam (DZ), chlordiazepoxide (CDP)
and clonazepam (CZ) in the writhing test in mice. The results are expressed as means ± SEM of groups consisting of 8 (10) mice.
The mean value of a number of writhing episodes in the respective control group was assumed to be 100%. � p < 0.05, �� p < 0.01,
��� p < 0.001 vs control; * p < 0.05, ** p < 0.01 vs benzodiazepine (BZ)



except CZ activity, which was reversed by 5 mg/kg
of naloxone (Fig. 2).

The influence of L-NAME on antinoci-

ceptive effects of benzodiazepines in

the writhing test in mice

Co-admininstration of L-NAME (20 or 5 mg/kg)
with DZ and CZ (at noneffective doses when given
alone) or CDP resulted in significant antinocicep-
tion. L-arginine (125 mg/kg) was able to reverse the
effects produced by co-administration of L-NAME
(5 mg/kg) with CZ (0.0375 mg/kg) (Fig. 3).

The influence of 7-nitroindazole on

antinociceptive effects of benzodiazepines

in the writhing test in mice

Co-administration of 7-NI (0.5 mg/kg) with
DZ, CDP and CZ (at the threshold dose) resulted in

significant and remarkable antinociception. L-argi-
nine (125 mg/kg) was able to attenuate the effects
produced by co-administration of CDP with 7-NI
and CZ with 7-NI but not that of DZ with 7-NI
(Fig. 4).

The influence of methylene blue on

antinociceptive effects of benzodiazepines

in the writhing test in mice

The antinociceptive action of the threshold
doses of DZ or CZ was intensified by MB (5 mg/kg
iv) as shown in Figure 5.

The influence of L-arginine and D-argi-

nine on antinociceptive effects of benzodi-

azepines in the writhing test in mice

Antinociceptive effects of DZ (2.5 mg/kg) were
significantly reduced by L-arginine (125 mg/kg).
L-arginine (125 mg/kg) but not D-arginine (125
mg/kg), was able to attenuate the antinociceptive
activity of CZ (2.5 mg/kg) (Fig. 6).
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Fig. 3. The influence of N�-nitro-L-arginine methyl ester
(L-NAME) on antinociceptive effects of diazepam (DZ), chlor-
diazepoxide (CDP) and clonazepam (CZ) in the writhing test in
mice. The results are expressed as means ± SEM of groups con-
sisting of 8 (10) mice. The mean value of a number of writhing
episodes in the respective control group was assumed to be
100%. � p < 0.05 vs control; * p < 0.05, ** p < 0.01, *** p <
0.001
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Fig. 4. The influence of 7-nitroindazole (7-NI) on antinocicep-
tive effects of diazepam (DZ), chlordiazepoxide (CDP) and clo-
nazepam (CZ) in the writhing test in mice. The results are ex-
pressed as means ± SEM of groups consisting of 8 (10) mice.
The mean value of a number of writhing episodes in the respect-
ive control group was assumed to be 100%. * p < 0.05, *** p <
0.001



DISCUSSION

BZs are very useful drugs in the treatment of
anxiety, insomnia and epilepsia. The anxiolytic and
sedating effects of BZs have led to their widespread
use as adjuncts to anesthetics during surgical proce-
dures. It has also been documented that BZs are
widely used in the management of chronic pain
[14]. The antinociceptive action of BZs has been
studied in different animal models, but the conclu-
sions are contradictory. A direct antinociceptive ef-
fect of BZs has been demonstrated using the hot
plate test [7], tail-flick test [38] and writhing test
[32]. Furthermore, BZs have been shown to poten-
tiate opioid antinociception in animals [25].

There is evidence that L-arginine: nitric oxide:
cGMP pathway may be involved in peripheral and
central nociceptive processing. It has been reported
that increased NO production induces hyperalgesia
and that NOS-inhibitors can suppress pain [22].
Paradoxically, results from recent research have
also implicated NO as a mediator or modulator in

analgesic drug function. Among drug effects that
apparently involve an L-arginine : NO : cGMP path-
way, the peripheral analgesic action of morphine
[5], the central analgesic mechanisms of �-endor-
phin [35] should also be mentioned.

A great body of evidence points to interactions
between NO and GABA. For example, high con-
centration of NO have been shown to act presynap-
tically to potentiate the release of GABA [10, 11,
19] and postsynaptically to potentiate GABA-me-
diated increases in chloride conductance at GABA"

receptors [9]. In contrast, low concentrations of NO
can exert inhibitory effects on GABAergic trans-
mission [9, 10] indicating that the effects of NO
can be biphasic.

In the present studies, we have shown that BZs
were able to induce antinociceptive action in mice
in the writhing test. In this test both central and pe-
ripheral analgesics could be evaluated, and many
investigators use it and recommend as a simple
screening method [37]. In addition, the writhing
test possesses high sensitivity and it makes possible

$��% ��&��'��� 31

%$()$* +,$�- "%� .-%/+�$"/-�$%-��$%��*-�"%($%+*$*-�($+%

w
ri

th
in

g
ep

is
o

d
es

(%
)

0

10

20

30

40

50

60

70

80

90

100

110

�

*

*

DZ 1 CZ 2.5

� 0.1

BZ

MB 5 mg/kg

BZ + MB 5 mg/kg

...............................................................................
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to detect analgesic activity of non-steroidal antiin-
flammatory drugs. Narcotic analgesics (e.g. mor-
phine) are effective at ten times lower doses in the
writhing test than doses effective in the hot plate or
tail flick test [data not shown]. The antinociceptive
action of BZs in this test is not due to a spasmolytic
effect of BZs, since this property has not been de-
scribed for this type of drugs [2] and also it was not
antagonized by atropine at 0.1–1 mg/kg [32]. The
described effect is dose-dependent and is related
to BZ receptor, since antinociceptive action of BZs
was antagonized by flumazenil. Moreover, this anti-
nociceptive effect of BZs seems not to be related to
opioid receptors since it was slightly changed by
naloxone, except perhaps for CZ activity, which
was reversed by 5 mg/kg of naloxone. However, it
is generally known that this dose of naloxone may
affect not only the opioid receptors.

The antinociceptive effects of BZs were also
studied in thermal tests, i.e. hot plate and tail flick
tests. The observed activities were slight, only inci-
dentally significant and not dose-dependent [data
not shown]. Therefore the writhing test was chosen
to further studies.

It is known that competitive inhibition of NO
synthase by L-NAME [27] or 7-NI [21] leads to the
reduction of the biosynthesis of NO from L-argi-
nine. It has also been found that NO synthase in-
hibitors attenuated behavioral pain responses when
applied parenteraly [23, 24], topically to the spinal
cord [22] and also icv [23]. A variety of NOS in-
hibitors have been used to explore the role of NO in
pain transmission. L-NAME is a nonselective an-
tagonist that inhibits the activity of both endothelial
and neuronal NO synthase and causes pronounced
increases in arterial blood pressure [27], while 7-NI
has been described as a selective inhibitor of neu-
ronal NO synthase in vivo [1]. Although neither
L-NAME nor 7-NI altered responses in the tail
flick assay when thermal or mechanical stimulation
were used [31], both compounds had antinocicep-
tive effects in mice when tested using the writhing
assay [8, 16, 17] or the formalin test [23, 24]. The
results of the present study demonstrate that sc ad-
ministration of L-NAME as well as 7-NI intensi-
fied antinociceptive activity of BZs. L-arginine, en-
dogenous donor of NO, reversed the effect result-
ing from co-administration of L-NAME with CZ
and 7-NI with CDP.

MB has been widely applied in experiments as
a simple inhibitor of guanylate cyclase [22]. Since

guanylate cyclase is one of the main targets of NO
[4], MB is often used to determine the contribution
of the cGMP pathway in the effects of NOergic
system. Moreover, Mayer et al. [20] have shown
that MB acts in vitro as a direct inhibitor of purified
cerebellar NO synthase.

We also observed that MB produced antino-
ciception in mice, as it caused a decline in the
number of writhing episodes after ip injection of
acetic acid [data not shown]. Co-administration of
MB (at nonanalgesic dose when given alone) with
the studied BZs resulted in the increase in their
antinociceptive effects.

We also examined the ability of L-arginine, en-
dogenous donor of NO, to reverse the antinocicep-
tive effects of BZs. Administration of L-arginine
(but not D-arginine) resulted in the expected de-
crease in BZs-induced antinociception.

In summary, the antinociceptive activity of BZs
expressed as a number of acetic acid-induced writh-
ing episodes in mice is dependent on GABAergic
mechanisms and seems to be slightly connected
with opioid system. Intensification of BZs-induced
antinociception by administration of L-NAME or
7-NI, could be interpreted as resulting from reduc-
tion of the level of NO caused by the inhibition of
NO synthase. Moreover, increasing of the produc-
tion of NO by administration of L-arginine, endo-
genous donor of NO, reversed antinociceptive ef-
fect of BZs. The participation of NO : cGMP path-
way in the antinociceptive effects of BZs is also
supported by intensification of these effects by
MB, inhibitor of guanylate cyclase. Additionally,
intensification of BZs-induced antinociception by
7-NI, relatively selective inhibitor of neuronal NO
synthase, seems to point on central origin observed
activities. Because the peripheral origin of antino-
ciceptive effects of BZs cannot be excluded, the
further studies are planned to elucitade this problem.

In conclusion, the results of the present study
indicate that NO is involved, at least partly, in the
antinociceptive activity of BZs.
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