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The effect of co-administration of ketamine at the sub-effective dose
with diazepam, chlordiazepoxide and clonazepam on their antinociceptive
and protective efficacy against pentetrazole-induced seizures were studied in
mice. Ketamine alone produces dose-dependent antinociception manifested
as reduction in the number of writhing episodes evoked by acetic acid. In the
writhing test, the antinociceptive effects of the threshold doses of diazepam,
chlordiazepoxide or clonazepam were not changed by ketamine, whereas
that of morphine was intensified by ketamine. In the hot plate test, slight
antinociceptive effects of the threshold dose of diazepam, but not that of
chlordiazepoxide (except the results at 120 min of observation), were signifi-
cantly intensified by ketamine vs ketamine alone. Ketamine alone was able
to protect mice, in the dose-related manner, against pentetrazole-induced sei-
zures. The anticonvulsant effects of the threshold doses of diazepam, chlor-
diazepoxide and clonazepam were not changed by ketamine. These findings
indicate that co-administration of ketamine (at the sub-effective dose) with
diazepam, chlordiazepoxide and clonazepam (at non-effective doses) resulted
in an intensification of neither antinociceptive nor protective effect against
pentetrazole-induced seizures in mice. These data seem to indicate the lack
of interaction between ketamine and benzodiazepines with respect to their
antinociceptive and anticonvulsant efficacy.
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Ketamine, a phencyclidine analogue, has been
used clinically as a “dissociative anesthetic” for
years and is widely available. The ketamine-indu-
ced anesthesia is characterized by rapid onset of ac-
tion, analgesia, lack of cardiorespiratory depression
and a wide margin of safety [9]. Its clinical accep-
tance is limited by posthypnotic emergence reac-
tions such as restlesness, disagreable dreams even
hallucinations [26, 36]. The benzodiazepines, par-
ticularly midazolam, are able to attenuate the keta-
mine emergence reaction but the precise mecha-
nism of the action is not known [27]. In preclinical
pharmacological studies, ketamine was character-
ized as having anticonvulsant properties [3]. The
properties have been confirmed in animals, espe-
cially against the tonic-extensor response induced
by maximal electroshock or pentetrazole [18, 21, 33].

The excitatory amino acid (EAA) system is the
principal excitatory system within the brain, while
the GABA" system is the principal inhibitory net-
work. It is likely that these two neurotransmitter
systems have regulatory effects on one another (see
[11]). Ketamine is a potent, selective, non-competi-
tive antagonist of the EAA at N-methyl-D-aspartate
(NMDA) glutamate receptors [1]. Moreover, Lin et
al. [22] have found that ketamine potentiates the
GABAergic neurotransmission. GABA" receptor
agonistic properties of ketamine have been sug-
gested by Irifune et al. [19].

Benzodiazepines are known to enhance GABA-
ergic neurotransmission through binding to the spe-
cific benzodiazepine recognition site within GABA"

receptor-ion channel complex, and allosterically
modulate its activity [24]. The most prominent ef-
fects of benzodiazepines include sedation, decreased
anxiety, hypnosis or anticonvulsant activity. Be-
sides, benzodiazepines seem to possess some anal-
gesic properties [7, 30, 37]. Thus, it might be ex-
pected that concomitant administration of ketamine
and benzodiazepines results in synergy with respect
to their behavioral effects.

The aim of our study was to evaluate the effects
of co-administration of ketamine and chosen ben-
zodiazepines on their anticonvulsant and antino-
ciceptive activities in mice.

MATERIALS and METHODS

Animals

Experiments were carried out on male Albino
Swiss mice (18–25 g) purchased from the Farm of

Laboratory Animals (Szostak, Warszawa, Poland).
The animals were kept 8–10 to a cage at room tem-
perature of 20 ± 1°C, under natural day-night cycle
(spring). Standard food (Murigran pellets, Bacutil,
Motycz, Poland) and water were available ad libi-
tum. All experiments were performed between 9.00
a.m. and 3.00 p.m.

The experiments were performed in accordance
with the ethical requirements.

Drugs

Ketamine hydrochloride (Ketanest, Parke-
Davis, Germany), diazepam (Relanium, Polfa, Po-
land), clonazepam (Rivotril, Roche, France), chlor-
diazepoxide hydrochloride (Elenium, Polfa, Po-
land), pentetrazole (Cardiazolum, Polfa, Poland),
morphine hydrochloride (Polfa, Poland).

Procedure

The testing of nociceptive reactions

The writhing test according to Koster et al. [20].
The number of writhing episodes was counted dur-
ing a 10 min period, starting 5 min after the intrape-
ritoneal (ip) administration of 10 ml/kg of acetic
acid [0.6% (v/v) in saline]. The tested benzodi-
azepines were injected subcutaneously (sc) 30 min
before the acid: diazepam (1 mg/kg), chlordiaze-
poxide (2.5 mg/kg), clonazepam (0.0375 mg/kg).
Ketamine (5 mg/kg) and morphine (0.25 mg/kg)
were given sc 15 min before the acid. The absolute
mean values of writhing episodes in control groups
ranged from 23.0 ± 2.14 to 30.875 ± 3.93 (mean
± SEM) were shown as 100% Abdominal constric-
tion was not observed in saline-treated mice.

The hot plate test according to Eddy and Leim-
bach [10]. The animals were placed singly on hot
plate at constant temperature of 56°C and the la-
tency of pain response (paw licking, jump) was
measured. The cut off time was 20 s. The tested
drugs, diazepam (5 mg/kg) and chlordiazepoxide
(20 mg/kg), were injected 15 min before ketamine
(25 mg/kg) and administered ip. The experimental
group consisted of 8–10 animals.

Pentetrazole-induced convulsions

Pentetrazole was given sc at the dose of 110
mg/kg. The animals were observed for 60 min after
pentetrazole administration and the mice develop-
ing clonic seizures, tonic convulsions and dead ani-
mals were recorded in that period. Ketamine (10,
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20, 40, and 80 mg/kg, ip) was injected 5 min and
benzodiazepines: diazepam (0.05 mg/kg), chlordi-
azepoxide (0.25 mg/kg) and clonazepam (0.01 and
0.005 mg/kg, ip) 30 min before pentetrazole ad-
ministration. Doses of the used benzodiazepines
were chosen during pilot experiments. Benzodiaze-
pines given at lower doses had no permanent, re-
peatedly protective efficacy.

Statistics

Statistical significance of the obtained data was
evaluated using �

� test with Yates correction (pen-
tetrazole-induced seizures), Student’s t-test (writh-
ing test) and Duncan’s test, following a two-way
ANOVA (hot plate test); p values > 0.05 are re-
ported as not significant (NS).

RESULTS

The antinociceptive effect of various doses

of ketamine assessed in writhing test in

mice (Fig. 1)

Ketamine, given at the doses ranging between
10–80 mg/kg, produced the significant (10 mg/kg,

p < 0.05; 20 mg/kg, p < 0.01; 40 and 80 mg/kg,
p < 0.001) dose-dependent decreases in the number
of writhing episodes in mice (Fig. 1).
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Fig. 1. The antinociceptive activity of various doses of ketamine
assessed in the writhing test in mice. Each bar represents the
mean ± SEM for a group of 10 mice. The data are expressed as
per cent of control group. * p < 0.05, ** p < 0.01, *** p < 0.001
vs control (Student’s t-test)
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Fig. 2. The influence of ketamine (KET) on antinociceptive activity of benzodiazepines (BDZ): diazepam, chlordiazepoxide, clo-
nazepam and morphine (Mph) (given at the threshold doses) assessed in the writhing test in mice. The results are expressed as means
± SEM of groups consisting of 10 mice. The mean value of a number of writhing episodes in the control group was assumed to be
100%. �� p < 0.01 vs KET, * p < 0.05 vs Mph (Student’s t-test)



The effect of ketamine on antinociceptive

activity of diazepam, chlordiazepoxide,

clonazepam and morphine assessed in

writhing test in mice (Fig. 2)

The antinociceptive effect of the threshold dose
of diazepam (1 mg/kg), chlordiazepoxide (2.5 mg/kg)
and clonazepam (0.0375 mg/kg) were not changed
by ketamine (5 mg/kg) as can be seen in Figure 1.
The antinociceptive effect of morphine was signifi-
cantly intensified by ketamine, when both were
given at the threshold doses of 5 mg/kg and 0.25
mg/kg, respectively (Fig. 2).

The effect of ketamine on antinociceptive

activities of diazepam and chlordiaze-

poxide assessed in the hot plate test (Fig. 3)

Analysis of antinociceptive effects of the tested
drugs revealed a significant treatment effect (F2����

= 18.9 p < 0.001), time effect (F&���� = 6.56 p <
0.001) but no treatment time interaction (F��� ��� =

1.27 NS). The slight prolongation of the response
latency in mice to the thermal nociceptive stimuli
by 5 mg/kg of diazepam (p < 0.05 at 30 min),
20 mg/kg of chlordiazepoxide (p < 0.05 at 30 and
60 min) and 25 mg/kg of ketamine (NS) was ob-
served. Antinociceptive effects of diazepam were
significantly (p < 0.05 at 30, 60, 90 and 120 min)
intensified by ketamine vs ketamine alone. Chlor-
diazepoxide-induced antinociception was signifi-
cantly (p < 0.05) increased by ketamine vs keta-
mine alone, only at 120 min of experiment.

The anticonvulsant effect of ketamine and

the influence of ketamine on anticonvulsant

activities of benzodiazepines in pentetra-

zole-induced seizures in mice (Tab. 1)

Pentetrazole (110 mg/kg) produced clonic sei-
zures in all control mice, tonic seizures and death
of most of the animals. Pentetrazole-induced sei-
zures were inhibited by ketamine (10–80 mg/kg) in
the dose-related manner. The anticonvulsant effects
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Fig. 3. The influence of ketamine (KET), given at the threshold dose, on antinociceptive activity of diazepam (DZ) and chlordi-
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of the threshold doses of diazepam, chlordiazepox-
ide and clonazepam (0.05, 0.25 and 0.005 mg/kg,
respectively) were not changed by ketamine (10
mg/kg). Only protective efficacy of chlordiazep-
oxide and clonazepam against the pentetrazole-
-induced mortality was markedly intensified by
ketamine but the results were significant only in
comparison with the results obtained with chlordi-
azepoxide or clonazepam but not with ketamine.

Table 1. The influence of ketamine (KET) on pentetrazole
(PTZ)-induced seizures and on protective efficacy of diazepam
(DZ), chlordiazepoxide (CDP) and clonazepam (CZ) in this sei-
zure model

Drugs
mg/kg (ip)

The number of mice responding

clonic
seizures

tonic
seizures

death

PTZ 110 (sc)

KET 10

KET 20

KET 40

KET 80

10

9

10

7

3***

9

4

4

0***

0***

9

2**

1***

0***

0***

PTZ 110 (sc)

KET 10

DZ 0.05

KET 10 + DZ 0.05

10

10

10

10

8

7

8

8

5

3

5

3

PTZ 110 (sc)

KET 20

CDP 0.25

KET 20 + CDP 0.25

10

7

9

9

8

7

9

7

8

2**

6

1***��

PTZ 110 (sc)

KET 20

CZ 0.005

KET 20 + CZ 0.005

10

8

9

8

9

7

6

4

5

5

6

2�

Each group consisted of 10 mice. ** p < 0.01, *** p < 0.001 vs
PTZ; �� p < 0.01 vs CDP; � p < 0,05 vs CZ (�� test with the Yates
correction)

DISCUSSION

Numerous experimental and clinical studies
seem to indicate that the excitatory amino acid
ionotropic receptor antagonists may act as antiepi-
leptic drugs [4]. Although the pro- and anticonvul-
sant effects of phencyclidine and its analogues are

controversial [21, 26], there is strong evidence for
ketamine antiseizure activity in animal models of
epilepsy (see Introduction).

In our experiments pentetrazole, given at the
dose of 110 mg/kg, produced strong seizures and
death in 50–90% of the tested mice. The observed
divergences in pentetrazole-induced mortality are
difficult to explain. The present results show the
dose-related (10–80 mg/kg) protective efficacy of
ketamine on pentetrazole-induced seizures. Keta-
mine very strongly inhibits the pentetrazole-in-
duced mortality, a little weaker tonic convulsions
and slightly clonic seizures. Similar findings were
described by Irifune et al. [19] who reported that
bicuculline-induced tonic seizures, but not clonic
ones, were inhibited by ketamine in mice. The me-
chanism of the difference in ketamine’s protective
effect against tonic and clonic convulsions is un-
clear. On the basis of our own results and literature
data, some authors [19] suggest, that GABA neuro-
transmission participates in the tonic, rather than
the clonic seizures.

Benzodiazepines, agonists of the benzodiazepi-
ne site on the GABA" receptor, are clinically use-
ful anticonvulsant agents. In animals, benzodiaze-
pines prominently prevent pentetrazole-induced
seizures [14, 32]. The aim of our study was to test
if concomitant administration of ketamine and ben-
zodiazepines results in synergy on their anticonvul-
sant effects. Therefore, the doses, which produced
only slight antiepileptic effects of the drugs were
used. The threshold doses of benzodiazepines were
chosen on the basis of our previous study [35] and
that of ketamine was estimated in the dose-depen-
dent experiment (Tab. 1). ED2� value, calculated
for clonic phase in pentetrazole (110 mg/kg, sc)-in-
duced seizures, was 0.47 mg/kg (0.37–0.59) for di-
azepam [5], 1.25 mg/kg (0.92–1.7) for chlordiaze-
poxide and 0.023 mg/kg (0.018–0.030) for clonaze-
pam [6]. In our study, however, co-administration
of the threshold antiepileptic doses of ketamine and
each of the used benzodiazepine did not cause the
intensification of their protective effects against
pentetrazole-induced seizures. Similarly, Fahey et
al. [11] have shown that both dizocilpine, the
NMDA open channel blocker, and CPP, a competi-
tive NMDA receptor antagonist, did not potentiate
the anticonvulsive effect of lorazepam when co-ad-
ministered with lorazepam in the pentetrazole mo-
del of epilepsy. On the other hand, Deutsch et al.
[8] have found potentiation of flurazepam antisei-
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zure efficacy by dizocilpine (MK-801) in the elec-
troshock-induced seizures. Also D-CPP-ene, a com-
petitive NMDA receptor antagonist, enhanced the
anticonvulsant potential of antiepileptics (among
others diazepam) against electroconvulsions, but
this combination produced considerable side ef-
fects [38].

In spite of the data that suggest possibility of in-
teraction between the anticonvulsant effects of ket-
amine and diazepam, chlordiazepoxide or clonaze-
pam, such synergy was not observed in the present
study.

Besides anesthesia, ketamine produces analge-
sia, which has been used for more than 35 years in
clinical practice. It is now generally agreed that one
pharmacological mechanism of the antinociceptive
action of ketamine is connected with its specific
binding to the phencyclidine (PCP) site of the
NMDA receptor ion channel complex, which results
in non-competitive, use-dependent NMDA recep-
tor antagonism [23]. However, ketamine-induced
analgesia seems to be, at least in part, connected
with endogenous opioid system [12, 13, 17, 31].
Antinociceptive effects evoked by ketamine were
also found in animals in numerous behavioral tests,
among others in tail flick test in rats [2, 12] and
in writhing test in mice [13]. In the present study,
ketamine, given in increasing doses, produced
dose-dependent antinociception manifested by re-
duction in the number of abdominal constrictions
evoked by acetic acid.

Investigations of the application of benzodi-
azepine therapy to suppress pain have been carried
out for a long time. Clinical experience suggests a
potential role of benzodiazepines for the treatment
of acute muscle spasm, concomitant chronic pain
and anxiety, and neuropathic pain [25]. The antino-
ciceptive effects of benzodiazepines have also been
studied in different animal models but the results
are controversial. While some data show benzodi-
azepines’ antinociception [30, 37], others do not
confirm the activity [28, 29]. Our previous results
[15] have shown that benzodiazepines possess anti-
nociceptive activity manifested by potent decrease
in the number of stretches in writhing test and
markedly weaker effect observed as a prolongation
of the response latency to the thermal stimuli in hot
plate test in mice. Moreover, NO-cyclic GMP path-
way seems to be involved in the antinociceptive ac-
tivity of benzodiazepines [34].

The doses producing only slight antinociceptive
effects were used to study the interactions between
ketamine and benzodiazepines. The threshold doses
of benzodiazepines were chosen on the basis of our
previous study [15], and that of ketamine was esti-
mated in the dose-response experiment (Fig. 1).
The present data show that antinociceptive effects
of the threshold dose of diazepam, chlordiazepox-
ide and clonazepam are not intensified by ketamine
in the writhing test in mice. Similarly, in the hot
plate test in mice, ketamine does not change the
antinociceptive effects of chlordiazepoxide but in-
tensifies that of diazepam, but only at 90 min of ob-
servation. Distinct synergistic effect, however, was
observed after co-administration of the threshold
antinociceptive doses of ketamine and morphine in
the writhing test in mice. This synergistic effect is
used in clinical practice, e.g. in the care of patients
with terminal cancer pain, where a single iv admi-
nistration of ketamine decreases the opioid require-
ments by 50% [16].

In spite of the data suggesting a possibility of
the interaction between the antinociceptive effects
of ketamine and benzodiazepines, such synergy
was not observed in our present study.
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