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Abstract
Epilepsy comes after stroke as the most common chronic neurological disorder worldwide. Inflammation enhances neuronal 
hyperexcitability that could provide a background setting for the development of epilepsy. The aim of this study was to assess 
the effect of valproate (VAL), diclofenac (DIC), meloxicam (MEL), VAL + MEL and VAL + DIC in pentylenetetrazol (PTZ) 
kindled mice. Seventy mice were randomly allocated into 7 equal groups; Control, PTZ, VAL, DIC, MEL, VAL + MEL and 
VAL + DIC groups. Kindling was induced by PTZ (40 mg/kg, i.p.) injection every other day for 17 days. The drugs were 
administered, 30 min before each PTZ injection till the end of the schedule. Seizure score, latency, duration and mortality 
rate were recorded in all groups. Tumor necrosis factor- α (TNF-α), interleukin-1β (IL-1β), malondialdehyde (MDA) and 
prostaglandin E2 (PGE2) levels as well as reduced glutathione (GSH) content were assessed in brain homogenate at the 
end of the schedule. VAL, DIC, MEL, VAL + MEL and VAL + DIC decreased seizure score and duration. Meanwhile, they 
increased the latency period. PTZ increased TNF-α, IL-1β, MDA, and PGE2 levels meanwhile, it decreased GSH content. 
Administration of VAL, DIC, MEL, VAL + MEL and VAL + DIC decreased TNF-α, IL-1β, MDA, and PGE2 levels mean-
while, they increased GSH content in the brain homogenates. Effects of VAL + DIC combination on the studied parameters 
were significant in relation to VAL. VAL, DIC, MEL, VAL + MEL and VAL + DIC produced anticonvulsant effect and 
mitigated inflammation and oxidative stress in PTZ-kindled mice. Interestingly, DIC rather than MEL enhanced the anti-
convulsant effect VAL.
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Introduction

Epilepsy is a common neurological disorder that affects 
people of different ages [1]. Recruitment of inflammatory 
cells was demonstrated in epileptic brains [2]. Cyclooxyge-
nase (COX)-2 has a role in the brain inflammation [3]. The 
inflammatory mediators (i.e., cytokines and prostaglandins) 
were detected in epileptic brain specimens. They promote 
local inflammation and function directly on cognate recep-
tors to modulate neuronal excitability [4]. The inflammatory 
processes result in hyperexcitable neuronal networks, and 
consequently the development of epilepsy [5].

Pentylenetetrazol (PTZ), GABAA receptor antagonist, is 
used as experimental chemoconvulsant. Repeated injections 
of subconvulsant doses of PTZ induce kindling model of 
epilepsy. This model is applicable for investigation of the 
pathophysiology of epilepsy and screening of anti-epileptic 
drugs [6].

The available antiepileptic drugs provide a symptomatic 
relief without cure of the disease. Furthermore, a wide range 
of adverse effects is associated with their long-term use lim-
iting their compliance [7]. Therefore, the need for new antie-
pileptic drugs with better compliance is a promising target.

Diclofenac (DIC), non-selective COX inhibitor, has 
potent anti-inflammatory, analgesic, and antipyretic effects. 
This drug is widely used for the alleviation of pain, fever, 
and inflammation associated with arthritis and gout [8]. 
Meloxicam (MEL) inhibits prostaglandin (PG) biosynthe-
sis during inflammatory conditions with preferential COX-2 
inhibitory effect [9].
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In previous studies diclofenac decreased the severity of 
seizures in PTZ kindling model of epilepsy, as well as the 
levels of interlukin-6 and TNF-α levels in hippocampus [10]. 
The drug depressed cortical neuronal activity and shifted 
the voltage dependent potassium channel activation to more 
hyperpolarization potentials [11]. Meloxicam increased the 
latency period to convulsions in acute PTZ model of epi-
lepsy [12], and reduced myeloperoxidase and malondialde-
hyde levels and restored the glutathione content of the brain 
[13].

The rationale of our study was based on many previ-
ous studies of NSAIDs such as celicoxib, asprin, roficoxib, 
parecoxib and diclofenac performed in different models of 
epilepsy and showed variations in their antiepileptic effects.

The current work is designed to study and compare the 
potential anticonvulsant effect of DIC, MEL and their inter-
actions with VAL in PTZ-kindled mice.

Materials and Methods

Animals

Male Swiss albino 8-week-old mice, weighing 15–35 g, 
purchased from the faculty of veterinary medicine, Zagazig 
University, Egypt and kept in colony cages with free access 
to food and tap water, under standardized housing conditions 
(temperature of 22 ± 1 °C). After 7 days of adaptation to lab-
oratory conditions, the animals were randomly assigned to 
seven experimental groups. All experimental protocols were 
approved by the Ethics Committee of Zagazig University.

Drugs

Meloxicam: powder (Adwia, Egypt). Sodium valproate: 
powder (Sanofi-Aventis, France). Pentylenetetrazol: pow-
der (Sigma-Aldrich, USA). Diclofenac sodium: powder 
(Novartis, Switzerland).

Kindling Model

PTZ was injected, 40 mg/kg, i.p. on alternate days. After 
each PTZ injection, seizures were evaluated using a scoring 
scale: 0, no effect; 1, jerks; 2, Straub’s tail; 3, clonus [14]. 
The maximum kindling score is approached if the animal 
shows all the phases of convulsions (i.e. up to full-blown 
clonus) and equals 6 (sum of 0 + 1 + 2 + 3). On day 17 the 
maximum seizure score was reached in PTZ-treated group.

Experimental Design

70 mice were randomly allocated into seven equal groups. 
Saline control group: mice were injected with normal saline 

(10 ml/kg mice, i.p.) on alternate days for 17 days. PTZ 
group: mice were received PTZ (40 mg/kg mice, i.p.) on 
alternate days for 17 days. VAL group: mice were injected 
with VAL (50 mg/kg/day, i.p.) [15] for 17 days and PTZ 
(40 mg/kg, i.p.) on alternate days injected 30 min after VAL. 
MEL group: mice were injected with MEL, 10 mg/kg/day, 
i.p. [16] for 17 days and PTZ (40 mg/kg, i.p.) on alternate 
days 30 min after MEL injection. DIC group: mice were 
injected with DIC, 10 mg/kg/day, i.p. [17] for 17 days, and 
PTZ (40 mg/kg, i.p.) on alternate days, 30 min after DIC 
injection. VAL + MEL group: mice were injected with MEL 
(10 mg/kg/day, i.p.) followed by VAL 50 mg/kg/day, i.p. 
for 17 days while, 30 min latter PTZ (40 mg/kg, i.p.) was 
injected on alternate days. VAL + DIC group: mice were 
injected with DIC (10 mg/kg/day, i.p.) followed by VAL 
(50 mg/kg, i.p.) for 17 days, while 30 min latter PTZ (40 mg/
kg, i.p.) was injected on alternate days.

The selected doses of the drugs were based on the 
results of previous studies used the same drugs in other 
models of epilepsy and confirmed by pilot study. DIC or 
MEL doses utilized in the study were equivalent to human 
doses in clinical practices. As the human equivalent dose 
(mg/kg) = mice dose (mg/kg) × mice Km/human Km; 
while, Km = weight/body surface area [18]. So, the human 
doses = 10 × 3/37 = 0.8  mg/kg [for 60  kg human about 
50 mg].

Mice were kept under direct observation and video 
recording during the experiment to facilitate the calcula-
tion of the results, seizure score and the latency period 
between PTZ injection and the beginning of convulsions 
were recorded, the duration of convulsions are calculated 
from the start of the convulsion movements till their quit.

Biochemical Assays

Mice were euthanized by decapitation 24 h after the last PTZ 
administration and brains were quickly removed in liquid 
nitrogen then perfused with phosphate buffered saline solu-
tion, pH 7.4, Containing 0.16 mg/ ml heparin to remove any 
red blood cells and clots. The tissue was homogenized in 
5–10 ml cold buffer (i.e., 50 mM potassium phosphate, pH 
7.5. 1 mM EDTA) per gram tissue. The homogenate was 
centrifuged at 100,000×g for 15 min at 4 °C. The superna-
tant was removed for assessment of TNF-α, IL-1β, MDA, 
GSH, and PGE2 [19].

Estimation of Reduced Glutathione (GSH) Content 
and Malondialdehyde (MDA) Level

GSH ELISA kits were utilized for estimation of GSH con-
tent according to Crowther [14]. Estimation of MDA levels 
were performed using MDA ELISA kits according to Jain 
et al. [20].
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Estimation of IL‑1β and TNFα

IL-1β and TNFα levels were determined by using their 
related ELISA kits according to Prostmann and Kiessing 
[21].

Estimation of PGE2

Prostaglandin E2 level was determined using PGE2 ELISA 
kits (ab133021) according to manufacturer instructions.

Statistical Analysis

The results obtained were statistically analyzed using the 
SPSS 15.0 software package for Windows (SPSS Inc., Chi-
cago, IL). Statistical analysis of data was performed with 
one-way ANOVA followed by the post hoc Tukey–Kramer 
test for multiple comparisons. Differences among values 
were considered statistically significant if p < 0.05.

Results

Effects of VAL (50 mg/kg), DIC (10 mg/kg), MEL 
(10 mg/kg), VAL + MEL and VAL + DIC on Seizure 
Score and Latency Period in PTZ‑Kindled Mice 
(Figs. 1, 2)

The seizure score in PTZ control group was 5.4 ± 1.2 
(range value: 6–3). This score was significantly decreased 
to 2.4 ± 1.7 (range value: 6–1), 2.7 ± 1.5 (range. value: 
6–1) and 4 ± 1.8 (range value: 6–3) in VAL, DIC and MEL 
groups respectively. In the MEL group the score was signifi-
cantly increased in relation to both VAL and DIC groups. 

Combination of VAL + MEL significantly decreased seizure 
score to 2 ± 1.05 (range value: 3–1) in relation to PTZ while 
the decrease was insignificant in relation to VAL, MEL or 
DIC groups. In VAL + DIC combination group, seizure score 
was significantly decreased to 1 ± 0.8 (range value:1–0) in 
relation to PTZ, VAL, DIC and MEL groups. Percentages 
of mice reached maximal score in the 17th day of experi-
ment in PTZ, VAL, DIC, MEL, VAL + DIC and VAL + MEL 
groups were 90, 10, 40, 50, 0 and 0 respectively. Percentage 
of resistant mice to PTZ seizures was 10% in VAL + DIC 
group and 0% in all other groups.

The latency period of convulsions was 3.7 ± 0.39 (range 
value: 4.50–3.20)  min in PTZ control group. In VAL, 
DIC and MEL groups, it was significantly increased to 
10.3 ± 0.5(range value: 10.30–9.50), 9.8 ± 0.45 (range 
value: 10.30–8.40) and 7.6 ± 0.8 (range value: 9–7.50) min 
respectively in relation to PTZ group. The latency period 
in MEL group was significantly decreased in relation to 
VAL and DIC groups. MEL + VAL and VAL + DIC signifi-
cantly (p˂0.05) increased the latency period to 9.9 ± 0.38 
(range value: 10.50–9.30) and 11.6 ± 3.77 (range value: 
15–11.90) min respectively in relation to MEL and PTZ 
groups but these values were insignificant in relation to VAL 
and DIC groups.

Effects of VAL (50 mg/kg), DIC (10 mg/kg), MEL 
(10 mg/kg), VAL + MEL and VAL + DIC on the Duration 
of Convulsions (minutes) in PTZ‑Kindled mice (Fig. 3)

The mean duration of convulsions in PTZ control group 
was 6.5 ± 0.57 (range value: 7.20–5.36) min. The latter was 
significantly decreased in VAL, DIC and MEL groups to 
2.3 ± 0.94 (range value: 3.60–2.12), 4.1 ± 1.1 (range value: 
4.20–2.16) and 4.6 ± 1.2 (range value: 5.40–3.50)  min 
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Fig. 1   Effects of VAL (50  mg/kg), DIC (10  mg/kg), MEL (10  mg/
kg), VAL + MEL and VAL + DIC on seizure score in PTZ-kindled 
mice. Data represent mean ± Standard deviation. aSignificant in rela-
tion to PTZ group. bSignificant in relation to PTZ group, VAL and 
DIC groups. cSignificant in relation to PTZ and MEL groups. dSignif-
icant in relation to PTZ group, VAL, DIC and MEL groups, p < 0.05. 
F value between the groups = 18.651
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Fig. 2   Effects of VAL (50  mg/kg), DIC (10  mg/kg), MEL (10  mg/
kg), VAL + MEL and VAL + DIC on latency period (minutes) in 
PTZ-kindled mice. Data represent mean ± Standard deviation. aSignif-
icant in relation to PTZ group. bSignificant in relation to PTZ group, 
VAL and DIC groups. cSignificant in relation to PTZ and MEL 
groups. dSignificant in relation to PTZ group, VAL, DIC and MEL 
groups, p < 0.05. F value between the groups = 30.555
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respectively. The mean duration of convulsions in DIC 
and MEL groups was significantly increased in relation to 
VAL group. VAL + MEL significantly (p˂0.05) decreased 
the duration of convulsions to 2.7 ± 0.49 (range value: 
3.80–2.13) min in relation to PTZ, DIC and MEL groups 
while this decrease was insignificant in relation to VAL 
group. In VAL + DIC group the duration of convulsions 
was significantly decreased to 1.4 ± 0.8 (range value: 
2.50–1.5) min in relation to PTZ, VAL, DIC, MEL and 
VAL + MEL groups.

Effects of VAL (50 mg/kg), DIC (10 mg/kg), MEL 
(10 mg/kg), VAL + MEL and VAL + DIC on MDA Level 
and GSH Content, IL‑1β, TNF‑α and PGE2 Levels 
in the Brain of PTZ Kindled Mice (Table 1)

In saline control group, the MDA level was 
1.54 ± 0.12 ng/g brain tissue. This level was significantly 
elevated in PTZ control group to 17.19 ± 1.18 ng/g. The 
latter was significantly decreased to 8.27 ± 0.55, 6.39 ± 0.48 
and 10.16 ± 0.65 ng/g in VAL, DIC and MEL groups 
respectively. In DIC group, MDA level was significantly 
decreased in relation to VAL and MEL groups. In MEL 
group, MDA level was significantly increased in relation 
to VAL and DIC groups. In VAL + MEL and VAL + DIC 
groups, MDA levels were significantly decreased to 
4.4 ± 0.49 and 2.83 ± 0.62 ng/g respectively. In VAL + DIC 
group, the level was significantly decreased in relation to 
PTZ, VAL, DIC, MEL and VAL + MEL groups.

In saline group, GSH content was 26.85 ± 1.59 pg/g brain 
tissue and significantly (p˂0.05) decreased in PTZ control 
group to 2.04 ± 0.42 pg/g. In VAL, DIC and MEL groups 
GSH contents were significantly increased to 7.16 ± 0.67, 
9.97 ± 1.18 and 5.04 ± 0.58 pg/g respectively in relation to 
PTZ group. In the MEL group, the GSH content was signifi-
cantly decreased in relation to VAL and DIC groups. GSH 
contents in VAL + MEL and VAL + DIC groups were sig-
nificantly increased to 13.71 ± 0.72 and 18.53 ± 1.67 pg/g 
respectively in relation to PTZ, VAL, DIC and MEL 
groups. In VAL + DIC group, GSH content was signifi-
cantly increased in relation to PTZ, VAL, DIC, MEL and 
VAL + MEL groups.
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Fig. 3   Effects of VAL (50  mg/kg), DIC (10  mg/kg), MEL (10  mg/
kg), VAL + MEL and VAL + DIC on the duration of convulsion (in 
minutes) in PTZ-kindled mice. Data represent mean ± Standard 
deviation aSignificant in relation to PTZ group. bSignificant in rela-
tion to PTZ and VAL groups. cSignificant in relation to PTZ, DIC and 
MEL groups. dSignificant in relation to PTZ, VAL, DIC, MEL and 
VAL + MEL groups, p < 0.05

Table 1   Effects of VAL (50 mg/kg), DIC (10 mg/kg), MEL (10 mg/kg), VAL + MEL and VAL + DIC on MDA level and GSH content, IL-1β, 
TNF-α and PGE2 levels in the brain of PTZ kindled mice

Data represent mean ± Standard error
a Significant in relation to saline group
b Significant in relation to saline and PTZ groups
c Significant in relation to saline, PTZ and valproate groups
d Significant in relation to saline, PTZ, VAL, and DIC groups
e Significant in relation to saline, PTZ, VAL, DIC and MEL groups
f Significant in relation to saline, PTZ, VAL, DIC, MEL and VAL + MEL groups, p < 0.05
N value means the number of animals in each group

Groups Saline control PTZ VAL DIC MEL VAL + MEL VAL + DIC

MDA ng/g N = 10 1.54 ± 0.12 17.19 ± 1.18a 8.27 ± 0.55b 6.39 ± 0.48c 10.16 ± 0.65d 4.4 ± 0.49e 2.83 ± 0.62f

GSH pg/g N = 10 26.85 ± 1.59 2.04 ± 0.42a 7.16 ± 0.67b 9.97 ± 1.18c 5.04 ± 0.58d 13.71 ± 0.72e 18.53 ± 1.67f

IL-1β pg/g N = 10 5.97 ± 0.25 49.98 ± 3.82a 24.6 ± 1.48b 19.11 ± 1.21c 30.6 ± 2.07d 11.18 ± 0.77e 7.65 ± 0.84f

TNF-α pg/g N = 10 4.16 ± 0.21 40.48 ± 4.77a 22.39 ± 1.09b 16.97 ± 1.12c 27.22 ± 1.43d 9.23 ± 0.58e 6.12 ± 0.55f

PGE2 pg/g N = 10 4.07 ± 0.12 33.38 ± 2.48a 19.94 ± 1.02b 14.1 ± 0.84c 20.64 ± 1.79d 9.78 ± 0.83e 6.01 ± 0.63f
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In saline group IL-1β level was 5.97 ± 0.25 pg/g tissue 
and significantly increased to 49.98 ± 3.82 pg/g in PTZ 
group. In VAL, DIC and MEL groups, IL-1β levels were 
significantly decreased to 24.6 ± 1.48, 19.11 ± 1.21 and 
30.6 ± 2.07 pg/g respectively in relation to PTZ group. The 
IL-1β levels in VAL + MEL and VAL + DIC groups were 
significantly decreased to 7.65 ± 0.84 and 11.18 ± 0.77 pg/g 
groups respectively in relation to PTZ, VAL, DIC and MEL 
groups. The IL-1β level in VAL + DIC group was signifi-
cantly decreased in relation to VAL + MEL group also.

In saline control group, the level of TNF-α was 
4.16 ± 0.21 pg/g brain tissue. The latter was significantly 
increased to 40.48 ± 4.77 pg/g in PTZ group in relation to 
saline control group. In VAL, DIC and MEL groups, the 
levels of TNF-α were significantly decreased to 22.39 ± 1.09, 
16 ± 97 ± 1.12 and 27.22 ± 1.43 pg/g respectively in relation 
to PTZ group. The level in MEL group was significantly 
increased in relation to DIC group. In VAL + MEL and 
VAL + DIC groups, the levels of TNF-α were significantly 
decreased to 9.23 ± 0.58 and 6.12 ± 0.55 pg/g respectively 
in relation to PTZ, VAL, DIC and MEL groups. The TNF-α 
level in VAL + DIC group was significantly decreased in 
relation to VAL + MEL group.

The PGE2 level in saline control group was 
4.07 ± 0.12 pg/g brain tissue. The latter level was signifi-
cantly increased in PTZ control group to 33.38 ± 2.48 pg/g 
in relation to normal group. In VAL, DIC and MEL groups, 
PGE2 levels were significantly decreased to 19.94 ± 1.02, 
14.1 ± 0.84 and 20.64 ± 1.79 pg/g respectively in relation 
to PTZ group. In VAL + MEL and VAL + DIC groups, the 
levels of PGE2 were significantly decreased to 9.78 ± 0.83 
and 6.01 ± 0.63 pg/g respectively in relation to PTZ, VAL, 
DIC and MEL groups. The PGE2 level in VAL + DIC group 
was significantly decreased in relation to VAL + MEL group.

Discussion

Drug interactions with antiepileptic drugs (AEDs) are com-
mon which may enhance their antiepileptic effect [7]. In the 
present work, the effects of VAL, MEL, DIC, VAL + MEL 
and VAL + DIC were examined in PTZ-kindled mice.

PTZ induced generalized convulsions and oxidative 
stress. The latter was represented by reduction in GSH con-
tent and elevation of MDA level in mice brain. Oxidative 
stress was found to be implicated in the initiation and pro-
gression of epilepsy [22]. Previous study reported decrement 
in GSH content in PTZ-kindled mice brain [23]. Epilepsy is 
associated with NMDA-mediated increase in neuronal cal-
cium and cysteine deprivation due to binding of glutamate 
to cysteine transporter with subsequent GSH overwhelming 
[24]. In the same context, antioxidants ameliorated seizure 
activity in epileptic patients [25].

In the current study, IL1β and TNF-α levels were ele-
vated in kindled mice brain. Increased cytokines levels in 
the cerebrospinal fluid of epileptic rats were previously 
reported [26]. In addition, toll-like receptor/interleukin-1 
receptor signaling was enhanced in neurons of kindled mice 
[27]. Moreover, inhibition of IL-1β biosynthesis ameliorated 
PTZ-kindling development in rats [28]. Indeed, reduction of 
inflammation displayed anticonvulsant effect in drug-resist-
ant epilepsy [29]. Inflammatory mediators were reported to 
decrease seizure threshold by inducing the expression of 
genes involved in neuronal cell death and synaptic plasticity 
[30]. IL-1β and TNF-α could induce glutamate release from 
astrocytes and inhibit GABA-mediated chloride influx [31]. 
On the contrary, IL-1β neuroprotective effect was reported 
[32]. Indeed, IL-1β and TNF-α can either reduce or exacer-
bate glutamate receptor mediated excitotoxicity depending 
on their extracellular concentrations and the length of time 
the tissue is exposed to these cytokines [33].

The present findings showed that VAL decreased seizure 
score, reduced the duration of convulsions and increased the 
latency period between PTZ injection and the occurrence 
of convulsions with increasing in brain GSH level content 
and reduction of MDA, IL1β, and TNF α, MDA and PGE2 
levels. In previous study, oxidative damage of cortical neu-
rons after ischemia/reperfusion (I/R) injury was reduced by 
VAL in rats [34]. The drug suppressed lipopolysaccharide-
induced production of TNF-α, IL-1β, IL-2, IL-5, and IL-6 
in human T cells and monocytes. The inhibitory effect on 
cytokine production could be a complementary mechanism 
for valproate antiepileptic action [35]. Furthermore, block-
age of Na+ channels by AEDs inhibited the production of the 
pro-inflammatory cytokines induced by lipopolysaccharides 
[36].

In the present work, DIC exerted anticonvulsant effect, 
decreased seizure score, the duration of convulsions, and 
increased the latency period between PTZ injection and the 
occurrence of convulsions.Also, DIC reduced TNFα, IL-1β, 
MDA, PGE2 level while elevated of GSH content. In accord-
ance with our results, DIC has been reported to increase the 
latency period in maximal electroshock seizure model [37]. 
In addition to blockade of PGs synthesis due to non-selective 
COX inhibition, the drug exhibited potassium channel open-
ing effect that depressed cortical neuron in rats and enhanced 
its anticonvulsant effect in previous study [38].

In line with our results, selective inhibition of COX2 was 
reported to prevent neuronal damage and epileptic activity 
through inhibition of MAPK and ERK signalling pathway 
[39]. Nimuslide, another NSAID, decreased the effect of 
PTZ and decreased the neuronal oxidative stress in mice in 
another study [40]. In the current study, MEL produced anti-
convulsant effect and decreased TNFα, IL-1β, PGE2, MDA 
meanwhile, it increased GSH content. Indeed, COX-2 inhibi-
tion was found to up-regulate GABAA receptors expression 
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yielding reduction in neuronal excitability [41]. Moreover, 
celecoxib, another selective COX2 inhibitor was found to 
reduce the severity of PTZ-induced seizures [42].

In the present findings, combination of MEL or DIC with 
VAL decreased seizure score as well as levels of MDA, 
TNFα, IL-1β, PGE2 and increased GSH content in the brain 
tissue. DIC rather than MEL enhanced the anticonvulsant 
effect of VAL with better anti-inflammatory and antioxidant 
effects than VAL alone or with MEL. The beneficial effect of 
DIC could be attributed to the previously reported K channel 
opening effect as well as non-selectivity for COX subtypes. 
In this context, it was reported that selective COX-2 inhibi-
tor (SC58236) did not modify microglia activation in the 
hippocampus [43].

The pharmacokinetic drug interactions could share in 
the enhancement of the anti-convulsant effects concluded 
in the present study. Valproate inhibits CYP2C9 enzyme 
that metabolises diclofenac [44]. Whereas, diclofenac can 
displace valproate from plasma protein binding sites. Melox-
icam is metabolized by CYP2C9 and CYP3A4 which are 
inhibited by valproate [45].

In Conclusion: VAL, MEL, DIC and their combinations 
exhibited anticonvulsant effects and reduced inflammation as 
well as oxidative stress in PTZ kindled mice. DIC enhanced 
the anticonvulsant effect of VAL; an effect could be partially 
attributed to its better anti-inflammatory and antioxidant 
effects than MEL. Further experimental and clinical studies 
are needed for confirmation of these results.
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