4

X/
*

Scientifi
o2 Resoarch
94% Publishing

@,

Journal of Biosciences and Medicines, 2023, 11, 169-191
https://www.scirp.org/journal/jbm

ISSN Online: 2327-509X

ISSN Print: 2327-5081

Effect of Cyclooxygenase Inhibition on
P-Glycoprotein Expression and Phenytoin Level
in Brain Tissue of Pilocarpine Induced Epilepsy

in Rats

Reham M. Elsayed®, Amira S. Mohamed, Mona K. Tawfik, Magda M. Hagras

Faculty of Medicine, Suez Canal University, Ismailia, Egypt

Email: *rehammohsen@med.suez.edu.eg

How to cite this paper: Elsayed, R.M.,
Mohamed, A.S., Tawfik, M.K. and Hagras,
M.M. (2023) Effect of Cyclooxygenase
Inhibition on P-Glycoprotein Expression
and Phenytoin Level in Brain Tissue of
Pilocarpine Induced Epilepsy in Rats.
Journal of Biosciences and Medicines, 11,
169-191.
https://doi.org/10.4236/jbm.2023.118014

Received: July 16, 2023
Accepted: August 20, 2023
Published: August 23, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

[ONom

Abstract

Background: Increased brain P-glycoprotein (P-gp) expression may play
important role in resistance to antiseizure drugs. The present work aimed to
overcome the drug resistance that develop due to overexpression of P-gp with
subsequent increase in brain phenytoin level in epileptic rats, using either
non-selective (indomethacin) or selective (celecoxib) cyclooxygenase inhibi-
tors. Methods: Fifty-six adult male albino rats were randomly divided into
seven groups. Epilepsy was induced using the lithium pilocarpine model. Rats
received indomethacin (2.5 mg/kg) or celecoxib (20 mg/kg), either alone or
combined with phenytoin (50 mg/kg). Seizures were evaluated using Racine
score. Motor coordination was assessed using open field and rotarod tests.
Phenytoin brain level was measured using High Performance Liquid Chroma-
tography (HPLC), glutamate expression was measured using Enzyme Linked
Immunosorbent Assay (ELISA), ATP Binding Cassette Subfamily B Member 1
(ABCBI1) gene expression was assessed using Real Time-Polymerase Chain
Reaction (RT-PCR), and immunohistochemical analysis was done for P-gp
expression. Results: Phenytoin combination with either indomethacin or ce-
lecoxib had improved the Racine score, motor coordination on rotarod appa-
ratus, and open field test results. Also, phenytoin combination with either
indomethacin or celecoxib decreased brain glutamate level, ABCB1 gene and
P-gp expression, and increased brain phenytoin level compared to treatment
with phenytoin alone. This indicated that both P-gp inhibitors indomethacin
and celecoxib, increased the level of phenytoin that reached the brain of rats.
However, brain uptake of phenytoin was significantly enhanced using cele-
coxib rather than indomethacin (CI 95%, 17.092: 32.808, P-value < 0.001).
Conclusion: Cyclooxygenase inhibition using either celecoxib or indometha-
cin resulted in downregulation of P-gp expression, with subsequent increase
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in brain phenytoin level in epileptic rats.
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Paper Highlights

* 30% of epileptic patients suffer from resistance to antiseizure drugs (ASDs).

e P-glycoprotein (P-gp) over expression at the blood brain barrier (BBB) con-
tributes to poor brain uptake of ASDg.

e Cyclooxygenase (COX)-2 plays an essential role in post seizure inflammation
and P-gp overexpression.

e COX inhibition using either celecoxib or indomethacin decreased P-gp ex-
pression at the BBB, with subsequent increase of brain phenytoin level in ep-

ileptic rats.

1. Introduction

Epilepsy is considered a chronic neurological disorder. In human, temporal lobe
epilepsy (TLE) is the most common form of epilepsy [1]. Intracerebral or sys-
temic administration of pilocarpine induces seizures resembling those of human
complex partial seizures that can progress into status epilepticus (SE) [2]. The
memory and cognitive impairment that are present in TLE patients are also
found in pilocarpine treated rats. Antiseizure drugs (ASDs) that can treat com-
plex partial seizures in human can also suppress spontaneous seizures in the pi-
locarpine model of epilepsy [3] [4].

The resistance to ASDs represents a great health concern for the patients, their
families, and the society [5]. The International League against Epilepsy (ILAE)
had defined drug resistant epilepsy as failure of adequate trials of two tolerated
and appropriately used ASDs, used either as monotherapy or in combination to
produce sustained freedom from seizure [6]. Overexpression of adenosine tri-
phosphate (ATP) Binding Cassette Subfamily B Member 1 (ABCB1) gene, which
encodes P-glycoprotein (P-gp) expression at the blood brain barrier (BBB), is
from the most considered theories to explain pharmacoresistance in epilepsy.
Phenytoin is a P-gp substrate [7]. Consequently, the mechanism(s) that underlay
P-gp over expression in neurons at the BBB, may constitute new therapeutic ob-
jective for controlling drug resistance in epilepsy. As a result, the co-administration
of drugs that can prevent P-gp over expression or that are P-gp inhibitors can
improve pharmacoresistance in epilepsy [8] [9]. Seizures mediate glutamate
upregulation in the brain. Glutamate activates N-Methyl-D-Aspartate (NMDA)
receptor giving the signal for arachidonic acid production, which is then oxi-
dized by the activity of cyclooxygenase (COX)-2 to produce prostanoids, in-
cluding prostaglandin (PG) E2. PGE2 activates the Prostaglandin E receptor 1
(EP1), leading to the expression of a second messenger system that increases the
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transcription and the upregulation of P-gp at the BBB. Therefore, COX-2 plays
an essential role in the hyperexcitability and post seizure inflammation during
seizures, and the pharmacologic inhibition of COX-2 can provide neuroprotec-
tion, decreased P-gp expression, and greater uptake of phenytoin in brain [10]
[11] [12].

Altogether, indicates that COX-2 inhibition can increase the response to anti-
seizure drugs in patients with P-gp mediated drug resistance. Both indomethacin
(non-selective COX inhibitor) and celecoxib (selective COX-2 inhibitor) can de-
crease glutamate mediated P-gp induction in epileptic rats during seizures [13]
[14].

In the present study, we determined the effect of indomethacin (non-selective
COX inhibitor) or celecoxib (selective COX-2 inhibitor), on phenytoin brain
level, glutamate level, ABCB1 gene expression, and P-gp expression in a model

of pilocarpine induced epilepsy in rats.

2. Materials and Methods

2.1. Experimental Animals

Fifty-six adult male Wister rats (170 - 200 gm) were obtained from the animal
house of the Ophthalmic Research Institute in Giza. Animals were housed in
cages for acclimatization one week before the beginning of the study. Rats were
kept under controlled laboratory conditions including normal day/night cycle,
temperature 23°C * 3°C, and humidity ranging from 50% - 55% with free access

to standard rodent diet and tap water ad libitum.

2.2. Ethical Date of Approval

All experimental procedures were approved by the institutional animal care and
use committee at Suez Canal University number 2554 on 11-11-2015, following
the National Institutes of Health (NIH) Guide for the Care and Use of Labora-
tory Animals Publications No. 8023, revised 1978.

Every effort has been done to minimize suffering to the animals and to de-

crease the number of used animals.

2.3. Pharmacological Treatment

In the present study, we used pilocarpine 30 mg/kg intraperitoneal (ip), lithium
chloride 127 mg/kg (ip), and scopolamine butylbromidelmg/kg (ip), to perform
the model of SE in rats. Diazepam 10 mg/kg (ip) was used to terminate seizures
[15]. Also, we used phenytoin (antiseizure drug) 50 mg/kg (ip) [16], indometha-
cin (non-selective COX inhibitor) 2.5 mg/kg (ip) [10], and celecoxib (selective
COX-2 inhibitor) 20 mg/kg (ip) [17] to treat rats. Pilocarpine and lithium chlo-
ride were purchased as a white powder from (Sigma Aldrich Company, USA),
and were dissolved in normal saline. Scopolamine butyl bromide was supplied in
ampoules (20 mg/1ml) from Chemical Industries Development (CID) Company,
Egypt. Diazepam was supplied in ampoules (5 mg/ml) from Memphis for Phar-
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maceutical and Chemical Industries, Egypt. Phenytoin was supplied in ampoules
(50 mg/ml) from Medical Union Pharmaceutics (MUP), Egypt. Indomethacin
was supplied in ampoules (50 mg/2ml) from Nile Company, Egypt. Celexocib
was purchased as white powder from Pfizer Laboratories, USA. Celexocib was

dissolved in normal saline and filtered.

2.4. Induction of Status Epilepticus

The lithium pilocarpine model was used to induce epilepsy. Each rat was treated
with lithium chloride 127 mg/kg (ip) 24 hours before the injection of pilocar-
pine. On the following day, each rat was injected with methyl scopolamine 1
mg/kg (ip) to reduce the peripheral effects of pilocarpine. Approximately after
30 minutes, the rats were injected with pilocarpine hydrochloride 30 mg/kg (ip)
to induce seizures that progressed into SE. Diazepam was injected 10 mg/kg (ip)
and administrated repeatedly up to three times for the suppression of continued

seizure activity [15].

2.5. Study Groups

In the experiment, a total of fifty-six adult male albino rats had been used. The
rats were randomly divided into 7 groups, 8 animals each.

Group (1) Control rats: Normal control rats received only 0.5 (ml) of normal
saline (zp) as a solvent twice daily, without any medication [18].

Group (2) Epileptic non-treated rats: Rats received pilocarpine injection (ip)
for the induction of epilepsy on the fourth day of the experiment [15].

Group (3) Phenytoin treated epileptic rats: Rats were given phenytoin on the
fourth and fifth days respectively after the induction of epilepsy, in a dose of 50
mg/kg (ip) daily [10] [16].

Group (4) Indomethacin pre-treated epileptic rats: Rats received indometha-
cin 2.5 mg/kg (ip) daily during the first 3 days before pilocarpine injection and
continued with the same dose after the induction of epilepsy on the fourth and
fifth days respectively [10].

Group (5) Celexocib pre-treated epileptic rats: Rats received celecoxib in a
dose of 20 mg/kg (ip) every 12 hours during the first 3 days before pilocarpine
injection and celecoxib continued with the same dose after the induction of epi-
lepsy on the fourth and fifth days respectively [10] [17].

Group (6) Pre-indomethacin/combined with phenytoin treated epileptic rats:
Rats received indomethacin in a dose of 2.5 mg/kg (ip) daily, for 3 days before
pilocarpine injection. After the induction of epilepsy, indomethacin dose con-
tinued in combination with phenytoin 50 mg/kg (ip) daily, during the fourth
and fifth days respectively [10] [16].

Group (7) Pre-celecoxib/combined with phenytoin treated epileptic rats: Rats
received celecoxib in a dose of 20 mg/kg (ip) every 12 hours for 3 days before
pilocarpine injection. After the induction of epilepsy, celecoxib dose continued
in combination with phenytoin 50 mg/kg (ip) daily, during the fourth and fifth
days respectively [10] [16] [17].
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2.6. Seizure Severity Score

Seizure activity was rated after 20 - 45 minutes following pilocarpine administra-
tion [15], according to the Racine scale, 1972 [19].

0 = No seizure response

1 = Immobility, eye closure, ear twitching, facial clonus

2 = Head nodding associated with more severe facial clonus

3 = Clonus of one forelimb

4 = Bilateral forelimb clonus without rearing

4.5 = Bilateral forelimb clonus with rearing

5 = Rearing and falling on back with generalized tonic-clonic seizures

2.7. Assessment of Motor Coordination and Exploratory Behavior

At the end of the experiment, on day five after the last phenytoin dose, motor

coordination was evaluated as follows.

2.7.1. The Rotarod Test

The rotarod test was done for the evaluation of motor coordination. The test
measured balance, coordination, and motor control. The rotarod apparatus con-
sists of a suspended rod, which runs at constant speed. Each rat was placed on a
rod (10 cm long and 5 cm in diameter). Rats were left on the rod for habituation
about one minute. The rod was set to rotate at a rate of 6 rounds per minute over
the course of 5 minutes. Normally the animals walk continuously forward to avoid
falling from the apparatus. The falling time (time starting from putting the animal
on the shaft of the rotarod, till it fell to the ground) was measured. The latency to

fall is considered a measure of motor coordination and motor learning [20].

2.7.2. Open Field Test

Assessment was done in an open field chamber, measuring 115 x 115 x 44 cm.
An arena was made of dark glass with painted white floor having black lines to
form a 5 x 5 cm grid pattern. Rats were introduced individually in the center of
the arena. The activity of the animal was recorded for 10 minutes. During this
time, the exploratory behavior of rats was observed. The activity was recorded
when the rat crossed the lines. Line-crossing was counted only when the rat
crossed single line from one grid square into an adjacent grid with all four paws.
Activity factor (A) (the number of squares crossed between two consecutive

stops) = total number of squares divided by the total number of stops [21] [22].

2.8. Biochemical and Immunohistochemistry Measurement

On day 5, and one hour after the last phenytoin and COX inhibitor doses, rats
from all groups were sacrificed, their brains were dissected on ice and divided
into two lobes. The first lobe was frozen at —80°C in liquid nitrogen and stored
for the measurement of phenytoin brain level [17], glutamate expression [23],
and analysis of ABCB1 gene expression [24]. The other lobe was immediately
fixed in 10% buffered formalin for 24 hours, then embedded in paraffin, and
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sectioned at a thickness of 5 pm thick for brain histopathological examination
(hematoxylin and eosin staining) and immunohistochemistry staining for P-gp
expression [25].

Determination of phenytoin level in brain: The level of phenytoin in brain
tissue was measured using the HPLC technique described by [26].

Determination of glutamate expression in brain: ELISA technique was
performed using Rat Glutamate (GLU) ELISA research kit from My Bio-
Source.com (San Diego, USA), using the method described by [23].

Determination of ABCB1 expression in brain: RT-PCR was used to deter-
mine the expression of ABCB1 using Qiagen tissue extraction kit (Qiagen, USA)
as described by [24].

2.9. Histopathology Analysis of Brain Tissues

The severity of neuronal damage was semi-quantitatively evaluated by a grading
score: score 0, no obvious damage; score 1, slight lesions involving one-third of
neurons; score 2, lesions involving two-thirds of the neurons; score 3, lesions
involving more than two-thirds of the neurons. The neuronal loss must exceed

15 to 20%to be reliably detected by visual examination [10].

2.10. Immunohistochemistry and Image Analysis for
P-Glycoprotein Expression

Sections of brain tissues were deparaffinized in xylene, rehydrated in graded
ethanol, and pretreated with hydrogen peroxide for 15 minutes. Then, sections
were soaked in a sodium citrate buffer (PH = 6.0) and heated in a microwave
oven at 95°C for about 20 minutes for antigen retrieval. The sections were then
incubated in goat serum at room temperature for 20 minutes. After that, sections
were incubated in the primary antibody [EPR10364-57] (Rabbit monoclonal an-
tibody to P-gp, 1:50, Abcam, USA) at 4°C overnight. Then sections were incubated
in a secondary goat anti-rabbit antibody (Power-Stain™ 1.0 Poly HRP diamino-
benzidine (DAB) Kit, Genemed, USA) at 37°C for 30 minutes, and then incubated
with the avidin-biotin complex (ABC) kit, Zhongshan Golden Bridge, at 37°C for
30 minutes. Sections were then washed three times in phosphate buffer saline
(PBS). After washing with PBS, the nickel intensified 3,3-(DAB) reaction was per-
formed [0.05% DAB, 0.01%, nickel ammonium sulfate; both from Sigma, and
0.01% hydrogen peroxide (H,O,)] to visualize the sites of antibody binding.
Counterstaining was carried out with Harris’s hematoxylin stain for 30 seconds.
PBS was used in place of the primary antibodies for negative controls [25].

P-gp staining of brain sections was done and assessed at magnification of 400x,
using a computer-assisted image analysis system (Image J version 1.44 software)
for obtaining %Area stained and integrated optical density (IOD). P-gp immu-

nostaining was analyzed in the hippocampal and adjacent cortex [18] [25].

3. Statistical Analysis

All data were presented as mean + SEM. One way analysis of variance (ANOVA)

DOI: 10.4236/jbm.2023.118014

174 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.118014

R. M. Elsayed et al.

with Post-HocTukey test had been used for comparisons of data among the sev-
en groups, with P-values < 0.05 considered statistically significant. Spearman
correlation coefficients were used to assess the significant relation between two
quantitative parameters in the same group.

4. Results

Effect of phenytoin combined with either indomethacin or celecoxib on
Racine score in pilocarpine induced epilepsy in rats: as shown in Figure 1(a),
Phenytoin administration improved the Racine score (CI 95%, 0.088: 0.712,
P-value = 0.014) in comparison with epileptic non treated rats. Also, phenytoin
combination with indomethacin (CI 95%, 0.019: 0.681, P-value = 0.039) and ce-
lecoxib (CI 95%, 0.188: 0.812, P-value = 0.003) improved the Racine score in
comparison with the epileptic non treated rats.

Effect of phenytoin combined with either indomethacin or celecoxib on
the latency time of falling from the rotarod apparatus in pilocarpine in-
duced epilepsy in rats: Figure 1(b) showed that treatment with phenytoin (CI
95%, —127.133: —6.067, P-value = 0.032), phenytoin combined with indometha-
cin (CI 95%, —109.789: —25.711, P-value < 0.05), and phenytoin combined with
celecoxib (CI 95%, —228.533: —107.467, P-value < 0.001) improved the latency of
falling from the rotarod apparatus in comparison with epileptic non treated rats.
The combination of phenytoin with celecoxib improved the latency of falling
from the rotarod apparatus (CI 95%, —161.933: —40.867, P-value = 0.002) com-
pared to phenytoin treated rats.

Effect of phenytoin combined with either indomethacin or celecoxib on
the locomotor activity (open field test) in pilocarpine induced epilepsy in
rats: Figure 1(c) showed that treatment with phenytoin increased the activity
factor (CI 95%, —5.371: —2.224, P-value = 0.000) in comparison with epileptic
non treated rats. Moreover, the combination of phenytoin with indomethacin
(CI 95%, —4.280: —0.942, P-value = 0.004) or celecoxib (CI 95%, —4.829: —1.683,
P-value = 0.000) resulted in increasing the activity factor in the open field test

compared to epileptic non treated rats.
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Figure 1. Effect of phenytoin combined with either indomethacin or cele-
coxib on pilocarpine induced changes in (a) Raine score, (b) the latency time
of falling from the rotarod apparatus (seconds), (c) the activity factor (open
field test) in rats. Values are means + SE (n = 8); one-way ANOVA followed
by with Post-Hoc Tukey test. *><¢<P < 0.05; *Compared with control rats.
®Compared with non treated epileptic rats. ‘Compared with phenytoin
treated rats. YCompared with phenytoin combined with indomethacin
treated rats. “‘Compared with phenytoin combined with celecoxib treated rats.

Effect of P-glycoprotein inhibition with either indomethacin or celecoxib
on brain level of phenytoin in pilocarpine induced epilepsy in rats: Figure 2
showed that combination of phenytoin with P-glycoprotein inhibitors like the
non selective COX inhibitor, indomethacin (CI 95%, —23.108: —7.392, P-value =
0.001) and the selective COX 2 inhibitor, celecoxib (CI 95%, —47.608: —32.792,
P-value < 0.001) increased the brain level of phenytoin in comparison with rats
that received phenytoin only. There was a greater increase in the brain level of
phenytoin in the group that received phenytoin combined with celecoxib (CI
95%, 17.092: 32.808, P-value < 0.001) compared to the group that received phe-
nytoin combined with indomethacin. This indicated that both P-gp inhibitors
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indomethacin and celecoxib, increased the level of phenytoin that reached the
brain of rats. However, brain uptake of phenytoin was significantly enhanced us-
ing celecoxib rather than indomethacin (CI 95%, 17.092: 32.808, P-value < 0.001).

Effect of phenytoin combined with either indomethacin or celecoxib on
brain glutamate level in pilocarpine induced epilepsy in rats: Figure 3(a)
showed that treatment with phenytoin (CI 95%, 4.358: 30.842, P-value = 0.011),
indomethacin (CI 95%, 1.147: 27.71, P-value = 0.03) and Celecoxib (CI 95%,
1.158: 27.642, P-value = 0.034) decreased the brain glutamate level in compari-
son with non treated epileptic rats. Also, the combination of phenytoin with ei-
ther indomethacin (CI 95%, 11.105: 39.195, P-value = 0.001) or celecoxib (CI
95%, 16.758: —43.242, P-value < 0.001) reduced the brain glutamate level com-
pared to non treated epileptic rats. The combination of celecoxib with phenytoin
decreased the brain glutamate level to the extent that there was no significant
difference from the values of normal control rats (P-value = 0.093).

Effect of phenytoin combined with either indomethacin or celecoxib on
brain ABCBI expression in pilocarpine induced epilepsy in rats: Figure 3(b)
showed that treatment with phenytoin (CI 95%, 5.947: 8.853, P-value < 0.001),
indomethacin (CI 95%, 7.209: —10.291, P-value < 0.05), and celecoxib (CI 95%,
6.947: 9.853, P-value < 0.001) decreased ABCB1 level compared to epileptic non
treated rats. Also, the combination of phenytoin with indomethacin (CI 95%,
8.209: 11.291, P-value < 0.001) or celecoxib (CI 95%, 7.947: 10.853, P-value <
0.001) decreased the brain ABCB1 level in comparison with epileptic non treated
rats. Moreover, the combination of phenytoin with indomethacin (CI 95%,
0.809: 3.891, P-value = 0.004) or celecoxib (CI 95%, 0.547: 3.453, P-value =
0.009) revealed more beneficial effects in reducing the ABCB1 level compared to
rats treated with phenytoin only.
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brain level 40

tissue
(ug/e ) 30 de
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Figure 2. Effect of P-glycoprotein inhibition with either indomethacin or celecoxib on
brain level of phenytoin in pilocarpine induced epilepsy in rats. Values are means + SE (n
= 8); one-way ANOVA followed by with Post-Hoc Tukey test. *><¢<P < 0.05, *Compared
with control rats. ®"Compared with non treated epileptic rats. “Compared with phenytoin
treated rats. ‘Compared with phenytoin combined with indomethacin treated rats.
¢Compared with phenytoin combined with celecoxib treated rats.
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Figure 3. Effect of phenytoin combined with either indomethacin or celecoxib
on pilocarpine induced changes in (a) Glutamate (ng/mg), (b) ABCBI gene
expression in rats. Values are means = SE (n = 8); one-way ANOVA followed
by with Post-Hoc Tukey test. *>4<P < 0.05; *Compared with control rats.
®Compared with non treated epileptic rats. ‘Compared with phenytoin treated
rats. “Compared with phenytoin combined with indomethacin treated rats.
¢Compared with phenytoin combined with celecoxib treated rats.

Effect of phenytoin combined with either indomethacin or celecoxib on
the severity of neuronal damage in pilocarpine induced epilepsy in rats:
Figure 4(a) and Figure 4(b) showed that treatment with phenytoin (CI 95%,
1.397: 2.603, P-value < 0.001), indomethacin (CI 95%, 0.411: 1.689, P-value =
0.002), and celecoxib (CI 95%, 0.597: 1.803, P-value < 0.001) reduced the degree
of neuronal damage compared to epileptic non treated rats. Moreover, the com-
bination of phenytoin with either indomethacin (CI 95%, 1.661: 2.939, P-value <
0.001) or celecoxib (CI 95%, 1.977: 3.203, P-value < 0.001) reduced the degree of
neuronal damage in comparison with epileptic non treated rats. However, only
the combination phenytoin with either indomethacin or celecoxib improved the
degree of neuronal damage to the extent that there was no significant difference

from normal control rats.
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Figure 4. Effect of phenytoin combined with either indomethacin or ce-
lecoxib on pilocarpine induced neuronal damage in rats brain tissues. (a)
Neuronal damage in the rat brain tissue among the studied groups. (b)
Effect of phenytoin combined with indomethacin or celecoxib on the se-
verity of neuronal damage in pilocarpine induced epilepsy in rats. Values
are means +SE (n = 8); one-way ANOVA followed by with Post-Hoc
Tukey test. *><4¢P < 0.05; *Compared with control rats. *"Compared with
non treated epileptic rats. “Compared with phenytoin treated rats.
dCompared with phenytoin combined with indomethacin treated rats.
¢Compared with phenytoin combined with celecoxib treated rats.

Effect of phenytoin combined with either indomethacin or celecoxib on
P-glycoprotein expression (optical density) in pilocarpine induced epilepsy
in rats: Figure 5(a) and Figure 5(b) showed that treatment with phenytoin (CI
95%, 0.003: 0.068, P-value = 0.033), indomethacin (CI 95%, 0.034: 0.102, P-value
= 0.000) and celecoxib (CI 95%, 0.053: 0.118, P-value = 0.000) reduced the de-
gree of P-glycoprotein expression (optical density) compared to epileptic non
treated rats. Moreover, the combination of phenytoin with either indomethacin
(CI 95%, 0.064: 0.133, P-value = 0.000) or celecoxib (CI 95%, 0.048: 0.113,
P-value = 0.000) reduced the degree of P-glycoprotein expression (optical densi-
ty) in comparison with epileptic non treated rats. However, treatment with cele-
coxib either alone (CI 95%, —0.082: —0.17, P-value = 0.004), or in combination
with phenytoin (CI 95%, 0.013: 0.078, P-value = 0.008), and phenytoin com-
bined with indomethacin (CI 95%, 0.029: 0.098, P-value = 0.001) had more
beneficial effects in reducing P-glycoprotein expression in comparison with the
phenytoin treated rats. only phenytoin combined with indomethacin treated rats
showed a decrease in P-glycoprotein expression (optical density) to the extent
that there was no significant difference with normal control rats.

Correlation between glutamate expression, ABCB1 gene expression, and
P-glycoprotein expression (optical density): Figures 6(a)-(c) revealed that
there was a positive correlation between glutamate expression P = 0.002, ABCB1

expression P = 0.001, and optical density (P-glycoprotein expression). This in-
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dicated that the increase in brain glutamate level leads to an elevation in brain
ABCBI gene expression which is associated with P-gp upregulation and an in-

crease in optical density.

5. Discussion

The present study aimed to determine the effect of the non-selective COX inhi-
bitor indomethacin, and the selective COX-2 inhibitor celecoxib on P-gp expres-
sion and phenytoin brain penetration in a model of pilocarpine induced epilepsy
in rats by studying their effects on ABCBI1 gene expression and glutamate level.
Treatment with phenytoin either alone or combined with either indomethacin
or celecoxib improved the severity of seizures. However, the usage of indome-
thacin alone or celecoxib alone did not improve the Racine score. In accordance

with our study, previous study showed that the pretreatment of rats with
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Figure 5. Effect of phenytoin combined with either indomethacin or celecoxib on pi-

locarpine induced changes in P-glycoprotein expression (optical denisty) in rats brain

tissues. (a) Immunoreactivity of P-glycoprotein in the rat brain among the studied
groups. (b) Effect of phenytoin combined with indomethacin or celecoxib on
P-glycoprotein expression (optical denisty) in pilocarpine induced epilepsy in rats.
Values are means + SE (n = 8); one-way ANOVA followed by with Post-Hoc Tukey
test. *><4<P < 0.05; *Compared with control rats. "Compared with non treated epileptic
rats. “Compared with phenytoin treated rats. ‘Compared with phenytoin combined
with indomethacin treated rats. “Compared with phenytoin combined with celecoxib

treated rats.
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Figure 6. (a) Correlation between glutamate expression and ABCBI1 gene expression;
(b) Correlation between ABCBI1 expression and P-glycoprotein expression (optical
density); (c) Correlation between Glutamate expression and P-glycoprotein expression
(optical density).

phenytoin reduced the average Racine score that was induced by pilocarpine in-
jection [15], on the other hand, celecoxib alone did not affect the seizure severity
during pilocarpine induced SE [10]. Also, using indomethacin alone did not
have any effect in decreasing seizure score during SE [17].

Moreover, Temp et al (2017) [27], studied two selective COX-2 inhibitors,
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etoricoxib and celecoxib, and concluded that they did not change the Racine
score in a pentylenetetrazole (PTZ) model of epilepsy. One possible explanation
of these results might be that the proinflammatory cytokines such as interleukin
(IL)-1p, IL-6, tumor necrosis factor (INF)-a, and interferon (INF)-y are in-
creased during seizures. Celecoxib decreased the levels of these cytokines but the
reduction in the cortical and hippocampal regions was not sufficient to reduce
seizure susceptibility.

Regarding the effect of pilocarpine injection on the latency of falling from ro-
tarod apparatus, the present results revealed marked reduction in the falling
time among pilocarpine injected rats, which was effectively ameliorated by phe-
nytoin either alone or combined with either indomethacin or celecoxib. Howev-
er, the combination of phenytoin with celecoxib showed a more beneficial effect
in increasing the latency of falling from the rotarod apparatus. In accordance
with the present study, Vyas et al (2020) [28], reported that pilocarpine injec-
tion in mice reduced the latency to the first fall. However, in a pilocarpine model
of epilepsy, treatment with carbamazepine, levetiracetam, and valproate showed
no improvement in the motor coordination [28].

In the present study, the open field test proved that pilocarpine injection de-
creased the number of squares that are crossed by the rats after the induction of
epilepsy, indicating remarkable decrease in the locomotor activity, which was
improved by treatment with phenytoin either alone, or combined with either
indomethacin or celecoxib. In accordance with the present results, a previous
study proved that epileptic rats showed a reduction in the locomotor activity and
an increase in the immobility periods in the open field test [29]. On the other
hand, Zimcikova et al (2017) [30], studied the effect of phenytoin, zonisamide,
and carbamazepine on the open field test in rats, and did not find any important
modifications in locomotion or exploratory behavior. This could be explained by
the fact that the primary mode of action of phenytoin and carbamazepine, which
is modulation of voltage-dependent sodium channels, did not have a significant
anxiolytic effect.

Strong evidence exists that phenytoin, phenobarbital, levetiracetam, lamotri-
gine, and the active metabolite of oxcarbazepine are substrates of P-gp efflux at
the human BBB [31], so the overexpression of P-gp at the BBB could reduce
phenytoin brain uptake at specific limbic brain regions in chronic epileptic rats
[20]. In the present study, brain phenytoin level was measured in the groups that
received phenytoin either alone, or combined with either indomethacin or cele-
coxib, and it was obvious that the combination of phenytoin with either indo-
methacin or celecoxib increased the level of phenytoin that reached the brain of
rats in comparison with rats that received phenytoin only, with a greater effect of
celecoxib than indomethacin in enhancing the brain level of phenytoin.

In accordance with the present results, previous studies showed that direct
P-gp inhibition with verapamil, markedly increased the concentration of pheny-
toin that reached the extracellular cortical fluid in a model of pharmacoresis-
tance in epilepsy. Also, the selective COX-2 inhibitor SC-58236 had improved
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the phenytoin brain penetration in epileptic rats following the development of
SE, with associated downregulation of P-gp expression [16] [32].

Regarding the relation between epilepsy and the degree of P-gp expression,
the present study revealed that pilocarpine injection was associated with upre-
gulation of P-gp expression (optical density), which was effectively downregu-
lated by treatment with phenytoin, indomethacin, celecoxib, phenytoin com-
bined with either indomethacin or celecoxib. However, treatment with celecoxib
either alone, or combined with phenytoin and indomethacin combined with
phenytoin showed more beneficial effects in reducing P-gp expression than
treatment with phenytoin alone.

In agreement with the present results, earlier studies revealed that P-gp ex-
pression at the brain capillaries was noticeably increased in the brain of rats after
the induction of TLE [10] [26]. Moreover, Zibell et al (2009) [17], showed that
celecoxib treatment prevented the increase in P-gp expression in the brain of
rats after the induction of SE. Furthermore, van Vliet et al (2010) [16], reported
that electrically or pilocarpine induced SE in rats was associated with an increase
in brain P-gp expression. They used two highly selective COX-2 inhibitors
NS-398, SC-58236 and found that both the two selective COX-2 inhibitors had
the ability to suppress P-gp overexpression. Moreover, Schlichtiger et al. (2010)
[13], reported that celecoxib suppressed P-gp expression and improved the brain
penetration of phenobarbital, restoring the drug sensitivity in epileptic rats. The
COX-2 role in P-gp upregulation can be explained as follow: seizures increase
the extracellular glutamate, which signals through the NMDA receptor to in-
crease COX-2 in the brain capillaries leading to P-gp expression at the BBB [33].

In consistence with this hypothesis, the present results revealed that pilocar-
pine injection was associated with an elevation in the brain glutamate level and
treatment with phenytoin combined with either indomethacin or celecoxib suc-
ceeded to reduce this elevated brain glutamate level. Moreover, the combination
of celecoxib with phenytoin ameliorated the brain glutamate level in this group
to reach the values of normal control rats.

The present results were in accordance with a previous experiment in which
exposing isolated rat brain capillaries to glutamate led to increase in P-gp expres-
sion, which was ameliorated by the non-selective COX inhibitor indomethacin
and the selective COX-2 inhibitor celecoxib, while a selective COX-1inhibitor
called SC-560 had no effect [10]. Although, the intermediate steps between
COX-2 and P-gp expression are not fully understood. One of the theories is the
upregulation of the mRNA levels of ABCB1 gene, which is the gene that encodes
P-gp expression at the BBB [34].

In consistence with this hypothesis, the present study revealed that pilocar-
pine injection was associated with increased expression ABCBI1 gene that was
downregulated by treatment with either phenytoin, indomethacin, or celecoxib.
Moreover, the combination of phenytoin with either indomethacin or celecoxib
revealed more beneficial effects in reducing the ABCBI1 gene level compared to

treatment with phenytoin alone.
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In accordance the present results, Tishler et al (1995) [35]., were the first to
report that ABCB1 gene expression was elevated 10-fold in the epileptic foci of
drug resistant patients, proving its considerable role in drug resistant epilepsy.
Furthermore, previous studies reported that ABCB1 gene expression was upre-
gulated in the brain of rats after the induction of epilepsy by using different
models of epilepsy like the kainate model, the pilocarpine model, and the elec-
trical amygdala kindling [32] [36], and played a role in the reduced uptake of
ASDs [6]. Another study reported that the brain level of the active metabolite of
oxcarbazepine was inversely proportional to the brain tissue mRNA expression
of ABCBI gene in drug resistant epileptic patients [37].

Strong association is present between neuroinflammation, epilepsy and in-
creased seizure susceptibility [28]. So, the present study assessed the degree of
neurodegeneration in the brain of rats following the induction of SE. The
present results showed that pilocarpine injection induced marked neuronal
damage that was ameliorated by treatment with phenytoin, indomethacin, and
celecoxib. Also, the combination of phenytoin with either indomethacin or ce-
lecoxib revealed marked improvement in the degree of neuronal damage. In
consistence with the present results, previous studies reported that COX inhibi-
tion in epileptic rats using either indomethacin [10], celecoxib [15], or the selec-
tive COX-2 inhibitor NS398 [38], showed valuable neuroprotective effects, with
decreased neuronal death and abnormal neurogenesis [39].

6. Conclusion

In conclusion, the present study revealed that the combination of either indo-
methacin or celecoxib with phenytoin inhibited P-gp expression leading to a de-
crease in glutamate level and ABCBI gene expression. The decrease in P-gp ex-
pression was associated with increased phenytoin brain level, improved resis-
tance to the drug and allowed higher drug levels to reach the brain without in-
creasing the dose of phenytoin, which in turn could decrease its dangerous side
effects. Also, both indomethacin and celecoxib showed marked neuroprotective
effects. However, the brain uptake of phenytoin was significantly enhanced using
celecoxib rather than indomethacin. The present results suggest that celecoxib
should be further studied as an effective adjuvant to phenytoin therapy in epi-
lepsy, both to ameliorate seizure severity, and to protect against the drug resis-
tance that develops with the chronic use of phenytoin, taking into consideration
that celecoxib usage should be used with cautious in patients at risk of cardi-

ovascular or cerebrovascular diseases.
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