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Oxidative stress and neuroinflammatory process are implicated in pathophysiology
of epilepsy as well as epileptogenesis. The o and yisoform of peroxisome proliferator-activated
receptors (PPAR) agonist has been reported to have antioxidant and anti-inflammatory functions.
We hypothesized that saroglitazar, a dual PPAR-o. and PPAR-y agonist may ameliorate oxidative
stress and neuroinflammatory process in MES induced epileptic rats. A total of 36 rats were
randomized to different groups (n=6). Group I served as normal control, while in the remaining
groups (group IV, V and VI) animals were pre-treated with saroglitazar for 15 days prior to
inducing MES. Group I animals were pre-treated with vehicle and group-III with diazepam
(2mg/kg). Epilepsy was induced in rats and time taken for onset of tonic hind limb extension
(THLE), duration of THLE, duration of clonic phase and recovery time in seconds were noted.
Brain SOD and MDA levels were assessed and immunohistochemical analysis was done to
evaluate the expression of inflammatory marker COX-2. Pre-treatment with saroglitazar was
effective against tonic clonic seizure in MES treated rats. SOD levels significantly increased
and a significant reduction in MDA levels with a remarkable decrease in the uptake of COX-
2 antibody were reported. Saroglitazar attenuated MES induced epilepsy and the probable
underlying mechanisms are due to the inhibition of oxidative stress and neuroinflammation.
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Epilepsy is a debilitating neurodegenerative
condition characterized by abnormal electrical
discharges from the brain leading to recurrent
unprovoked seizures responsible for seizure-related
disability, comorbidities, social stigma poor quality
of life and economic burden of therapy.' The
mortality risk in epileptics increases by1.2-9.3%
when compared to general population.” Nearly
65 million people of all ages, races, and social
groupsworldwide are affected by epilepsy.’ Current
antiepileptic drugs (AEDs) are only effective in
controlling seizures in about 70% cases. Moreover,
the use of AEDs is often limited by the side effects

and drug interactions, as a result of which quality
of lives of most of the patients with epilepsy are
affected adversely.* Thus; there is still a need for
developing anticonvulsant drugs having multiple
mechanisms of action with minimal adverse effect.

In the past decades, significant
improvements have been made in the understanding
of the pathophysiological mechanisms underlying
epilepsy. Several clinical and experimental studies
implicate oxidative stress and neuroinflammatory
process in the pathophysiology of epilepsy
and subsequent epileptogenesis, a process that
transform a normal brain into an epileptic one.
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Reactive oxygen species (ROS) can activate
diverse downstream signalling pathways, and
regulate expression of genes encoding a variety
of proinflammatory proteins. Overexpression of
cyclooxygenase-2 (COX-2) and trans-repression of
transcription factors (NFk-B) have been emerged as
important determinants, which contributes to the
inflammatory process in epilepsy and seizures.’
The peroxisome proliferator-activated
receptors (PPAR’s) are member of the nuclear
receptor superfamily and belong to ligand-
dependent transcription factors. Three isoforms
of PPAR’s (a, B/5, and y) have been identified to
regulate many physiological functions including
glucose absorption, lipid balance, and cell growth
and differentiation.PPARs form a heterodimer
with retinoid X receptor (RXR) a nuclear receptor,
subsequently binds to peroxisome proliferator
response elements (PPREs) located within
the specific target genes, causing target gene
transcription (transactivation).® PPARs also
negatively regulate gene expression of pro-
inflammatory genes (trans-repression) by inhibiting
the activities of other transcription factors, like
Activated Protein-1 (AP-1), Nuclear Factor-«xf
(NF-xB) and Nuclear Factor of Activated T cells
(NFAT) thereby exerting their anti-inflammatory
and anti-oxidative effects.” A number of studies
documented that, fenofibrate, a PPARo agonist
has neuroprotective effect against epilepsy, spinal
cord trauma, focal cerebral ischemia or ischemic
stroke.PPAR-o agonists (thiazolidinediones) are
approved in T2DM due to their effect on decreasing
insulin resistance by decreasing inflammatory
cytokines and chemokines and reported to have
neuroprotective properties aswell.** PPAR-B/S, is
expressed ubiquitously in almost all tissues, and
recently implicated in the regulation of insulin
sensitivity, lipid metabolism and the inflammation
response, however, they are not in clinical use yet.
Saroglitazar, a novel dual PPAR o/y
agonist was developed in India and approved
by Drug Controller General (DCGI) of India
for the treatment of diabetic dyslipidemia and
hypertriglyceridemia with T2DM not controlled
by statin therapy.'’Keeping this fact that both
PPARo and PPARyagonists having neuroprotective
effects basically in epilepsy, we hypothesized
that saroglitazarmay also have a positive effect in
epilepsyby acting on both PPARa and y receptors.

PANIGRAHY et al., Biomed. & Pharmacol. J, Vol. 12(4), 1985-1991 (2019)

Therefore, the present study was designed to
explore the antiepileptic effect of saroglitazar alone
and in combination with diazepam, a standard
drug for epilepsy, and also, to investigate if
those effects are mediated through anti-oxidative
and anti-inflammatory mechanisms in maximal
electroshock (MES) induced epileptic rats.

MATERIALS AND METHODS

The study was carried out as per the
CPCSEA guidelines after obtaining approval from
the Institutional Animal Ethics Committee dated
29.04.2016.

Animals

Thirty-six adult wistar albino rats, six
weeks old of either sex weighing between 150-200
grams were procured from a registered breeder and
housed at department animal house (Regd. No. 472/
CPCSEA) in 12:12 hour light: dark cycle under
standard laboratory conditions and at a temperature
0f24-28°C with a relative humidity of 50-60%. The
animals were provided with standard laboratory
pellet diet and water ad libitum and kept for 1 week
to acclimatize with the laboratory condition before
starting the experiment.

Drugs and Chemicals

All the drugs and chemicals were of
analytical grade and procured from Himedia Lab
Ltd. COX-2 antibody for IHC (Product code:
HPAO0O01335) was obtained from Sigma Aldrich.
The test drug Saroglitazar was obtained from Zydus
Pharmaceuticals Ltd.

Acute Toxicity Studies

Acute toxicity studies were performed
on rats as per OECD guidelines 423. In acute dose
studies, the maximum tolerated dose (MTD) in
wistar albino rat was 1200 mg/kg. There was no
behavioural changes or mortality observed during
the study period."

Grouping

The rats were randomly distributed into
six groups (n=6)

Group I- Normal rats (Treated with Tween 80)
Group II- MES induced rats (Treated with Tween
80)

Group III- MES induced rats treated with
diazepam(2mg/kg)

Group IV- MES induced rats with saroglitazar
(Img/kg)
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Group V- MES induced rats with saroglitazar
(3mg/kg)

Group VI-MES induced rats treated with
diazepam(0.5mg/kg) and saroglitazar (1mg/kg)

MES model was used to evaluate the
anticonvulsant activity of saroglitazar. Animals
were pre-treated with the respective vehicle,
standard or test drugs.The dose of the standard
and test drug was selected from standard published
literature.'> '3 Saroglitazar was given in a dose of
Img/kg and 3mg/kg per orally once daily for a
period of 15 days whereas diazepam (single dose)
was injected intraperitoneally 30 minutes before
the induction of epilepsy. Epilepsy was induced
in rats of group 2 to 6 by delivering electroshock
of 50 mA, trans-auricularly for 0.2 seconds using
an electro-convulsiometer. Time taken for onset
of tonic hind limb extension (THLE), duration of
THLE, duration of clonic phase and recovery time
in seconds were noted for 30 minutes.The decrease
in duration of hind limb extension was considered
as a protective action of the drug.

Biochemical assessments

The animals were sacrificed and the
whole brain was removed and was held in 0.9%
cold saline. 100mg of brain tissue was taken along
with 2 ml of phosphate buffer saline and tissue
homogenate was prepared for estimation of various
biochemical parameters.

Antioxidant Parameters
Estimation of Superoxide dismutase activity
(SOD)

Estimation of Superoxide dismutase
(SOD) activity was assayed according to the
method of Kakkar et al.*

Estimation of Malondialdehyde (MDA)

The MDA levels in brain tissues were
analyzed by a method based on the reaction
with thiobarbituric acid at 90-100°C."*In the
thiobarbituric acid test reaction, MDA or MDA -like
substances and thiobarbituric acid react together
to produce a pink pigment with an absorption
maximum of 532nm.

Immunohistochemical analysis (IHC):'¢

[HC analysis was performed to evaluate
the expression of inflammatory marker COX-
2. Brain tissue was fixed and embedded after
which cutting and mounting of the sections were
done. Then the sections were deparaffinized
and rehydrated. Subsequently, antigen retrieval
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was done followed by immunohistochemical
staining with COX-2 antibody (Sigma Aldrich).
Counterstaining was done with haematoxylin and
the slides were viewed under the microscope.
Statistical analysis

All values obtained were expressed as
Mean +/- Standard deviation. Statistical analysis of
all the data obtained was done by one-way analysis
of variance followed by Tukey’s post-hoc test using
SPSS 20.0 statistical software. Values with p<0.05
were considered as statistically significant.

RESULTS

Effect on THLE (Onset & duration)

Administration of saroglitazar at doses
Img/kg and 3mg/kg resulted in dose dependent
effect on THLE (Table-I). There was a significant
increase in the latency and decrease in the duration
of THLE (p<0.001) in saroglitazar (3mg/kg) as
well as combination of saroglitazar 1mg/kg with
diazepam 0.5mg/kg as compared to MES induced
control rats.
Effect on Duration of Clonus and Recovery
Time

A significant decrease in the duration of
clonus, as well as the recovery time, was found in
saroglitazar 1mg/kg and 3mg/kg, diazepam and
saroglitazar (1mg/kg + diazepam 0.5mg/kg) treated
groups as compared to MES control rats(p<0.001)
(Table-I).
Effect on SOD and MDA levels of brain

There was a significant decrease in SOD
and a significant increase in MDA levels ofthe
brain in MES control rats when compared to
normal vehicle treated rats (p<0.001). The mean
SOD levels of saroglitazar 1mg/kg, 3mg/kg and
saroglitazar 1mg/kg along with diazepam was
found was significantly increased when compared
to MES control. The mean brain MDA levels
of MES induced epileptic rats was found to be
significantly increased (p<0.001) when compared
with normal control group. The results also
revealed (Table-II)a significant reduction in MDA
levels (p<0.05 in saroglitazar Img/kg and p<0.001
in all other drug treated groups) as compared to
MES control
Immunohistochemical analysis of inflammatory
maker (COX-2 antibody)

The immuno-histochemistry findings



1988

suggested that the uptake of COX-2 antibody
was minimum in normal control group (original
bluish colour retained) as depicted in figure
no.l(a) and maximum in MES induced vehicle
control groups which were depicted as brown
colour in Fig no.1(b). No remarkable decrease in
the expression of COX-2 antibody was found in
saroglitazar 1mg/kg treated groups (Fig no.1d).
However, in saroglitazar 3mg/kg treated group
there is decreased intensity of brown colouration
with some bluish stained neuronal cells (Fig
no.le). There was a remarkable decrease in the
intensity of brown colour with a characteristic
bluish appearance of the well-defined neuronal
cells in diazepam (fig no.1c) and combination
of saroglitazar 1mg/kg and diazepam 0.5mg/kg
treated rats (fig no.1f) as compared to MESinduced
vehicle treated epileptic rats. Thus, saroglitazar
attenuates the inflammatory changes which are
depicted in the form of decreased expression of
inflammatory markers like COX-2.
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DISCUSSION

In this study, the anticonvulsant effect
of a dual PPARo/y activator saroglitazar, was
evaluated on MES induced epilepsy model
by measuring the onset of THLE, duration of
THLE, duration of clonus and recovery time.
Oxidative stress,as well as neuroinflammation,
ismajor contributing factors in epilepsy, both as
an epileptogenic, as well as a post-injury response
that drives the progression of the disease.!” We
have selected MES-induced convulsions method
to induce epilepsy in experimental animals since
this model represents grand mal epilepsy in human
beings. MES stimulation generates high-frequency
repetitive potentials, thus opening the Na* channels
and increasing the intracellular Ca™ levels which
leads to depolarization of the cell and seizure.'®
Continuous seizures induce increased production
of reactive oxygen species (ROS) and reactive
nitrogen species (RNS), which cause oxidative

Table 1. Effect of Saroglitazar on the duration of onset of THLE, total duration of THLE, duration of
clonus and recovery time in MES induced epileptic rats(n=6)

Drug Onset of Duration of Duration of Recovery
THLE(sec) THLE(sec) clonus(sec) time(sec)
MES control (Tween 80) 3.5+£0.54 18.33+1.20 18.67+2.26 122.67+15.47
Diazepam(2mg/kg) 203+28.90** 4.8340.75%* 1.334£0.51%* 6.17+£0.4**
Saroglitazar(1mg/kg) 514+5.29* 11.33+1.21%** 10.5+1.04** 60.67+8.09%*
Saroglitazar(3mg/kg) 176.17£16.72%* 6.83£0.75%* 4.67+0.81** 36+3.89**
Saroglitazar(1mg/kg) 266.83+22.99** 4.17+0.75%* 2.540.54*%* 13.67+2.16**

+ Diazepam(0.5mg/kg)

(n=6). Data expressed as Mean + SD. One way ANOVA with Tukey’s posthoc test —
*: p<0.01 drug treatment vs MES control, **: p<0.001 drug treatment vs MES control

Table 2. Effect of drugs on SOD levels and MDA levels of brain in MES model

Drug SOD(Brain) MDA(Brain)
(Units / mg tissue) (nmol MDA/mg tissue)

Normal control 15.69+1.88 2.9+0.55

MES control 8.86+0.95%* 8.65+0.9%*

Diazepam(2mg/kg) 12.54+0.82*** 4.79+0.69***

Saroglitazar (1mg/kg) 9.96+0.80 5.57+0.8%

Saroglitazar(3 mg/kg)
Saroglitazar(1mg/kg) + Diazepam (0.5mg/kg)

12.47+0.83***
14.88+1.31***

3.3440.23b***
3.014+0.22%**

(n=6); Data expressed as Mean + SD. One way ANOVA with Tukey’s posthoc test —
*: p<0.05 drug treatment vs MES control,**: p<0.001 MES control vs normal control, ***: p<0.001 drug treatment vs MES control
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damage of biomolecules. The brain is highly
susceptible to damage by ROS/RNS due to its high
oxygen requirement, and high metabolic rate."”
Increased amount of ROS also results in elevated
intracellular Ca%**concentration, and the vicious
cycle of seizure continues inducing neuronal death
either through necrosis or apoptosis. Furthermore,
ROS can initiate diverse downstream signalling
pathways, such as mitogen-activated protein
kinases (MAPKSs) or the transcription factor nuclear
factor- kB (NF-xf). Subsequently, producing
neuroinflammation by expressing proinflammatory
cytokines (IL-1B, TNF-o and IL-6) and increasing
the expression of cyclooxygenase-2 (COX-2)
and of inducible nitric oxide synthase (iNOS) in
microglia, astrocytes and neurons.” In agreement
with these mechanisms, our study observed a
decrease in SOD and an increase in MDA levels
in the brain tissues of MES induced rat along
with increased uptake of COX-2 antibody in brain
neurones suggesting of oxidative damage and
neuroinflammation in rat brains after MES induced
seizure.

The primary results of the present study
show that pre-treatment of rats with a dual PPARo/y
activator saroglitazar can provide protection against
the deleterious consequences of excitotoxicity
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induced by MES seizure. Antiepileptic parameters
of saroglitazar were evaluated by measuring the
onset of THLE, duration of THLE, duration of
clonus and recovery time. Though both the doses
of saroglitazar (1mg/kg and 3mg/kg) were effective
against epilepsy, the effect of saroglitazar 3mg/
kg was almost similar to the test drug diazepam
(2mg/kg). Similar antiepileptic effects of PPARa
agonists, pioglitazone and rosiglitazone were
reported by Lee et. al. and they have suggested
that probably the anti-inflammatory and anti-
oxidant properties are responsible.?'Puligheddu et
al.even demonstrated that adjunctive therapy with
PPARGc: agonist fenofibrate displayed a reduction of
seizure frequency both in pre-clinical studies and
patients affected by NFLE (nocturnal frontal lobe
epilepsy).

To elucidate the mechanism of the
saroglitazar, we explored the antioxidant and
anti-inflammatory effect of the drug. As the major
biological effects of PPARs is down-regulation
of oxidative stress-sensitive and inflammatory
signalling pathways, so, reduces inflammation by
decreasing inflammatory mediators like cytokines,
adhesion molecules and nitric oxide synthase-2,
COX-2 and reduces oxidative stress by increasing
antioxidant enzymes superoxide dismutase (SOD)
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Fig. 1. Immunohistochemistry of rat brain depicting COX-2 uptake (x400). (a)- Normal vehicle control, (b)- MES
vehicle control, (c)- Diazepam (2mg/kg), (d) —Saroglitazar (1mg/kg), (e)- Saroglitazar(3mg/kg), (f)- Saroglitazar
(1mg/kg) + Diazepam(0.5mg/kg)
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expression and catalase activity. Also, most of
the research suggested that PPARs exert their
therapeutic effects by anti-inflammatory and
anti-oxidant properties. Brain SOD levels were
increased significantly in rats treated with standard
drug diazepam and saroglitazar 3mg/kg. Collino et.
al.reported a similar increase in SOD levels while
rats were pre-treated with of PPAR-y agonists for
neuroprotection.”® No significant increase in SOD
levels was found in saroglitazar Img/kg treated
rats, suggesting that low dose, do not produce an
antioxidant effect, however, when the low dose
was combined with diazepam low dose, theSOD
levelswas almost comparable with that of the
normal rats. (Table no II)

Similarly, oxidative stress produced by
electrical stimulation in rats also significantly
increase brain MDA levels as compared to normal
rats. Diazepam, saroglitazar 1mg/kg and 3mg/
kg reversed this increase in brain MDA levels
which was found to be at par with studies done
by Anwer et.al. on the antioxidative properties
of bezafibrate.**Combination of diazepam and
saroglitazar in MES model decreased the MDA
levels to a significant extent which was almost in
the range of MDA in normal rats.

From the immunohistochemical studies
of thebrain, we found out there is a certain role
of inflammation in epilepsy. Cyclooxygenase-2 is
known to play a key role in the early inflammatory
response to an insult, and consequently a
significant role in post-seizure inflammation
and hyperexcitability of the brain. Our studies
revealed the upregulated expression of COX-2
antibody in the brain tissue which is depicted as
brownish colour in epileptic control rats (fig no.1b)
which was due to increased uptake of the COX-2
antibody by the brain tissue which corroborates
the study done by Collino et al.”® Upregulation
of COX-2 was inhibited by diazepam 2mg/kg,
saroglitazar 3mg/kg pre-treated rats due to which
there is decrease in the intensity of brown colour
indicating expression of COX-2 antibody has been
decreased (fig no. 1c and le respectively). Similar
studies have shown the effect of pioglitazone on
glial inflammation® and rosiglitazone on global
cerebral ischaemia.’*Though no remarkable
effect was seen in saroglitazar 1mg/kg treated
rats (fig no. 1d), a combination of saroglitazar
Img/kg and diazepam treated rats showed a
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remarkably decreased expression of COX-2
as compared to epileptic controls (fig no. 1f).
These findings can be correlated to the fact that
epilepsy causes neuroinflammation which can be
expressed by COX-2 and saroglitazar attenuates
the inflammatory changes which are depicted in
the form of decreased expression of inflammatory
markers like COX-2.

CONCLUSION

In conclusion, the present study
demonstrated that saroglitazar attenuated MES
induced epilepsy and the probable underlying
mechanisms are due to the inhibition of oxidative
stress and neuroinflammation. Moreover,
saroglitazar when combined with a lower dose of
diazepam produced significant effect, indicating
it can decrease the dose of antiepileptic drugs.
However, further clinical correlation is required
with proper study design to take advantage of this
novel drug in clinical conditions.
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