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Abstract

Seizures are a prevalent neurological disorder often linked to
oxidative stress, which exacerbates neuronal injury. Epilepsy is a
neurological disorder characterized by recurrent, unprovoked seizures
caused by abnormal electrical activity in the brain. These seizures can
vary in type and severity, leading to symptoms such as convulsions,
loss of consciousness, or unusual sensations.!' This meta-analysis
evaluates the effectiveness of various antioxidants, including vitamins
E and C, glutathione, and alpha-lipoic acid, on seizure frequency and
severity. A total of 30 studies, encompassing approximately 2,500
participants, were analyzed. Results indicate that antioxidants,
particularly vitamin E and glutathione, significantly reduce both seizure
frequency and severity, suggesting their potential as adjunctive therapies
in epilepsy management. Moreover, Ayurvedic practices, which
emphasize balancing bodily systems (7ridoshas) through dietary
modifications and herbal interventions, offer promising complementary
approaches to managing epilepsy. Further research is warranted to
establish optimal dosing and long-term effects.
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Epilepsy is a chronic neurological

disorder affecting millions worldwide, characterized
by recurrent seizures resulting from abnormal
electrical discharges in the brain. The World
Health Organization estimates that approximately
50 million people live with epilepsy, making it
one of the most common neurological conditions

globally'®. Seizures can manifest in various
forms, including generalized and focal seizures,
each presenting unique challenges for
management and treatment. While conventional
treatments, such as antiepileptic medications,
have been effective for many, a significant
number of patients continue to experience
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uncontrolled seizures, highlighting the need for
complementary approaches to enhance
therapeutic outcomes'?.

Recent research has increasingly
focused on the role of oxidative stress in
epilepsy, with studies indicating that elevated
levels of reactive oxygen species (ROS)
contribute to neuronal damage and increased
seizure activity’. Antioxidants, such as vitamins
E and C, glutathione, and alpha-lipoic acid, have
been studied for their potential to mitigate
oxidative stress and provide neuroprotective
effects.

Integrating traditional Ayurvedic
practices into the management of epilepsy
presents a holistic approach that emphasizes
balancing bodily systems through dietary
modifications and herbal interventions. Ayurveda,
an ancient system of medicine originating from
India, operates on the principles of harmony
and equilibrium, viewing health as a balance
of the body’s three doshas: Vata, Pitta, and
Kapha. According to Ayurvedic texts, imbalances
in these doshas can lead to various health
issues, including neurological disorders such
as epilepsy®.

Herbal remedies like Brahmi (Bacopa
monnieri) and Ashwagandha (Withania
somnifera) have been traditionally used in
Ayurveda for their neuroprotective properties,
promoting cognitive function and reducing
stress, which may help alleviate seizure
activity'*. Moreover, Ayurvedic dietary practices
emphasize the consumption of antioxidant-rich
foods, contributing to overall health and
potentially improving the quality of life for
individuals with epilepsy'®. This meta-analysis

aims to delve into both the antioxidant efficacy
and the Ayurvedic perspectives on managing
epilepsy, providing a comprehensive overview
of contemporary and traditional approaches.

Literature search :

A comprehensive literature search
was conducted using electronic databases,
including PubMed, Scopus, and Web of
Science. The search employed keywords such
as “antioxidants,” “seizures,” “epilepsy,”
“oxidative stress,” and “meta-analysis.” Articles
published up to September 2023 were included
in the review.
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Inclusion criteria :

Studies were included if they met the

following criteria:

- They were randomized controlled trials
(RCTs) or observational studies.

- They investigated the effects of antioxidants
on seizure frequency or severity.

- They involved adult or pediatric populations
with epilepsy.

- They were published in English.

Data extraction :

Relevant data were extracted from the

selected studies, including:

- Type of antioxidant administered (e.g., Vitamin
E, Vitamin C, glutathione, alpha-lipoic acid).

- Dosage and administration route (oral or
intravenous).

- Characteristics of the study population (age,
sex, epilepsy type).

- Outcomes related to seizure frequency and
severity.

- Reported adverse effects.
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Statistical analysis :

Effect sizes were calculated using
standardized mean differences (SMD) for
continuous outcomes (e.g., seizure frequency)
and odds ratios (OR) for categorical outcomes
(e.g., seizure severity). A random-effects
model was applied to account for variability
among studies. Statistical significance was
determined at p < 0.05. Heterogeneity among
studies was assessed using the I? statistic.

Study selection :

Out of an initial search of 250 studies,
30 met the inclusion criteria, comprising 15
RCTs and 15 observational studies. The total
number of participants across these studies
was approximately 2,500.

Antioxidants analyzed

The following antioxidants were
included in the analysis:

1. Vitamin E: Administered in doses ranging
from 200 to 1,000 [U/day.

2. Vitamin C: Dosages varied from 500 mg
to 2,000 mg/day.

3. Glutathione: Used in both oral and intravenous
forms, typically administered at doses of
300-600 mg/day.

4. Alpha-Lipoic Acid: Commonly given at
dosages ranging from 300 to 600 mg/day.

Efficacy of antioxidants :

1. Vitamin E:

- Seizure Frequency: Significant reduction
was observed (SMD =-0.45, 95% CI: -0.67
t0-0.23, p <0.001)%

- Seizure Severity: The odds of experiencing
severe seizures were reduced (OR = 0.42,
95% CI: 0.29 t0 0.61, p < 0.001)*.

2. Vitamin C :

- Seizure Frequency: Showed a moderate
effect (SMD = -0.35, 95% CI: -0.56 to -
0.14, p=0.001)*, but no significant reduction
in seizure severity.

3. Glutathione :

- Seizure Frequency: Indicated a substantial
decrease (SMD = -0.60, 95% CI: -0.90 to
-0.30, p<0.001)>%.

- Seizure Severity: Significant reduction was
noted (OR = 0.38, 95% CI: 0.20 to 0.70,
p=10.002)°.

4. Alpha-Lipoic Acid :

- Seizure Frequency: Presented a mild reduction
(SMD =-0.25, 95% CI: -0.50 t0 0.00, p =
0.05)", but did not reach statistical significance
for severity.

Heterogeneity and Quality of Studies :

The I? statistic indicated moderate to
high heterogeneity among studies (I*> = 60-
80%). Quality assessments revealed that while
many studies were well-designed, there were
variations in methodology, including dosing
regimens and outcome measurements, which
could influence the overall results.

This meta-analysis indicates that
antioxidants, particularly vitamin E and
glutathione, may offer beneficial effects in
reducing both seizure frequency and severity
in individuals with epilepsy. The mechanisms
underlying these benefits are likely related to
antioxidants ability to counteract oxidative
stress and reduce neuronal damage.

Pathogenesis of epilepsy :

Epilepsy is a complex neurological
disorder characterized by recurrent seizures
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due to abnormal electrical discharges in the
brain. The pathogenesis of epilepsy involves
various mechanisms, including genetic factors,
neuroinflammation, and alterations in neuro-
transmitter systems. One of the key players
in this process is oxidative stress, which occurs
when there is an imbalance between ROS and
antioxidant defenses.

Oxidative stress and neuronal damage :

Reactive oxygen species are generated
during normal metabolic processes, but their
levels can increase due to factors such as
ischemia, inflammation, and excitotoxicity. In
epilepsy, elevated ROS can lead to neuronal
damage through several mechanisms:

1. Mitochondrial Dysfunction: Increased ROS
can impair mitochondrial function, leading to
energy deficits and neuronal cell death.
Mitochondrial dysfunction is commonly
observed in various neurological disorders,
including epilepsy.

2. Membrane Lipid Peroxidation: ROS can
cause lipid peroxidation, damaging cellular
membranes and leading to cell death. This
damage can exacerbate excitability and
contribute to the development of seizures.

3. Neuroinflammation: Oxidative stress can
activate microglia and astrocytes, leading to
neuroinflammation. Inflammatory mediators
can further increase neuronal excitability and
promote seizure activity.

4. Altered Neurotransmission: Oxidative stress
can disrupt neurotransmitter systems, particularly
those involving glutamate and GABA (gamma-
aminobutyric acid). An imbalance between
excitatory (glutamate) and inhibitory (GABA)
signaling is a hallmark of epilepsy.

Role of antioxidants :

Given the detrimental effects of oxidative
stress, antioxidants may play a crucial role in
mitigating these processes. By scavenging
ROS and enhancing antioxidant defenses,
these compounds can help protect neurons
from damage, reduce inflammation, and
restore the balance of excitatory and inhibitory
neurotransmission.

Efficacy of specific antioxidants :

1. Vitamin E: As a fat-soluble antioxidant,
vitamin E plays a pivotal role in protecting
cellular membranes from oxidative damage.
Its ability to reduce seizure frequency and
severity may stem from its protective effects
on neuronal membranes, thereby preventing
lipid peroxidation and maintaining neuronal
integrity®. Additionally, vitamin E may enhance
the function of other antioxidants, further
amplifying its protective effects.

2. Glutathione: Glutathione is a key intracellular
antioxidant that directly neutralizes ROS and
helps maintain the redox state of cells. The
significant reduction in seizure frequency
associated with glutathione supplementation
may be due to its capacity to reduce oxidative
damage in neurons, thereby preventing the
cascade of events leading to seizure activity''.
Furthermore, glutathione is involved in the
detoxification of harmful metabolites and
supports mitochondrial function, both of which
are vital for neuronal health.

3. Vitamin C: This water-soluble antioxidant
contributes to the overall antioxidant defense
system. While its impact on seizure frequency
was moderate, the lack of significant effects
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on seizure severity suggests that its protective
role might be more pronounced in specific
contexts or populations'?. Vitamin C may help
regenerate other antioxidants, such as vitamin
E, thereby enhancing their effectiveness.

4. Alpha-Lipoic Acid: This antioxidant is unique
in that it is both water- and fat-soluble, allowing
it to exert protective effects in various cellular
compartments. Although alpha-lipoic acid
showed only mild reductions in seizure
frequency, its potential neuroprotective effects
warrant further investigation, particularly
regarding its ability to modulate glucose
metabolism and enhance mitochondrial
function'.

Ayurveda perspective :

1. Srotas (Channels): According to Sushruta
Samhita, the proper functioning of srotas
(channels) is vital for the health of the nervous
system. Blockages or imbalances in these
channels can lead to neurological disturbances,
including seizures (Sushruta Samhita,
Sutrasthana, Chapter 1).

2. Prakriti (Constitution): Ayurveda emphasizes
individual constitution (prakriti) in treatment.
Understanding a patient’s unique constitution
can guide the choice of herbs and dietary
interventions for epilepsy (Charaka Samhita,
Sutrasthana, Chapter 1).

3. Ojas: This concept refers to the vital
essence that promotes health and vitality. A
balanced ojas is essential for optimal brain
function and can be enhanced through proper
diet and lifestyle (Charaka Samhita, Vimana
Sthana, Chapter 8).

Herbal remedies :

Ayurveda employs various herbs

known for their neuroprotective and antioxidant
properties:
- Brahmi (Bacopa monnieri): Traditionally
used to enhance cognitive function and reduce
seizure activity, Brahmi is described in texts
such as Ashtanga Hridayam as beneficial for
enhancing medha (intellect)'.

- Ashwagandha (Withania somnifera):
Known for its adaptogenic properties, it may
help in reducing stress-induced seizures. The
Charaka Samhita recognizes its role in
promoting mental clarity and strength’.

- Turmeric (Curcuma longa): Contains curcumin,
which has potent antioxidant and anti-
inflammatory effects. Texts like Bhavaprakasha
describe its use in various ailments due to its
therapeutic properties’.

- Vacha (Acorus calamus): Mentioned in
Sushruta Samhita for its neuroprotective
properties, it is traditionally used to treat
neurological conditions and improve cognitive
function'.

Dietary modifications

- Sattvic Diet: Promoting a diet rich in fresh,
wholesome, and nutrient-dense foods can
enhance ojas and overall brain health,
supporting the management of epilepsy
(Charaka Samhita, Sutrasthana, Chapter
27).

Practices such as yoga and meditation,
integral to Ayurveda, may help in stress reduction
and improving overall neurological health.
These techniques can support conventional
treatment strategies by promoting relaxation
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and enhancing the quality of life for individuals
with epilepsy:

- Yoga: Certain asanas are believed to improve
blood flow and oxygenation to the brain,
contributing to better neurological function
(Hatha Yoga Pradipika).

- Meditation: Mindfulness and meditation
practices are linked to reduced anxiety and
improved mental health, potentially decreasing
seizure triggers (Yoga Sutras of Patanjali,
Chapter 1).

Adverse effects :

Adverse effects related to antioxidant
supplementation were generally mild, including
gastrointestinal disturbances and allergic
reactions. Serious adverse effects were not
reported in the studies reviewed.

Future research directions :

- Standardization of Dosages: The variability
in dosages and administration routes across
studies highlights the need for standardized
protocols in future research. Identifying
optimal dosages for specific patient populations
will be essential for maximizing therapeutic
benefits.

- Long-Term Studies: Most studies did not
assess the long-term effects of antioxidant
therapy. Future research should focus on
evaluating the sustainability of benefits over
extended periods and monitoring for potential
adverse effects.

- Mechanistic Studies: Understanding the
specific mechanisms by which antioxidants
exert their effects on seizure activity will
provide valuable insights for developing

targeted therapies. Investigating the interplay
between oxidative stress, neuroinflammation,
and neurotransmitter dynamics will be crucial.

- Combination Therapies: Research should also
explore the effects of combining antioxidants
with traditional anticonvulsants to determine
whether this approach enhances efficacy and
reduces side effects.

Antioxidants, particularly vitamin E
and glutathione, show promise as adjunctive
treatments for seizure management, potentially
reducing seizure frequency and severity.
Additionally, integrating Ayurvedic practices
offers a holistic approach that may further
enhance treatment outcomes. Future research
should focus on establishing optimal dosing
strategies, long-term effects, and the synergistic
potential of combining antioxidants with
Ayurvedic drugs.
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