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ABSTRACT
Background and Objective: Traditional anti-epileptic drugs often come with adverse side effects and
limited  efficacy,  prompting  the  need  for  alternative  therapies.  Marine  algae  have  emerged  as  a
rich  source  of  bioactive  compounds  with  potential  therapeutic  applications.  The  current  study
investigated  the  anticonvulsant  properties  of  Turbinaria  ornata  using  the  in  vivo  technique.
Materials and Methods: Epilepsy was induced in animal models using the Pentylenetetrazol (PTZ)
method, followed by an analysis of various related parameters. The study measured C-Reactive Protein
(CRP) and Interleukin-6 (IL-6) levels in serum and convulsion scoring to assess the severity of epilepsy
episodes. Blood glucose levels, malondialdehyde (MDA) and Glutathione (GSH) levels in liver homogenate
were evaluated to determine antioxidant properties. The expression levels of Peroxisome Proliferator-
Activated Receptor Gamma (PPARγ), Uncoupling Protein 1 (UCP-1) and CCAAT/enhancer-binding proteins
(C/EBP) were also examined about neurological diseases, with a focus on epilepsy. Results: The results
indicate that treatment with Turbinaria ornata significantly improved the condition of animals subjected
to PTZ-induced seizures. The findings suggest its potential to reduce seizure severity, protect neurons,
regulate energy metabolism and control gene expression in the brain. Conclusion: Overall, this research
underscores the promising potential of Turbinaria ornata as an important agent for treating epilepsy,
aiming to elucidate its comprehensive therapeutic capabilities and effectiveness in managing the
condition.
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INTRODUCTION
Epilepsy is a serious neurological condition that affects approximately 70 million people worldwide. Its
prevalence is highest among infants and the elderly. A person is diagnosed with epilepsy if they have
experienced two unprovoked seizures more than 24 hrs apart1. The condition has numerous risk factors
and a strong genetic predisposition rather than being  caused  by  a  single  factor.  Recent  advancements
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have led to updated classifications of epilepsies and seizures2,3. Marine natural products have emerged
as a promising frontier in the search for new antiepileptic drugs, with brown seaweeds, garnering
considerable attention due to their rich bioactive profiles. Among these, Turbinaria ornata, a brown
seaweed known for its vibrant coloration and complex structure, stands out for its potential medicinal
properties4,5. Turbinaria ornata is a species of brown seaweed found in tropical and subtropical marine
environments. It is a member of the Sargassaceae family within the order Fucales. This seaweed is
commonly found in the intertidal zones of coral reefs and rocky shores, where it plays a crucial role in the
marine ecosystem6,7.

These seaweeds are a treasure of unique compounds, such as polysaccharides, polyphenols and
terpenoids, which exhibit a wide range of biological activities. Its bioactive compounds have been studied
for various pharmacological effects, including anti-inflammatory, antioxidant and neuroprotective
activities, which are crucial in the context of epilepsy8,9. Epilepsy often involves neuroinflammation and
oxidative stress, both of which can exacerbate the condition. The anti-inflammatory and antioxidant
properties of Turbinaria ornata may help mitigate these pathological processes, thereby reducing the
frequency and severity of seizures10,11. Furthermore, neuroprotective agents are essential for preventing
neuronal damage associated with prolonged or severe seizures. By protecting neurons and modulating
neurotransmitter levels, Turbinaria ornata could offer a multifaceted approach to epilepsy
management12,13. The findings could pave the way for the development of new treatments that offer better
seizure control and improved quality of life for individuals living with epilepsy. Through a comprehensive
analysis of its pharmacological activities, this study endeavors to elucidate the therapeutic potential of
Turbinaria ornata and its role in addressing the unmet medical needs in epilepsy management14,15.
Moreover, the study’s exploration of Turbinaria ornata could lead to the discovery of novel bioactive
compounds that  might  not  only  be  effective  against  epilepsy  but  also  other  neurological  disorders.
This could broaden the scope of marine natural products in neuropharmacology, highlighting the
importance of marine biodiversity in drug discovery16,17. Turbinaria ornata represents a valuable resource
in the quest for new therapeutic agents derived from marine natural products. Its rich bioactive profile and
potential pharmacological activities make it a promising candidate for further research and development.
By exploring its anticonvulsant properties, scientists aim to uncover new avenues for treating epilepsy and
improving the quality of life for those affected by this challenging condition18,19. In summary, the
investigation of Turbinaria ornata’s anticonvulsant properties represents a significant step towards
harnessing marine natural products for epilepsy treatment. It holds the promise of not only enhancing
seizure control and patient outcomes but also expanding the arsenal of natural, effective and safe
therapeutic options available to those affected by this challenging neurological condition20,21. The study’s
main  objective  is  to  investigate  the  anticonvulsant  properties  of  Turbinaria  ornata,  including  its
anti-inflammatory and antioxidant effects, to improve seizure control and the quality of life for individuals
with epilepsy. Additionally, the study seeks to identify novel bioactive compounds within Turbinaria ornata
that could be effective not only against epilepsy but also other neurological disorders.

MATERIALS AND METHODS
Study area: The study was conducted at ITS  College  of  Pharmacy,  Murad  Nagar,  Uttar  Pradesh,  India.
The research spanned from December, 2023 to January, 2024.

Collection of plant material: The 2 kg Turbinaria ornata specimens were collected from Mandapam,
located on the Southeast Coast of Tamil Nadu, India. The collected sample underwent a cleaning process
to remove impurities, which involved washing it with tap water followed by rinsing it with purified water.
Afterward, the sample was shade-dried for 2-3 weeks and then hermetically sealed for storage.

Authentication of plant material: The authenticity of the marine algae, Turbinaria ornata, was confirmed
by CSIR-NISCAIR, Pusa, New Delhi with the authentication number NIScPR/RHMD/Consult/2023/4396-97.
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Preparation of plant extract: After authentication, the dried Turbinaria ornata was weighed and then
crushed using an electric blender (Market Analysis North America, APAC, Europe) to obtain a fine powder.
This powder was extracted with methanol for 72 hrs using the cold maceration method. The yields of the
dried extract were subsequently determined22,23.

In vivo study
Animals: The 36 Male Wistar albino rats were used and they were taken from the animal house of I.T.S
College of Pharmacy, Murad Nagar Ghaziabad, Uttar Pradesh and kept in a group of six in spotless
polypropylene cages at a temperature  of  23EC  for  7  days  while  being  exposed  to  a  day/night  cycle.
Before beginning the experimental task, all of the animals received standard food and drink at the
appropriate times. The I.T.S College of Pharmacy’s Animal Ethical Committee gave project proposal
number-ITS/07/IAEC/2022. Animals were used according to the standards outlined in the 8th edition of
“Guide for the Care and Use of Laboratory Animals” published by the National Academy of Sciences, The
National Academies Press, Washington, D.C.).

Experimental scheme:
C Normal control: This group is treated as a control group
C Disease control: In this group, Wistar albino rats were administered with PTZ (70 mg/kg) i.p., injection

of a single dose24,25

C Positive control: In this group, valproic acid has been given 500 mg/kg/day, i.p after sinducing
epilepsy (by PTZ of a single dose on the first day of epilepsy induction) i.e. from the 8 to 28th day of
the study26

C Group 4: This group was treated with methanolic extract of Turbinaria ornate 200 mg/ kg/day, p.o.,
after inducing seizures (by PTZ of a single dose on the 1st day  of  epilepsy  induction)  i.e.,  from  the
8 to 28th day of the study

C Group 5: This group treated with methanolic extract of Turbinaria ornate 400 mg/ kg/day, p.o., after
inducing seizures (by PTZ of a single dose on the first day of epilepsy induction) i.e., from the 8 to 28th
day of the study

C Group 6: This group treated with methanolic extract of Turbinaria ornate 600 mg/ kg/day, p.o., after
inducing seizures (by PTZ of a single dose on the first day of epilepsy induction) i.e., from the 8 to 28th
day of the study27

End point parameters: Physical parameters (0, 7, 14 and 28th day):
C Body weight
C Food intake

Analysis of biochemical investigation in blood:
C CRP (0, 7, 14 and 28th day), it has been conducted in I.T.S Dental Department Pathology Lab
C IL-6 (0, 14 and 28th day) from I.T.S Dental Department Pathology Lab Through ELISA
C Measurement of MDA level in liver homogenate28

C Measurement of GSH level in liver homogenate29

C Determination of serum creatinine (0, 7, 14 and 28th day) through commercial kit by Erba as the
procedure mentioned in the kit30

C Western blotting for PPARγ, UCP-1, CAATT/EBP in AIIMS Pathology Lab in skeletal muscle
C Histopathological study of brain and skeletal muscle from I.T.S Dental Department Pathology Lab

Statistical analyses: Results for each group are presented as Mean SEM. Sigma Stat and Sigma Plot
software (Graph pad prism version 5.01). One-way Analysis of Variance (ANOVA) was used for several
tests. If an ANOVA revealed a significant difference, post hoc analysis was completed with Dunnet’s test.
Statistics are deemed significant if p<0.05.
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RESULTS
Primary phytochemicals of Turbinaria ornata: Methanolic extract of Turbinaria ornata contained
primary compounds such as tannins, polyphenols, saponins and cardiac glycosides of which polyphenols
and saponins were luxuriantly present. Tannins and cardiac glycosides were moderately present (Table 1).

In vivo study
Results of the physical parameters: Body weight and food intake as shown in Fig. 1. It highlighted
significant changes or patterns. For instance, if body weight increased significantly during a particular
period. Figure 2 points out any notable spikes or drops in food intake.

The results of the antioxidant equal of MDA, GSH and protein in liver homogenates were represented by
(Fig. 3a-b).

Fig. 1: Graphical presentation of the body weight
#Represent the meaningful change from the control group at p<0.05

Fig. 2: Graphical presentation of the food intake
#Represent the meaningful difference from the control group at p<0.05

Table 1: Primary phytochemicals present in Turbinaria ornata extracted with methanol
Phytochemicals Solvent (methanol)
Alkaloids --
Terpenoids --
Flavonoids +
Tannins ++
Polyphenols +++
Saponins +++
Cardiac glycosides ++
+: Poor presence, ++: Moderate presence, +++: Luxuriant presence and --:Absence
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Fig. 3(a-b): Representation  of  antioxidant  properties  through   two  key  parameters,  (a)  MDA  and
(b) GSH levels
(a) Levels of MDA (malondialdehyde) expressed in μm/mg of protein across different experimental conditions.
Compared the MDA levels among different groups and indicated any significant increases or decreases. #Indicated
any significant variance from the control group is at p<0.05. This means that the differences observed are statistically
significant, suggesting a notable change in MDA levels due to the experimental conditions and (b) Levels of GSH
(glutathione) also expressed in μm/mg of protein. Highlight any significant changes in GSH levels across different
conditions. #Signified any significant differences from the control group are statistically significant at p<0.05. This
indicated that the changes in GSH levels are also meaningful and not due to random variation

Fig. 4(a-b): Levels of two important inflammatory markers, (a) Serum CRP and (b) Serum IL-6
(a) Concentration of C-Reactive Protein (CRP) in mg/dL across different experimental conditions. The CRP is a marker
of inflammation and changes in its levels can reflect variations in inflammatory responses. Notably, any changes
marked with # are statistically significant from the control group at p<0.05, indicating a meaningful difference in
inflammation levels and (b) Levels of Interleukin-6 (IL-6) in pg/mL. The IL-6 is another important inflammatory
cytokine and its levels can provide insight into inflammatory processes and immune responses. As indicated by #,
these changes are significant from the control group at p<0.05, suggesting notable alterations in the inflammatory
response

Results of the blood parameters (glucose, CRP, IL-6) were described in Table 2 and Fig. 4. The results of
epilepsy by scoring were shown in Fig. 5.

This graph provides a visual representation of the epilepsy index scores across different experimental
conditions. Each score corresponds to a specific type of seizure activity or severity. Notably, changes
marked with #indicate a prominent difference from the control group at p<0.05. This signifies a
statistically  significant  variation  in  the  severity  of  epileptic  symptoms  due  to  the  experimental
conditions.
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Fig. 5: Epilepsy Index through a scoring system that quantifies the severity of epileptic symptoms
Scoring categories are as follows, 0: No seizure, 1: Immobility, 2: Head nodding, 3: Clonus of forelimb, 4: Rearing with
forelimb, 5: Falling on a side and 6: Death

Table 2: Blood glucose level at different time intervals (mg/dL)
Blood glucose level (mg/dL)

----------------------------------------------------------------------------------------------------------------
Group 0th day 7th day 14th day 28th day
Control 89.83±2.04 145.33±1.86 131.16±2.71 119.5±3.017
Negative control 86.83±4.49 139.16±4.49 113.3±7.11# 112.16±3.4#

Standard control 86.33±5.00 139.66±3.9 123.33±2.65# 113.5±4.0#

Test 1 88.16±2.5 139.83±1.9 100.0±3.03# 92.66±4.9#

Test 2 81.17±2.5 129.17±2.6 92.17±2.7 83.17±2.8
Test 3 82.66±5.4 130.5±4.6 101.66±4.3# 91.00±3.098#

Figure 6(a-f) provides a detailed representation of brain tissue samples from various groups, highlighting
different histopathological features such as cellular morphology, staining patterns and any pathological
changes observed and describes any notable differences or similarities in the histopathological features
among the groups. For example, if there are distinct abnormalities, such as signs of inflammation,
degeneration or other structural changes in the brain tissue.

The skeletal muscle morphological study provides a detailed examination of muscle tissue structure and
characteristics across different experimental groups as shown in Fig. 7. This study focused on various
morphological aspects of skeletal muscle, including muscle fiber size, shape, distribution and any
pathological changes or abnormalities observed.

Figure 8 shows the protein expression levels of PPARγ, UCP-1 and CAAT in skeletal muscle across different
experimental groups. The expression levels are normalized using beta-actin as the reference protein.

This  figure  presented  the  relative  protein  levels  of  Peroxisome  Proliferator-Activated  Receptor
Gamma (PPARγ), Uncoupling Protein 1 (UCP-1) and CCAAT/Enhancer-Binding Protein (CAAT) in the
skeletal muscle samples from various groups: Control (C), Negative control (N), Standard (S), Test 1 (T1),
Test 2 (T2) and Test 3 (T3). Normalization was applied to beta-actin to ensure an accurate comparison of
protein expression levels across samples.

Table 3 presented the mean values for Western blot protein expression analysis in skeletal muscle,
reported in kDa (kilodaltons). The table provides the average molecular weights of proteins identified
through Western blot analysis, which are measured in kilodaltons (kDa). This includes the specific protein
bands detected for PPAR γ, UCP-1, CAAT and any other proteins of interest.
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Fig. 6(a-f): Histopathological features of brain tissues across all experimental groups

Fig. 7: Skeletal muscle morphological study

Table 3: Mean values for Western blot for protein expression analysis in skeletal muscle in kDa
Skeletal muscle protein expression (kDa) β-actin PPARγ UCP-1 CAAT
Control 3180.02 27180.02 5846.77 5315.37
Negative control 4981.51 6981.51 12553.08 17558.36
Standard control 4758.94 21758.94 7711.18 8600.06
Test 1 6778.14 9778.14 12694.72 13546.09
Test 2 4911.37 9911.37 12212.61 12394.89
Test 3 4507.42 10507.42 12943.25 12783.64
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Fig. 8: Western blot for protein expression analysis in skeletal muscle

DISCUSSION
The current study investigated the anticonvulsant action of the methanolic extract of Turbinaria ornata
marine algae. Polyphenols are known for their diverse beneficial effects, including antioxidant and free
radical scavenging activities, as well as their antileukemic, vasodilatory and antibacterial properties.
Additionally, they have been reported to enhance cerebral blood flow in individuals with Alzheimer’s
disease. In the present study, the luxuriant presence of polyphenols was detected in the methanolic extract
of Turbinaria ornate30. Significant differences in body weight and food intake were observed, suggesting
potential metabolic effects of the Turbinaria ornata extract. The extract exhibited significant antioxidant
activity in liver homogenates, as evidenced by alterations in malondialdehyde and glutathione levels
compared to the control group. The extract modulated blood glucose levels, showing potential
antidiabetic effects, especially notable in Test 1 and Test 3 groups. Serum CRP and IL-6 levels also
displayed  significant  variations,  indicating  the  potential  anti-inflammatory  properties  of  the  extract.
The results displayed that the extract had noteworthy anticonvulsant effects. Administration of the extract
overdue the beginning of convulsions, summary of the period of convulsions and did not cause transience
in rats induced with PTZ-induced convulsions31,32. The extract showed promising effects in mitigating
epilepsy symptoms, as indicated by the epilepsy index scores. Results of this work suggested that the
methanolic extracts of Turbinaria ornata marine algae possess anticonvulsant activity due to potent
antioxidants33. Histopathological examination revealed potential neuroprotective effects of the extract,
although specific findings need elucidation. The extract may influence skeletal muscle morphology,
suggesting potential implications for muscular health. Alterations in protein expression levels in skeletal
muscles suggested regulatory effects of the extract on key metabolic pathways, including PPAR γ, UCP-1
and CAAT. The present research examined the potential significance of PPAR-γ and UCPs in epilepsy.
Additionally, it mentions the involvement of CAAT/Enhancer Binding Proteins (C/EBPs) in the growth and
adaptability of the nervous system34. Nonappearance of PPAR-γ may exacerbate neuronal excitability and
excitotoxicity, which refers  to  the  excessive  activation  and  damage  of  neurons.  It  also  indicates  that
PPAR-γ has the potential to mitigate the severity of seizures, neuronal loss, damage to the blood-brain
barrier and Na++ currents in hippocampus areas35,36. These findings suggested that modulating PPAR-γ
could serve as a novel treatment approach for epileptic seizures37,38. The modification of UCPs and their
potential influence on cellular responses, such as alterations in antioxidant defense systems and the
creation of new mitochondria39-41. However, it emphasized the need for further investigation to fully
comprehend  the  specific  mechanisms  responsible  for  their  neuroprotective  effects.  The   UCPs  are
proteins  that  show  a  character  in  regulating mitochondrial energy metabolism and thermogenesis42-45.
The CAAT/Enhancer Binding Proteins (C/EBPs) and their pivotal parts in the growth and plasticity of the
nervous system. This study demonstrated the potential of Turbinaria ornata as a promising natural
therapeutic  agent  for  epilepsy,  offering  a  novel  approach  to  managing  this  neurological  condition.
The significant findings suggested that marine-derived compounds can play a critical role in developing
alternative treatments for epilepsy. The results could lead to further research and development of
Turbinaria ornata based therapies. This could potentially benefit patients who have not responded well
to conventional anti-epileptic drugs and offer a new avenue for managing epilepsy with fewer side effects.
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It is recommended that future studies explore the specific mechanisms through which Turbinaria ornata
exerts its anticonvulsant effects. Additionally, clinical trials should be conducted to evaluate the efficacy
and safety of Turbinaria ornata extracts in human populations. The study  was  limited  by  its  focus  on
in vivo investigations in animal models, which may not fully translate to human conditions. The duration
of the study was also relatively short and the long-term effects of Turbinaria ornata were not assessed.
Further research is needed to address these limitations and confirmed the therapeutic potential in broader
contexts.

CONCLUSION
The study highlights Turbinaria ornata extract’s potential as a source of bioactive compounds with
antioxidant, antidiabetic, anti-inflammatory, neuroprotective and possibly anti-epileptic properties.
Differential extraction yields indicate a range of compounds with diverse activities. While the methanolic
extract shows promising anticonvulsant effects with low toxicity in animal models, further research is
needed to identify specific bioactive compounds and their mechanisms and validate these findings in
clinical studies. Regular monitoring is advised if the extract is used in folk medicine for seizure control.

SIGNIFICANCE STATEMENT
This study aimed to assess the  anti-epileptic  properties  of  the  marine  alga  Turbinaria  ornata  through
in vivo experiments. Research demonstrates significant neuroprotective effects, highlighting Turbinaria
ornata’s potential as a novel natural therapeutic agent for epilepsy. These findings contribute to
expanding the academic understanding of marine-derived treatments for neurological disorders.
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