
Article Not peer-reviewed version

Anticonvulsant Potential and

Toxicological Profile of Verbesina

persicifolia Leaf Extracts: Evaluation in

Zebrafish Seizure and Artemia salina

Toxicity Models

Carlos Alberto López-Rosas , Santiago González-Periañez , Tushar Janardan Pawar ,

Jorge Zurutuza-Lorméndez , Fernando Rafael Ramos-Morales , José Luís Olivares-Romero ,

Margarita Virginia Saavedra Vélez * , Fabiola Hernández-Rosas *

Posted Date: 21 February 2025

doi: 10.20944/preprints202502.1703.v1

Keywords: Verbesina persicifolia; anticonvulsant activity; zebrafish epilepsy model; PTZ-induced seizures;

Artemia salina toxicity; GABAergic modulation; flavonoids; alkaloids; diazepam synergy

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4253942
https://sciprofiles.com/profile/4253932
https://sciprofiles.com/profile/2486717
https://sciprofiles.com/profile/4253861
https://sciprofiles.com/profile/3843367
https://sciprofiles.com/profile/314895
https://sciprofiles.com/profile/4252418
https://sciprofiles.com/profile/1944137


 

 

Article 

Anticonvulsant Potential and Toxicological Profile of 
Verbesina persicifolia Leaf Extracts: Evaluation in 
Zebrafish Seizure and Artemia salina Toxicity 
Models 
Carlos Alberto López-Rosas 1, Santiago González-Periañez 1, Tushar Janardan Pawar 2,  
Jorge Zurutuza-Lorméndez 1, Fernando Rafael Ramos-Morales 1, José Luís Olivares-Romero 2, 
Margarita Virginia Saavedra Vélez 1,* and Fabiola Hernández-Rosas 3,4,* 

1 Instituto de Química Aplicada, Universidad Veracruzana, Luis Castelazo Ayala s/n, Col. Industrial Animas, 
91190 Xalapa-Enríquez, Veracruz, México; (C.A.L.-R) carloslopez02@uv.mx; (S.G.-P) santiagonzalez@uv.mx; 
(J.Z-L) framos@uv.mx ; (F.R.R.-M) zurutuza1111@hotmail.com 

2 Red de Estudios Moleculares Avanzados, Campus III, Instituto de Ecología A. C., Carretera Antigua a 
Coatepec 351, Xalapa, 91073, Veracruz, Mexico.; (J.L.O-R.) jose.olivares@inecol.mx (T.J.P.) 
tushar.janardan@inecol.mx. 

3 Centro de Investigación, Universidad Anahuac Querétaro, El Marqués, Querétaro 76246, Mexico.; (F.H.-R); 
fabiola.hernandezro@anahuac.mx * 

4 Escuela de Ingeniería Biomédica, División de Ingeniería, Universidad Anahuac Querétaro, El Marqués, 
Querétaro 76246, Mexico.;  

* Correspondence: msaavedra@uv.mx (M.V.S.-V.); fabiola.hernandezro@anahuac.mx (F.H.-R.) 

Abstract: Epilepsy is a chronic neurological disorder with significant treatment challenges, 
necessitating the search for alternative therapies. This study evaluates the anticonvulsant activity and 
toxicological profile of Verbesina persicifolia leaf extracts. Methanolic and sequential fractions (hexane, 
dichloromethane, ethyl acetate, and methanol) were tested using a pentylenetetrazole (PTZ)-induced 
seizure model in zebrafish (Danio rerio), measuring seizure latency, severity, and survival rates. 
Phytochemical analysis identified flavonoids, alkaloids, and steroids, suggesting neuroactive 
potential. Ethyl acetate and hexane fractions significantly increased seizure latency and survival 
rates, with co-administration of hexane extract and diazepam enhancing these effects. Toxicity 
assessment in Artemia salina indicated low to moderate toxicity in methanolic extracts, whereas 
sequential fractions exhibited higher toxicity, particularly in hexane and ethyl acetate extracts. The 
findings suggest that V. persicifolia extracts exert anticonvulsant effects, likely through GABAergic 
modulation, and have a favorable safety profile at therapeutic doses. These results support further 
investigations to isolate active constituents and explore their potential as plant-derived 
anticonvulsant agents. 

Keywords: Verbesina persicifolia; anticonvulsant activity; zebrafish epilepsy model; PTZ-induced 
seizures; Artemia salina toxicity; GABAergic modulation; flavonoids; alkaloids; diazepam synergy 
 

1. Introduction 

Epilepsy stands as one of the most common neurological disorders globally, characterized by 
recurrent and unprovoked seizures affecting approximately 50 million people worldwide [1]. These 
seizures are manifestations of excessive and abnormal neuronal activity in the cortex of the brain [2]. 
The impact of epilepsy extends beyond the physical and neurological—social stigmatization, 
psychological stress, and increased mortality rates are significant, particularly in countries with 
limited resources. Although pharmacological advances have been made, the available treatments are 
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often marred by suboptimal efficacy and adverse effects, leading to an ongoing search for more 
effective and safer therapeutic alternatives [3,4]. 

Current antiepileptic drugs (AEDs) operate primarily through modulation of ion channels, 
enhancement of inhibitory mechanisms, or reduction of excitatory transmissions. Commonly used 
AEDs include sodium valproate, carbamazepine, and lamotrigine, among others [5]. While these 
medications are effective in managing seizure activities in many patients, approximately 30% of the 
epileptic population remains refractory to these treatments. Additionally, the side effects associated 
with these drugs—ranging from mild dizziness and fatigue to severe behavioral changes, 
teratogenicity, and hypersensitivity reactions—complicate long-term management and impact 
patient quality of life [6]. 

Given these challenges, there is substantial interest in exploring alternative treatments, 
including the use of medicinal plants. Phytomedicine offers a vast array of secondary metabolites 
with potential therapeutic effects. Historical and ethnobotanical leads have often guided the 
discovery of new drugs, with several modern medications developed from plant-based sources. For 
instance, galantamine, originally derived from snowdrop flowers, is now widely used in the 
treatment of Alzheimer's disease. This underscores the potential of plant extracts and isolated natural 
products in contributing to the pharmacopeia of neurological disorders [7]. 

Verbesina persicifolia, a perennial herb found in tropical and subtropical regions, is traditionally 
used in herbal medicine for its diverse pharmacological properties. Reports from various 
ethnomedical sources highlight its use in treating wounds, inflammations, and as a natural remedy 
for nervous system disorders. Preliminary studies have suggested that extracts from this plant 
possess anxiolytic, antidepressant, and potential anticonvulsant activities. [8,9,10,11] These activities 
are thought to be mediated through the modulation of neurotransmitter pathways, similar to many 
conventional AEDs. However, the specific components responsible for these effects and their 
mechanisms of action remain largely unexplored. 

The zebrafish (Danio rerio) model has emerged as a valuable tool for neurological research, 
including the study of epilepsy [12,13,14]. The biological and physiological properties of zebrafish 
neurotransmitter systems show significant homology to humans, making them ideal for studying 
genetic and pharmacological treatments. Moreover, the optical transparency of zebrafish larvae 
allows for real-time monitoring of drug effects on brain activity and behavior. The PTZ-induced 
seizure model in zebrafish is particularly well-established, mimicking the kindling observed in 
human epilepsy. PTZ, a GABA receptor antagonist, induces hyperactivity followed by clonic-like 
seizure activity, providing a measurable phenotype that can be used to assess the efficacy of 
anticonvulsant agents [15,16,17]. 

This research focuses on evaluating the anticonvulsant properties of methanolic extracts of V. 
persicifolia in a PTZ-induced seizure model in zebrafish. By detailing the delay in onset of seizure-like 
behavior and survival rates, the study aims to establish a potential therapeutic profile for the plant 
extracts. Additionally, through phytochemical analysis, the research seeks to identify the active 
constituents within the extracts, offering insights into their mechanisms of action and potential for 
development into new AEDs [18,19]. The investigation not only broadens the understanding of V. 
persicifolia's pharmacological effects but also contributes to the broader quest for more effective and 
tolerable treatments for epilepsy. 

This research bridges traditional herbal medicine and modern pharmacological methodologies 
to explore innovative solutions for epilepsy, a condition desperately in need of more diverse and 
accessible treatment options. By harnessing the potential of V. persicifolia, the study adds to the 
growing body of evidence supporting the use of medicinal plants in developing novel therapeutic 
agents for managing complex neurological disorders. 

2. Results 

The extraction of Verbesina persicifolia leaves yielded hexane, dichloromethane, ethyl acetate, and 
methanol fractions, which were analyzed for phytochemical composition, toxicity, and 
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anticonvulsant activity. Bioactive compounds were identified in the extracts, and toxicity evaluation 
in Artemia salina was conducted alongside anticonvulsant assessment in a PTZ-induced zebrafish 
seizure model. 

2.1. Extraction and Phytochemical Analysis of V. persicifolia 

The phytochemical composition of Verbesina persicifolia leaf extracts was analyzed across three 
consecutive years (2019, 2020, and 2021). Phytochemical screening of methanolic extracts confirmed 
the presence of alkaloids, flavonoids, and steroids in all years, while saponins, tannins, quinones, and 
triterpenoids exhibited variability between collection years (Table 1). These differences may be 
influenced by environmental factors affecting secondary metabolite biosynthesis (Supporting 
Information, Figure S7 and S8). 

Table 1. Phytochemical screening of V. persicifolia methanolic extracts from 2019, 2020, and 2021. 

Metabolite Family 2019 Extract 2020 Extract 2021 Extract 
Alkaloids + + + 
Saponins + - +  
Tannins - + + 

Quinones + - - 
Triterpenoids - + + 

Flavonoids + + + 
Steroids + + + 

1 (+): positive results, 2 (-) negative results. 

To complement our findings, previous phytochemical studies on V. persicifolia and related 
Verbesina species have identified eudesmane sesquiterpenes, terpenoids, flavonoids, alkaloids, and 
essential oils. Table 2 summarizes relevant secondary metabolites previously reported in gender 
Verbesina and V. persicifolia [20,11,21]. 

Table 2. Phytochemicals identified in V. persicifolia based on literature. 

Metabolite Family Extraction Method Literature Source 
Eudesmane sesquiterpenes Hexane, Methanol Via et al. 2015 [20] 

Flavonoids Ethyl acetate, Methanol Guerrero et al. 2024 [11] 
Alkaloids Methanol Guerrero et al. 2024 [11] 
Steroids Hexane Guerrero et al. 2024 [11] 
Saponins Methanol Guerrero et al. 2024 [11] 
Tannins Methanol, Aqueous Extracts Guerrero et al. 2024 [11] 

Essential Oils Hexane Jakupovic et al. 1986 [21] 

Thin-layer chromatography (TLC) was performed to confirm the presence of these metabolites 
in the hexane, dichloromethane, ethyl acetate, and methanol extracts. The analysis revealed distinct 
bands corresponding to flavonoids, phenols, steroids, and alkaloids, with optimal separation 
achieved using dichloromethane/methanol (95:5) for non-polar fractions and ethyl acetate/methanol 
(8:2) for polar fractions. However, due to the low quality of TLC images, these figures have been 
provided as Supporting Information (Figures S1 and S2).  

The consistent presence of flavonoids, alkaloids, and steroids in V. persicifolia across multiple 
years, along with previously reported eudesmane derivatives and essential oils, confirms a stable 
phytochemical profile. These results provide a strong basis for subsequent pharmacological 
evaluations. 

2.2. Toxicological Assessment in Artemia salina 
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The toxicity of V. persicifolia extracts was evaluated using the median lethal concentration (LC50) 
values, classified according to Clarkson’s toxicity scale. Extracts with LC50 > 1 mg/mL were 
considered non-toxic, while those within 0.5–1 mg/mL, 0.1–0.5 mg/mL, and <0.1 mg/mL were 
classified as low, moderate, and high toxicity, respectively. 

Methanolic partitions exhibited low to non-toxic profiles, with hexane and ethyl acetate fractions 
showing low toxicity (LC50 values of 0.499 mg/mL and 0.633 mg/mL, respectively), while 
dichloromethane and methanol fractions were non-toxic (LC50 > 1 mg/mL) (Table 3). 

In contrast, sequentially extracted fractions demonstrated increased toxicity, particularly in the 
hexane (LC50 = 0.073 mg/mL, high toxicity) and dichloromethane (LC50 = 0.105 mg/mL, moderate 
toxicity) extracts. Both ethyl acetate and methanol sequential extracts exhibited moderate toxicity 
(LC50 = 0.421 mg/mL) (Table 3). 

Table 3. Toxicity assessment of V. persicifolia methanolic partitions and sequential extracts in Artemia salina. 

Extract Type Fraction LC50 (mg/mL) Toxicity Classification 1 

Methanolic 
Extract 

Hexane 0.499 Low toxicity 
Dichloromethane >1 Non-toxic 

Ethyl Acetate 0.633 Low toxicity 
Methanol >1 Non-toxic 

Sequential 
Extract 

Hexane 0.073 High toxicity 
Dichloromethane 0.105 Moderate toxicity 

Ethyl Acetate 0.421 Moderate toxicity 
Methanol 0.421 Moderate toxicity 

1 Toxicity classification is based on Clarkson’s toxicity criteria, where LC50 > 1 mg/mL is considered non-toxic, 
LC50 between 0.5 and 1 mg/mL indicates low toxicity, LC50 between 0.1 and 0.5 mg/mL denotes moderate 
toxicity, and LC50 < 0.1 mg/mL indicates high toxicity. 

These findings confirm that methanolic partitions of V. persicifolia demonstrate a generally safe 
profile, whereas sequentially extracted fractions exhibit greater toxicity, particularly in non-polar 
extracts. 

2.3. Anticonvulsant Activity in Zebrafish Model 

The anticonvulsant potential of V. persicifolia extracts was assessed in PTZ-induced seizures in 
zebrafish. Key parameters measured included Latency IV, Whirlpool Latency, Posture Loss Latency, 
and survival rates. Extracts were evaluated using partition and sequential extraction methods, with 
the hexane fraction also tested in combination with diazepam and sodium valproate. 

2.3.1. Partition Method 

The partition method was used to investigate the anticonvulsant effects of different solvent 
extracts (hexane, dichloromethane, ethyl acetate, methanol, and water). 

Speed Index Latency: The hexane and dichloromethane extracts showed increased latency 
compared to the control group. The hexane extract at 100 µg/mL had the longest latency (260.8 
seconds), although it was not statistically significant (p = 0.374). The dichloromethane extract at 1000 
µg/mL significantly differed from lower concentrations (p ≤ 0.05 for 10 and 1 µg/mL) (Figure 1A). 

Whirlpool Latency: The dichloromethane extract at 1000 µg/mL significantly prolonged 
whirlpool latency compared to the control (p = 0.003). Higher concentrations (100 and 1000 µg/mL) 
resulted in increased latency compared to 1 µg/mL (p ≤ 0.05) (Figure 1B). 

Posture Loss Latency: The dichloromethane extract at 1000 µg/mL had the highest latency 
(402.33 seconds), significantly differing from the control and lower concentrations (p ≤ 0.05). 
However, higher concentrations correlated with reduced survival rates (Figure 1C). 
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Figure 1. Latency metrics for zebrafish treated with V. persicifolia extracts obtained by the Partition Method. (A) 
Speed Index Latency, (B) Whirlpool Latency, (C) Posture Loss Latency. 

2.3.2. Sequential Method 

The sequential extraction method was applied to further evaluate anticonvulsant activity using 
hexane, dichloromethane, ethyl acetate, methanol, and water fractions. 

Speed Index Latency: The ethyl acetate extract had the strongest effect, with 10 and 100 µg/mL 
producing latencies of 334.67 and 486.67 seconds, respectively. These values were significantly higher 
than the control and lower concentrations (p ≤ 0.05). The hexane extract at 100 µg/mL also showed 
significant effects (p = 0.026 vs. 0.1 µg/mL, p = 0.006 vs. 1 µg/mL) (Figure 2A). 

Whirlpool Latency: The ethyl acetate extract at 10 and 100 µg/mL significantly increased latency 
times (892.33 and 732.33 seconds, respectively). Both concentrations differed significantly from the 
control and lower doses (p = 0.003). Hexane and dichloromethane extracts did not show significant 
effects (Figure 2B). 

Posture Loss Latency: The ethyl acetate extract at 10 and 100 µg/mL exhibited the longest 
latencies, indicating a dose-dependent effect (p ≤ 0.05). Other extracts did not produce significant 
differences across concentrations (Figure 2C). 
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Figure 2. Latency metrics for zebrafish treated with V. persicifolia extracts obtained by the Sequential Method. 
(A) Speed Index Latency, (B) Whirlpool Latency, (C) Posture Loss Latency. 

2.4. Co-administration with Pharmacological Controls 

The hexane partition extract of V. persicifolia was co-administered with standard anticonvulsant 
drugs diazepam (Dzp) and sodium valproate (Val-Na) to evaluate potential synergistic effects. 
Behavioral parameters recorded included Latency IV, Whirlpool Latency, and Posture Loss Latency. 

Speed Index Latency: No statistically significant differences were observed between the control, 
pharmacological controls, and co-administration groups (p > 0.05). However, the hexane + diazepam 
combination exhibited a slight, though non-significant, increase in latency compared to diazepam 
alone, suggesting a possible additive effect (Figure 3A). 

Whirlpool Latency: Significant interactions were observed between treatments. Hexane extract 
(5, 10, and 15 µg/mL), diazepam, and their co-administration all significantly increased latency 
compared to the control. Co-administration with diazepam resulted in a nearly threefold increase in 
latency compared to sodium valproate (p ≤ 0.05), indicating a potential enhancement of 
anticonvulsant effects (Figure 3B). 

Posture Loss Latency: Co-administration of hexane extract with diazepam significantly 
increased posture loss latency, whereas co-administration with sodium valproate did not yield a 
comparable effect. These findings indicate that the diazepam-hexane extract combination may 
provide a greater anticonvulsant effect than sodium valproate (Figure 3C). 
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Figure 6. Latency metrics for zebrafish treated with V. persicifolia hexane extract in combination with 

pharmacological controls. (A) Speed Index Latency, (B) Whirlpool Latency, and (C) Posture Loss. 

2.5. Survival Rate 

The survival rates of zebrafish exposed to V. persicifolia extracts were analyzed across different 
experimental conditions (Figure 4). 

Partition Method: The hexane extract showed the highest survival rate, reaching 100% at 1000 
µg/mL. The dichloromethane extract exhibited a dose-dependent increase, with survival reaching 
65% at 100 and 1000 µg/mL. In contrast, the ethyl acetate extract maintained a stable survival rate of 
approximately 85% across all concentrations (Figure 4A). 

Sequential Method: The hexane extract attained 100% survival at 100 µg/mL, whereas other 
extracts, such as methanol, exhibited lower survival rates, with a maximum of 60% across all 
concentrations (Figure 4B). 

Co-administration Assays: Diazepam, sodium valproate, and hexane extract (including co-
administration treatments) achieved 100% survival, while the control group exhibited only 14.28% 
survival. 
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Figure 7. Survival rates (%) of V. persicifolia extracts in zebrafish under different extraction methods. (A) 
Partition Method: Survival rates for hexane, dichloromethane, ethyl acetate, methanol, and water extracts 

across concentrations (1, 10, 100, and 1000 µg/mL). (B) Sequential Method: Survival rates for the same solvents 
across concentrations (0.1, 1, 10, 100, and 1000 µg/mL). 

3. Discussion 

This study demonstrates the anticonvulsant potential of V. persicifolia leaf extracts, particularly 
ethyl acetate and hexane fractions, in a PTZ-induced zebrafish seizure model. The results suggest 
that key phytochemicals, including flavonoids, alkaloids, and steroids, play a significant role in 
seizure modulation. This section discusses the implications of these findings, potential mechanisms 
of action, and the relevance of V. persicifolia as a candidate for novel anticonvulsant development. 

3.1. Phytochemical Contributions to Anticonvulsant Activity 

Phytochemical screening confirmed the presence of flavonoids, alkaloids, and steroids in V. 
persicifolia extracts, all of which have well-documented neuropharmacological properties. Flavonoids 
are known to interact with γ-aminobutyric acid (GABA) receptors, enhancing GABAergic 
transmission, which may contribute to the anticonvulsant effects observed in the ethyl acetate 
fraction [22,23,24,25,26]. Similarly, alkaloids have been reported to modulate neurotransmitter 
systems, either by acting as GABA agonists or by inhibiting excitatory pathways, further supporting 
their role in seizure suppression [27,28,29]. Steroids have also been implicated in central nervous 
system excitability, suggesting their possible contribution to the observed anticonvulsant activity. 

The increases in convulsion latency and survival rates observed in this study suggest that these 
phytochemicals contribute to both the enhancement of inhibitory neurotransmission and the 
reduction of excitatory signaling. This aligns with established models of seizure modulation, where 
balancing excitatory and inhibitory pathways is crucial for effective seizure control. These findings 
are consistent with studies on other Verbesina species, such as V. encelioides [30] and V. crocata [31] 
which contain related bioactive compounds with neuroactive properties. The presence of similar 
metabolites in V. persicifolia reinforces its potential as a candidate for further anticonvulsant research. 

3.2. Efficacy of Extracts in Reducing Seizure Parameters 

The ethyl acetate fraction showed the most substantial effect, delaying convulsion onset and 
reducing severe seizure behaviors. This fraction likely contains non-polar flavonoids and other 
bioactive compounds, which may improve blood-brain barrier permeability, enhancing CNS 
modulation. 

The hexane fraction also demonstrated potent anticonvulsant effects, achieving 100% survival 
at 10 µg/mL, further supporting its therapeutic potential. This aligns with previous findings 
indicating that non-polar compounds exhibit stronger neuroactive effects, likely due to higher 
bioavailability in the CNS [32]. 

Together, these data suggest that the seizure-modulating activity of V. persicifolia fractions 
results from a combination of inhibitory neurotransmission enhancement and excitatory pathway 
suppression. This aligns with established seizure control mechanisms, making these extracts 
promising candidates for further research in anticonvulsant drug development. 

3.3. Synergistic Effects in Co-administration with Standard Anticonvulsants 

The co-administration experiments demonstrated that the hexane fraction of V. persicifolia 
significantly enhanced seizure latency and survival rates when combined with diazepam, suggesting 
a potential synergistic interaction. Diazepam is a well-established anticonvulsant that potentiates 
GABAergic activity by binding to GABAA receptors, increasing inhibitory neurotransmission and 
reducing seizure susceptibility [33]. The observed enhancement in anticonvulsant effects when V. 
persicifolia hexane extract was co-administered with diazepam suggests that compounds within the 
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extract may either further potentiate GABAA receptor activity or modulate additional pathways 
involved in seizure control. 

Compared to sodium valproate, the combination of hexane extract and diazepam resulted in a 
nearly threefold increase in seizure latency, highlighting a greater efficacy in delaying convulsions. 
This effect suggests that the hexane fraction may contain bioactive compounds capable of amplifying 
GABAergic signaling, reducing neuronal excitability, or enhancing diazepam's action at lower doses. 
The ability to use lower doses of standard anticonvulsants while maintaining efficacy is particularly 
relevant in epilepsy management, as it could help mitigate the side effects associated with long-term 
use of conventional drugs. 

Similar synergistic effects have been observed in other plant-derived compounds, where 
phytochemicals enhance the therapeutic action of conventional drugs by either increasing 
bioavailability, potentiating receptor interactions, or modulating secondary signaling pathways. The 
observed interaction between V. persicifolia extracts and diazepam aligns with these findings, 
reinforcing the potential of plant-derived compounds as adjunct therapies in epilepsy management. 
Further research is needed to isolate the specific active constituents responsible for this synergy and 
to elucidate their precise mechanisms of action within the central nervous system. 

3.4. Toxicity and Safety Profile 

Toxicity evaluation in Artemia salina revealed that methanolic fractions exhibited low to 
moderate toxicity, aligning with established safety thresholds for medicinal plant extracts. However, 
sequentially extracted fractions (hexane and ethyl acetate) exhibited higher toxicity, likely due to 
increased concentrations of secondary metabolites such as terpenes and alkaloids, which are known 
to be cytotoxic at higher doses. 

Complementary cytotoxicity tests using chicken embryo fibroblasts (AlamarBlue and MTT 
assays) showed that lower concentrations (0.1–1 µg/mL) were non-toxic, while higher doses exhibited 
moderate cytotoxic effects. This suggests that dose optimization is necessary, but within defined 
therapeutic ranges, V. persicifolia extracts may have a favorable safety profile for further 
pharmacological development. 

3.5. Implications and Future Directions 

The promising results from this study reinforce the potential of V. persicifolia as a therapeutic 
agent for seizure management, particularly when used in combination with standard 
anticonvulsants. The observed anticonvulsant activity of its hexane and ethyl acetate fractions 
suggests the presence of bioactive compounds that modulate seizure pathways, likely through 
GABAergic enhancement and inhibition of excitatory neurotransmission. These findings contribute 
to the growing body of evidence supporting the role of medicinal plants in neurological disorders 
and highlight the importance of further research to fully characterize their pharmacological 
properties. 

Future studies should focus on the isolation and structural characterization of the active 
constituents responsible for the anticonvulsant effects observed in this study. Advanced analytical 
techniques, such as high-performance liquid chromatography (HPLC) and nuclear magnetic 
resonance (NMR) spectroscopy, could be employed to identify specific flavonoids, alkaloids, and 
other secondary metabolites involved in seizure modulation. Additionally, mechanistic studies 
should investigate how these compounds interact with neurotransmitter receptors and ion channels 
within the central nervous system to better understand their mode of action. 

Beyond phytochemical characterization, in vivo studies using rodent models could provide 
further insights into the long-term efficacy, safety, and pharmacokinetics of V. persicifolia extracts. 
Evaluating different dosages and administration routes will be critical in determining their clinical 
potential. Furthermore, exploring the potential for V. persicifolia as an adjunct therapy to conventional 
antiepileptic drugs could offer new treatment options, particularly for drug-resistant epilepsy cases. 
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The increasing interest in plant-based therapies, especially in regions with limited access to 
conventional epilepsy treatments, underscores the importance of integrating traditional medicine 
with modern pharmacological approaches. Given its promising anticonvulsant activity and favorable 
safety profile at lower doses, V. persicifolia represents a strong candidate for further drug 
development. Expanding research efforts in this area could lead to new, more accessible, and 
potentially safer alternatives for managing epilepsy and other neurological disorders. 

4. Materials and Methods 

4.1. Plant Material Collection 

V. persicifolia leaves were collected annually in September from 2019 to 2021 in Arroyo del 
Potrero, municipality of Martínez de la Torre, Veracruz, Mexico, at coordinates 20°08’43.0’’N 
97°03’56.1’’W. The collected material was carefully inspected to remove any damaged or yellowed 
leaves before processing. The leaves were air-dried in the shade with frequent turning to prevent 
excess moisture accumulation and potential degradation of secondary metabolites. Once fully dried, 
the plant material was finely ground using a mechanical grinder and stored under vacuum-sealed 
conditions to prevent oxidation and contamination before extraction. 

For botanical authentication, a voucher specimen (Boucher V. persicifolia D.C.-AAM-002-XAL) 
was deposited at the National Herbarium of the Instituto Nacional de Ecología (INECOL), Mexico, 
where its identity was confirmed. This ensured accurate taxonomic classification and consistency 
across different collection years. 

4.2. Preparation of Extracts 

Two extraction methods were employed to isolate bioactive compounds from V. persicifolia 
leaves. In the sequential maceration method, 100 g of finely ground plant material was macerated in 
hexane for 21 days in amber flasks, with solvent decantation occurring every seven days. The solvent 
was removed under reduced pressure using a BUCHI R-210 rotary evaporator, and the same process 
was subsequently performed with dichloromethane, ethyl acetate, and methanol, resulting in four 
distinct solvent fractions. 

For the partitioning method, an initial methanolic extract was prepared by macerating 350 g of 
plant material in methanol for 21 days. After filtration, the extract was concentrated under reduced 
pressure, and partitions were created using hexane, dichloromethane, ethyl acetate, and water. This 
method was adapted from [34,35] to optimize solvent fractionation and ensure efficient separation of 
bioactive metabolites. 

4.3. Phytochemical Screening 

The methanolic extracts from each collection year were subjected to phytochemical screening to 
identify the presence of secondary metabolite families such as alkaloids, saponins, tannins, 
flavonoids, and steroids. This analysis was based on colorimetric reactions, adapted from [36] 

4.4. Toxicological Evaluation in Artemia salina 

The toxicity of V. persicifolia extracts was evaluated using the brine shrimp lethality assay (BSLA) 
with Artemia salina nauplii, following established methodologies [37,38]. Approximately 350 mg of 
A. salina cysts were hatched in 2 L of artificial seawater (3% NaCl solution) under controlled 
conditions, including constant aeration, temperature (24–29 °C), and continuous light exposure. After 
48 hours, the hatched nauplii were transferred to experimental test wells containing various 
concentrations of V. persicifolia methanolic extracts (1, 0.5, 0.25, 0.1, and 0.05 mg/mL) prepared in 3% 
saline solution. 
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After 24 hours of exposure, the number of surviving nauplii was recorded, and mortality rates 
were determined. The median lethal concentration (LC50) was calculated using Probit analysis with 
95% confidence intervals, employing IBM SPSS Statistics 29 for statistical analysis. 

4.5. Anticonvulsant Activity in Zebrafish Model 

The anticonvulsant potential of V. persicifolia extracts was evaluated in adult zebrafish (Danio 
rerio) using a pentylenetetrazol (PTZ)-induced seizure model. Zebrafish were pre-treated by 
immersion in tanks containing different extract concentrations for 30 minutes before seizure 
induction. Methanolic extracts were tested at 1, 10, 100, and 1000 µg/mL, while partitioned fractions 
were evaluated at 0.1, 1, 10, and 100 µg/mL. 

Following pre-treatment, zebrafish were transferred to a 10 mM PTZ solution to induce 
convulsions. Behavioral responses were recorded and classified into three distinct seizure stages: 
stage I (increased swimming activity), stage II (whirlpool swimming), and stage III (clonus-like 
convulsions with loss of posture). Survival rates were monitored post-exposure to assess potential 
neuroprotective effects of the extracts. This protocol was adapted from [39,15]. 

4.6. Co-administration with Pharmacological Controls 

To evaluate potential synergistic anticonvulsant effects, the hexane fractions of V. persicifolia, 
which demonstrated significant activity in the zebrafish seizure model, were co-administered with 
diazepam and sodium valproate. Both pharmacological controls were obtained from commercially 
available tablets and prepared by dissolving diazepam in methanol and sodium valproate in ethyl 
acetate to ensure solubility and bioavailability. 

Following pre-treatment with V. persicifolia hexane extracts, zebrafish were exposed to diazepam 
or sodium valproate, and key seizure parameters, including convulsion latency, seizure severity, and 
survival rates, were recorded. The experimental design followed methodologies adapted from [40]. 

4.7. Statistical Analysis 

All data analyses were performed using IBM SPSS Statistics 29 and GraphPad Prism 8. Results 
were expressed as mean ± standard error of the mean (SEM). The median lethal concentration (LC50) 
values for Artemia salina toxicity assays were determined using Probit analysis, with 95% confidence 
intervals calculated to assess dose-dependent toxicity. 

For seizure latency, severity scores, and survival rates in the zebrafish model, normality was 
tested using the Shapiro-Wilk test, and homogeneity of variance was assessed with Levene’s test. If 
assumptions of normality and homoscedasticity were met, parametric tests such as one-way ANOVA 
followed by Tukey’s post hoc test were used for multiple comparisons. In cases where data did not 
meet normality assumptions, non-parametric alternatives such as the Kruskal-Wallis test with 
Dunn’s post hoc correction were applied. Statistical significance was set at p < 0.05 for all analyses. 

5. Conclusions 

This study highlights the anticonvulsant potential of Verbesina persicifolia leaf extracts, with the 
ethyl acetate and hexane fractions demonstrating significant efficacy in prolonging seizure latency 
and improving survival rates in a PTZ-induced zebrafish seizure model. Phytochemical analysis 
suggests that flavonoids and alkaloids contribute to these effects by modulating GABAergic and 
excitatory neurotransmission pathways. The observed synergistic interaction between the hexane 
fraction and diazepam indicates that V. persicifolia could serve as an adjunct therapy alongside 
conventional anticonvulsants, potentially reducing the required doses of standard drugs and 
minimizing associated side effects. Toxicological assessments using Artemia salina and chicken 
embryo fibroblast assays confirmed a favorable safety profile at therapeutic concentrations, although 
a concentration-dependent increase in toxicity was observed at higher doses, particularly in non-
polar fractions. This study support V. persicifolia as a promising candidate for anticonvulsant drug 
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discovery, warranting further research to isolate its active constituents, elucidate precise mechanisms 
of action, and validate its efficacy and safety in advanced preclinical models. The study reinforces the 
potential of plant-derived compounds as viable alternatives or complements to existing therapies for 
neurological disorders. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/xxx/s1, Figure S1: Morphological characteristics of V. persicifolia; Figure S2: GPS recording and 
plant material selection during collection; Figure S3: Leaf drying process for extraction; Figure S4: Dried V. 
persicifolia leaves before grinding; Figure S5: Amber glass containers filled with dried plant material for 
maceration; Figure S6: Methanolic extract before and after drying process; Figure S7: TLC analysis of hexane and 
dichloromethane fractions; Figure S8: TLC analysis of methanol and aqueous fractions; Figure S9: Zebrafish in 
PTZ-induced seizure model setup; Figure S10: Graphical representation of partition method latency metrics; 
Figure S11: Graphical representation of sequential method latency metrics; Figure S12: Graphical representation 
of co-administration latency metrics. Table S1: Summary statistics for the partition method, including normality 
and ANOVA results; Table S2: One-way ANOVA test statistics for the partition method; Table S3: Tukey HSD 
post-hoc test results for Speed Index Latency (partition method); Table S4: Tukey HSD post-hoc test results for 
Whirlpool Latency (partition method); Table S5: Tukey HSD post-hoc test results for Posture Loss Latency 
(partition method); Table S6: Summary statistics for the sequential method, including normality and ANOVA 
results; Table S7: One-way ANOVA test statistics for the sequential method; Table S8: Tukey HSD post-hoc test 
results for Speed Index Latency (sequential method); Table S9: Tukey HSD post-hoc test results for Whirlpool 
Latency (sequential method); Table S10: Tukey HSD post-hoc test results for Posture Loss Latency (sequential 
method); Table S11: Summary statistics for the co-administration study, including normality and ANOVA 
results; Table S12: One-way ANOVA test statistics for Speed Index Latency (co-administration); Table S13: 
Mann-Whitney U test results for Whirlpool Latency (co-administration); Table S14: Mann-Whitney U test results 
for Posture Loss Latency (co-administration). 
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