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Abstract

This research investigates the free radical scavenging properties of five medicinal plant species—Adhatoda
vasica, Holarrhena antidysenterica, Gloriosa superba, Vitex negundo, and Vinca rosea—and examines the relationship
between their phytochemical profiles and antioxidant potential. The antioxidant activities of plant extracts were
quantitatively assessed using the DPPH assay, and major bioactive constituents were identified. Among the evaluated
species, Adhatoda vasica and Vinca rosea demonstrated the strongest radical scavenging effects, markedly surpassing
the others. The outcomes indicate that these plants could be promising natural sources of antioxidants, with potential
roles in combating oxidative stress—a contributing factor in many chronic diseases. This highlights their relevance for
the development of innovative antioxidant-based interventions and emphasizes the need for continued exploration of their
bioactive compounds for use in integrative and preventive health practices.
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The rising incidence of chronic illnesses, often linked to oxidative stress—an imbalance between free radicals and the
body’s antioxidant defenses—has fueled growing scientific interest in exploring natural antioxidants for therapeutic use.
This pursuit has directed attention toward plant species traditionally valued in folk medicine for their health-promoting
properties. Notable examples include Adhatoda vasica, Holarrhena antidysenterica, Gloriosa superba, Vitex negundo,
and Vinca rosea, which have shown promising pharmacological potential in earlier studies.

Antioxidants play a vital role in protecting cells from damage by neutralizing free radicals, thereby reducing the risk of
conditions such as cardiovascular diseases and certain cancers (2)(18). However, few comparative investigations exist on
the free radical scavenging efficiency of these specific plants. This research seeks to address that gap by systematically
analyzing and comparing their antioxidant activities under laboratory conditions, with assays such as DPPH used to
quantify performance (9). The study also involves examining the chemical composition of these plants, as their antioxidant
properties are often attributed to complex bioactive compounds (12). Beyond academic significance, the findings could
inform the development of natural antioxidant formulations that offer safer and potentially more effective alternatives to
synthetic products for use in medicine and nutritional supplements (8)(3). By evaluating the antioxidant capacity
of Adhatoda vasica, Holarrhena antidysenterica, Gloriosa superba, Vitex negundo, and Vinca rosea, this research
underscores the value of plant-derived compounds in promoting public health and advancing environmentally sustainable
treatments (4,10). Additionally, it highlights how traditional medicinal knowledge can be integrated with modern scientific
approaches, fostering innovations that bridge historical uses with contemporary therapeutic applications. Linking
phytochemical diversity to antioxidant activity may further pave the way for expanded research into the broader health
benefits of these plants (7,5).

The DPPH assay is widely utilized in antioxidant research of natural products because it offers both high sensitivity and
ease of use. This method is based on the concept that antioxidants

act as hydrogen donors to neutralize free radicals. Figure 1 (Mnm,dam,

demonstrates the reaction mechanism in which 2,2-diphenyl-1-
picrylhydrazyl (DPPH) accepts hydrogen from antioxidant N_N
molecules. DPPH is one of the few stable organic nitrogen radicals D

available commercially, making it suitable for such analyses. The

extent of the antioxidant activity is directly related to the decrease

in DPPH concentration within the test sample. 2.2 Diphenyl-1-picrylhydrazyl 2.2-Diphenyl-1-picrylhydrazy
Monitoring the reaction using a UV spectrophotometer has become fres radical (DFPHe) PP
Stanqarq practice due to its gcc_:uracy ar.]d straightforward Figure 1: Mechanism of reduction of 2,2-diphenyl-1-
application. DPPH has a characteristic absorption peak at 517 nm, picrylhydrazyl

appearing purple in color. When an antioxidant donates hydrogen,
the color changes from purple to yellow, signifying the conversion of DPPH radicals to their reduced form. This reaction
proceeds in proportion to the number of hydrogen atoms transferred. Therefore, the antioxidant capacity of a compound
can be determined by measuring the reduction in absorbance at 517 nm.

Review of Literature

Reviewing the literature on the antioxidant activities of Adhatoda vasica, Holarrhena antidysenterica, Gloriosa
superba, Vitex negundo, and Vinca rosea reveals a distinct connection between their use in traditional healing and their
significance in current pharmacological studies. These plants are recognized for their valuable therapeutic effects, which
are largely attributed to complex phytochemical compositions that support antioxidant activity.

Individual studies show that each plant employs unique mechanisms to neutralize free radicals due to their varied
phytochemical profiles, such as alkaloids, flavonoids, and phenolic compounds. In particular, Adhatoda
vasica demonstrates strong radical scavenging capacities linked to constituents like vasicine acetate, which exhibits
substantial antioxidant effects and helps restore cellular antioxidant enzyme levels. Meanwhile, Vinca rosea is noted for
its high concentrations of phenolic compounds and a diverse suite of alkaloids, resulting in potent antioxidant activity
against several reactive oxygen species (2, 18, 9).

There is a growing body of evidence highlighting the significance of phytochemicals like flavonoids and alkaloids in
counteracting oxidative stress, a finding that supports the long-standing use of these plants in traditional medicine.
Comparative research reveals that each species displays distinct antioxidant properties, and combining them may enhance
their overall effects through synergistic interactions. Specifically, Gloriosa superba and Vitex negundo have been shown
to possess unique chemical profiles, with Gloriosa superba rich in compounds such as colchicine and gloriosine, and Vitex
negundo containing phenolic acids and flavonoids like isoorientin and chlorogenic acid; these compounds may provide
added benefits in managing conditions related to oxidative stress (3)(4).

The results indicate that natural antioxidants present a promising alternative to synthetic ones, emphasizing the growing
role of phytotherapy in modern healthcare. Nevertheless, this review identifies a crucial limitation in existing comparative
studies, as differences in extraction methods and assay protocols contribute to inconsistent and sometimes conflicting
results across research. Such variability complicates the direct comparison of antioxidant efficacy between studies and
underscores the need for standardized methodologies in this field. (10)(7). Although recent technological advancements,
such as DPPH and ABTS assays, have enhanced the assessment of antioxidant capacities, the lack of standardization
limits the reproducibility and general applicability of the results (5)(1).

Future research should focus on standardizing methodologies to enable reliable comparisons and a deeper understanding
of the antioxidant effectiveness of these plants. Additionally, expanding in vivo studies will provide better insight into
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their biological mechanisms and clinical potential (15,21). While existing studies contribute valuable information about
phytochemical properties, many are limited in scope, often addressing only specific antioxidant aspects without
considering the complex biochemical interactions within the body (20, 11). A comprehensive approach that combines
qualitative and quantitative data while factoring in environmental influences can deepen our understanding of the
medicinal qualities of these plants (19,14). This comparative analysis highlights the therapeutic promise of Adhatoda
vasica, Holarrhena antidysenterica, Gloriosa superba, Vitex negundo, and Vinca rosea, emphasizing the need for
coordinated research efforts in modern pharmacognosy. By addressing methodological inconsistencies and adopting
holistic evaluations, future studies can improve knowledge of these plants as sustainable antioxidant sources and guide
their use in disease prevention strategies (6,16,13). Advancing knowledge in the study of medicinal plants not only
validates the effectiveness of traditional medicine but also paves the way for developing new therapeutic options. Many
modern drugs have their origins in traditional herbal remedies, demonstrating how ancient wisdom can inspire innovative
medical treatments. Integrating traditional knowledge with cutting-edge scientific research offers promising avenues for
future drug discovery and healthcare innovations by tapping into the vast potential of bioactive compounds found in these
plants.

Methodology

Understanding the antioxidant properties of medicinal plants is crucial for pharmacological research and developing new
therapies. Natural antioxidants play a vital role in reducing oxidative stress, which is linked to many chronic diseases.
However, there is a lack of comprehensive comparative studies directly assessing the free radical scavenging abilities of
various medicinal plants, leaving a significant gap in the literature (18). This section addresses the need for a systematic
approach to evaluating and comparing the free radical scavenging activities of five medicinal plants: Adhatoda
vasica, Holarrhena antidysenterica, Gloriosa superba, Vitex negundo, and Vinca rosea, utilizing established assays such
as DPPH (9). The study aims to determine each plant’s antioxidant capacity and examine links between their
phytochemical profiles and antioxidant effects (12). This method ranks these plants by their free radical scavenging ability
and helps clarify the biochemical pathways involved, offering academically robust and practically relevant results (8). By
building on proven assay methodologies, this research proposes a reliable framework for the evaluation of plant-derived
antioxidants (3).

Comparative analyses of medicinal plants provide valuable insights into how their antioxidant effectiveness varies and
help clarify which bioactive compounds contribute most to their traditional therapeutic uses. This approach supports a
better understanding of the pharmacological relevance of these plants and explains their efficacy based on the composition
and activity of specific phytochemicals (4). Advanced analytical methods enhance opportunities for future investigations
into the specific compounds that contribute to the observed biological effects (10). This research highlights potential
candidates for antioxidant treatment and establishes a basis for further pharmacological evaluation and therapeutic
exploration (7). With growing interest in the health-promoting properties of natural substances, maintaining
methodological precision is crucial for identifying reliable and sustainable natural solutions to oxidative stress-related
disorders (5).

Therefore, gaining an in-depth understanding of techniques used to evaluate antioxidant activity is essential, as it
emphasizes the role of phytochemical research in enhancing human health (1). The groundwork laid by this comparative
study offers valuable perspectives on present medicinal uses and the prospective importance of plant-derived treatments
(12-20).

Results

As oxidative stress plays an increasingly important role in the development of chronic diseases, evaluating the antioxidant
potential of traditional medicinal plants is essential. This comparative investigation examined the antioxidant activities of
Adhatoda vasica, Vinca rosea, Holarrhena antidysenterica, Vitex negundo, and Gloriosa superba through the DPPH assay.
The findings demonstrate that Vitex negundo shows the strongest T T TR

free radical scavenging ability, with an 1C50 value of 309.71
pg/mL in the DPPH assay, surpassing all other tested species in
efficacy. Adhatoda vasica ranked next, showing considerable
inhibition (92.5% in DPPH), indicative of strong antioxidant
potential, while Vinca rosea exhibited moderate scavenging
capacity in the ABTS assay (IC50: 25.3 pg/mL). Conversely,
Holarrhena antidysenterica and Gloriosa superba showed no |
detectable activity using the employed methods, yielding zero .
assay values. These results correspond with earlier studies on r -
Adhatoda vasica and Vinca rosea, reinforcing their AT
pharmacological relevance in managing oxidative stress. The W R
absence of measurable activity in Holarrhena antidysenterica and
Gloriosa superba, differing from some prior reports, may stem Graph no 1: Free Radical Scavenging Activity
from methodological variations, extraction techniques, or of Selected Medicinal Plants
uncharacterized phytochemical components that affect their

antioxidant response.

The notable antioxidant activity of Vitex negundo supports its longstanding role in traditional medicine for addressing
disorders associated with oxidative stress. These outcomes illustrate the intricate nature of antioxidants derived from plants
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and highlight the importance of thorough biochemical profiling along with standardized evaluation protocols. The
evidence validates the traditional application of certain species while revealing gaps and inconsistencies that require
further study. As a result, this work offers key insights for future investigations focusing on isolating and identifying the
bioactive constituents responsible for the observed effects in natural therapeutics and nutraceuticals.

Graphical data depict the free radical scavenging activities across the studied medicinal plants, presenting inhibition
percentages and 1C50 values from different assays. The patterns observed underscore significant variations in antioxidant
potential among the species, suggesting the need to refine existing interpretations of plant-based antioxidant efficacy.

Adhatoda vasica plant extracts demonstrated
concentration-dependent antioxidant activity, with  Aesotance _ Peeniagelnbion
absorbance decreasing and percentage inhibition o rRmoman

increasing as the extract volume increased from5 pL . \\ -

to 20 pL. Among the samples, AVSE and AVSM S \\ o 0
exhibited the highest radical scavenging efficiency, " \ “
indicating strong antioxidant potential. This trend B}
confirms that antioxidant capacity correlates with

extract concentration, suggesting the presence of PTMe wE Am e o  a
potent bioactive compounds such as phenolics and
flavonoids in these extracts shown in graph 2.

‘ Graph no 2: Free Radical Scavenaing Activity of Adhatoda vasica

Extracts of Holarrhena antidysenterica also

demonstrated  dose-dependent  antioxidant = ot  Pooermetiiin
activity, where an increase in sample volume b e
from 5 pL to 20 pL resulted in decreased = o o

absorbance and enhanced percentage inhibition. ” ~ v

HALM and HASE exhibited the greatest * = )

inhibition values among the tested samples, = :

signifying strong radical scavenging capacity. »— — R T
These findings verify that antioxidant
effectiveness amp"ﬁes with higher extract Graph no 3: Free Radical Scavenging Activity of Holarrhena
concentrations, likely due to the contribution of antidysenterica

phenolic and flavonoid constituents responsible
for their strong antioxidant potential.

Gloriosa superba plant extracts exhibited a
concentration-dependent antioxidant effect, where
absorbance decreased and percentage inhibition
increased from 5 pL to 20 pL. Among the tested
extracts, GSSC and GSSE showed the highest radical
scavenging activity, reflecting strong antioxidant
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potential. The increasing inhibition  with

neutralization, indicating the presence of potent o ™ MEME W s
phytochemicals like phenolics and flavonoids
responsible for antioxidant activity.
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Graph no 4: Free Radical Scavenging Activity of Gloriosa superba
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impact of varying concentrations (5-20 pL) of different =
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Graph no 5: Free Radical Scavenging Activity of Vitex nigundo
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dependent activity. Conversely, percentage inhibition

rises as concentration increases, demonstrating stronger

inhibitory effects at higher doses. VRSE and VRSM

record the highest inhibition levels, highlighting notable | Graph no 6: Free Radical Scavenging Activity of Vitex nigundo ‘
bioactive and antioxidant potential.
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Discussion

Evaluating the therapeutic benefits of medicinal plants largely relies on assessing their free radical scavenging abilities
through different antioxidant assays. In this investigation, Adhatoda vasica and Vinca rosea exhibited particularly strong
antioxidant effects compared to the other species analyzed. Adhatoda vasica showed a DPPH inhibition rate of 92.5%,
demonstrating a remarkable ability to mitigate oxidative stress (2). This finding aligns with earlier studies that reported
significant antioxidant potential in related plant extracts. Similarly, Vinca rosea displayed notable activity against ABTS
radicals, with an IC50 value of 25.3 pg/mL, reinforcing prior research that links its phytochemical constituents to strong
bioactivity. However, its efficiency remained lower than that of Adhatoda vasica (1-4).

Interestingly, Gloriosa superba, though relatively less studied, displayed lower antioxidant activity than expected—a
notable outcome considering previous reports emphasizing its medicinal significance. This observation emphasizes the
variation in antioxidant capacities among the examined medicinal plants and the inherent complexity in evaluating their
therapeutic potential against oxidative stress-related disorders. Overall, the results highlight the necessity for detailed
biochemical characterization and the adoption of standardized extraction methods to better utilize the medicinal value of
these plants (6,7).

From an applied perspective, understanding the specific contributions of phytochemicals in these plants can facilitate the
development of advanced nutraceuticals and therapeutic formulations in the future. Methodologically, this study
emphasizes the importance of employing multiple antioxidant assays in comparative pharmacognostic research, which
can strengthen future evaluations of herbal efficacy. By expanding knowledge of these plant-based applications, the study
also highlights the importance of biodiversity in advancing drug discovery and botanical science (8-11). With a clearer
understanding of their antioxidant properties, future efforts should prioritize the preservation of these species, particularly
in light of their traditional medicinal significance. Overall, the findings underscore the need for ongoing research to
elucidate the full pharmacological potential of these valuable yet underexplored medicinal plants (12-14).

Conclusion

An analysis of five medicinal plants—Adhatoda vasica, Holarrhena antidysenterica, Gloriosa superba, Vitex negundo,
and Vinca rosea—demonstrates notable differences in their free radical scavenging abilities. Among them, Adhatoda
vasica and Vinca rosea exhibit particularly strong antioxidant potential. Using the DPPH assay, the study evaluated the
plants’ capacity to counter oxidative stress. This investigation explored their suitability as natural antioxidants for both
traditional and modern therapeutic uses. The results deepen understanding of phytochemical properties and antioxidant
efficacy, while identifying the most effective species aids the formulation of nutraceuticals aimed at combating oxidative
stress-related conditions. The findings support traditional medicinal knowledge with scientific validation. Future research
directions include isolating specific antioxidant compounds, conducting in vivo analyses to confirm biological relevance,
and standardizing extraction processes for consistency. Exploring synergistic interactions among plant constituents could
further enhance therapeutic effectiveness. Additionally, examining environmental influences on the biosynthesis of
bioactive compounds is essential. This study provides a foundation for the advancement of herbal medicine and
underscores the importance of plant conservation. It encourages collaboration among herbal practitioners, researchers,
and healthcare professionals, advocating the integration of traditional wisdom with modern science to strengthen public
health. Continued synthesis of ethnobotanical insights and empirical evidence will further enrich natural therapy research
and promote biodiversity sustainability.
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