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ABSTRACT

Emerging viral infections continue to pose significant global health challenges, necessitating the search for effective
antiviral agents. Medicinal plants have gained attention due to their rich bioactive compounds, which exhibit
potential antiviral properties through various mechanisms, including inhibition of viral entry, replication, and
assembly. This study explores the antiviral potential of medicinal plants, emphasizing key phytochemicals such as
flavonoids, alkaloids, polyphenols, and terpenoids, which have demonstrated efficacy against different viral
pathogens. Understanding these bioactive compounds and their mechanisms of action can contribute to the
development of plant-based antiviral therapies. Additionally, medicinal plants offer a sustainable and cost-effective
alternative for managing viral infections. However, further research, including preclinical and clinical studies, is
required to establish their safety, efficacy, and potential for integration into modern antiviral treatments. This study
highlights the significance of plant-derived compounds in combating emerging viral infections and underscores the
need for continued scientific exploration in this field.
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INTRODUCTION

Emerging viral infections continue to pose significant challenges to global health, leading to widespread outbreaks and
severe socio-economic consequences. The rapid evolution of viruses such as coronaviruses, influenza, and other newly
identified pathogens has made the development of effective antiviral treatments increasingly complex.

Although conventional antiviral drugs and vaccines play a crucial role in controlling viral infections, their limitations—
such as drug resistance, high production costs, and potential adverse effects—necessitate the exploration of alternative
therapeutic approaches.

Medicinal plants have long been recognized for their therapeutic potential, with traditional medicine systems worldwide
utilizing plant-based remedies to treat infectious diseases. Bioactive compounds derived from medicinal plants, including
flavonoids, alkaloids, polyphenols, and terpenoids, have demonstrated significant antiviral activities by interfering with
various stages of the viral life cycle, such as viral entry, replication, and protein synthesis. Recent studies have highlighted
the efficacy of plant-derived compounds against several viral pathogens, reinforcing their potential as natural antiviral
agents (Aouadi et al., 2024).

Advancements in metabolomics and phytochemistry have further enhanced our understanding of the antiviral mechanisms
of medicinal plants. By characterizing and analyzing bioactive compounds, researchers can identify plant-based molecules
with potential antiviral properties, paving the way for the development of novel, sustainable, and cost-effective antiviral
therapies (Khan et al., 2024).

These plant-derived compounds offer promising alternatives to synthetic antiviral drugs, particularly in regions with limited
access to conventional treatments.
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This study explores the antiviral potential of medicinal plants, focusing on their bioactive constituents, mechanisms of
action, and possible applications in combating emerging viral infections.

Understanding the role of plant-derived compounds in viral inhibition can contribute to the ongoing search for effective and
affordable antiviral therapies.

METHODOLOGY

Selection of Medicinal Plants:

Five medicinal plants (Andrographispaniculata, Ocimum sanctum, Phyllanthusniruri, Azadirachtaindica, and Curcuma
longa) were selected based on their reported antiviral properties in previous studies (Prakash et al., 2022; Sharma et al.,
2023). The plant materials were collected from authenticated sources, shade-dried, and finely ground for further analysis.

Preparation of Plant Extracts

Methanolic extracts were prepared using the Soxhlet extraction method, following the procedure described by Gupta et al.
(2021). The extracts were filtered and concentrated under reduced pressure using a rotary evaporator. The crude extracts
were stored at 4°C for further experiments.

Phytochemical Screening
The presence of flavonoids, alkaloids, tannins, saponins, terpenoids, and phenolics was determined using standard
qualitative tests as per Harborne (1998) and Kokate (2019).

Cytotoxicity Assay
The cytotoxicity of plant extracts was assessed using the MTT assay on Vero cell lines, following the protocol outlined by
Mosmann (1983). The CCso values were calculated using GraphPad Prism software.

Antiviral Activity

Antiviral efficacy was evaluated through plaque reduction assays (Reed &Muench, 1938), virus yield reduction assays
(Kumar et al., 2020), and cytopathic effect (CPE) inhibition assays, following protocols from previous virology studies
(Ghosh et al., 2021).

Molecular Docking
Docking studies were conducted using AutoDock software, following the methodology described by Trott& Olson (2010).
The binding energies of key phytochemicals with viral proteins were analyzed to predict potential antiviral interactions.

In Vivo Analysis
Animal studies were conducted following ethical guidelines approved by the Institutional Animal Ethics Committee. Mice
were infected with the target virus and treated with plant extracts.

Viral load reduction and immune response enhancement were assessed, following the method of Rajput et al. (2022).

Statistical Analysis
All experiments were performed in triplicates. Data were analyzed using one-way ANOVA, and statistical significance was
set at p < 0.05 (GraphPad Prism 9). The results are expressed as mean + standard deviation (SD) (Field et al., 2020).

Phytochemical Composition of Selected Medicinal Plants

Phytochemical screening revealed the presence of flavonoids, alkaloids, and phenolics in all tested medicinal plants.
Andrographispaniculata and Phyllanthusniruriexhibited the highest flavonoid and phenolic content, whereas
Azadirachtaindica had the highest alkaloid content.
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Table 1: Phytochemical Composition of Selected Medicinal Plants

Plant Flavonoi Alkaloid Phenolic
Name ds s s
Androgra +++ ++ +++
phis

paniculat

a

Ocimum -+ ++ ++
sanctum

Phyllanth +++ ++ +++
us niruri

Azadirac ++ +++ ot
hta

indica

Curcuma ++ + ++
longa

Legend: + (Low), ++ (Moderate), +++ (High) presence.

Cytotoxicity and Antiviral Activity
Cytotoxicity assays indicated that all plant extracts had CCso values above 200 ug/mL, demonstrating their safety for
further antiviral testing. Among the tested extracts, Andrographispaniculata exhibited the highest plaque reduction (78.5%)
and cytopathic effect (CPE) inhibition (80.2%), followed by Azadirachtaindica and Ocimum sanctum.
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Table 2: Cytotoxicity and Antiviral Activity

CPE

Plant Plaque

Extract (pg/mL) Reductio | Inhibitio
n (%) n (%)

Androgra | >250 78.5 80.2

phis

paniculat

a

Ocimum >250 72:3 75

sanctum

Phyllanth | >200 70.1 73.4

us niruri

Azadirac >250 75:2 80.5

hta

indica

Curcuma >200 68.4 70.0

longa

Molecular Docking of Phytochemicals
Molecular docking analysis confirmed that bioactive compounds from the selected plants strongly interacted with viral

proteins.
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Quercetin and kaempferol demonstrated the highest binding affinities, suggesting their potential role in inhibiting viral

replication.
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Table 3: Molecular Docking of Phytochemicals

Molecuolar Docking: Binding Energy of Phytochemicals with Viral Targets

Phytochemi | Viral Target | Binding
cal Energy
(kcal/mol) 2
Quercetin Viral -9.2 ©
X
protease 3 4
L | | 2
o
Kaempferol RNA -8.7 LS,—G
polymerase =
c
£
Curcumin Viral -7.9 -8
envelope
p rotein Quer‘cetin Kaem‘pferol Curciumin
Phytochemicals

In Vivo Analysis

In vivo studies on infected mice demonstrated a significant reduction in viral load and an enhanced immune response post-
treatment. Mice receiving Andrographispaniculata and Azadirachtaindicaextracts showed the highest survival rates and
faster recovery compared to controls.

Key Findings

Andrographispaniculata and Azadirachtaindica exhibited the strongest antiviral effects.

Molecular docking confirmed that flavonoids had strong interactions with viral targets.

In vivo results validated the antiviral potential, indicating clinical applicability.
CONCLUSION

The present study demonstrates the antiviral potential of selected medicinal plants, highlighting their effectiveness in
inhibiting viral replication. Andrographispaniculata and Azadirachtaindicaexhibited the highest antiviral activity, as
confirmed by plaque reduction, cytopathic effect inhibition, and molecular docking studies. The presence of flavonoids and
phenolics contributed significantly to their antiviral properties. In vivo results further supported the efficacy of these
extracts in reducing viral load and enhancing immune response. These findings suggest that bioactive compounds from
medicinal plants could serve as promising candidates for developing plant-based antiviral therapeutics. However, further
clinical studies are needed to validate their safety and efficacy in human applications (Sharma et al., 2023; Kumar et al.,
2020).
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