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Abstract

Medicinal plants have been at the forefront of both
traditional remedies and modern drug discovery. The
shift from wild harvesting to cultivation has raised
concerns regarding the consistency and potency of
phytochemicals. They have long served as a
cornerstone of traditional healing systems and modern
pharmacological research due to their rich reservoir of
bioactive =~ compounds,  especially  secondary
metabolites such as alkaloids, flavonoids, phenolics
and terpenoids. However, the concentration and
diversity of these phytochemicals can vary significantly
depending on whether the plants are wild or cultivated.

This study undertakes a comparative analysis of the
phytochemical composition  and  associated
bioactivities of selected wild and cultivated medicinal
plant species to better understand how ecological and
agronomic factors influence their therapeutic
potential. By integrating analytical techniques, case
studies, graphs and emerging strategies, we emphasize
the need for sustainable cultivation practices that
maintain the medicinal value of plant-based
therapeutics and call for a balanced and sustainable
approach that preserves the bioactive richness of wild
species while enhancing the medicinal potential of
cultivated ones through informed cultivation and
conservation practices.

Keywords: Phytochemicals, wild medicinal plants,
cultivated plants, secondary metabolites, GC-MS,
bioactivity, antioxidant, medicinal plant cultivation.

Introduction

Medicinal plants have long been recognized as vital sources
of therapeutic agents, playing a crucial role in both
traditional and modern medicine systems. Phytochemicals,
or secondary metabolites, are plant-derived compounds that
play crucial roles in defense mechanisms and therapeutic
applications. Their curative properties are primarily
attributed to a diverse array of secondary metabolites such
as alkaloids, flavonoids, phenolics, tannins, saponins,
terpenoids and glycosides collectively referred to as
phytochemicals®’. These bioactive compounds exhibit a
wide range of pharmacological activities including
antioxidant, anti-inflammatory, antimicrobial, anticancer
and immunomodulatory effects'’. Metabolic fingerprinting
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of root, stem and leaf extracts of Phyllanthus amarus for
their bioactive compounds was evaluated by Pammi et al®®
2016 and they are evaluated for their antioxidant activity.

The qualitative and quantitative profiles of these
phytochemicals can vary significantly depending on various
biotic and abiotic factors, including the plant's genetic
makeup, growing environment and cultivation practices.
While wild medicinal plants grow naturally and are often
exposed to various environmental stresses, cultivated
varieties are grown under more controlled agricultural
conditions. The increasing global demand for herbal
medicines has prompted the cultivation of many medicinal
plant species. Concerns also arise regarding the authenticity,
potency and effectiveness of cultivated plants compared to
their wild counterparts.

One of the most compelling comparisons in phytochemical
research lies between wild and cultivated medicinal plant
species. Wild plants, which grow in natural and often stress-
prone environments, are subjected to various ecological
pressures such as competition, herbivory, drought and
nutrient limitations. These stressors stimulate the
biosynthesis of secondary metabolites as part of the plant's
adaptive defense mechanisms?9:30,

In contrast, cultivated plants are generally grown under
controlled or optimized agricultural conditions with better
access to nutrients, irrigation and protection from pests and
diseases. While this may enhance biomass yield, it may not
necessarily promote the same level of secondary metabolite
production observed in their wild counterparts*. Several
studies suggest that wild medicinal plants tend to have
higher concentrations and a broader spectrum of
phytochemicals compared to their cultivated equivalents.
This leads to enhanced bioactivity, making wild species
more potent for pharmacological applicationst?.

On the other hand, cultivated plants offer advantages such as
accessibility, sustainability and standardization in herbal
drug production, which are critical for commercial
exploitation and biodiversity conservation'!. Given the
increasing global demand for herbal products and the
growing interest in plant-based health interventions, it is
essential to understand how cultivation impacts the
medicinal value of plants.

A comparative phytochemical analysis between wild and
cultivated forms can not only shed light on their respective
therapeutic potentials but also can inform strategies for
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sustainable harvesting, conservation and improved
cultivation practices that do not compromise medicinal
efficacy.

This study, therefore, aims to investigate and to compare the
phytochemical profiles of selected wild and cultivated
medicinal plant species, to evaluate their relative
bioactivities and to explore the implications of these
differences in terms of medicinal quality, efficacy and usage.
The findings are expected to contribute valuable insights into
the optimization of cultivation strategies for maximizing
therapeutic benefits while promoting the sustainable use of
plant resources.

Factors influencing Phytochemical Variation
Phytochemicals, the secondary metabolites produced by
plants, are highly responsive to both ecological stimuli and
internal physiological conditions. These compounds, unlike
primary metabolites required for basic metabolic processes,
are vital for plant defense, adaptation and ecological
interactions'®.  The content and composition of
phytochemicals are not uniform but vary depending on a
complex interaction of genetic, environmental, agronomic
and ecological factors?®. Understanding these factors is
crucial for explaining the differences in bioactivity and
therapeutic value observed between wild and cultivated
medicinal plants.

Genetic Factors: One of the primary determinants of
phytochemical variation is the plant’s genetic background.
The genetic constitution governs the biosynthetic pathways
for specific secondary metabolites. Wild plants typically
possess higher genetic diversity than cultivated varieties
which are often selectively bred for agronomic traits such as
yield, pest resistance, or uniformity. This selective breeding
may inadvertently reduce the range or concentration of
certain phytochemicals, whereas wild genotypes tend to
maintain a broader chemical spectrum due to evolutionary
adaptations to natural stressors*C.

Environmental Conditions: Environmental conditions
play a significant role in modulating phytochemical
production. Factors such as light intensity, temperature,
altitude, soil type and water availability all exert influence
on secondary metabolite synthesis'®. For instance, high light
intensity and ultraviolet radiation, especially prevalent at
higher altitudes, have been shown to stimulate the
accumulation of flavonoids and phenolic compounds as
protective mechanisms. Temperature fluctuations also affect
enzymatic activities that regulate metabolic pathways.

Furthermore, soil nutrient composition, particularly in terms
of pH, organic matter and microelement content, affects
phytochemical expression. Nutrient-deficient soils can
induce stress responses that upregulate secondary
metabolism?®8. Water stress or drought conditions can
similarly lead to an increase in osmoprotective compounds
like alkaloids, tannins and proline, with wild species often
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better adapted to accumulate these in response to arid
conditions’®.

Biotic Stress and Plant-Plant Interactions: Biotic stresses
such as herbivore attacks, pathogen infection and interplant
competition are also potent triggers for secondary metabolite
production. In natural habitats, wild plants are continuously
exposed to such biotic challenges and have evolved to
synthesize elevated levels of defensive compounds such as
alkaloids, terpenoids and polyphenols. In contrast, cultivated
plants are usually grown under controlled conditions with
pesticides and physical protection, reducing their need to
produce such compounds®”-1%3,

Agronomic Practices: Agronomic practices further
influence phytochemical profiles in cultivated plants.
Fertilization, irrigation, pruning and the use of growth
regulators can modify secondary metabolite content. While
high fertilization promotes vegetative growth, it can result in
a dilution effect where phytochemical concentrations
decrease. In contrast, controlled nutrient stress has been
shown to enhance the biosynthesis of certain bioactive
compounds'®®, The timing of harvest is also crucial, as
different compounds reach their peak concentrations at
specific growth stages such as flowering or fruiting” 7.
Additionally, post-harvest handling, including drying
methods and storage conditions, significantly impacts the
preservation of phytochemicals. Improper storage can lead
to degradation of heat-sensitive or volatile compounds*®.

Seasonal and Phenological Variation: Seasonal and
phenological variations contribute to fluctuations in
phytochemical levels. The production of many secondary
metabolites is synchronized with the plant’s developmental
cycle. Wild plants, subjected to natural seasonal changes,
often exhibit greater variability in metabolite concentrations
compared to cultivated species, which are managed under
more stable and predictable growing conditions?®.

Altitude and Geographic Origin: Finally, altitude and
geographic origin are influential in shaping phytochemical
profiles. Plants growing at higher altitudes face
environmental extremes such as intense UV radiation, low
atmospheric pressure and cold temperatures, which promote
the synthesis of stress-protective compounds like
anthocyanins and flavonoids®®®2. Geographic location
determines the plant’s ecological niche, soil microbiome and
local climate all of which contribute to unique chemotypic
expressionst?. Hence, phytochemical variation is governed
by an intricate network of genetic, environmental, biotic and
anthropogenic factors. These elements, acting individually
or synergistically, contribute to the distinct phytochemical
signatures seen in wild and cultivated medicinal plants (Fig.
1). A deep understanding of these influences is essential for
accurate phytochemical evaluation, quality control of herbal
products and for devising cultivation strategies aimed at
maximizing therapeutic value. Table 1 summarizes the main
factors that influence phytochemical expression.
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Table 1

Factors influencing Phytochemical Expression in Medicinal Plants

Factor

Influence on Phytochemical
Profile

Explanation & Examples

Soil Nutrients

Affects synthesis of alkaloids,
flavonoids and phenolic
compounds

High nitrogen promotes alkaloid biosynthesis, while phosphorus and
potassium enhance flavonoid and phenolic accumulation®,

Light Intensity

Enhances terpenoid and flavonoid
accumulation

UV-B radiation triggers flavonoid biosynthesis as a protective
response®,

Water Drought stress triggers secondary | Water scarcity increases antioxidant phenolics, proline and flavonoids

Availability metabolite (SM) production to cope with oxidative stress®.

Genetic X:lllellde f?ssuggggg?erigarlgﬁ/:verse Genetic variation explains enhanced phytochemical diversity in wild
. g ince29,30,41

Variability biosynthesis Phyllanthus and Curcuma species .

Agronomic rFeedrSllezgrl\;nc%:nrgé?w?:;??o??ﬁ/r ouah High-input cultivation often dilutes active compounds, especially in

Practices dilution g essential oil crops like Ocimum basilicum51-64,

Altitude and Elevation and temperature High-altitude plants like Artemisia show elevated levels of terpenoids

Climate influence specific SM pathways and phenolics!%6:107,

Biotic Stress

Herbivory and pathogens
upregulate defensive metabolites

Jasmonic acid-mediated responses lead to increased tannins and
alkaloids under insect attack®.

Plant Age and
Maturity

Developmental stage alters
phytochemical composition

Secondary metabolites like ginsenosides or saponins vary with
maturity, especially in Panax species??®.

Factors Affecting
Phytochemical Profiles

in Plants

Biotic
stress

Abiotic
stress

Phytochemical
accumulation

£

- Environmental factors
« Genetic factors

Figure 1: Factors affecting Phytochemical Profiles in Plants

This line diagram illustrates how various biotic and abiotic
stress factors influence the biosynthesis of phytochemicals
in both wild and cultivated medicinal plants. Abiotic
stressors include drought, temperature extremes, salinity,
UV radiation and nutrient deficiency. Such stresses
stimulate the plant's defense mechanisms, leading to
enhanced production of secondary metabolites like
phenolics, flavonoids and alkaloids. Biotic stressors include
insect herbivory, pathogen attacks and microbial interactions
also trigger phytochemical accumulation as a protective
response.

The diagram of plant response pathway shows arrows from

stress factors pointing toward metabolic pathways in plant
cells, which upregulate specific biosynthetic routes such as
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the phenylpropanoid pathway or terpene synthesis, resulting
in increased phytochemical content. Wild plants experience
more frequent and intense natural stress, typically resulting
in higher levels of secondary metabolites compared to
cultivate ones grown under controlled and less stressful
conditions.
Analytical Methods  for
Comparison

Accurate and reliable comparison of phytochemical profiles
between wild and cultivated medicinal plants necessitates
the use of robust analytical techniques. These methods serve
to identify, quantify and characterize the vast array of
secondary metabolites responsible for the therapeutic
properties of medicinal plants (Fig. 2). A combination of

Phytochemical
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qualitative and quantitative assays is often employed to
provide a comprehensive understanding of phytochemical
diversity, concentration and potential bioactivity. The
selection of appropriate analytical techniques depends on the
type of phytochemicals being studied, their solubility,
volatility and stability, as well as the objective of the
study3%-%8,

Preliminary Qualitative Phytochemical Screening: This
is often the initial step in phytochemical evaluation, aimed
at detecting the presence or absence of various classes of
compounds such as alkaloids, flavonoids, phenolics, tannins,
saponins and terpenoids. For instance, alkaloids can be
identified using Mayer’s and Wagner’s reagents, flavonoids
through Shinoda and alkaline reagent tests and phenolics
with ferric chloride or lead acetate. Saponins are usually
tested using the froth test and terpenoids by the Salkowski
reaction. These tests are simple, cost-effective and provide a
basic comparative understanding of the phytochemical
presence across different plant samples®’.

Quantitative Estimation of Major Phytochemicals:
Quantitative assays are essential for determining the
concentration of specific secondary metabolites. Total
phenolic content (TPC) is commonly measured using the
Folin—Ciocalteu reagent and expressed in gallic acid
equivalents (GAE), whereas total flavonoid content (TFC) is
estimated via the aluminum chloride colorimetric method
and reported in quercetin equivalents (QE). Similarly, total
tannin content (TTC) is assessed using methods such as
Folin—Denis or vanillin-HCI assays. Saponins and alkaloids
can be quantified either  gravimetrically  or
spectrophotometrically following specific extraction and
precipitation steps. These estimations are crucial for
evaluating differences in metabolite abundance between
wild and cultivated specimens’"#7.

Chromatographic Techniques: Chromatography plays a
central role in separating and identifying individual
phytochemicals from complex plant matrices. Thin layer
chromatography (TLC) provides a rapid and economical
method for fingerprinting, whereas High-Performance
Liquid Chromatography (HPLC) is widely adopted for
precise quantification of flavonoids, phenolics and alkaloids
with high resolution and sensitivity. Gas Chromatography—
Mass Spectrometry (GC-MS) is particularly suitable for
volatile constituents like essential oils and terpenoids and
offers compound identification based on retention times and
mass spectra. Advanced tools like Ultra-Performance Liquid
Chromatography (UPLC) and High-Performance Thin
Layer Chromatography (HPTLC) allow faster and more
detailed profiling of phytochemicals, thus facilitating better
differentiation between wild and cultivated plant
extracts!>?4"° (Fig. 5).

Spectroscopic  and  Spectrometric ~ Techniques:

Spectroscopic techniques provide valuable insights into
compound structure and functional groups. UV-Visible
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spectrophotometry is frequently used in phenolic and
flavonoid estimation and enzyme inhibition studies. Fourier
Transform Infrared Spectroscopy (FTIR) identifies
functional groups and helps in characterizing crude extracts.
Nuclear Magnetic Resonance (NMR) spectroscopy is
critical for structural elucidation of isolated phytochemicals,
while Mass Spectrometry (MS), often combined with
chromatographic separation (e.g. LC-MS, GC-MS),
provides molecular weights and fragmentation data,
enabling accurate compound identification®4194,

Chemometric and Data Analysis Tools: The data
generated from advanced analytical techniques can be highly
complex and multidimensional. Chemometric tools such as
Principal Component Analysis (PCA), Cluster Analysis
(CA) and Discriminant Analysis (DA) are used to analyze
variations and identify significant patterns or groupings
based on phytochemical content. These methods allow
researchers to distinguish between wild and cultivated
samples based on their chemical composition and identify
biomarkers responsible for specific bioactivities®*.

Bioassays for Functional Correlation: While not purely
analytical, functional bioassays such as DPPH, ABTS and
FRAP for antioxidant activity or antimicrobial and enzyme
inhibition tests are essential for establishing a link between
phytochemical profiles and biological efficacy. These
bioassays validate the therapeutic relevance of identified
phytochemicals and support the conclusion that higher
phytochemical content often correlates with stronger
bioactivity in wild plant variants®2,

Multifaceted analytical approach encompassing preliminary
screening, quantification, separation, identification and
biological validation is essential for a thorough comparison
of phytochemicals in wild versus cultivated medicinal
plants. The integration of classical biochemical methods
with modern chromatographic, spectroscopic and statistical
tools enables the development of comprehensive
phytochemical profiles (Table 2). These insights are vital for
understanding the bioefficacy of medicinal plants and for
guiding conservation and cultivation strategies.

The diagram visually categorizes the major analytical
techniques employed in evaluating plant phytochemicals
and their corresponding functions. It arranges the tools
across a gradient from wild to cultivated plant sources,
indicating their application along this continuum. On the
wild plant end, GC-MS (Gas Chromatography—Mass
Spectrometry) is predominantly used for detecting volatile
compounds, especially terpenes, which are abundant in wild
species due to their adaptation to environmental stressors.

Moving toward the center, HPLC (High-Performance Liquid
Chromatography) offers rapid assessment and is applied to
quantify and analyze a variety of flavonoids, alkaloids and
phenolic compounds which are central to antioxidant
activity comparisons between wild and cultivated plants.
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UV-Visible spectroscopy (UV-Vis) is employed for
structural elucidation of antioxidant-related compounds,
especially in assessing antioxidant capacity within crude
extracts. On the cultivated plant side of the spectrum, NMR
(Nuclear Magnetic Resonance) spectroscopy is primarily
utilized for identifying functional metabolites and functional
groups, offering a detailed view of the chemical structure
and metabolic makeup of compounds within cultivated
specimens. The gradient-based representation highlights
how different analytical tools are suited to the unique

chemical compositions found in wild versus cultivated
plants, thereby supporting comprehensive phytochemical

profiling.

GC-MS (Gas

Table 2
Analytical Techniques used in Phytochemical and Bioactivity Studies of Medicinal Plants

Chromatography-Mass
recorded the highest peak area count for wild species (~87
units), significantly exceeding the cultivated variants (~60
units). GC-MS is especially sensitive to volatile and semi-
volatile compounds, making it ideal for detecting complex
secondary metabolites typically abundant in wild plants**.

Vol. 13 (3), August (2025)

Analytical Method Purpose

Example
Compounds/
Uses

Benefits

Preliminary detection of

Qualitative Screening | o chemical classes

Alkaloids, flavonoids,
tannins, saponins

Quick and cost-effective for
preliminary profiling?4°

Folin—Ciocalteu Estimation of total phenolic

Gallic acid equivalents

Simple, sensitive, widely used

(TPC) content for antioxidant potential®’

Aluminum Chloride Estimation of total flavonoid Quercetin equivalents Reliable for flavonoid

Assay (TFC) content g quantification®

Vanillin-HCI / Folin- L . Tannin content Useful in assessing astringent
X Estimation of tannins ; L 67

Denis comparison medicinal plants

TLC (Thin Layer
Chromatography)

Phytochemical fingerprinting
and quick comparison

Visual profiling of
extracts

Rapid, inexpensive, requires
minimal equipment®®

HPLC (High-
Performance LC)

Separation and quantification
of individual compounds

Flavonoids, phenolic
acids, alkaloids

High resolution,
reproducibility, widely
applicable!®

UPLC (Ultra
Performance LC)

Faster, more sensitive
alternative to HPLC

Complex plant extract
analysis

Greater sensitivity, faster
analysis time®!

Identification of
volatile/thermally stable
compounds

GC-MS (Gas
Chromatography-MS)

Essential oils, terpenes

Specific and sensitive for
volatiles®

Improved resolution and

antioxidant assays

HPTLC (High Semi-quantitative Chemoprofiling of uantification over classical

Performance TLC) fingerprinting extracts 9“_(:73

UV-Visible Compou_nd ggal_ntlflcatlon, DPPH, FRAP, ABTS W_|dely accesmple,_ simple,
enzyme inhibition, suitable for antioxidant

Spectrophotometry assays

screening®

FTIR (Fourier

Transform Infrared) Functional group analysis

Compound
classification in crude
extracts

Identifies chemical bonds, rapid
characterization®®

Structure elucidation of

NMR Spectroscopy isolated phytochemicals

Alkaloids, glycosides

Detailed structural
information®®

Molecular weight
determination, fragmentation
analysis

Mass Spectrometry
(MS)

Unknown compound
characterization

Accurate mass determination,
structural clues?

Chemometric Tools
(PCA, CA, DA)

Multivariate analysis of
chemical data, clustering

Differentiating wild
vs. cultivated samples

Handles large datasets,
improves interpretation’

Correlation of phytochemical
profile with biological
activity

Bioactivity Assays

Antioxidant,
antimicrobial, enzyme
inhibition

Functional relevance, connects
chemistry to pharmacology*?
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Figure 2: Spectrum of Analytical Tools used in Phytochemical Profiling

Comparison of Phytochemical Richness Using Analytical Techniques

Peak Area Counts

GC- o HP e
Analytical Techniques

- Wild
mam Cultivated

Figure 3: Comparison of Phytochemical Richness using Analytical Techniques

HPLC results show a moderate difference, with wild plants
exhibiting 70 peak area counts compared to 55 for cultivated
ones. This technique excels at profiling non-volatile
compounds such as flavonoids, phenolics and glycosides,
compounds often enriched under natural environmental
stressors in wild plants®?.

In the case of UV-Vis spectrophotometry, the wild plants
again show a higher bioactive content (~60) relative to
cultivated ones (~40). UV-Vis is commonly employed for
total phenolics and flavonoids estimation and its results here
reflect the trend that wild species accumulate more of these
compounds*’. NMR (Nuclear Magnetic Resonance) shows
the least difference, with peak areas of 50 (wild) vs. 45

https://doi.org/10.25303/1303ijasvm05019

(cultivated). While NMR provides detailed structural
information about metabolites, its lower sensitivity might
explain the closer values. Nevertheless, it still affirms the
higher metabolite diversity in wild species.

It can be now interpreted that across all techniques, wild
species consistently show higher phytochemical richness
indicating that their exposure to natural stressors may
upregulate  secondary  metabolite  biosynthesis®’-82,
Cultivated plants, grown under controlled, less stressful
conditions, may not exhibit the same level of metabolic
diversity. The comparison underscores the importance of
selecting wild genotypes for pharmaceutical and
nutraceutical applications and it also suggests that multiple

10



International Journal of Agricultural Sciences and Veterinary Medicine

analytical platforms are needed to fully assess metabolomic
complexity

Comparative Bioactivity of Wild vs. Cultivated
Plants

The bioactivity of medicinal plants defined as their ability to
exert biological or pharmacological effects is intrinsically
linked to the concentration, diversity and synergy of their
phytochemical constituents (Table 3). Understanding how
wild and cultivated variants of the same plant species differ
in bioactivity is essential for evaluating their therapeutic
efficacy, guiding cultivation practices and standardizing
herbal formulationsté.

Wild medicinal plants, growing under natural ecological
conditions, are exposed to a variety of environmental
stressors such as drought, UV radiation, poor soil nutrients,
herbivore pressure and microbial interactions. These biotic
and abiotic stresses stimulate the plant’s secondary
metabolism, leading to enhanced synthesis of bioactive
compounds such as alkaloids, flavonoids, phenolics,
terpenoids and saponins®> (Fig. 5). This stress-induced
phytochemical enrichment often results in greater
pharmacological potency, making wild plants a valuable
source of potent medicinal agents®® (Table 5).

In contrast, cultivated medicinal plants are typically grown
under controlled agricultural conditions where stress is
minimized through irrigation, fertilization and pest control.
While such conditions promote better growth and vyield
consistency, they may not stimulate the same level of
secondary metabolite production. Consequently, cultivated
plants might exhibit reduced or altered bioactivity in
comparison to their wild counterparts®. However,
cultivation enables standardization of active ingredients,
traceability and quality control factors critical for
pharmaceutical and nutraceutical applications.

Antioxidant Activity: Antioxidant potential is one of the
most widely assessed bioactivities in phytochemical
research, given its relevance to mitigating oxidative stress-
related diseases. Studies often report that wild plants
demonstrate significantly stronger antioxidant activity due
to their elevated levels of phenolic and flavonoid
compounds®® (Fig. 4). This has been demonstrated using
assays such as DPPH (2,2-diphenyl-1-picrylhydrazyl),
ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)) and FRAP (Ferric Reducing Antioxidant Power),
which are commonly used to compare antioxidant capacities
across plant samples.

Antimicrobial and Antifungal Activity: Another
important aspect of bioactivity is the antimicrobial efficacy
of plant extracts. Comparative studies have shown that wild
plants typically possess broader and more potent
antimicrobial spectra against bacterial and fungal pathogens
than cultivated ones’”. Analysis of bioactive compounds and
antimicrobial screening of Phyllanthus amarus was studied
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by Pammi et al®®. This is largely due to the higher diversity
and concentration of antimicrobial phytochemicals such as
tannins, alkaloids and essential oils found in wild plant
specimens. Methods like agar well diffusion, minimum
inhibitory concentration (MIC) and zone of inhibition (ZOl)
are standard for quantifying antimicrobial potential.

Anti-inflammatory and Analgesic Properties: Wild plant
species often display enhanced anti-inflammatory effects,
attributed to their higher content of bioactive flavonoids,
triterpenoids and phenolic acids. These compounds are
known to modulate inflammatory pathways by inhibiting the
release of pro-inflammatory mediators like cytokines and
prostaglandins'®. In contrast, cultivated plants, especially
those grown under stress-free conditions, may not express
these compounds at pharmacologically significant levels.

Cytotoxic and Anticancer Activities: Cytotoxicity and
anticancer potential are among the most sought-after
therapeutic properties of medicinal plants. Wild species have
been shown to exert stronger antiproliferative effects on
cancer cell lines, likely due to the accumulation of defensive
secondary metabolites like sesquiterpene lactones, steroidal
saponins and anthraquinones®2. These compounds are often
synthesized in response to environmental stressors and are
less abundant in cultivated plants unless induced artificially.

Enzyme Inhibition Studies: Medicinal plants are also
evaluated for their potential to inhibit disease-related
enzymes. Phytochemicals capable of inhibiting a-amylase
and a-glucosidase have relevance in diabetes management
while those targeting acetylcholinesterase are investigated
for potential Alzheimer's treatments. Wild plants frequently
outperform cultivated ones in enzyme inhibition assays,
again pointing to their richer bioactive profiles?.

Synergistic Effects and Compound Complexity: A key
contributor to the superior bioactivity of wild plants is the
synergistic interaction between complex array of
phytochemicals. These synergies enhance therapeutic
effects, making wild plants particularly valuable in
traditional polyherbal formulations. The more diverse
phytochemical matrix found in wild plants often leads to
broader spectrum activity, improved bioavailability and
better overall efficacy®’.

Limitations and Considerations: Despite the advantages
of wild plants in terms of bioactivity, they come with certain
limitations. Phytochemical composition in wild populations
is highly variable due to ecological, seasonal and genetic
influences, making standardization difficult. On the other
hand, cultivated plants allow for reproducible bioactive
content and modern techniques such as elicitor application,
controlled stress induction and metabolic engineering, now
being employed to enhance their phytochemical richness®.
Thus, future strategies should aim to balance the benefits of
wild and cultivated sources by conserving wild germplasm
and optimizing cultivated systems through biotechnology.

11
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Table 3
Comparative Bioactivity of Wild vs. Cultivated Medicinal Plants

Vol. 13 (3), August (2025)

Bioactivity Type

Wild Plants

Cultivated Plants

Common Assays Used

Higher due to stress-induced

Moderate due to low-stress

Cytotoxic/Anticancer

compounds like lactones®

Antioxidant Activity phenolics and flavonoids® growth: DPPH, ABTS, FRAP
- . - Broad and potent due to diverse | Narrower due to controlled e
Antimicrobial Activity secondary rﬂetabolites% growth?s Agar diffusion, MIC, ZOI
Anti-inflammatory H_igh (_JIue to e_Ievated Lower unless stress- | COX ir_whibition, protein
triterpenoids and flavonoids®® induced!6.107 denaturation
Notable due to defensive MTT assay, Cell viability

Variable, often lower™

assays

Enzyme Inhibition

Strong inhibition
(e.g. a-amylase, AChE)>

Moderate or
engineered!®

genetically

Enzymatic inhibition assays

- Greater complexity, multi-target | Simpler profiles with fewer | Bioassays  with  extract
Synergistic Effects 7 L . ;
therapy synergistic interactions fractions
Table 4
Visual Comparison of Bioactivities between Wild and Cultivated Medicinal Plants
Bioactivity Wild Plants Cultivated Plants
Antioxidant Activity High (due to increased stress-induced | Moderate (reduced stress, lower

phenolics/flavonoids)3*

phytochemical accumulation)3!

Antimicrobial/Antifungal SM profiles®

Strong and broad-spectrum due to complex

Variable, often less potent due to uniform
growth*

More  pronounced

Anti-inflammatory flavonoids)®

(high

Weaker due to lower stress-induced

biosynthesis!6.107

triterpenoids,

Cytotoxic/Anticancer metabolites)®®

Higher activity (presence of unique secondary

Variable, may require enhancement’

Enzyme Inhibition

Better inhibition (e.g., a-amylase, AChE)

Mild to moderate inhibition1%®

Synergistic Effects

Complex, multi-target effects’

Simplified matrix, lower diversity and
biointeractive potential

Stability and Reproducibility ;gecl:(l)arl;;? (depends on ecological/geographic Elc:ggitio rc]JISugfz1 to standard cultivation
- Limited due to wild sourcing and ecological | High and sustainable  with roper
Scalability and Supply constraints® ) ’ ag?onomy45 Prop

This study presents a comparative overview of the
bioactivity differences between wild and cultivated
medicinal plants. It includes a detailed table summarizing
the differences in pharmacological effects, common assays
used and observations based on plant growth conditions. A
visual comparison of bioactivities between wild and
cultivated medicinal plants is shown in table 4. Studies
suggest that wild medicinal plants tend to have greater
therapeutic activity due to richer or more diverse
phytochemicals.

Fig. 4 presents a comparative analysis of antioxidant
bioactivity, measured as percentage radical scavenging
activity, across three medicinal plant species Withania
somnifera, Centella asiatica and Aloe vera. The data clearly
indicate that wild plant variants exhibit significantly higher
antioxidant activity than their cultivated counterparts in all
three species.

For instance, wild W. somnifera showed the highest DPPH

scavenging activity at approximately 90%, compared to 75%
in the cultivated variant. Similarly, wild C. asiatica
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demonstrated about 70% activity versus 55% in cultivated
samples. A. vera followed a similar pattern, with wild
samples displaying over 85% activity, contrasting with
about 70% in cultivated types. This trend suggests that wild
plants, likely due to environmental stressors and greater
phytochemical complexity, accumulate more potent
antioxidant compounds such as flavonoids, polyphenols and
alkaloids>*®,

Such findings reinforce the hypothesis that ecological
pressures in wild habitats enhance secondary metabolite
biosynthesis, particularly those involved in oxidative stress
defense®. Cultivated plants, grown under controlled
conditions with less abiotic stress, tend to show moderate
antioxidant activity due to reduced phytochemical
stimulation. These results suggest that wild medicinal plants
tend to possess stronger antioxidant potential, likely due to
their higher or more diverse content of phenolic compounds
and flavonoids induced by environmental stress conditions.
Fig. 5 illustrates the correlation between environmental
stress levels and the biosynthesis of three major classes of
phytochemicals: phenolics, flavonoids and alkaloids.
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Figure 5: Influence of Environmental and Agronomic Stress on Phytochemical Accumulation

As stress levels increase due to drought, UV exposure,
salinity, or nutrient limitation, there is a corresponding rise
in phytochemical production, although the rate of increase

varies across compound classes. Phenolics (blue line) show
the steepest increase, indicating that these compounds are
highly responsive to abiotic stress. Phenolic compounds are
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known to play a crucial role in plant defense by scavenging
reactive oxygen species (ROS) and stabilizing cellular
structures®®-82, As stress levels rise, phenolic biosynthesis is
rapidly upregulated, making them prominent antioxidants
and stress markers.

Flavonoids (green line) also demonstrate a notable increase
in concentration with rising stress, though the curve is less
steep than that of phenolics. Flavonoids contribute to UV
protection, antioxidation and signaling functions under
adverse conditions. Studies have shown that mild to
moderate abiotic stress significantly enhances flavonoid
accumulation?’. Alkaloids (orange line) exhibit the least
dramatic increase. Though their levels do rise under stress,
the curve is more gradual. Alkaloids primarily serve as anti-
herbivory agents and may not respond as sharply to abiotic
stress as phenolics or flavonoids.

However, their role in modulating plant metabolism and
deterring pathogens under long-term stress is still
significant®®, Thus environmental stress acts as a potent
trigger for secondary metabolite production, especially for
phenolics and flavonoids, which are vital for plant
adaptation and survival in harsh conditions. This stress-
mediated enhancement of phytochemicals also contributes
to the higher medicinal value often observed in wild plant
populations.

Challenges and Future Perspectives

The comparative study of wild and cultivated medicinal
plants brings valuable insights, but it also uncovers several
challenges that need to be addressed to ensure both efficacy
and sustainability in phytomedicine. One of the foremost
issues is standardization. Maintaining consistent levels of
secondary metabolites across different plant batches is
inherently difficult due to the influence of multiple
environmental and genetic factors®. In cultivated systems,
even minor changes in soil composition, climate, or farming
practices can lead to significant variations in phytochemical
profiles, making it challenging to ensure uniformity in
therapeutic potency®.

Another  significant concern is  genetic  erosion.
Domestication practices often focus on selecting traits
related to high yield, rapid growth, or disease resistance.
However, this selective breeding can lead to the
unintentional loss of rare alleles or entire phytochemical
pathways present in wild populations!®. As a result,
cultivated plants may lack certain bioactive compounds that
contribute to their medicinal richness, reducing their overall
pharmacological potential. Sustainability is also a critical
issue, particularly with regard to wild medicinal plants.
Increased demand for herbal remedies has led to the
overharvesting of wild species, pushing many of them
toward ecological vulnerability or extinction®. This not only
threatens biodiversity but also impacts the long-term
availability of high-potency phytochemical sources derived
from wild habitats. To overcome these issues, there is a
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growing need for advanced agronomic strategies that can
simulate the environmental stress conditions encountered by
wild plants. Research suggests that applying controlled
stress factors such as regulated drought, UV exposure, or
nutrient limitation during cultivation can enhance the
synthesis of secondary metabolites, thereby improving the
medicinal value of cultivated plants?7°,

Future cultivation approaches must integrate such stress-
inducing practices with sustainable harvesting protocols,
genetic conservation and biotechnological interventions to
maintain the balance between efficacy, consistency and
biodiversity preservation.

Conclusion

The comparative phytochemical analysis of wild and
cultivated medicinal plants provides critical insights into the
complex relationship between plant environment, secondary
metabolite production and therapeutic efficacy. This study
emphasizes that wild medicinal plants, shaped by natural
ecological stressors, often possess richer and more diverse
phytochemical profiles compared to their cultivated
counterparts. These enhanced phytochemical concentrations
frequently translate into superior bioactivities such as
stronger antioxidant, antimicrobial, anti-inflammatory and
immunomodulatory effects highlighting their value in
traditional medicine and modern pharmacology.

However, while wild plants demonstrate notable potency,
their unpredictable availability, variability in composition
and the threat of overharvesting raise significant
sustainability concerns. Cultivated medicinal plants, on the
other hand, offer advantages in terms of scalability,
conservation and standardization, though often at the
expense of reduced bioactive content. Moving forward,
addressing the challenges of phytochemical standardization,
genetic erosion and biodiversity loss require an integrated
approach.

Strategies such as mimicking wild stress conditions during
cultivation, utilizing elicitor treatments and conserving wild
germplasm through in situ and ex situ methods can help to
enhance the phytochemical richness of cultivated plants
while preserving natural populations. In conclusion,
comparative studies confirm that wild medicinal plants often
have superior phytochemical diversity and therapeutic
potential. While cultivation is vital for sustainability and
demand, modern agricultural systems must integrate stress-
mimicking strategies and analytical tools to ensure
medicinal quality.

Future research must bridge the gap between tradition and
technology, ensuring  consistency, efficacy and
conservation. The synergy of ethnobotanical knowledge,
modern analytical techniques and sustainable agricultural
innovations holds the key to unlocking the full therapeutic
potential of medicinal plants. By understanding and
respecting the differences between wild and cultivated
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forms, researchers, herbal practitioners and policymakers
can make informed decisions that promote both human
health and environmental stewardship.
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