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ABSTRACT

Natural active constituents, primarily secondary
metabolites derived from plants, animals, and
microorganisms, play a vital role in the discovery
and development of modern drugs. These bioactive
compounds, including alkaloids, flavonoids,
terpenoids, glycosides, tannins, and phenolic
compounds, exhibit diverse pharmacological
properties such as antioxidant, antimicrobial,
anticancer, and anti-inflammatory effects. The
classification, pharmacological potential, and
therapeutic  applications of natural active
constituents, while addressing challenges and
future perspectives in their research and
utilization.The review highlights the processes by
which these chemicals exert their benefits, such as
their  anti-inflammatory, anti-cancer,  and
antioxidant capabilities, by looking at current
scientific research. There is much discussion of the
medicinal potential of phytochemicals in the
prevention and treatment of chronic illnesses, such
as cancer, diabetes, and cardiovascular disorders.
This study seeks to further natural product research
and the creation of novel treatment approaches by
offering a thorough examination of the health
advantages and uses of phytochemicals.

Keywords: Phytochemicals, Carotenoids,
Polyphenols, Flavonoids, Alkaloids

l. INTRODUCTION

Plants have formed the basis for
traditional medicine systems in many cultures for
thousands of years, and traditional medicine will
continue to play an important part in health care
worldwide. There is enormous potential in natural
products, and less than 10% of the world’s
biodiversity has been evaluated for biological
activity. Phytochemicals with unique structural
diversity have long been the primary source of
potential drug leads, and many of them have
become official drug candidates(Pan et al., 2014).
Natural constituents and their derivatives have been

recognised since ancient times as a source of
therapeutic agents and the treatments of ailments,
hence becoming an integral part of traditional
medicine systems in various parts of the world.
Numerous natural constituents (e.g., phenolics,
terpenoids, and alkaloids) are attributed with
antioxidant,  antiseptic,  antimicrobial, anti-
inflammatory, antiviral, cytotoxic, neuroprotective,
and other bioactivities. Due to the wide range of
activities, plants and their bioactive molecules are
used as natural therapeutics and significantly
contribute to the production of commercial drugs.
Despite a long history of medicinal use throughout
the world, significant utilisation of plants is still
limited due to the lack of ethnobotanical
information. A combination of natural compounds
is usually known to be non-toxic and have
synergistic effects(Harikrishnan and
Balasundaram 2020).

Phytochemicals are bioactive compounds
naturally produced by plants for their defense. They
are found in whole grains, fruits, vegetables, nuts,
herbs, and other plant sources. To date, over a
thousand phytochemicals have been identified,
including carotenoids, polyphenols, isoprenoids,
phytosterols, saponins, dietary fibers, and specific
polysaccharides. These phytochemicals have
powerful antioxidant properties and show a wide
range of benefits, including antimicrobial,
antidiarrheal, anthelmintic, antiallergic,
antispasmodic, and antiviral effects (Sharma et al.,
2018).They also support gene regulation,
strengthen gap junction communication, boost
immunity, and offer protection against cancers such
as those of the lung and prostate (Rowles and
Erdman 2020).Recent advances in translational
research have broadened the scope of functional
foods.  Extracted from  diverse  sources,
phytochemicals play a key role in developing
functional foods and nutraceuticals. Their
properties, such as solvent affinity and heat
tolerance, vary considerably. The choice of solvent
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also influences the quality of the extracted
phytochemical and its suitability for food and
nutraceutical applications. Solvents are generally
classified into two groups: greensolvents—such as
water, ethanol, glycerol, fatty acids and oils, acetic
acid, ionic liquids, carbon dioxide (CO, ), deep
eutectic solvents, and natural deep eutectic solvents
(NADES)—and conventionalsolvents, including
acetone, chloroform, butanol, methanol, ethyl
acetate, methyl acetate, benzene, hexane, and
cyclohexane (Shikovet al., 2022).

Natural products have long been a vital
source of medicines, with nearly half of modern
drugs derived from them or their analogs. These
compounds, mainly secondary metabolites, are
produced by organisms as defense mechanisms but
show notable pharmacological benefits in humans.
Traditional systems like Ayurveda, Traditional
Chinese Medicine, and Unani continue to rely
heavily on these natural constituents for disease
treatment (Newman and Cragg, 2020).

Natural bioactive compounds encompass a
vast array of molecules derived from plants, fungi,
marine organisms, and other natural sources. Their
biological activities range from antioxidant and
anti-inflammatory properties to antimicrobial and
anticancer effects, reflecting their potential as
therapeutic agents and functional ingredients in
healthcare and nutrition (Atanasovet al., 2021).In
recent decades, the exploration of natural bioactive
compounds has emerged as a cornerstone in
biomedical research, driven by a growing
appreciation for their potential therapeutic benefits
and contributions to human health. These
compounds have garnered considerable attention
not only for their efficacy but also for their
relatively low toxicity profiles compared to their
synthetic counterparts (Nunez et al., 2022). Their
natural origins often align with traditional
medicinal practices, validating centuries-old
wisdom through modern scientific validation. One
of the defining characteristics of natural bioactive
compounds is their structural diversity and complex
mechanisms of action (Lautiéet al., 2020). From
polyphenols and alkaloids to terpenoids and
carotenoids, each class exhibits unique chemical
structures that dictate their interactions with
biological systems. This diversity enables them to
target specific pathways implicated in disease
processes, offering tailored therapeutic strategies.
Moreover, the synergy observed within natural
extracts—where multiple bioactive compounds act
collaboratively—enhances their overall efficacy
and broadens their therapeutic  potential.
Understanding these interactions and harnessing

them for therapeutic purposes represents a
promising frontier in drug discovery and
development (Grigalunaset al., 2022).

1. MAJOR PHYTOCHEMICALS

2.1 Alkaloids

Alkaloids are plant-derived compounds
that can be toxic or physiologically active. Some,
such as isopteropodine and pteropopine, show
antimicrobial activity by stimulating white blood
cells to eliminate harmful microorganisms and
cellular debris. Aromatic planar quaternary
alkaloids like berberine, piperine, and harmane act
by intercalating into DNA and cell walls. Others
mimic neurotransmitters such as acetylcholine,
dopamine, and serotonin, thereby influencing
synaptic activity in the central nervous system
(CNS) (Oluwadamilola, 2023). Alkaloids also
serve various therapeutic roles—as narcotics,
antimalarials, and topical anesthetics in
ophthalmology, as well as in the treatment of
hypertension, neuralgia, rheumatism, and motion
sickness. They can prolong the activity of certain
hormones and provide analgesic effects, making
them useful for relieving pain from boils, septic
wounds, headaches, abdominal discomfort, and eye
conditions. Some alkaloids act by disrupting
microtubule formation during cell division,
preventing tumor cells from multiplying and
thereby contributing to cancer treatment. However,
certain types are hallucinogenic, addictive, or toxic,
and have historically been used as arrow poisons in
hunting (Fraschini, 2016).

2.2 Flavonoids

They are structural derivatives of flavones
with conjugated aromatic systems, often linked to
sugars as glycosides. Being phenolic and water-
soluble, they function as antioxidants and help
protect against degenerative diseases. Flavonoids
like quercetin act as chain-breaking antioxidants,
preventing the oxidation of low-density
lipoproteins by macrophages and metal ions such
as copper, thereby reducing oxidative stress. They
are also regarded as “nature’s biological response
modifiers,”  with  anti-allergic and  anti-
inflammatory properties, and they stimulate phase
Il enzymes that help eliminate mutagens and
carcinogens (Jannat et al., 2021).Flavonoids also
show antimicrobial activity by binding to
extracellular and soluble proteins, as well as
bacterial cell walls. More lipophilic flavonoids can
disrupt microbial membranes. Likely microbial
targets include surface adhesins, cell wall
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polypeptides, and membrane-bound enzymes.
Catechins, such as those found in oolong and green
tea, can inactivate bacterial toxins and inhibit
bacterial glucosyltransferases. Flavonoids are also
associated with cardiovascular benefits, including
increased coronary flow, reduced myocardial
oxygen demand, and lowered arterial pressure. In
addition, they help reduce capillary fragility,
exhibit antiallergic and antispasmodic effects, and
are therefore useful in managing conditions like
asthma and nosebleeds (Ciuméarneanet al., 2020).

2.3 Terpenoids

Terpenoids are the largest class of natural
compounds and display a wide range of
pharmacological activities. For  example,
artemisinin, a sesquiterpene lactone, is widely used
in malaria treatment. Derived from isoprene units,
typically arranged in C; 5 -based skeletons,
terpenoids  exhibit  antibacterial, antifungal,
antiviral, antiprotozoal, and antiallergic properties,
while also acting as immune boosters and
antineoplastic agents (Jaeger and Cuny 2016).

Their mechanism of action is thought to
involve membrane disruption by these lipophilic
compounds. For instance, petalostemumal has
shown activity against B. subtilis, S. aureus, and C.
albicans, and to a lesser extent against Gram-
negative bacteria. This effect may stem from
disturbances in the lipid components of bacterial
plasma membranes, leading to altered permeability
and leakage of intracellular contents(Belattaret al.,
2023).These phytochemicals can penetrate cell
membranes, allowing them to interact with
intracellular targets essential for antibacterial
activity. They are also used in managing epilepsy,
colds, influenza, coughs, and acute bronchial
conditions. Laboratory studies on terpenes from
ginseng suggest their potential action on the
hypothalamus—pituitary—adrenal axis, as indicated
by changes in adrenocorticotropic hormone and
corticosterone levels(Liu et al., 2023).

2.4 Cardiac Glycosides

Cardiac glycosides, also known as
cardenolides, are often found in plants as complex
mixtures. While many are toxic, several possess
valuable pharmacological effects, particularly on
the heart. They are used to treat congestive heart
failure by inhibiting the Na* /K* -ATPase pump,
producing  positive  inotropic  effects and
electrophysiological changes that strengthen
cardiac muscle and enhance systolic contraction.
Cardiac glycosides are also applied in the

management of atrial fibrillation and flutter, and
some serve as emetics or diuretics (Joubert, 2023).

2.5 Tannins and Phenolic Compounds

Tannins are astringent, bitter plant
polyphenols that bind to and precipitate proteins.
Physiologically, they act as antioxidants by
scavenging free radicals, chelating transition
metals, inhibiting pro-oxidative enzymes, and
preventing lipid peroxidation. Through these
actions, they help modulate oxidative stress and
protect against degenerative diseases. Additionally,
tannins inhibit tumor growth by inducing apoptosis
and reducing the mutagenic effects of carcinogens
(Chaudhary et al, 2023).Tannins exhibit
antimicrobial activity by binding to nucleophilic
proteins through hydrogen bonding, covalent
bonding, and other nonspecific interactions. Their
primary targets are cell wall and membrane adhesin
proteins, which they inactivate, thereby blocking
microbial adhesion—the first step in infection.
They can also disrupt cell walls and membranes
directly. They also inactivate microbial enzymes
and cell envelope transport proteins, likely through
interactions with sulfhydryl groups of proteins. In
addition, they bind essential metal ions such as
cobalt, manganese, iron, and copper, depriving
microbes of cofactors needed for enzyme activity
and growth. Tannins are also known to inhibit viral
reverse transcriptase (Ermakov and Jovanovié,
2022).

2.6 Carotenoids

Carotenoids are yellow, red, and orange
pigments present in plants, algae, and
photosynthetic bacteria. They are especially
abundant in fruits, while vegetables such as sweet
potatoes, carrots, pumpkins, and spinach also
contain them in significant amounts (Eggersdorfer
and Wyss 2018).Carotenoids are widely distributed
in foods such as carrots (Daucuscarota L.),
tomatoes  (Solanumlycopersicum L.), parsley
(Petroselinumcrispum L.), oranges (Citrus sinensis
L.), daikon radish (Raphanussativus L.), cabbage
(Brassica oleracea L.), spinach (Spinaciaoleracea
L.), fenugreek (Trigonellafoenum-graecum L.),
purple turnip (Brassica rapa var. rapa L.), and many
green leafy vegetables. The most common
carotenoids include «-carotene, [-carotene, f-
cryptoxanthin, lutein, zeaxanthin, lycopene, and
fucoxanthin(Quitérioet al., 2022).B-carotene is the
most abundant carotenoid in many fruits and
vegetables, followed by  o-carotene. f-
cryptoxanthin is especially common in tangerines,
persimmons, and oranges; lutein and zeaxanthin are
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concentrated in green leafy vegetables; lycopene is
abundant in tomatoes; and fucoxanthin is
characteristic of brown algae. Among these, o-
carotene, B-carotene, and B-cryptoxanthin serve as
precursors of vitamin A, while lutein, lycopene,
and fucoxanthin act as powerful antioxidants.
Lutein contributes significantly to eye health,
whereas zeaxanthin, a fat-soluble antioxidant
concentrated in the macula of the retina, supports
fine-detail vision (Eisenhauer et al., 2017).

2.7Polyphenols

Polyphenols are natural compounds
characterized by phenolic structures and are
grouped into four main subclasses: flavonoids,
stilbenes, phenolic acids, and lignans. Flavonoids
are further divided into flavanones, flavones,
flavonols, and anthocyanidins. Rich dietary sources
of polyphenols include artichoke
(Cynaracardunculus var. scolymus L.), spinach
(Spinaciaoleracea L.), broccoli (Brassica oleracea
var. italica L.), chicory (Cichoriumintybus L.), flax
(Linumusitatissimum L.), onion (Allium cepa L.),
apple (Malusdomestica L.), plum (Prunussubg.
Prunus L.), pear (Pyrus L.), grape (Vitisvinifera
L.), and cherry (Prunus avium L.). Beverages like
olive oil, tea, and red wine are also rich sources of
polyphenols. Flavanones include nearly 350
aglycones and about 100 glycosylated forms, all
sharing a flavan nucleus composed of two aromatic
rings connected by a dihydropyrone ring
(Barrecaet al., 2017). Flavones are a major group
of flavonoids characterized by a double bond
between C-2 and C-3, with the B ring attached to
C-2. Flavonols also have a C-2-C-3 double bond
but differ from flavanones by the presence of a
hydroxyl group at the third position (Kothari et al.,
2020).Anthocyanidins typically occur in nature as
sugar-conjugated derivatives known as
anthocyanins, which give fruits and flowers their
red, blue, and purple pigments. Polyphenols offer
multiple health benefits, including neutralizing free
radicals, protecting against cardiovascular disease,
cancer, and age-related disorders, and preventing
inflammation and allergies. Flavonoids, in
particular, have shown therapeutic potential in
conditions such as angina pectoris, cervical lesions,
chronic venous insufficiency, dermatopathy,
diabetes, gastrointestinal disorders, lymphocytic
leukemia, menopausal symptoms, rhinitis, and
traumatic cerebral infarction. (Wang et al., 2023).

2.8 Isoprenoids
Isoprenoids, also called terpenoids, are a
diverse class of natural compounds that include

terpenes, sesquiterpenes, limonoids, ubiquinone,
menthol, and camphor. They are organic molecules
composed of repeating hydrocarbon units arranged
in specific patterns. Rich sources include poplar
(Populusalba  L.), oak (Quercussuber L.),
eucalyptus (Eucalyptus L.), turpentine tree
(Syncarpiaglomulifera L.), juniper
(Juniperuscommunis L.), lime (Citrus latifolia L.),
orange (Citrus sinensis L.), and cannabis (Cannabis
sativa L) (Shahbazi and Shavisi,
2021).Limonene, myrcene, and pinene are notable
plant-derived isoprenoids. Limonene, the most
common monoterpene in aromatic plants and fruits,
imparts a lemon-like flavor and aroma. Myrcene,
an acyclic monoterpene hydrocarbon, is recognized
as the sedative component of hops and lemongrass.
Isoprenoids contribute to reducing appetite, stress,
and anxiety; support digestion; provide antioxidant
effects; show promise in Alzheimer’s disease;
promote sleep; and aid in pain relief(Cox-
Georgian et al., 2019).

2.9 Phytosterols

Phytosterols, a collective term for plant
sterols and stanols, play key roles in regulating
plant physiological functions. They are abundant in
olive oil as well as in the oils of corn (Zea mays
L.), sesame (Sesamumindicum L.), sunflower
(Helianthus annuus L.), peanuts (Arachishypogaea
L), and almonds (Prunusdulcis L. (Bot,
2019).Plant sterols include campesterol, sitosterol,
and stigmasterol, while plant stanols include
campestanol,  sitostanol, and  stigmastanol.
Campesterol is one of the simplest sterols,
characterized by a hydroxyl group at C-3 of the
steroid skeleton, a methyl group at C-24, saturated
bonds throughout the structure, and a double bond
between C-5 and C-6 in the B-ring. Sitosterol, a
phytosterol with a stigmast-5-ene backbone and a
B-hydroxy group at position 3, is known for its
beneficial effects in benign prostatic hyperplasia
(BPH), improvement of urinary flow, and anti-
inflammatory and anti-androgenic
activities(Morgia and Russo 2018).Stigmasterol
is a plant sterol distinguished by a hydroxyl group
at C-3 of the steroid structure and unsaturated
bonds at positions 5 and 6 of the B-ring. It exhibits
anti-inflammatory, antioxidant, anti-osteoarthritis,
anticancer, and cholesterol-lowering activities
(Mushtag and Anwar 2021). Campestanol is a
3p-sterol derived from Sa-campestane. Sitostanol,
produced from sitosterol, is well known for
lowering serum cholesterol by reducing its
absorption. Stigmastanol is a 3-hydroxy steroid
derived from Soa-stigmastane, characterized by a
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hydroxyl group at C-3 and saturated bonds at
positions 5 and 6 of the B-ring. Overall,
phytosterols provide several health benefits,
including support for prostate health, stimulation of
hair growth, reduction of LDL cholesterol, and
strong antioxidant activity (Segal, 2018).

2.10 Saponins

Saponins are plant glycosides composed
of a sapogenin linked to sugar moieties. Based on
the aglycone structure, they are classified into
steroidal saponins and triterpenoid saponins. They
are abundant in legumes such as garden pea (Pisum
sativum L.), pigeon pea (Cajanuscajan L.), and
common bean (Phaseolus vulgaris L.). Examples
include dammaranes, tirucallanes, and oleananes.
Dammarane is a tetracyclic triterpene found in
sapogenins that form triterpenoid saponins. It was
first identified in dammar resin, a natural substance

derived from tropical trees of the Dipterocarp
family (Akihisa et al.,, 2021).Oleanane is a
naturally occurring triterpenoid belonging to the
oleanoid family, which includes
pentacyclictriterpenoids such as p-amyrin and
taxerol, characterized by six-membered rings.
Tirucallane, a tetracyclic triterpenoid saponin, is
predominantly found in Euphorbia species. These
compounds  demonstrate  diverse  biological
activities, including hypoglycemic, virucidal,
antifungal, antimicrobial, and hypolipidemic
effects. Saponins have also been studied for their
roles in  managing acute injuries, erectile
dysfunction, venousedema in chronic deep vein
incompetence, and systemic lupus erythematosus.
Additionally, at low concentrations (10 pg/mL),
they show beneficial effects on the transverse
tubular system and sarcoplasmic reticulum (Ma, et
al., 2017).

Some of the major phytochemicals, their role in plants and their application are:

Sources

Phytochemical

Effects and Properties

Alkaloids

Potent physiological effects; pain relief,
stimulation, etc.

Opium poppy, cinchona
bark, etc.

Terpenes/Terpenoids

Aromatic, contribute to flavours/scents;
potential medicinal Essential oils, various
properties

Essential oils, various
plants

antimicrobial effects

Flavonoids Antioxidant, anti-inflammatory; support | Fruits, vegetables, herbs
overall health

Polyphenols Antioxidant, anti-inflammatory; support | Grapes, turmeric, green
overall health tea

Glycosides Medicinal properties; treatment of heart | Foxglove and other plants
conditions

Saponins Soap-like properties; potential | Various plant species

Anthocyanins

Antioxidant; contribute to health benefits

Fruits, flowers

Tannins Astringent taste, antimicrobial, | Fruits, nuts, tea, wine
antioxidant properties
Coumarins Anticoagulant, anti-inflammatory, | Several plant species

anticancer effects

Cannabinoids

Therapeutic effects; pain relief, etc.

Cannabis plant

1. PHARMACOLOGICAL
ACTIVITIES

e Antioxidant Activity: Phytochemicals such as
flavonoids, polyphenols, and carotenoids help
neutralize free radicals and protect cells from
oxidative stress, a process believed to play an
important role in preventing chronic diseases
like heart disease, diabetes, and cancer.

e Antimicrobial Effects: Plant-derived
alkaloids, tannins, and essential oils exhibit
antibacterial,  antifungal, and antiviral
activities, positioning them as potential natural

alternatives to synthetic antibiotics (Fialovaet
al., 2017).

e Anticancer Properties: Compounds such as
paclitaxel and vinblastine show strong
anticancer activity by disrupting the process of
cell division (CraggandPezzuto, 2016).

e Anti-inflammatory Action: Phytochemicals
like alkaloids, saponins, and terpenoids display
antimicrobial ~ properties, making them
promising candidates for the development of
new antibiotics and antiviral agents
(Ghildiyalet al., 2020).
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e Cardioprotective and  Neuroprotective
Roles: Flavonoids found in fruits, vegetables,
and teas are linked to improved vascular
function, lower blood pressure, and healthier
cholesterol levels (Rees et al., 2018).

V. MECHANISM OF ACTION

Phytochemicals exert their biological effects
through various mechanisms, including:

e Modulation of Gene Expression:Numerous
phytochemicals affect the expression of genes
related to cell development, inflammation, and
apoptosis, including the MAPK and NF-
kBsignaling pathways (Laurindoet al., 2023).

e Enzyme Inhibition:Enzymes implicated in
inflammation, such as cyclooxygenase (COX)
and lipoxygenase (LOX), are inhibited by
some phytochemicals.

e Antioxidant Defense
Systems:Phytochemicals strengthen cellular
defenses against oxidative damage by
upregulating antioxidant enzymes (such as
catalase and superoxide dismutase) (Lee et al.,
2016).

V. APPLICATIONS IN MODERN
MEDICINE

Pharmaceutical development continues to
rely heavily on natural active ingredients. For
example, artemisinin transformed the treatment of
malaria, whereas paclitaxelis a crucial medication
in cancer chemotherapy. Additionally, natural
bioactive chemicals are used by nutraceuticals and
functional foods to promote health and prevent
diseases linked to a particular lifestyle.

VI. CHALLENGES AND FUTURE
PERSPECTIVES
Notwithstanding their enormous potential,
natural active ingredients have drawbacks such
compositional unpredictability brought on by
environmental influences, challenges with large-
scale extraction, poor bioavailability, and a lack of

standardization (Aljabali et al., 2025).

e Advanced extraction and isolation methods
should be the main focus of future studies.
Changing the structure to improve bioactivity.

e Using computational tools for drug discovery;

e Using nano formulation techniques to increase
bioavailability.

Future developments in synthetic biology and

biotechnology may make it easier to produce

bioactive natural ingredients on a big scale and
sustainably.

VII.  CONCLUSION

Natural active constituents represent a rich
reservoir of biologically active molecules that have
significantly contributed to drug discovery. Their
structural diversity and wide-ranging
pharmacological activities make them invaluable in
modern  medicine.  However,  overcoming
challenges related to standardization, efficacy, and
bioavailability ~ remains  critical. ~ Continued
interdisciplinary research promises to unlock new
therapeutic applications and sustain the relevance
of natural products in drug discovery.The
continued research into the effectiveness and
bioavailability of phytochemicals will likely
expand their applications in clinical settings,
offering natural and complementary options for
managing chronic diseases and improving overall
health.Phytochemicals are nutritional or non-
nutritional bioactive plant compounds found in
fruits, vegetables, cereals, and other plant foods.
They may have health advantages in addition to
basic nutrition, such as lowering the risk of major
chronic diseases. The major phytochemicals in
plants are Alkaloids, Flavonoids, Terpenoids,
Glycosides, Tannin, carotenoids, polyphenols,
isoprenoids,  phytosterols, saponins, , and
polysaccharideswhich have several health benefits
from promoting a healthy gut microbiome,
reducing pain, to treating chronic diseases, and
infections, and even cancer. With the discovery of
more phytochemicals, it has immense potential for
the further development of health, nutraceuticals,
and functional foods.
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