=
-
@)
=
=
<
=
=
e
>
=
=2

The Pavetta Genus: A Bioactive
Compounds with Promising Therapeutic
Potential
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Abstract

There are many species with significant medicinal value and bioactivity diversity in the genus Pavetta of the family
Rubiaceae. The authors of this review go into great detail about the phytochemical profiles, pharmacological
traits, and possible therapeutic applications of different Pavetta species. Terpenoids, alkaloids, flavonoids,
and phenolic compounds are among the numerous secondary metabolites that plants create. These chemicals’
broad range of biological action — from antioxidant and antibacterial to anti-inflammatory, anti-cancer, and
immunomodulatory qualities — makes it impossible to justify their important role in medication development
and natural product research within the Pavetta species. Pavetta species are of great ethnobotanical significance
due to their traditional use in healing medicine in a variety of cultural contexts. People now know more about
the possible applications of these plants in modern technology and medicine thanks to scientific advancements.
Notable findings suggested that Pavetta metabolites might be useful in treating a variety of illnesses and might
even serve as a basis for the creation of novel medications. A genus is a taxonomic rank in biological taxonomy
that characterizes species that share traits and have a closer evolutionary link. For example, the large genus of
flowering plants, Rubiaceae, contains the genus Pavetta alone. Its taxonomic diversity, ecological significance,
and abundance of bioactive chemicals make it comparatively more well-known. The plant is mostly used
for cultural and medical purposes and is widely found in tropical and subtropical areas. Pavetta species are
distinguished by their symbiotic association with endophytic bacteria, which enhances their ecological hardness
and phytochemical diversity. This genus is notable for its diverse variety of secondary metabolites, which include
alkaloids, flavonoids, terpenoids, and phenolics, and they serve a wide range of biological purposes. There have
been some concerns about the full fulfillment of the Pavetta species’ therapeutic potential, notwithstanding the
encouraging results. It has brought attention to a few issues with chemical separation, ethical harvesting, and the
need for additional pharmacological research. A better research strategy that makes use of advanced analytical
techniques and biotechnology technologies is necessary to overcome the aforementioned limitations and uncover
the genus’s unrealized potential. The architectures of Pavetta’s molecules indicate that all of these findings pave
the way for future developments in both pharmaceutical production and holistic health approaches.
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INTRODUCTION traditional medical practices worldwide.™” Terpenoids, alkaloids,
flavonoids, and phenolics are just a few bioactive substances
arm, temperate, and tropical climates that comprise these plants’ chemical foundations. Because the
\ ’s / are home to more than 300 plant
species, most native to Asia, Africa,
and the Pacific.!! Small trees and bushes with
species distinguished by their fragrant, white
blossoms make up most of it. It is notable because
it adds esthetic relevance in addition to ecological
significance. Pavetta is essential to many biotic
groupings since it also sustains native wildlife.
It also helps to preserve biodiversity. In addition
to their esthetic and ecological benefits, plants
in the genus Pavetta have long been utilized in
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chemicals are secondary metabolites, their biological activities
are diverse, making species from the genus Pavetta significant
in today’s pharmacological uses. It shows that the genus may be
able to treat some severe illnesses related to non-communicable
diseases. Its potential to deliver medications for cancer, heart
disease, and microbial infections has drawn attention. Pavetta
can aid in the battle against oxidative stress, which contributes
to various chronic diseases, thanks to the antioxidant activity
of flavonoids and phenolics.>Y In the same way, certain
terpenoids and alkaloids may be thought to have antibacterial
and anti-inflammatory properties, which makes them useful
for treating infections and inflammatory illnesses, respectively.
Because of its high concentration of bioactive chemicals and
ethnobotanical relevance, the Paveffa genus has enormous
potential for therapeutic development.®! By establishing
phytochemical properties and pharmacological effects,
additional research would pave the way for developing novel
medications that integrate ancient wisdom with contemporary
scientific advancements. As a result, it presents Pavetta as a
botanical resource and a significant source of innovation in
global health care.[®

TAXONOMY AND DISTRIBUTION

Pavetta indica belongs to the family Rubiaceae. Being a tiny
tree or shrub that grows in tropical Asia and has ecological
and therapeutic applications, it demonstrates several traits
typical of the botanical family.[’#! The plant, a typical member
of this family, has fragrant, white flowers employed for both
ecological functions, including providing pollinators with
nectar and decorative purposes.

GEOGRAPHICAL DISTRIBUTION AND
DOMINANT SPECIES IN THE PAVETTA
GEHNUS

Geographical distribution

Due to its widespread availability throughout the tropical and
subtropical regions of the Old World, including Southeast
Asia, Sub-Saharan Africa, and the Indian subcontinent, the
genus Pavetta is geographically very extensively distributed.”
Humidity and warmth are ideal growing conditions for the
genus. Because of its wide distribution range, the species
is highly tolerant and significantly contributes to local
ecosystems, preserving biodiversity and bolstering local
medical customs.!!”

Common species

There are many species in the genus Pavetta, and many of
them have made significant contributions to the fields of
ecology and medicine:
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In South-eastern Asia and the Indian subcontinent, P. indica
is frequently used,!') especially for treating feverish illnesses,
gastrointestinal issues, and various skin conditions. Thick,
fragrant white blossoms adorn this shrubby, blooming plant.
It becomes dense and prickly.

Pavetta crassipes, primarily found in Sub-Saharan Africa,
are highly valued for their use in traditional African medicine
to treat infectious inflammatory disorders.['!*]

Tropical Asia is home to Pavetta tomentosa. This species is
well-known for its traditional medical applications, especially
its antibacterial and wound-healing properties./”-'*!

Almost everywhere in Sub-Saharan Africa, Pavetta

lanceolata treats respiratory and dermatological conditions
[Table 1].015-1¢]

SIGNIFICANCE OF PAVETTA GENUS IN
TRADITIONAL MEDICINES

The genus Pavetta has been used extensively in traditional
medicine across many cultures, particularly in Asia and
Africa, because of its abundance of bioactive chemicals. The
species’ usefulness in ethnobotany and medicinal potential
is demonstrated by their use for millennia to treat various
illnesses.

Traditional African medicines

African Traditional Medicine Many Africans use The Pavetta
species as medicine.'”? Malaria, one of the most deadly
illnesses, is most prevalent in this region, necessitating the use
of herbal treatments in conjunction with traditional therapies.
The antimalarial activity of Pavetta species is attributed
to their bioactive alkaloids and phenolic compounds.!'
In addition, these plants’ antibacterial qualities help treat
dermatological conditions, such as rashes, infections, and
wounds because they also have anti-inflammatory qualities.
The fact that decoctions or infusions made from Pavetta
leaves and roots are used to cure fevers that are typically
linked to infections suggests that they are broad-spectrum
medical treatments.['”]

Asian traditional medicines

Traditional Asian Medicine Asia is home to species of this
genus.? Because the extracts are thought to neutralize
venoms and stop further issues, they are frequently used as
treatments for snake bites.?!! These plants are important for
digestive health since they also help with gastrointestinal
disorders, such as indigestion, diarrhea, and dysentery. This
genus is particularly beneficial to healing; whether applied
topically or internally as a poultice, the extracts promote
healing and stop further infections in wounds [Table 2].
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Table 1: Some common species of Pavetta genus

Species name

Geographical

Traditional uses

distribution

Important chemical constituents

Pavetta indica
Pavetta crassipes
Pavetta gardeniifolia
Pavetta zeylanica
Pavetta lanceolata
Pavetta longiflora

Pavetta axillaris

Pavetta schumanniana

Pavetta tomentosa

Pavetta abyssinica

Southeast and South

Asia

Sub-Saharan Africa
Tropical and
subtropical Africa

India and Sri-Lanka

Southern and Eastern

Africa

West and Central

Treat digestive issues, skin
diseases, treat fever

Used for malaria, wounds,
inflammatory disorders

Used as diuretic, purgative and
treat snake bite

Treat diarrhea and respiratory
problems, act as a blood purifier

Treat digestive disorders and skin
infections as a febrifuge

Used in treating malaria, fever and

Alkaloids, flavonoids, saponins,
phenicols

Anthraquinones, tannins,
flavonoids, alkaloids

Glycosides, polyphenols, sterols

Flavonoids, phenolic acids,
terpenoids

Alkaloids, coumarins, tannins and
anthocyanins

Anthraquinones, alkaloids,

Africa as a general tonic

Southeast Asia
wound healing
South Africa
healing
South Asia and
tropical region

Eastern and Central
Africa

Used for gastrointestinal issues and

Used for inflammation and wound

Treat ulcers, skin conditions

Used for its anti-bacterial and
anti-microbial Properties

polyphenols
Flavonoids, tannins, alkaloids

Phenolic acids, flavonoids, tannins

Terpenoids, saponins, polyphenols

Alkaloids, tannins, flavonoids

Table 2: The Pavetta genus’s importance in traditional African and Asian systems

Aspect African traditional system Asian traditional system
Geographical Commonly found in Sub-Saharan Africa, Commonly found in South and Southeast Asia,
distribution especially in forests, riverbanks, and Savannas especially in tropical and subtropical forest

Medicinal uses

Cultural
significance

Pharmacological
studies

Environmental
role

Common species

* Pavetta crassipes: Anti-inflammatory,
anti-malarial, and febrifuge

* Wounds are treated with poultices made from
leaves and roots

¢ Decoctions made from bark and roots are used
to treat eczema and skin problems

» Sacred plants are frequently employed in
ceremonies to ward off evil spirits

¢ In a ceremony, they applied customary healing
and purifying techniques

The presence of alkaloids, phenolic acids, and
flavonoids explains its traditional usage as an
anti-inflammatory and antimalarial

Crucial for protecting soil in regions that are prone
to erosion

African medicine frequently uses Pavetta
crassipes

* Pavetta indica: Fever, Skin alignment, and
digestive problems

¢ Decoctions fever, diarrhea, and stomach ache

¢ Roots and leaves are used because of their
antibacterial and anti-inflammatory qualities.

» Considered auspicious in some locations, they
are planted close to dwellings to bring blessings

¢ Some civilizations present flowers as pure
because of their rituals and offerings

Abundant in bioactive substances with
antibacterial, anti-cancer, and antioxidant
properties

By sustaining the populations of birds and insects,
it supports the environment

In traditional Asian systems, Pavetta indica is often
employed.

PHYTOCHEMICAL COMPOSITION

The genus, which is primarily made up of secondary
metabolites, is renowned for its chemical variety. These
substances have a variety of pharmacological characteristics

and are crucial to the

of the plant [Figure 1].2%

ecological significance and adaptation
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Alkaloids

Quinolizidines alkaloid

Are nitrogenous substances with a bicyclic structure. Their
exceptional biological properties, namely their antibacterial
and anti-inflammatory properties, have drawn particular
attention to them.




Alkaloids Interact with
Microbial cell membrane &
Leads to membrane Disruption

Phenolic acids & flavonoids

---+ inhibits enzyme Activity (eg.

Proteases & Glycosidases)

Flavonoids induces oxidative stress &
Alkaloids interact withMicrobial DNA

@eeecccccccces

Inhibition of Quorum Sensing

S T

Pavetta Extract

Immune Modulation------ enhances Host

Figure 1: Mechanism of antimicrobial activity of Pavetta genus

Bioactive Compounds in
Pavetta Genus (Alkaloids,
Flavonoids, etc)
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Inhibition of Pro-
Inflammatory Cytokines

Immune response
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Pathway & Reduction of
COX & LOX activity

-
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Scavenging of Reactive ,
Oxygen Species (ROS)

Figure 2: Mechanism of immunomodulator and anti-inflammatory effect

Indole alkaloids

Made from the amino acid tryptophan, these compounds
are based on an indole ring structure. The distinctive indole
alkaloid Pavetta-mine, which has a number of bioactivities,
is what distinguishes P. indica.!*

PHENOLIC ACIDS AND FLAVONOIDS
Phenolic acids

Gallic acid

It has potent antibacterial and antioxidant properties. It
possesses anticancer qualities, inhibits lipid peroxidation, and
neutralizes free radicals. In addition to lowering oxidative
damage in tissues and enhancing cell health generally.

Flavonoids

Kaempferol: Has anti-inflammatory, anticancer, and
cardioprotective properties. Quercetin: This potent antioxidant
strengthens the immune system, lowers inflammation, and
protects against damage brought on by oxidative stress.*¥

SAPONINS AND TERPENOIDS

Terpenoids and saponins found in the genus Pavetta are
mostly responsible for their therapeutic value. Terpenoids,
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such as monoterpenes and sesquiterpenes, exhibit
cytotoxicity against cancer cells and powerful antibacterial
activity making them promising candidates for anti-cancer
treatment. Saponins are recognized to diminish inflammation
in several acute and chronic disorders due to their potent
anti-inflammatory properties. In addition, their hemolytic
action promotes additional red blood cell lysis, which is
advantageous for some therapeutic uses. Therefore, the
bioactivities improve the pharmacological values of Pavetta
species in traditional medicine and make them the greatest
candidates for contemporary pharmaceutical medications.

TANNINS AND COUMARINS

This species is rich in tannins and coumarins, which are
pharmacologically active compounds that enhance the genus
Pavetta’s potential therapeutic usefulness. Generally speaking,
tannins are immune enhancers; their astringent qualities aid
in healing, reduce microbial burdens, and boost immunity in
bodily tissues to combat disease successfully and promote
rapid wound healing. Since coumarins have been demonstrated
to have hepatoprotective properties that shield the liver from
oxidative stress and toxins, they are highly helpful in treating
liver diseases. Furthermore, it is well known that coumarins have
anti-coagulant properties, which help to maintain cardiovascular
health by preventing blood clots. All things considered, these
substances make the Pavetta species a valuable resource for
contemporary therapeutic research and traditional medicine.




Bioactive Compounds in Pavetta Genus
(alkaloids, Flavonoids, etc)

Induction of Apoptosis
(Mitochondrial Pathway
Activation)

Inhibit Tumor
Growth

Figure 3: Mechanism of anti-cancer effect of Pavetta genus
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Figure 4: Mechanism of anti-diabetic action of Pavetta genus

PHARMACOLOGICAL ACTIVITIES

Antimicrobial action

It has been demonstrated that Pavetta extracts are effective
against bacterial and fungal infections.™

Mechanism

Biofilm reduction, membrane rupture, and inhibition of
microbial enzymes. Examples: P. indica (Effective against
Escherichia coli and Staphylococcus aureus), P. tomentosa
(It has an inhibitory effect on Candida albicans).

Antioxidant activity

The genus’s strong phenolic and flavonoid content contributes
to its high antioxidant activity.
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Downregulates cyclin D1 & CDK4/6

» | 7 &Reduces vascular endothelial

growth factor expression

Decrease (MMP-2 & MMP-9)

»  activity & Modulates PI3K/ATK/

mTOR Pathway

Uses

In neurodegenerative diseases, oxidative damage occurs;
diabetes and cardiovascular disorders are examples of chronic
diseases. Research example: In animal studies, extracts from
P. crassipes decreased lipid peroxidation.

Immunomodulatory and anti-inflammatory effects

Mechanism

Pro-inflammatory cytokines (e.g., tumor necrosis factor-c,
interleukin-6)?" are downregulated. Potential use: Treatment
of autoimmune diseases, asthma, and arthritis [Figure 2].

Potential anticancer effects

Key compounds: Alkaloids and flavonoids that inhibit
angiogenesis, cell cycle arrest, and apoptosis to prevent the
development of cancer cells. Research findings: Extracts
from P. indica prevented breast cancer cells from undergoing
apoptosis.’® In pre-clinical models, alkaloids from
P. tomentosa inhibit the growth of prostate cancer [Figure 3].

Hepatoprotective and antidiabetic effects

Hepatoprotective effect: Antitoxic, anti-inflammatory, and
antioxidant processes that prevent liver damage from toxins
are among the hepatic protective effects.

Antidiabetic effect: Extracts lower blood glucose and improve
insulin sensitivity [Figure 4].
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Figure 5: Challenges of Pavetta genus
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Figure 6: Future prospects/directions of Pavetta genus

ETHNOBOTANICAL RELEVANCE

Due to its use in both African and Asian medical systems, the
Pavetta genus has enormous ethnobotanical value. These uses
serve as the basis for pharmacological studies, highlighting
the genus’s cultural significance and its therapeutic utility.

African medicine

The roots and leaves of the Pavetta species are frequently
used in African traditional medicine to cure various illnesses.
For diarrhea, a frequent ailment in tropical areas, infusions
and decoctions are made. Plants with antibacterial and anti-
inflammatory qualities have been used to treat bacterial
infections and fevers.*”! These uses emphasize the genus’s
significance in areas without access to contemporary
healthcare, where these treatments are extremely valuable.%

Asian practices

Decoctions of Pavetta species are used in Asian medicine as
a herbal detoxifier. According to Asian medical knowledge,
this species rids the body of harmful poisons.®!! Pavetta
species are used in Asian medicine to cure infections, eczema,
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other skin conditions, and the symptoms of insect bites.”
It shows that the Pavetta species can be treated locally and
systemically.

Synergistic use

The most significant distinctive aspect of Pavetta’s
ethnobotanical applications is its ability to work in concert
with other medicinal plants to improve therapeutic results
and lessen unwanted side effects.*!

MECHANISTIC INSIGHTS INTO
BIOACTIVITY

Drug development greatly benefits from understanding the
processes underlying the therapeutic effects of the Pavetta
molecules. The precise methods by which particular bioactive
compounds interact with other molecular processes to produce
pharmacological effects are explained by mechanisms.

Molecular pathway

Because they impact important molecular pathways,
these bioactive substances are crucial to the Pavetta
species.’] Reducing the inflammatory response is crucial
when contemplating its therapy, particularly with chronic
inflammatory disorders, because some of them function to
decrease nuclear factor-kappa B signaling,* one of the most
well-established mediators of inflammation. Other chemicals
in Pavetta exhibit a caspase-dependent apoptotic action on
cancer cells. Anticancer treatments may be possible due
to this mechanism, which slows tumor growth and causes
programmed cell death.

Synergistic effect

These flavonoids’ synergistic effects have indeed increased
conventional antibiotics’ effectiveness.” These combinations
have the dual benefit of increasing antimicrobial activity and




reducing the likelihood of resistance, suggesting a highly
successful approach to reducing chronic infections.

Advanced techniques

Pavetta bioactives are moving closer to being potential
therapeutic targets thanks to highly advanced techniques, such
as molecular docking and computational research.®® They
describe and clarify how these compounds can connect to
proteins in a particular way, enabling the logical development
of a novel medication.

CHALLENGES AND FUTURE DIRECTIONS
Challenges

Even though the Pavetta genus excels in this area, several
obstacles make it challenging to include in conventional
pharmacology. First, underrepresented species within that
specific genus have been the subject of relatively few studies.*”!
The bulk remained concealed since most research was focused
on a small number of well-studied species. This reduced the
chances of finding useful bioactive substances [Figure 5].

Another significant problem is the use of standardized
techniques for the extraction and isolation of phytochemicals.
Cross-validating the data across different research has
been challenging since differences in extraction techniques
typically provide non-reproducible results. The lack of clinical
trials to support pharmacological claims further hinders the
conversion of ethnobotanical knowledge into medicinal use.
Drug development is slowed by this discrepancy between
clinical validation and ethnobotanical expertise.[“411

FUTURE PROSPECTS

This change also demonstrates the several paths that
difficulties could follow. For example, bioprospecting using
metabolomics and high-throughput screening may aid in
discovering further new bioactive chemicals, particularly
from lesser-known Pavetta species [Figure 6].

It appears that incorporating nanotechnology improves
Pavetta bioactives’ effectiveness.*?! For instance, tailored
drug delivery using Pavetta nanoparticles may improve
treatment outcomes with fewer side effects.[*)]

Comprehensive pharmacokinetic and toxicological investigations
are necessary to understand the bioavailability and safety profile
of Pavetta chemicals.*! This will guarantee that the gap between
pre-clinical and human applications is closed.

Not to be overlooked is the conservation component.
Cultivation and harvesting must be sustainable. Pavetta
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species biodiversity preservation will provide availability
while preserving ecological balance.”

DISCUSSION

This genus of Pavetta has gained much attention because
of its phytochemical storehouse and associated medicinal
promise. The Pavetta genus is a significant source of novel
pharmacological agents due to numerous bioactive chemicals,
including phenolic acids, alkaloids, flavonoids, and iridoid
glycosides. Broad-spectrum pharmacological characteristics,
including anti-inflammatory, antibacterial, antioxidant,
anticancer, and antidiabetic actions, are among the biological
activities of Pavetta species.

Their bioactive components’ distinct, frequently synergistic
interactions account for most of these pharmacological
effects. For instance, it has been widely shown that flavonoids
and phenolic acids possess potent anti-inflammatory and
antioxidant properties. Because they scavenge free radicals
and modulate inflammatory mediators, these compounds are
essential in preventing diseases associated with oxidative
stress and chronic inflammation, which are major contributors
to conditions, such as arthritis, cardiovascular disease, and
neurodegenerative disorders.

Iridoid glycosides and alkaloids both have strong antibacterial
and anticancer properties. Alkaloids should not be overlooked
in the fight against antibiotic resistance because of their
wide structural diversity, which has been shown to make
them effective against various bacterial and fungal species
as pathogenic agents. Iridoid glycosides produced lethal
effects on tumor cells by inducing apoptosis, inhibiting
angiogenesis, and disrupting cell cycle pathways. According
to these results, chemicals derived from Pavetta may serve
as the basis for the creation of tailored treatments for cancer
and infections.

Furthermore, these Pavetta species can reduce blood sugar
levels and alter glucose metabolism, substantially impacting
insulin sensitivity. Particularly, flavonoids, carbohydrate-
digesting inhibitors, have been shown to aid in the uptake of
carbohydrates into cell layers, which may make them useful
in managing diabetes conditions.

Although the therapeutic potential of species in the Pavetta
genus has not been thoroughly investigated, these results are
encouraging. The majority of the species in this genus have
not been thoroughly studied, nor have their phytochemical
compositions been thoroughly described. In addition, very
little is known about the pharmacokinetics, toxicological
characteristics, and molecular mechanisms of action of
Pavetta drugs. It will close the gaps in understanding this
genus’s full potential, opening the door for its use as a source
of safe and efficient therapeutic compounds in contemporary
medical procedures.




One of the most promising groups of bioactive chemical
discovery is this one. To further improve health and well-
being worldwide, this could be a worthwhile topic of research
for creating medications and therapies with plant cures.

CONCLUSION

With more than 300 species, the Pavetfa genus has great
potential as a source of pharmaceuticals due to its vast
array of bioactive chemicals. These plants have long been
used in traditional medical procedures in Africa, Asia, and
many other regions. These herbs have been used to treat
everything from infectious infections to chronic issues, such
as inflammation and cancer. The genus is pharmacologically
relevant due to the occurrence of secondary metabolites,
including terpenoids, alkaloids, flavonoids, and phenolics.
Yet, a methodical and multidisciplinary approach is required
to realize Pavetta’s therapeutic potential fully. Combining
ethnobotanical knowledge with modern scientific methods
can lead to a dramatic advancement in medication discovery.
Such potentially pharmacologically active substances are
based on ethnobotanical data formats; at the same time,
molecular docking approaches and superior high-throughput
screening make quick evaluation of their mechanism of action
possible. These techniques can hasten the development of
lead compounds for medications that treat chronic illnesses,
such as cancer and cardiovascular disorders and infectious
diseases, such as bacterial infections and malaria.

Furthermore, some of the more recent -cutting-edge
technologies — such as nanotechnology — offer creative ways to
enhance the effectiveness and delivery of these Pavetta-derived
compounds. These bioactives may be utilized as models in the
future to create nanoparticles that enable targeted medication
administration, reduce adverse effects, and boost therapeutic
efficacy. Preserving their biodiversity must be given the
same priority as making sure they are available for as long as
necessary in conservation and sustainable harvesting. All things
considered, the full benefits of Pavetta would be unlocked for
the first time by this much-needed multidisciplinary research
project that combines pharmacology, biotechnology, and
conservation science. Pavefta can significantly improve and
treat the majority of healthcare concerns globally and the
medication development process by fusing state-of-the-art
science with conventional knowledge.
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