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Abstract

Natural products have been an important source of inspiration for the discovery of new drugs, with many successful
drugs derived from natural sources. This review aims at providing an overview of the current state of natural products
in drug discovery, highlighting their sources, classes, importance and therapeutic potentials. The findings of this review
underscore the significant contribution of natural products in drug discovery with an ongoing stream of new
compounds being discovered and developed into effective medicines. Furthermore, this review emphasizes the
importance of natural products derived from a wide range of sources, including plants, animals, microorganisms and
marine organisms. The review concludes with a focus on plants in drug discovery, tracing the historical significance of
medicinal plants and highlighting the various bioactive metabolites obtained from plants with potential therapeutic
applications.
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1. Introduction

1.1. General Overview of Natural Products

A natural product is broadly defined as any substance derived from living organisms. This includes biotic materials such
as wood, crude oil, and silk; bio-based materials like starch, bio-plastics, and casein; bodily fluids such as milk and plant
exudates; and other naturally occurring substances that were once found in living organisms like soil and coal [1]. A
more restrictive definition describes natural products as organic compounds synthesized by living organisms.
Alternatively, one can also say that natural products are chemical organic substances produced by living organisms
through primary and secondary metabolic pathways [2].

From ancient times, natural products have been the foundation of traditional system of healing globally and have
remained an essential part of history and culture [3]. Humans have used natural products like plants, animals, micro-
organisms and marine organisms in the alleviation and treatment of diseases. According to available fossil records,
man'’s use of plants as medicines can be traced back to at least 60,000 years [4]. In spite of the fact that the use of
bioactive natural products as herbal drug preparations dates back to thousands of years ago, their application in the
form of isolated and characterized compounds to modern drug discovery and development only started in the 19th
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century [5]. So far, it has been documented that natural products (considering their unparalleled chemical diversity)
play pivotal roles in modern drug development, especially in the cases of substances with antibacterial and antitumor
activities [4]. Among the anti-cancer drugs approved within the time frame of about 1940 - 2002, about 54 % were
gotten from natural products. Vinca alkaloids obtained from Catharanthus roseus, and the terpene paclitaxel from Taxus
baccata, are among the successful anticancer agents derived from plants [6, 7]. Between 1981 and 2002, the use of
natural products in developing new therapeutic agents especially in the search for new chemical structures showed
great success [8]. Within that 22-year timespan, drugs derived from natural products have been notable. This is
especially true in the case of anti-hypertensive agents, where about 64 % of newly synthesized drugs had their source
from natural products [9].

In as much as the popularity of synthetic medicinal products increased due to factors like favorable production cost,
shorter production timeline, easy quality control, strict regulation and quick effects, their safety and efficacy have been
and would remain a viable cause for concern [5]. This has resulted in about 80 % of the total population of the
developing world depending on natural products for their healthcare needs due to their tested and tried safety and
efficacy [5].

Natural products will undoubtedly remain vital sources of medicinal agents. In addition to the natural products that
have been found to have direct medicinal application as drug moieties, several others serve as chemical models or
templates for design, synthesis and semi-synthesis of new substances for treating man’s diseases [10]. There are
currently new approaches to drug discovery like combinatorial chemistry and computer based molecular modeling
design. Many drugs are made by synthetic chemistry but none of these approaches can replace the important role of
natural products in drug discovery and development as many of the core structures for synthetic chemicals are based
on natural products. With time these natural products have undergone many developments in their ability to interact
with several different biological targets and some have also become very important drugs in the healthcare system [11].
Therefore, it is notable that there is increasing convergence of traditional medicine and modern medicine. A good
example of a successful drug development from natural products is artemisinin and its analogues which are used
currently worldwide for antimalarial treatment. This shows how research using natural products has made notable
contribution in drug development [12, 13].

1.2. Sources of Natural Products

Active drug substances have been derived from various sources such as: plants, animals, microbial and marine sources.

1.2.1. Plant Sources

Plants have been a part of traditional medicine systems and have been used for thousands of years to treat many
ailments throughout human history. Currently, most prescription drugs are derived from plant products, a proportion
that is expected to increase further with the discovery of more plant with medicinal values [14]. Some examples of drugs
derived from plant sources include: anti-inflammatory agents, cardio-vascular agents, anti-diabetic agents, anti-obesity
agents, anti-malarial agents, immunomodulators, anti-leshmanial agents, anti-viral agents and anti-neoplastic agents
[15]. Researchers have also isolated and characterized bioactive compounds from plants like Newbouldia laevis [16] and
Talinum triangulare [17], demonstrating the potential of plant-based natural products in drug discovery.

1.2.2. Animal Sources

Animals have also served as sources for some drugs. Epibatidine, an analgesic that is ten times more potent than
morphine is gotten from the skin of an Ecuadorian poison frog [18, 19]. Many diseases have been cured with venoms
and toxins of several animals. Cilazapril [20] and captopril [21], both effective anti-hypertensive agents, were developed
from teprotide, an extract of Brazilian viper.

1.2.3. Microbial Sources

Since the serendipitous discovery of penicillin from the filamentous fungus Penicillium notatum by Fleming in 1929
[22], microbes have been a major source and further focus into newer antibiotic therapies especially with the worsening
resistance to current antimicrobial agents. Tetracycline is another antibiotic gotten from microbes (Streptomyces
aureofaciens) used in the treatment of urinary tract infections, acne and in several dental infections [23].
Chloramphenicol from Streptomyces venezuelae is another prominent example and it is used in the treatment of typhoid,
cholera and in brain abscesses [24]. Other drugs that have been derived from microbes so far include: imipenem,
norcardicin, aztreonam, erythromycin amongst many others [25]. In the recent years, intensive research efforts have
been directed to endophytic fungi for the purpose of discovering novel therapeutic agents. Endophytes are special types
of microorganisms inhabiting the plants biotope. They represent an underexplored source of unique bioactive
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molecules, which can be developed into drugs for diverse therapeutic applications. Our research group has devoted a
lot of research effort in this regards and the results so far are quite fascinating [26-32]. This class of microorganisms is
unique in that they are amenable to manipulation at a laboratory scale and their production of novel secondary
metabolites can be enhanced by various modulating techniques [33, 34]. Studies have also shown that they may be
responsible for generating some novel bioactive metabolites of their host plants [35, 36].

1.2.4. Marine Sources

About 70 % of the earth’s surface is covered with water. Pharmaceutical companies realized that the ocean may be a
viable source for unique biodiversity and may be a possible source for potential drug candidates [37]. The exploration
of the marine environment has resulted in the isolation of thousands of structurally unique bioactive marine natural
products [38]. Some examples include: ziconotide, a peptide first discovered in a tropical cone snail used in the
treatment of pain, plitidepsin, a depsipeptide isolated from Mediterranean Tunicate, Aplidium albicans [39], used in the
treatment of various cancers, spisulosine, isolated from marine clam Spisula polynyma, exhibited substantial selective
activity against tumor cells compared to normal cells [40]. Furthermore, recent studies have also explored the potential
of marine-derived fungi as sources of novel bioactive compounds [41].

1.3. Classification of Natural Products

Natural products can be classified according to their biological function, biosynthetic pathway or their source [42].
Based on their biological function, natural products can be divided into two major classes which include: primary
metabolites and secondary metabolites. Based on their biosynthetic pathway, they can be classified into four major
groups, including: alkaloids, phenylpropanoids, polyketides and terpenoids [43]. Based on their source, there are
examples of biological sources used to find new natural products including, prokaryotic organisms (divided into two
domains; Archea and Bacteria) and eukaryotic organisms (which include four major kingdoms; Protista, Fungi, Plantae
and Animalia) [44].

1.3.1. Classification Based on Biological Function

Primary Metabolites

Primary metabolites are organic molecules that have an intrinsic function that is essential to the survival of the organism
that produces them (that is, the organism is likely to die without them). The primary metabolite is typically a key
component in maintaining normal physiological function; thus, it is often referred to as the central metabolite [45].
Examples of primary metabolites are the core building block molecules (nucleic acids, amino acids, sugars, and fatty
acids) that are required to produce the major macro molecules (DNA, RNA, proteins, carbohydrates, and lipids) that are
responsible for sustaining life. Other examples are alcohols (such as ethanol), lactic acid and certain amino acids.
Primary metabolites can be simply described as components of basic metabolic pathways that are required for life. They
are associated with important cellular functions like nutrient assimilation, energy production, and growth and
development.

Secondary Metabolites

Unlike primary metabolites, secondary metabolites are unessential and not totally required for survival but usually have
important ecological functions. They are organic molecules that have extrinsic (relational) function that mainly affects
other organisms outside of the producer so as to increase its competitiveness within its habitat. Secondary metabolites
do not play a role in growth, development, and reproduction like primary metabolites do and are mainly formed during
the end or near the stationary phase of growth [46]. Some common examples include: antibiotics, terpenoids, ergot
alkaloids, peptides, steroids, essential oils etc.

Both primary and secondary metabolites can be used industrially to obtain amino acids, develop vaccines and
antibiotics, and isolate chemicals needed for organic synthesis.

1.3.2. Classification Based on Biosynthetic Pathway

Alkaloids

Alkaloids are secondary metabolites containing nitrogen as a component of their organic structure. They are divided
into many subclasses of compounds including; pyrrolidines, pyridines, tropanes, pyrrolizidines, isoquinolines, indoles
and quinolones. An example of alkaloid is morphine; a strong narcotic used to relief pain.
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Phenylpropanoids

These are a broad family of organic compounds synthesized from the amino acids phenyalanine and tyrosine. An
example of a phenypropanoid is cinnamic acid, one of the volatile flavor molecules found in cinnamon.

Polyketides

Polyketides are assembled from acetate and malonate building blocks to form large, complex molecules. Aflatoxin B, is
a polyketide structure produced by fungi from the Aspergillus genus. They commonly grow on stored food crops like
corn and groundnut contaminating them with aflatoxins. Aflatoxins induce DNA damage and exhibit carcinogenic
properties. Food crops contaminated with aflatoxins have been associated with liver cancer. Recent studies have
explored the potential of marine-derived fungi as sources of novel polyketide derivatives, highlighting the diversity of
polyketide structures and their potential applications [47].

Terpenoids

These are a large class of natural products constructed from isoprene (a 5-carbon monomer unit). A good example of a
terpenoid based structure is natural rubber (assembled from multiple repeating of isoprene units).

1.3.3. Classification Based on Source

Prokaryotic Organisms

Prokaryotic organisms are unicellular organisms lacking a membrane-bound nucleus, mitochondria, or any other
membrane bound organelle. They are divided into two domains, Archaea and Bacteria. All intracellular, water soluble
component (DNA, proteins and metabolites are located together in the cytoplasm enclosed by the cell membrane and
not separate cellular compartments. Bacteria are a prominent source of natural products. A few examples of natural
products that have been derived from bacteria include: streptomycin, tetracycline, neomycin B, erythromycin,
chloramphenicol and many others. Archaea species are also known as extremophiles because they have adapted to life
in extreme environments. They therefore have enzymes that can function in extreme conditions offering applications in
food, chemical, and pharmaceutical industries. Lactase from Pyrococcus furiosus is an example of natural product from
the Archaea species [48]

Eukaryotic Organisms

Eukaryotic organisms are organisms with clearly defined, membrane-bound nucleus. All animals, plants, fungi and many
unicellular organisms are eukaryotes. These make up the four kingdoms represented in this group namely; Animalia,
plantae, fungi and Protista. Many natural products have been produced from eukaryotes including: penicillins,
cephalosporins, griseofulvin etc. from fungi; artemisinin, morphine, vinblastine etc. from plants, chlorotoxin, teprotide,
conotoxin etc. from animals and carrageenan, agar etc. from protists [44].

1.4. Importance of Natural Products in Drug Discovery

Natural products play a major role in human therapy and represent a huge reservoir of bioactive chemical diversity and
help to understand the cellular pathways that are essential component of the drug discovery process [49]. The following
are some reasons why natural products are of great importance in drug discovery:

o Cost effectiveness: natural products are cost effective sources of lead compounds, thereby reducing the cost of
extensive synthetic chemistry research.

e Low toxicity profiles: many known natural products have been proven to have low toxicity and this makes them
good candidates for new drug development.

e  (Cultural/traditional significance: folkloric uses of natural products show that they have cultural significance
and their use in drug discovery can preserve traditional knowledge and practices.

e Sustainable source: natural products are sustainable sources of lead compounds because they are readily
produced by their environment thereby also reducing the environmental impact of drug discovery.

e Inspiration for synthetic compounds: many synthetic compounds were inspired by natural products. Therefore,
they will continue to serve as inspiration for the development of novel drugs.

e Diverse chemical structures: natural products offer a wide range of unique chemical structures which may be
beneficial in the discovery of new drugs

e Byharnessing natural products, researchers can fast-track drug discovery, develop new therapeutics and tackle
pressing medical needs [50].
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1.5. Plants in Drug Discovery

The extent of plant diversity worldwide is estimated at more than 500,000 species [51]. Plants with medicinal values
will continue to serve as important sources of natural products for treating various health conditions. An estimate of
more than 150,000 plant species have been studied, many of which contain valuable therapeutic agents and the
application of new compounds from plants for pharmaceutical purposes have been on the increase in recent years [52].
Since ancient times, plants have played a pertinent role in human health care. In a bid to adapt against attacking
pathogens and environmental stress, plants produce several substances that perform biological activities. These
substances are organic molecules that come from secondary metabolism and have varying biological activities. Among
these various activities, anti-inflammation is highlighted [53]. Notably, researchers have investigated the anti-
inflammatory and antimicrobial properties of plants such as Newbouldia laevis and Buchholzia coriacea seed
(Wonderful kola), demonstrating the potential of plant-based natural products in drug discovery [16, 54].

1.6. History of Medicinal Plants

Man, for hundreds of centuries have been experimenting by trial and error to discover foods from plants and also plants
that have abilities to solve their health problems. This method came with its own disadvantages too in that lives were
lost especially when poisonous plants were consumed. This experimenting led to vast knowledge available today from
medicinal plants [25]. A very good example is the plant genus Salvia, which grows abundantly in the southwestern
region of the United States and also in northwestern Mexico. This plant genus are used by the Indian tribes of southern
California as an aid in childbirth [55]. Newborn male babies were “cooked” in hot Salvia ashes and it was believed that
these babies grew up to be the strongest and healthiest of their tribes. They are also believed to have a lifelong immunity
against all forms of respiratory diseases. Another notable example is the plant Alhagi maurorum Medik commonly
known as camels thorn which secretes as sweet gummy material from its stems and leaves during hot days. This gummy
sap consists of melezitose, sucrose and invert sugar and is known as “manna” [56]. The Ayurvedic people claim that the
plant can be used to treat anorexia, constipation, dermatosis, epitaxis, fever, leprosy and obesity [57]. The Israelis
usually boil the roots to get the extract that is believed to have the ability to stop bloody diarrhea. The Konkani people
used the smoked plant for treating asthma and the Romans used the plant for nasal polyps [58]. The plant Ligusticum
scoticum Linnaeus found in northern Europe and also Eastern North America was eaten first thing in the morning raw
and it was believed that the plant gives a daily protection from infections. The root was used in the treatment of
flatulence and also used as an aphrodisiac and a sedative [56]. Also Atropa belladonna Linnaeus commonly known as
deadly nightshade is found in central and Southern Europe, Western Asia, North Africa, North America and New Zealand.
It is poisonous in nature (just three of its berries are enough to kill a child) and this excluded it from folk medicine
compilation and has been marked as “dangerous” to handle or experiment with [25].

1.7. Metabolites from Plant

The vast and versatile pharmacological effects of plants with medicinal value are dependent on their phytochemical
constituents. These phytochemical constituents can be grouped into two categories based on their role in basic
metabolic processes which include: primary and secondary metabolites. Plant metabolites are a source of several
medicinal compounds, while the diversity of their multidimensional chemical structures has made them superior to
treat serious diseases. Primary plant metabolites are involved in carrying out basic life functions such as cell division
and growth, respiration, storage and reproduction. They include the components of processes like glycolysis, the Kreb’s
cycle, photosynthesis and associated pathways. Examples of primary plant metabolites include sugars, amino acids,
tricarboxylic acids or Kreb'’s cycle intermediates, proteins, nucleic acids and polysaccharides. Primary metabolites are
similar in all living cells [59]. Secondary plant metabolites on the other hand are products of metabolic pathways of
plant cells that are derived from primary metabolic pathways. Albrecht Kossel, a Nobel Prize winner for physiology in
1910 first described the concept of secondary metabolite [60]. Then about 30 years later, Czapek took it a step further
by describing them as end-products in an entire volume of his plant biochemistry series [61]. According to him, these
products are gotten from nitrogen metabolism by what he called ‘secondary modifications’ such as deamination.
Advances of analytical techniques like chromatography have led to the recovery of more of these molecules, and this
was the foundation for the establishment of the discipline of phytochemistry [62] Secondary plant metabolites have
shown to possess many biological effects that have provided the scientific base for the use of plants in the treatment of
ailments by ancient communities [59]. They have been described as antibiotic, antifungal and antiviral, these shows that
they have the ability to protect plants from pathogens and also insects and herbivores. They also possess important UV
absorbing compounds therefore protecting plants against serious leaf damage from light [62]. About 12000 of these
secondary metabolites have been isolated and this number is estimated to be less than 10 % of the total in natural
reservoir [63]. Secondary plant metabolites can be classified into several classes according to their chemical structures
namely: phenolics, alkaloids, saponins, terpenes, sterols, glycosides, cardiac glycosides, lipids and carbohydrates [64].
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1.7.1. Phenolics

Phenolics are probably the largest group of plant secondary metabolites with about 8000 phenolic structures that are
known [65]. They contain one or more hydroxyl (phenol) groups and range from simple structures with one aromatic
ring like phenolic acids to highly complex polymeric compounds like tannins [66]. They are the most abundant
secondary metabolites of plants and they are well distributed in the plant kingdom. Plant phenolics are generally
involved in defense against ultraviolet radiation or attack by pathogens, parasites and predators. They are ubiquitous
in all plant organs and are therefore an important part of man’s diet. They have significant contribution to the color,
taste and flavor of many herbs, foods and drinks. Phenolics play a role in the bitterness and astringency of fruits and
fruit juices and this is as a result of the interaction between phenolics (mainly procyanidin) and the glycoprotein in
saliva [67]. Anthocyanins, which belong to one of the six subgroups of flavonoids (a large group of plant polyphenol
constituents), are responsible for the orange, blue, purple and red colours of many fruits and vegetables like apples,
beets, berries and onions. Phenolics also are responsible for the flavor and color difference amongst white, pink and red
wines [65]. Some phenolics have been found to have anti-inflammatory activity like quercetin or antihepatotoxic
properties like silybin. Other examples include: genistein with phytoestrogenic activity and naringenin with insectidal
activity [68]. Many of the phenolics are also effective antioxidants and free radical scavengers, especially flavonoids.
Plant phenolics include phenolic acids, flavonoids, tannins and the less common stilbenes and lignans [69].

1.7.2. Phenolic Acids

The term “phenolic acids” simply describes the phenolic compounds that have one carboxylic acid group. Phenolic acids
can be grouped into two classes which include: derivatives of benzoic acid such as gallic acid, and derivatives of cinnamic
acid such as coumaric, caffeic and ferulic acid [67]. The most abundant of the phenolic acids is caffeic acid and it is found
in many fruits and vegetables, most often esterified with quinic acid in the form of chlorogenic acid (the major phenolic
compound in coffee). Ferulic acid is also another common one found in cereals and is esterified to hemicelluloses in the
cell wall [70].

1.7.3. Flavonoids

Flavonoids are the most abundant polyphenols in man’s diet. They are divided into six subgroups which include:
flavones, flavonols, flavanols, flavanones, isoflavones and anthocyanins. Common examples of flavonoids include:
quercetin, a flavonol found in onions, broccoli, and apple; catechin, a flavanol found in tea and many fruits; naringenin,
the main flavanone in grapefruit; cyanidin-glycoside, an anthocyanin found in berry fruits (blackberry and raspberry)
and daidzein, genistein and glycitein, the main isoflavone in soybean [69]. Flavonoids have shown to possess a good
number of biological and pharmacological activities which includes: anti-inflammatory, anti-allergic, antioxidant,
antibacterial, anti-fungal, anti-cancer, anti-viral and antidiarrheal activities [71, 72].

1.7.4. Tannins

Tannins, which are also commonly referred to as tannic acid are water-soluble polyphenols present in many plant foods
[73]. They are astringent, bitter polyphenols that bind and precipitate or shrink proteins. The astringency from tannins
results in the dry and pucker feeling that accompanies the consumption of red wine, strong teas or unripe fruits [74].
Tannins are divided into two groups which include: hydrolysable tannins and condensed tannins. Hydrolysable tannins
contain a central core of glucose or another polyol esterified with gallic acid, also called gallotannins, or with
hexahydroxydiphenic acid, also called ellagitannins. The vast variety in the structure of these compounds is as a result
of the many possibilities in forming oxidative linkage [67].

1.7.5. Alkaloids

Alkaloids are substances containing nitrogen based heterocyclic ring within their molecules. Alkaloids are found
primarily in plants and are especially common in some families of flowering plants. Many alkaloids have toxic effects
and they give protective effects to the organism producing them [75]. There is really no straight forward definition for
alkaloids because they do not represent a homogenous group of compounds from any viewpoint, whether chemical,
biochemical or physiological. Apart from the fact that they are all nitrogen containing compounds, there is no one
definition that fits all alkaloids. Alkaloids contain at least one nitrogen atom in an amine-type structure (one gotten from
ammonia by replacing hydrogen atoms with hydrocarbons). The nitrogen in their structure acts like a base in acid-base
reactions. The term “alkaloid” (alkali-like) was originally applied to substances because they react with acids to form
salts just like the inorganic alkalis. The names of different alkaloids generally end with the suffix “-ine” because of their
chemical classification as amines. Alkaloids are colorless, nonvolatile, crystalline solids in their pure form and they
generally have a bitter taste. There are different types of alkaloids based on their basic chemical structure and they
include: acridones, aromatics, carbolines, ephedras, ergots, imidazoles, indoles, bisindoles, indolizidines, manzamines,
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oxindoles, quinolones, quinozolines, phenylisoquinolines, phenyethylamines, piperidines, purines, pyrrolidines,
pyrrolizidines, pyrroloindoles, pyridines and simple tetrahydroisoquinolines [76]. Alkaloids have a vast array of
pharmacological actions which include: analgesia, local anesthesia, cardiac stimulation, respiratory stimulation and
relaxation, vasoconstriction, muscle relaxation and toxicity as well as antineoplastic, hypertensive and hypotensive
properties. Many alkaloids are sufficiently toxic to animals to cause death if eaten. Some are also used as insecticides
[77].

Some examples of alkaloids include: nicotine, a tranquilizer found in tobacco plant (Nicotiana tabacum) and other
Nicotiana species, caffeine, a CNS stimulant present in tea (Camellia sinensis) and coffee (Coffea spp.) and vinblastine
isolated from Catharanthus roseus used in treating diabetes, high blood pressure and cancer [78].

1.7.6. Sterols

Plant sterols are similar to cholesterol but are produced in plants. They are plant-originated steroids usually found in
plant cell membranes [79]. Over 250 plant sterols have been isolated and each plant species has a characteristic
phytosterol composition. All plant species have its characteristic phytosterol composition [80]. But they are present in
high amounts in vegetable, nuts and olive oils such as sesame, safflower, soybeans, peas, macadamia and almonds. Other
great dietary sources of plant sterols are nuts, seeds, whole grains and legumes [79]. They may help in reducing the
level of cholesterol by limiting the amount of cholesterol that enters the body and also reduces the quantity the body
produces. Plant sterols are also used for heart disease, colon cancer, stomach cancer, obesity, heart attack and many
other conditions. They also modulate inflammation; have antioxidant, antibacterial, antiulcer, immunomodulatory and
antifungal effects; and also promote wound healing and inhibition of platelet aggregation [81, 82].

1.7.7. Saponins

The term “saponin” is derived from the Latin word sapo, which means soap-like or foam-generating ability. Saponins
are found in plants and marine animals where they are involved in defending their host against pathogens and
herbivores [83]. Saponins can be classified into two groups based on their sapogenin skeleton and they are: Triterpenoid
saponins and steroid saponins [84]. Saponins are present in many medicinal plants and they exhibit a plethora of
pharmacological and biological activities including: antifungal, antimicrobial, antiviral, anti-inflammatory, anticancer,
antioxidant and immunomodulatory effects. Therefore, saponins can serve as a good starting point for the development
of naturally-derived drugs [85].

2. Conclusion

In conclusion, natural products continue to play an important role in the discovery of new drugs. This review has
highlighted the importance of natural products from various sources including plants, animals, microorganisms, and
marine organisms. Plants, in particular, have played a huge role in the history of medicine and their metabolites, such
as; flavonoids, tannins, alkaloids, sterols, saponins, etc. have shown significant potential in drug discovery. To drive
progress in drug discovery, it is crucial to continue to explore and harness the rich biodiversity of natural products. This
approach may lead to the identification of new leads and solutions to address the complex and evolving health concerns
of modern times.
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