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Abstract—For thousands of years, nature has been our 

original pharmacy. Long before modern labs existed, 

humans relied on plants, tiny microorganisms, sea life, 

and even animals to heal. This foundational role in drug 

discovery is why systems like Ayurveda, Traditional 

Chinese Medicine (TCM), and folk medicine are so 

important—they gave us the very first valuable clues for 

the pharmaceuticals we use today. 

The field has come a long way since simple plant extracts. 

Thanks to incredible technological leaps, natural 

product research is no longer just about grinding up a 

root; it's a sophisticated science. 

This article explores how these natural sources continue 

to power drug discovery. We’ll look at the traditional 

wisdom that started it all and then dive into the modern 

scientific toolkit that has revolutionized the process. 

We'll see how tools like chromatography (for separating 

mixtures), spectroscopy (for identifying molecules), 

High-Throughput Screening (HTS, for quickly testing 

thousands of compounds), and Computer-Aided Drug 

Design (CADD) have dramatically improved how we 

find, isolate, and perfect these vital, life-saving 

compounds. 

The goal is simple: to highlight the undeniable 

importance of natural products in developing new 

medicines and show how modern technology has 

transformed this ancient pursuit. 

 

Importance:  

Natural products have always been an important 

source of medicines. In fact, more than half of the 

drugs approved today come directly from natural 

compounds, their modified forms, or synthetic 

versions inspired by them. This shows how nature 

continues to play a major role in shaping modern 

healthcare. Plants, microorganisms, and marine 

organisms produce unique chemical structures that are 

often very difficult to make in the lab, which is why 

they are so valuable for drug discovery. 

For centuries, traditional healing systems such as 

Ayurveda, Traditional Chinese Medicine, and 

Indigenous practices used natural materials to treat 

diseases. These systems provided practical knowledge 

about which plants or organisms had healing 

properties, and this knowledge became the foundation 

for modern pharmacology. 

Today, the study of natural products follows a 

systematic process. Researchers identify promising 

plants or organisms, extract their chemical 

compounds, isolate the active ingredients, and test 

their effects on health. Modern tools have made this 

process much faster and more reliable. Techniques 

like chromatography, spectroscopy, and mass 

spectrometry help scientists analyze complex 

molecules with precision. At the same time, computer-

based methods such as molecular docking and 

artificial intelligence allow researchers to predict how 

these compounds might work in the body, saving time 

and resources. 

By combining traditional wisdom with modern 

technology, natural products remain one of the most 

important sources for new medicines. They not only 

connect us to centuries of medical knowledge but also 

open new possibilities for treating diseases in the 

future. 

 

I. TRADITIONAL APPROACHES TO DRUG 

DISCOVERY FROM NATURAL SOURCES 

 

For centuries, natural products have been the 

backbone of medicine. Long before modern 

laboratories existed, people relied on plants, 

microorganisms, and marine organisms to treat 

illnesses. These traditional approaches provided the 

earliest framework for drug discovery and continue to 

influence modern science. 
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a) Ethnobotany and Traditional Knowledge 

b) Crude Extracts and Decoctions 

c) Bioassay-Guided Fractionation  

 

a) Ethnobotany and Traditional Knowledge: 

Communities across the world observed how plants 

affected health and passed this knowledge down 

through generations. Systems such as Ayurveda in 

India, Traditional Chinese Medicine, and Indigenous 

healing practices documented the use of herbs, roots, 

and extracts for specific conditions. This cultural 

wisdom provided the first clues about which natural 

sources might contain useful compounds. 

 
Traditional medicinal knowledge has guided natural product discovery for centuries. Systems such as: 

 

I. Ayurveda (India)  

II. Traditional Chinese Medicine (TCM)  

III. Siddha, Unani, Folk medicine 

 

I. Ayurveda (India): 

Ayurveda is one of the world's oldest holistic healing 

systems, originating in India over 3,000 years ago. The 

term Ayurveda literally means "Science of Life" (from 

the Sanskrit words ayur, meaning "life," and veda, 

meaning "science" or "knowledge") 

Ayurveda is based on the fundamental belief that 

health and wellness depend on a delicate balance 

between the mind, body, and spirit. Its primary goal is 

to promote good health, not just fight disease. 

Ayurveda's extensive documentation has been a 

crucial source for modern natural product research. 

Herbal and Mineral Preparations: Ayurvedic texts 

detail the uses of thousands of herbs, spices, oils, roots, 

and minerals for specific conditions. These traditional 

uses often provide the first clues for scientists looking 

for new medicinal compounds. 

 

II. Traditional Chinese Medicine (TCM): 

Traditional Chinese Medicine (TCM) is an ancient, 

holistic medical system developed in China over 

thousands of years, with its origins dating back at least 

3,000 years. Its goal is to restore and maintain balance 

within the body to prevent and treat illness. 
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The knowledge contained in TCM pharmacopeias 

allows researchers to bypass much of the random 

screening process, leading to the targeted isolation of 

active compounds. 

TCM is based on several foundational philosophical 

and cosmological concepts: 

• Qi (Vital Force): This is the concept of a vital life 

force or energy that flows through the body along 

pathways called meridians. An imbalance or 

blockage in the flow of Qi is believed to cause 

illness. 

• Yin and Yang: All phenomena in the universe, 

including the human body, are composed of two 

complementary and opposing forces. Yin 

represents the passive, cold, dark, and internal, 

while Yang represents the active, hot, bright, and 

external. Health is the dynamic harmony between 

these two forces. 

III.   Siddha, Unani, Folk medicine: 

 

• The Siddha system is one of the oldest traditional 

medicine systems in the world, primarily 

practiced in Tamil Nadu, South India. Like 

Ayurveda, Siddha is based on the theory of the 

Five Elements (Pancha Bhootham - Earth, Water, 

Fire, Air, and Space) and the equilibrium of the 

three humors (Mukkutram or Tridoshas): 

Vaatham, Pittham, and Kapam. Health is the state 

where these humors are in their balanced ratio of 

4:2:1. 

The vast and detailed use of metals, minerals, and 

complex herbal combinations, such as Nilavembu 

Kudineer (used for fevers and viral infections) 

provides validated formulations for scientific research 

into their active components and mechanisms of 

action. 

 

• The Unani (or Yunani) system, often called 

Greco-Arab medicine, is based on the teachings 

of the Greek physician Hippocrates and further 

developed by Arab and Persian scholars like Ibn 

Sina (Avicenna). It flourished in the Islamic world 

and was introduced to India by Arab settlers. 

Unani operates on the theory of the Four Humours 

(Akhlat): Blood, Phlegm, Yellow Bile, and Black 

Bile. Health is maintained when these humours 

are in proper balance, which is influenced by the 

Four Qualities (hot, cold, moist, dry) and the 

body's natural power of self-preservation 

(Tabiyat). 

Unani's centuries-long experience with herbs offers 

reliable therapeutic leads. For instance, the traditional 

use of certain plants by Unani Hakims (physicians) led 

to the isolation of compounds like reserpine from 

Rauwolfia serpentina (Sarpagandha), which was later 

adopted in Western medicine as a tranquilizer and 

antihypertensive agent. 

• Folk Medicine is a broad term encompassing the 

traditional healing practices and knowledge of 

local communities and indigenous groups, often 

transmitted orally from generation to generation. 

It is highly diverse and localized. Unlike 

structured systems like Ayurveda or Unani, folk 

medicine is generally an empirical practice based 

on trial-and-error over hundreds of years. It 

typically involves using locally available natural 

resources, often a single herb or simple 

preparation, for a specific ailment. 

Folk medicine is a key starting point for 

ethnobotanical and ethnopharmacological studies. By 

documenting the plants used by specific communities, 

researchers can efficiently target species most likely to 

contain biologically active compounds. 

 



© December 2025 | IJIRT | Volume 12 Issue 7 | ISSN: 2349-6002 

IJIRT 187962 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 228 

b) Crude Extracts and Decoctions: 

Crude extracts and traditional preparations like 

decoctions, infusions, tinctures, powders, and 

ointments were the earliest ways humans used plants 

for healing—long before the active compounds were 

scientifically identified 

 

I. Decoctions (Boiling) 

 
Decoction is an aggressive, high-heat extraction 

method that involves prolonged boiling of the plant 

material in water, typically for 1–2 hours. 

This method is specifically used for hard plant parts 

such as roots, bark, and seeds. These robust tissues 

require substantial heat and time to break down their 

cellular structure and release their contents. 

Decoctions are central to major traditional systems. 

They are the most common preparation method in 

Traditional Chinese Medicine (TCM) and are known 

as Kashayams in Ayurveda. Ayurvedic texts often 

prescribe boiling the herbs in 16 times the quantity of 

water until the volume is reduced to precisely one-

eighth or one-fourth. 

 

II. Infusions: 

Softer plant materials like leaves and flowers were 

steeped in hot water, similar to making tea. Used 

widely in Europe and Asia for calming, digestive, and 

aromatic remedies. 

III. Tinctures: 

Plant materials were soaked in alcohol or vinegar to 

extract soluble compounds. This preserved the 

medicine longer and concentrated its effects. 

 

IV. Powders: 

Dried plants were ground into fine powder and 

consumed directly or mixed with food. Ayurveda and 

Unani medicine often used powdered herbs. 

 

V. Ointments: Plant extracts were mixed with 

fats, oils, or waxes to create topical 

applications for wounds, burns, and skin 

conditions. 

Decoctions, infusions, tinctures, powders, and 

ointments were practical, accessible, and effective 

ways to harness plant medicine historically. They 

worked without precise knowledge of active 

compounds, relying instead on tradition, observation, 

and cultural wisdom. 

 

c)   Bioassay-Guided Fractionation: 

Bioassay-Guided Fractionation is a systematic 

scientific approach used to discover and isolate 

biologically active compounds from plants, fungi, or 

other natural sources. It bridges traditional herbal 

medicine and modern pharmacology by combining 

extraction, biological testing, and chemical 

separation.In a single plant extract, there may be 

hundreds or thousands of distinct chemical 

compounds. If you just separate them all chemically, 

you might end up with 500 pure compounds, but you 

won't know which one cures the disease.Bioassay-

guided fractionation solves this by asking the biology 

first: "I don't care what the chemical structure is yet; I 

only care if it kills the bacteria/cancer cell."A 

traditional scientific technique where:  
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II. MODERN TECHNIQUES IN NATURAL 

PRODUCT DRUG DISCOVERY: 

 

While traditional bioassay-guided fractionation (the 

"detective work" of isolating one compound at a time) 

is still used, it is slow and resource-intensive. 

Modern drug discovery has shifted toward high-speed, 

data-driven, and genetic approaches that allow 

scientists to screen thousands of samples 

simultaneously or even "read" a plant's DNA to predict 

what medicines it could make 

a) Advanced Extraction Techniques. 

b) Chromatographic Techniques. 

c) Spectroscopic Techniques. 

d) High-Throughput Screening (HTS). 

e) Microorganisms as a Source of New Drugs. 

f) Marine Sources and Bioactive Molecules. 

g) Computer-Aided Drug Design (CADD) in 

Natural Products. 

 

a) Advanced Extraction Techniques: 

The shift from traditional "soaking" methods (like 

tea brewing or maceration) to these advanced 

techniques is driven by one goal: efficiency. 

These methods use physical forces—pressure, 

microwaves, or sound waves—to break open 

plant cells more aggressively than simple solvents 

can, releasing more medicine in less time. 
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I. Supercritical fluid extraction (SFE) 

II. Microwave-assisted extraction (MAE)  

III. Ultrasound-assisted extraction (UAE) 

 

I. Supercritical fluid extraction (SFE): 

SFE is widely considered the most advanced 

commercial extraction technique. It relies on a 

fascinating state of matter to pull active ingredients 

from plants without using toxic liquid solvents like 

hexane or acetone. 

Every substance has a Critical Point—a specific 

temperature and pressure at which it stops acting like 

a liquid or a gas and becomes a hybrid supercritical 

fluid. 

• Gas-like Property: It has low viscosity and high 

diffusivity, meaning it can penetrate deep into the 

plant material instantly (like a ghost passing 

through a wall). 

• Liquid-like Property: It has high density, meaning 

it can dissolve oils and compounds just like a 

strong liquid solvent 
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➢ The Process: The Journey of CO₂: 

 
➢ Advantages/ Disadvantages 

 

II. Microwave-assisted extraction (MAE): 

Microwave-Assisted Extraction (MAE) is a technique that uses microwave energy to heat solvents and plant tissues 

directly. Unlike traditional heating (which heats the container first), microwaves heat the inside of the plant cell almost 

instantly. 

➢ The Process: 

Advantages Disadvantages 

Zero Residue: No risk of toxic solvent left in the drug. 
High Cost: Equipment must withstand massive 

pressure, making it very expensive. 

Thermally Safe: Operates at low temps (30-40°C), 

preserving heat-sensitive compounds. 

Complexity: Requires highly trained engineers to 

operate. 

Green/Eco-friendly: CO2 is recycled and non-toxic. 
Polarity Limit: Not good for extracting polar 

compounds without help. 
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➢ Advantages/ Disadvantages: 

 

 

 

Advantages Disadvantages 

Speed: Extraction takes minutes (e.g., 5–20 

mins) instead of hours. 

Thermal Degradation: The rapid heat spike can destroy very 

sensitive compounds (like certain proteins). 

Low Solvent Use: Requires 10x less solvent 

than Soxhlet extraction. 

Filtration Required: After extraction, the liquid must be filtered 

(unlike SFE). 

Cell Rupture: Extracts compounds located 

deep inside the cell matrix. 

Non-Polar Limitation: Cannot use 100% non-polar solvents (like 

Hexane) efficiently. 
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III. Ultrasound-assisted extraction (UAE): 

Ultrasound-Assisted Extraction (UAE), also known as sonication, is a modern technique that uses acoustic energy 

(sound waves) to physically enhance the release of compounds from plant cells. It is particularly valued for being a 

low-temperature method, making it ideal for extracting fragile, heat-sensitive compounds. 

 

• THE PROCESS: 
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➢ Advantages/ Disadvantages: 

 

➢ Comparison of Modern Extraction Methods: 

 

b) Chromatographic Techniques: 

 

Chromatography is a physical method of separation 

where compounds are separated based on their 

differential distribution between two phases: a 

stationary phase (a fixed solid or liquid) and a mobile 

phase (a flowing liquid or gas). 

 

I. High-Performance Liquid Chromatography 

(HPLC) 

II. Gas chromatography (GC) 

III. Thin-layer chromatography (TLC) 

IV. Column chromatography 

I. High-Performance Liquid Chromatography 

(HPLC): 

HPLC is the most critical and widely used purification 

tool in modern drug discovery. 

• Principle: It uses high pressure to push the liquid 

mobile phase (solvent mixture) through a packed 

column (stationary phase) at a very fast rate. This 

allows for rapid and extremely efficient 

separation. 

 

• Role in Drug Discovery: 

o Final Purification: Used in the last stages of 

bioassay-guided fractionation (Step 5) to achieve 

the highest possible purity (>95%) of the single 

active compound. 

o Analysis: Used for quantification (determining 

the exact amount) of the bioactive compound in 

the plant or extract. 

• Key Advantage: Offers the highest resolution 

(ability to separate closely related molecules) and 

speed among liquid chromatography methods. 

Advantages Disadvantages 

Low Temperature: Overall process operates at 

ambient temperature, ideal for fragile and 

thermolabile compounds. 

Potential for Undesired Extraction: Non-selective, may 

extract unwanted cellular material along with the target 

compound. 

Speed and Yield: Cavitation significantly reduces 

extraction time and often provides higher yields than 

traditional methods. 

Equipment Erosion: The intense physical force of cavitation 

can cause wear and tear on the ultrasonic probe or vessel 

walls over time. 

Low Cost & Simplicity: Equipment is relatively 

inexpensive, simple to operate, and has low energy 

consumption. 

Scale-Up Challenges: Achieving uniform acoustic intensity 

and consistent results across very large industrial batches 

can be difficult. 

Feature SFE (Supercritical) MAE (Microwave) UAE (Ultrasound) 

Primary Force 
Pressure & Solvency (Fluid 

Density) 
Heat (Molecular Friction) 

Mechanical Stress 

(Cavitation) 

Temperature Low (Near Critical Point) 
High (Often above boiling 

point) 
Low (Near Ambient) 

Best For 
Essential Oils, Non-Polar 

Compounds 

Robust Compounds, 

Rapid Screening 

Thermolabile Compounds, 

Phenolics 
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II. Gas Chromatography: 

GC is specific for compounds that can be easily 

vaporized without decomposing. 

 

• Principle: The mobile phase is an inert gas (like 

Helium), which carries the vaporized sample 

through a column. Separation occurs based on 

how volatile the compound is and how strongly it 

interacts with the stationary phase coating 

• .Role in Drug Discovery: Primarily used for the 

analysis and purification of volatile natural 

products. 

• Essential Oils: It is the standard method for 

analyzing the chemical profile (fingerprint) of 

complex essential oils and fragrances. 

• Structure Identification: Often coupled with Mass 

Spectrometry (GC-MS) to identify unknown 

volatile compounds quickly. 

• Limitation: Cannot be used for high-molecular-

weight or heat-sensitive compounds. 
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III. Thin Layer Chromatography: 

TLC is the fastest, cheapest, and simplest form of 

chromatography, primarily used for monitoring and 

rapid assessment. 

• Principle: The stationary phase is a thin layer of 

adsorbent material (like silica gel) coated onto a 

plate. The mobile phase (solvent) moves up the 

plate via capillary action, separating compounds 

into visible spots. 

• Role in Drug Discovery: 

o Monitoring Fractionation: Used constantly during 

bioassay-guided fractionation (Steps 3 & 4) to 

check if a fraction is a pure compound or still a 

mixture. 

o Comparing Extracts: Used to quickly compare the 

chemical profiles of two different plant extracts or 

monitor the completeness of an extraction. 

o Guide for Column Chromatography: It tells the 

scientist which solvent system will work best for 

a larger Column Chromatography separation. 
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IV. Column chromatography: 

This is the traditional workhorse for separating large 

quantities of material in the middle stages of drug 

discovery. 

• Principle: The stationary phase (adsorbent 

powder) is packed into a glass column. The 

solvent (mobile phase) flows down the column by 

gravity or low pressure. The separation is 

collected in many small tubes (fractions). 

• Role in Drug Discovery: 

o Bulk Separation: Used in the initial and 

intermediate fractionation stages (Step 3) to 

separate a large crude extract into dozens of 

smaller, simpler fractions. 

o Preparative Scale: It allows scientists to process 

grams or even kilograms of material, generating 

enough semi-pure fractions to proceed with 

further refinement. 

• Common Techniques: Includes techniques like 

Flash Chromatography (using air pressure for 

speed) and Size-Exclusion Chromatography. 
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c) Spectroscopic Techniques: 

Once an active compound has been isolated and 

purified (often using the chromatographic techniques 

we just discussed), scientists need to figure out its 

exact chemical structure. This is where spectroscopic 

techniques come in. 

These methods bombard the molecule with different 

types of energy and interpret how the molecule 

responds, essentially "reading" its fingerprint. 

Spectroscopy involves the interaction of 

electromagnetic radiation (light) with matter. Each 

technique provides unique information about a 

molecule's atoms, bonds, and overall architecture, 

allowing scientists to piece together its complete 

structure. 

 

I. Nuclear Magnetic Resonance (NMR) 

II. Mass Spectrometry (MS) 
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III. Infrared (IR) spectroscopy 

IV. UV–Visible Spectroscopy 

 

I. Nuclear Magnetic Resonance (NMR): 

NMR is arguably the most powerful tool for 

determining the detailed structure of organic 

molecules, especially in natural product chemistry. 

• Principle: It exploits the magnetic properties of 

atomic nuclei When placed in a strong magnetic 

field and irradiated with radio waves, these nuclei 

absorb and re-emit energy at specific frequencies. 

 

• Role in Drug Discovery: 

o Definitive Structure Elucidation: The gold 

standard for confirming the complete chemical 

structure of a new bioactive natural product. 

o Stereochemistry: Can determine the 3D 

arrangement of atoms (stereochemistry), which is 

crucial for biological activity. 

o Dereplication: Fast NMR analysis of active 

fractions can quickly identify if a compound is 

already known, preventing rediscovery. 

 

II. Mass Spectrometry (MS): 

MS is used to determine the molecular weight and 

often the elemental composition of a compound, as 

well as providing fragmentation patterns that reveal 

structural details. 

 

• Principle: The sample is ionized (given an electric 

charge), and these ions are then separated based 

on their mass-to-charge ratio (m/z) in a vacuum. 

A detector records the abundance of each ion. 

 

• Role in Drug Discovery: 

o Early Dereplication: Often coupled with 

chromatography (GC-MS, LC-MS) in the early 

stages to quickly identify known compounds and 

focus on novel ones. 

o Confirmation: Confirms the molecular weight and 

formula predicted by NMR. 

o Trace Analysis: Highly sensitive, capable of 

detecting very small amounts of compounds. 

III. Infrared (IR) Spectroscopy: 

IR spectroscopy provides information about the 

functional groups present in a molecule. 

 

• Principle: Molecules absorb infrared radiation at 

specific frequencies that correspond to the 

vibrations of their chemical bonds (stretching and 

bending). 

 

• Role in Drug Discovery: 

o Quick Functional Group Check: Provides a rapid 

initial assessment of the types of functional 

groups present in a purified compound, guiding 

further structural analysis. 

o Purity Check: Can confirm the absence of certain 

impurities if their functional groups are distinct 

from the target compound. 

 

IV. UV-Visible Spectroscopy: 

UV-Visible spectroscopy is used to detect and 

quantify compounds that absorb light in the ultraviolet 

and visible regions of the electromagnetic spectrum. 

 

• Principle: Molecules absorb UV or visible light 

when electrons jump to higher energy levels. The 

specific wavelengths absorbed depend on the 

electronic structure of the molecule, particularly 

conjugated systems (alternating single and double 

bonds). 

 

• Role in Drug Discovery: 

o Detection in Chromatography: Often used as a 

detector in HPLC (UV detector) to identify when 

compounds are eluting from the column. 

o Concentration Measurement: Used to determine 

the concentration of purified active compounds 

before biological testing. 

o Initial Screening: Can be used to quickly detect 

classes of compounds (e.g., flavonoids or 

coumarins) known to have specific UV absorption 

profiles. 

Modern spectroscopic instruments (like hyphenated 

MS systems and high-field NMR) provide rapid, 

definitive chemical structural information essential for 

the time-sensitive nature of natural product drug 

discovery. 

d) High-Throughput Screening (HTS): 

 

High-Throughput Screening (HTS) represents one of 

the most significant shifts from traditional, labor-

intensive bioassay methods to a modern, automated 

approach in drug discovery from natural sources. It is 
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the core technology that enables modern screening of 

complex natural product libraries. 

HTS is a systematic and robotic method used to 

rapidly test the biological activity of large numbers of 

chemical or biological samples against a disease target 

(like a protein or a cell line). 

• The Mechanism: Miniaturization and 

Automation: 

HTS integrates robotics, liquid handling devices, and 

sensitive detectors to perform thousands of 

experiments simultaneously: 

o Miniaturization: The entire biological assay (the 

test) is scaled down to take place in tiny plastic 

containers called microtiter plates (usually 96, 

384, or 1536 wells). Each well holds a few 

microliters of solution. 

o Robotics: Automated liquid handlers (robots) 

precisely add the disease target, the natural 

product extract/compound, and a detection 

reagent (often a fluorescent dye). 

o Rapid Detection: Specialized plate readers 

quickly measure the results (e.g., fluorescence, 

color change, or light emission) in every single 

well. 

o Data Processing: Sophisticated software analyzes 

the massive amount of data to flag "hits"—

compounds that showed the desired activity 

(inhibition or activation) 

 

• Role in Natural Product Drug Discovery: 

HTS directly addresses the bottleneck presented by the 

complexity of natural product extracts. 

o Screening Libraries: Instead of manually testing 

crude plant extracts one by one, HTS allows 

researchers to build large, diverse natural product 

libraries (collections of purified compounds or 

fractionated extracts) and screen them against 

multiple disease targets (e.g., cancer, malaria, 

viruses) in a single day. 

o Targeted Assays: Modern HTS focuses on 

specific molecular targets (like a key enzyme in a 

bacterial pathway) rather than just looking for 

general effects, leading to more specific and 

efficient lead identification. 

o Early Success Filtering: By rapidly identifying the 

most potent active fractions/compounds early on, 

HTS directs valuable human effort and expensive 

resources only toward the most promising leads 

for the subsequent, slow purification and structure 

elucidation steps. 

 
 



© December 2025 | IJIRT | Volume 12 Issue 7 | ISSN: 2349-6002 

IJIRT 187962 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 241 

Feature Primary Advantages (Pros) Primary Disadvantages (Cons) 

Speed & 

Volume 

   Ultra-Fast Screening: Can test thousands 

of extracts or compounds per day, drastically 

speeding up the hit-finding phase. 

  High Initial Cost: Requires significant 

investment in robotics, specialized equipment, and 

maintenance. 

Efficiency & 

Material 

   Miniaturization: Requires only small 

quantities of rare or complex natural product 

fractions, preserving limited samples. 

  False Positives: Natural products often contain 

"promiscuous" compounds (like tannins) that 

interfere with assays, leading to misleading results. 

Data & 

Targeting 

   Targeted Assays: Allows screening 

against specific molecular targets (e.g., an 

enzyme), leading to more efficient lead 

identification. 

  Synergy Masking: By separating components 

into fractions, HTS may miss compounds that only 

show activity when working together 

(synergistically). 

Automation 

   Reduced Labor: Minimizes human 

involvement, reducing manual error and 

freeing up chemists for purification work. 

  Solubility Issues: Some active natural 

compounds are poorly soluble in the aqueous 

buffers used in HTS, leading to false negatives. 

 

e) Microorganisms as a Source of New Drugs: 

The unique value of microbes (bacteria, fungi, and 

actinomycetes) in drug discovery stems from their 

ability to produce a vast array of chemically complex 

compounds called secondary metabolites. These 

compounds are often produced not for the microbe's 

primary survival (like growth), but for competition 

and defense, making them highly bioactive against 

other organisms. 

Microorganisms are arguably the most prolific source 

of validated drug molecules in history, providing the 

foundation for modern medicine, particularly in the 

treatment of infectious diseases and cancer. 

 

I. Traditional Importance and Classic 

Examples: 

Historically, the discovery process relied heavily on 

cultivation and classic bioassay-guided fractionation, 

similar to plant research. 

• Antibiotics Revolution: 

 The discovery of microbial metabolites launched the 

antibiotic era. They act as chemical warfare agents 

against competing microbes. 

o Penicillin (from Penicillium fungus): The first 

widely used antibiotic, famously discovered by 

Alexander Fleming. 

o Streptomycin (from Streptomyces bacteria): The 

first effective treatment for tuberculosis. Bacteria 

in the genus Streptomyces are the single most 

important source of current commercial 

antibiotics. 

• Beyond Antibiotics: Microbes also produce drugs 

for non-infectious diseases: 

o Immunosuppressants: Drugs like Cyclosporine 

(from the fungus Tolypocladium inflatum) are 

essential for preventing organ transplant rejection 

 

o Anticancer Agents: Many anti-tumor compounds 

are derived from bacteria or fungi. 

o Cholesterol-Lowering Drugs (Statins): Lovastatin 

was first isolated from the fungus Aspergillus 

terreus, pioneering the class of drugs used to treat 

high cholesterol 

II. The Modern Challenge and Genomic 

Solution: 

By the late 20th century, traditional methods of 

growing microbes in a lab started hitting a wall, 

leading to the rediscovery of known compounds. 

Modern science has solved this challenge using 

genomics and molecular biology 

• Genomics and "Silent" Gene Clusters: 

Researchers realized that microbes possess vast 

untapped genetic potential. 

o Genome Mining: Scientists sequence the 

microbe's entire genome (DNA) and use 

bioinformatics to search for Biosynthetic Gene 

Clusters (BGCs). These are sets of genes that 

collectively code for the enzymes necessary to 

build a complex secondary metabolite. 

o The "Silent" Problem: A microbe might have the 

genes to make 50 potent drugs, but only produce 
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5 of them under normal lab conditions. The other 

45 BGCs are "silent" or "cryptic." 

o Activation: Modern techniques involve "waking 

up" these silent BGCs. This can be done through. 

▪ Epigenetic Modifiers: Adding chemicals that trick 

the microbe into turning on the dormant genes. 

▪ Metabolic Engineering/Synthetic Biology: 

Cutting the BGC out of the original microbe and 

pasting it into a fast-growing, easy-to-culture 

microbe (like E. coli or yeast) to force it to 

produce the new drug. 

 
This modern approach of Microbial Genome Mining 

has rejuvenated natural product drug discovery by 

accessing hundreds of thousands of potentially novel 

compounds that traditional cultivation methods failed 

to find. 

 

f) Marine Sources and Bioactive Molecules: 

The world's oceans cover over 70% of the planet and 

contain the largest reservoir of unexplored 

biodiversity. Organisms in this highly competitive, 

often extreme environment—including sponges, 

tunicates (sea squirts), corals, mollusks, and deep-sea 

microorganisms—have evolved unique secondary 

metabolites for defense, communication, and survival. 

These compounds often possess highly potent 

biological activities, making them a chemically novel 

and rich resource for pharmaceutical leads. 

 

I. The Traditional Approach: Collection and 

Isolation: 

The traditional approach to marine drug discovery 

mirrors early terrestrial efforts, relying on physical 

collection and separation chemistry: 

Phase Description Challenge Addressed 

Collection 

(Bioprospecting) 

Physical harvesting of marine organisms from natural 

habitats (e.g., shallow reefs, deep-sea exploration). 

Identifying organisms that 

possess unique defense or 

chemical traits. 

Extraction & 

Isolation 

Chemical extraction of crude compounds followed by 

painstaking separation using techniques like chromatography 

(HPLC, flash chromatography) and mass spectrometry (MS). 

Obtaining pure compounds for 

structural identification and 

initial testing. 



© December 2025 | IJIRT | Volume 12 Issue 7 | ISSN: 2349-6002 

IJIRT 187962 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 243 

Structure 

Elucidation 

Determining the exact chemical structure of the bioactive 

molecule, primarily using Nuclear Magnetic Resonance 

(NMR) and Mass Spectrometry. 

Identifying novel chemical 

scaffolds distinct from known 

terrestrial compounds. 

Bioassay Screening 
Testing the pure compound against various biological targets 

(e.g., cancer cell lines, bacteria, enzymes) in in vitro assays. 

Confirming the compound's 

therapeutic potential. 

 

The inherent problem with the Traditional Approach 

is the Supply Bottleneck. Many marine organisms 

produce only trace amounts of the desired compound, 

making sustainable large-scale production through 

continued harvesting ecologically impossible and 

commercially non-viable. 

II. The Modern Techniques: Genomics and 

Sustainable Supply: 

Modern drug discovery leverages molecular biology 

and high-throughput technologies to solve the supply 

problem and accelerate the discovery of cryptic or 

low-abundance compounds. This phase marks a 

significant "renaissance" in natural product research. 

 

Modern Technique Application in Marine Drug Discovery 

Genome Mining & 

Metagenomics 

Instead of collecting the organism, researchers sequence the DNA of entire marine microbial 

communities (metagenomes) or symbionts. This allows identification of Biosynthetic Gene 

Clusters (BGCs) that encode the instructions for making a desired bioactive molecule, even if 

the organism cannot be cultured. 

Synthetic Biology & 

Fermentation 

Once a BGC is identified, it can be cloned into an easily grown host organism (like E. coli or 

yeast). This Heterologous Expression allows for sustainable, industrial-scale fermentation of the 

marine natural product, entirely bypassing the need to harvest the original organism. 

High-Throughput Screening 

(HTS) 

Automated, miniaturized assays that allow thousands of samples to be screened against targets 

rapidly, speeding up the initial 'hit' identification phase. 

Advanced Extraction 

Methods 

Modern methods like Supercritical Fluid Extraction (SFE) and Microwave-Assisted Extraction 

(MAE) are 'greener' and more efficient than older solvent-based techniques, improving purity 

and yield from collected biomass. 

III.  Case Studies: Ziconotide and Trabectedin: 

Your examples, Ziconotide and Trabectedin, are prime examples of the success and the supply challenges of marine 

drug discovery: 

 

Drug 
Source 

Organism 

Bioactive 

Molecule 

Type 

Therapeutic Use Traditional vs. Modern Supply 

Ziconotide 

(Prialt®) 

Cone Snail 

(Conus 

magus) 

ω-

Conotoxin 

Peptide 

Severe Chronic 

Pain 

(Intrathecal) 

The original peptide (a neurotoxin) was isolated 

from the snail venom. The drug is now 

manufactured synthetically by chemical synthesis 

to ensure consistent, large-scale supply. 

Trabectedin 

(Yondelis®) 

Tunicate/Sea 

Squirt 

(Ecteinascidia 

turbinata) 

Alkaloid 

Advanced Soft 

Tissue Sarcoma 

and Ovarian 

Cancer 

Initially isolated from the sea squirt, but the 

complex structure means harvesting is not viable. 

The drug is now sourced using a combination of 

semi-synthesis (using a precursor) or, increasingly, 

through advancements in fermentation involving 

the likely microbial symbiont responsible for its 

synthesis. 
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The commercial success of these molecules, along with others like the early marine-derived antiviral Vidarabine (from 

a sponge nucleoside), confirms the ocean's potential and validates the investment in modern, sustainable drug 

discovery techniques. 

 
g) Computer-Aided Drug Design (CADD) in 

Natural Products: 

The integration of Computer-Aided Drug Design 

(CADD) is a crucial modern technique that 

significantly accelerates and optimizes Drug 

Discovery from Natural Sources, overcoming many of 

the limitations associated with traditional approaches. 

CADD provides in silico (computational) methods to 

quickly analyze the vast chemical diversity of natural 

compounds, shifting the process from a lengthy, 

chance-based endeavor to a more rational and efficient 

one. The uses you listed are direct applications in this 

modern context. 

 

I. High-Throughput Virtual Screening (HTVS): 

Natural product libraries contain thousands of 

complex molecules. CADD methods like Virtual 

Screening (VS) use computer power to rapidly screen 

these large databases before any costly wet-lab 

experiments. 

 

• Predicting Binding Affinity & Modeling 

Interactions:  

This is achieved through Molecular Docking. 

o CADD simulates how a natural product 

compound (the ligand) fits into the 3D structure 
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of a specific biological target protein (e.g., a 

receptor or enzyme). 

o A scoring function then mathematically estimates 

the binding affinity (how strongly they interact). 

Only compounds with a high predicted score are 

selected for experimental testing, drastically 

reducing the number of compounds synthesized 

or tested. 

 

II. Lead Optimization and Analogue Design: 

After identifying an initial "hit" natural product, 

CADD is essential for improving its properties. 

 

• Designing Analogues with Improved Activity:  

Techniques like Structure-Based Drug Design 

(SBDD) and Ligand-Based Drug Design (LBDD) 

guide modifications to the natural product's 

chemical structure to enhance its potency, 

selectivity, and stability. 

 

• Quantitative Structure-Activity Relationship 

(QSAR): 

QSAR models mathematically correlate a natural 

compound's chemical features (structure) with its 

measured biological activity, helping predict the 

activity of new, yet-to-be-synthesized analogues 

 

III. Evaluating ADMET Properties: 

A major bottleneck in drug discovery is the failure of 

compounds in later stages due to poor 

pharmacokinetics or toxicity. CADD helps address 

this early on. 

• ADMET Prediction:  

Computational models quickly predict a natural 

product's Absorption, Distribution, Metabolism, 

Excretion, and Toxicity profiles. 

• Filtering: 

This in silico filtering eliminates candidates predicted 

to have poor drug-like properties or high toxicity, 

preventing expensive failure in preclinical and clinical 

trials. 

• CADD's Impact: Efficiency and Cost Reduction 

Feature Traditional Approach CADD (Modern Technique) 

Speed & 

Volume 
Slow, sequential, limited by lab resources. Fast, allows rapid screening of vast databases. 

Cost High (for synthesis, isolation, and screening). 
Lower initial cost; reduces costly experimental 

failures. 

Focus Empirical (Trial-and-error). Rational (Design-based on molecular data). 

Compound Use 
Requires large amounts of purified compound 

for testing. 

Requires only the chemical structure (data) for 

initial screening. 
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III. CASE STUDIES OF IMPORTANT DRUGS DERIVED FROM NATURAL SOURCES 

 

Drug Name 

Natural 

Source 

(Organism) 

Chemical 

Class 

Primary 

Therapeutic Use 

Mechanism of Action 

(How it works) 

Key Context/Discovery 

Detail 

Paclitaxel 

(Taxol) 

Pacific Yew 

tree (Taxus 

brevifolia), 

specifically 

the bark. 

Terpenoid 

(Diterpene) 

Anticancer 

(especially for 

ovarian, breast, 

and lung 

cancers). 

Microtubule Stabilizer: 

It binds to the $\beta$-

tubulin subunit, 

stabilizing the 

microtubules and 

preventing their 

depolymerization 

(breakdown). This 

blocks cell division 

(mitosis) and leads to 

programmed cell death 

(apoptosis) in rapidly 

dividing cancer cells. 

Initial discovery 

involved screening 

natural products by the 

U.S. National Cancer 

Institute (NCI), later 

followed by advanced 

purification and 

synthesis methods. 

Artemisinin 

Sweet 

Wormwood 

(Artemisia 

annua). 

Sesquiterpene 

Lactone 

Anti-malarial 

(core component 

of Artemisinin-

based 

Combination 

Therapies - 

ACTs). 

It is thought to be 

activated by the high 

concentration of iron 

(heme) inside the 

Plasmodium parasite's 

food vacuole, leading to 

the formation of toxic 

free radicals that 

damage and kill the 

parasite. 

Discovery by Chinese 

scientist Tu Youyou, 

who systematically 

screened traditional 

Chinese medicine 

remedies, earning her a 

Nobel Prize in 

Physiology or Medicine 

(2015). 

Morphine 

Opium Poppy 

(Papaver 

somniferum). 

Alkaloid 

(Phenanthrene 

Opioid) 

Pain Management 

(severe acute and 

chronic pain). 

It acts as an agonist 

(activator) at $\mu$-

opioid receptors in the 

brain and spinal cord, 

decreasing the 

perception of pain and 

the emotional response 

to it. 

It was one of the first 

active plant ingredients 

to be isolated and 

purified (around 1804), 

paving the way for 

pharmaceutical 

chemistry. 

Curcumin 

Turmeric 

(Curcuma 

longa), 

derived from 

the rhizome. 

Curcuminoid 

(Polyphenol) 

Anti-

inflammatory, 

Antioxidant. 

Used as a dietary 

supplement; also 

studied for 

various chronic 

conditions. 

It modulates multiple 

molecular targets. For 

its anti-inflammatory 

action, it inhibits the 

activity of various 

inflammatory 

molecules, such as 

COX-2 and NF-

$\kappa$B$ (a key 

transcription factor in 

inflammation). 

A widely used spice 

and traditional remedy 

in Ayurvedic and 

Chinese medicine for 

thousands of years; 

modern research 

explores its diverse 

pharmacological 

properties. 
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IV. FUTURE PROSPECTS IN NATURAL 

PRODUCT DRUG DISCOVERY 

 

Future developments are set to enhance the role of 

natural products in drug development through the 

integration of advanced technologies and a focus on 

sustainability. 

• Key Areas of Future Development: 

o Artificial Intelligence (AI): AI and machine 

learning will be used to predict the biological 

activity of natural compounds, accelerating the 

identification of promising drug candidates. 

o DNA Barcoding: This technique will improve the 

accurate and rapid identification of plant sources, 

ensuring quality control and preventing the use of 

incorrect or substitute species. 

o Metabolomics-based Compound Discovery: This 

involves the high-throughput analysis of all small 

molecules (metabolites) in a sample, leading to a 

more comprehensive and efficient way to 

discover novel active compounds. 

o Sustainable Harvesting and Cultivation: 

Increased focus on ethical and environmentally 

responsible practices to ensure a long-term, 

reliable supply of natural sources without 

damaging biodiversity. 

o Nanotechnology: The use of nanocarriers (like 

liposomes or nanoparticles) will enhance the 

delivery, stability, and effectiveness of natural 

product drugs in the body. 

 

V. CONCLUSION 

 

Drug discovery from natural sources continues to be a 

vital and dynamic field, bridging ancient traditional 

knowledge with modern scientific innovation. 

Historically, medicinal plants, marine organisms, and 

microorganisms have served as the primary sources of 

therapeutic agents, providing both inspiration and 

direct leads for many life-saving drugs used today. 

Traditional systems such as Ayurveda and Traditional 

Chinese Medicine offer valuable ethnobotanical 

insights that significantly reduce the time and effort 

required to identify promising natural candidates. 

With advancements in technology, natural product 

research has evolved from simple extraction and crude 

preparations to sophisticated methods such as 

chromatography, spectroscopy, high-throughput 

screening, and computer-aided drug design. These 

modern tools have greatly enhanced the ability to 

isolate, identify, and optimize bioactive compounds 

with precision and efficiency. Additionally, new fields 

like genomics, metabolomics, and AI-based modeling 

are expanding the potential of natural products and 

enabling the discovery of compounds that were 

previously inaccessible. 

Overall, natural sources remain an indispensable pillar 

of pharmaceutical development. Their structural 

diversity, biological activity, and long history of 

human use ensure that they will continue to inspire 

new drug leads and therapeutic strategies. As 

technology advances and sustainability practices 

improve, the integration of traditional wisdom with 

modern scientific methods will play a crucial role in 

shaping the future of drug discovery. 
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