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Abstract

Medicinal plants, which continue to be an essential source of bioactive compounds for modern therapeutic
applications, have been a major component of traditional medical systems around the world. In order to
verify traditional claims, identify new therapeutic possibilities, and ensure the effectiveness, safety, and
quality of herbal remedies, the pharmacological evaluation of these botanicals is crucial. Given the growing
interest in plant-based medications worldwide, there is an urgent need for scientifically sound methods that
incorporate in vitro, in vivo, and ex vivo processes to evaluate the pharmacological activity of herbal extracts

and their constituents.

Specifically, this research focusses on the systematic approaches used in the pharmacological evaluation of
medicinal plants in the context of Herbal Drug Technology (HDT). Hepatoprotective, anti-inflammatory,
antibacterial, antioxidant, antidiabetic, and anticancer properties are among the biological activities that are
evaluated using a variety of models. The review also emphasises the importance of standardisation, quality
control, and regulatory norms to ensure the safety and repeatability of plant-based formulations. Recent
advances in experimental pharmacology, bioassay-guided fractionation, and molecular docking have greatly
enhanced the scientific validation of ethnopharmacological claims. The paper's conclusion highlights the
challenges and future directions in combining traditional herbal knowledge with modern pharmacological

research to produce safe and effective phytomedicines.

Keywords - Medicinal plants, Herbal drugs, Pharmacology, Herbal medicine, Plant extracts, Natural
medicine, Traditional medicine, Drug evaluation, Herbal treatment, Plant-based drugs, Phytochemicals,

Herbal research, Bioactive compounds, Herbal drug testing, Herbal formulations
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Introduction

Medicinal plants have played a significant role in the evolution of healthcare systems, particularly in
traditional medical systems such as Ayurveda, Siddha, Unani, and ancient Chinese medicine (TCM). Despite
the introduction of synthetic drugs, a significant portion of the global population still uses herbal remedies
due to its perceived safety, affordability, and comprehensive approach to illness management. In recent
decades, there has been a renewed interest in plant-derived compounds for pharmaceutical research due to the
rising incidence of chronic illnesses, antibiotic resistance, and adverse drug reactions associated with synthetic

drugs.

Herbal Drug Technology (HDT) is a new multidisciplinary field that is bridging the gap between traditional
herbal knowledge and modern pharmaceutical research. Identification, authentication, standardisation,
quality control, formulation, and pharmacological evaluation of medicinal plant and herbal products are all
included in this field of study. Pharmacological analysis is a critical step that provides scientific evidence of

the efficacy and mode of action of phytoconstituents.

The biological activity of plant extracts and isolated compounds is assessed using a variety of experimental
methods, both in vitro and in vivo, in the pharmacological evaluation process. These studies shed light on
therapeutic potentials like analgesic, anti-inflammatory, antibacterial, antidiabetic, antioxidant, anticancer,

and neuroprotective properties.

A new multidisciplinary discipline called Herbal Drug Technology (HDT) is bridging the gap between
contemporary pharmaceutical research and traditional herbal knowledge. This field of study encompasses
the identification, pharmacological evaluation, standardisation, quality control, formulation, and authenticity
of medical plant and herbal products. One crucial stage that offers scientific proof of the effectiveness and

mode of action of phytoconstituents is pharmacological analysis.

In the pharmacological evaluation process, a range of experimental techniques are used to evaluate the
biological activity of plant extracts and isolated chemicals, both in vitro and in vivo. Therapeutic potentials
such as analgesic, anti-inflammatory, antibacterial, antidiabetic, antioxidant, anticancer, and neuroprotective

qualities are clarified by these investigations.

Therefore, establishing scientifically sound evaluation methods is crucial to ensuring the safety, efficacy, and
dependability of herbal medicines. This review aims to provide a comprehensive overview of the procedures
and significance of pharmacological evaluation of medicinal plants in the context of herbal drug technology.
It emphasizes significant pharmacological screening models, discusses regulatory perspectives, and looks at

recent advancements that can help the logical development of phototherapeutics.
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Historical Perspective of Herbal Medicine

Use of Medicinal Plants in Ancient Civilizations

Medicinal plants have been used from the beginning of time and were an essential component of early
civilisations' cultural and therapeutic activities. Ancient communities all around the world used plant-based
treatments to treat illnesses, preserve health, and support spiritual ceremonies long before modern drugs were
invented. Herbal medicine knowledge was transmitted orally and then recorded in early medical writings,

many of which continue to have an impact on modern traditional medical systems.

1. Mesopotamian Civilization (c. 3000 BCE — 500 BCE)

Among the first civilisations to record the use of medicinal plants were the Sumerians and, subsequently, the
Babylonians of Mesopotamia. Clay tablets from approximately 2100 BCE that were found during
archaeological excavations at Nippur provide comprehensive prescriptions for more than 250 plant species
and 12 mineral substances. Mandrake, thyme, and myrrh were among the frequently utilised herbs, frequently
mixed with minerals and animal products. Priests and temples were essential to healing customs, fusing
religion and medicine. One of the earliest recorded pharmacopoeias, "Assyrian Herbal," outlined the

medicinal use of plants in detail and served as the basis for later Greco-Roman medicine.

2. Egyptian Civilization (c. 3000 BCE — 300 BCE)

Herbal medicine played a major role in the advanced medical system of ancient Egypt. The broad usage of
herbal therapies is demonstrated by the more than 700 medicines based on plant and natural ingredients found
in the Ebers Papyrus, which dates to approximately 1550 BCE. Aloe vera, garlic, juniper, castor beans, and
opium poppies were all employed by Egyptian medics to alleviate pain, infections, and digestive disorders.
Herbs were used in spiritual rites and embalming procedures in addition to treating physical illnesses. Medical
schools were housed in temples, and doctors like Imhotep were respected for their expertise in herbal

medicine.

3. Traditional Chinese Civilization (c. 2700 BCE — Present)

Among the oldest herbal medicine systems, Traditional Chinese Medicine (TCM) dates back to approximately
2700 BCE. The "Divine Farmer's Materia Medica" (Shennong Bencao Jing), credited to Emperor Shennong,
is regarded as one of the first herbal compendia. It listed hundreds of medicinal plants, including ginseng,
ephedra (Ma Huang), and liquorice root, and categorised them according to their therapeutic effects and
energy qualities (hot/cold, yin/yang). In order to bring the body back into equilibrium, TCM stresses a

comprehensive approach that incorporates medicines with acupuncture, nutrition, and spiritual practices.

4. Indian Civilization (Ayurveda) (c. 1500 BCE — Present)

Ayurveda is an Indian traditional medical practice that has its roots in the ancient Vedic scriptures, especially
the Atharva Veda and later works such as the Sushruta Samhita and Charaka Samhita. Thousands of plant

species, like as ashwagandha, turmeric, neem, Tulsi, and ginger, are described in these books as having
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therapeutic properties. Herbs are recommended to balance the three doshas (Pitta, Kapha, and Vata) that form
the basis of Ayurvedic doctrine. With a thorough understanding of medicinal plants, Ayurveda promotes
preventative care, purification, and rejuvenation through herbal medicines, dietary changes, and lifestyle

adjustments.

5. Greek and Roman Civilizations (c. 500 BCE — 500 CE)

The Greeks created a logical method of herbal healing after being influenced by Egyptian and Mesopotamian
medicine. As the "Father of Medicine," Hippocrates placed a strong emphasis on maintaining good health
through nutrition and the usage of herbs like oregano and willow bark. In the first century CE, Dioscorides,
a Greek-born Roman physician, wrote De Materia Medica, a five-volume encyclopaedia that listed more than
600 medicinal plants, how to prepare them, and their therapeutic applications. For more than a thousand

years, this book remained a mainstay of European herbal knowledge.

6. Indigenous American Civilizations

Indigenous societies in the Americas, including the Aztecs, Mayans, and Native North American tribes, had a
wealth of botanical knowledge long before Europeans arrived. The Codex Badianus (1552) documents the
use of more than 1,200 medicinal plants by the Aztecs, such as tobacco, cacao, vanilla, and chilli peppers.
Herbs including yarrow, goldenseal, and echinacea were utilised by Native American tribes to treat respiratory
conditions, fever, and wounds. Plant knowledge, which was frequently passed down through the generations

of shamans and healers, had its roots in spiritual traditions and ecological consciousness.

7. Islamic Golden Age (c. 8th — 13th Century CE)

The knowledge of Greco-Roman herbs was retained and extended by Islamic scholars after the fall of the
Roman Empire. Using knowledge from Arabic, Indian, Persian, and Greek medicine, authors like as Avicenna
(Ibn Sina) and Al-Razi (Rhazes) penned extensive works like The Canon of Medicine. Commonly used herbs
included camphor, senna, and black seed (Nigella sativa). During this time, the establishment of pharmacies

(Saydalas) formalised the manufacturing and distribution of herbal remedies.

Evolution of Herbal Drug Use in Ayurveda, Unani, Siddha, TCM, and Other Traditional

Systems

Traditional medical systems have relied on the use of herbal drugs for thousands of years. India, China, the
Middle East, and other ancient societies all conducted thorough studies of plants and integrated their medicinal
qualities into established medical procedures. Different cultural approaches to health and healing are
represented by systems like Ayurveda, Unani, Siddha, and Traditional Chinese Medicine (TCM), all of which
have placed an emphasis on the therapeutic benefits of herbs. The historical development, underlying theories,

and pharmacognocal diversity of various conventional systems are examined in this section.
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1. Ayurveda (India)

Origin and Historical Context:

Ayurveda, meaning "science of life," is a 5000-year-old Indian system of medicine rooted in the Vedic
tradition. Its earliest documentation can be found in texts like the Charaka Samhita, Sushruta Samhita, and
Ashtanga Hridaya, which collectively provide detailed descriptions of over 600 medicinal plants and their

uscs.

Herbal Pharmacology in Avurveda:

Ayurveda classifies drugs based on Rasa (taste), Guna (quality), Virya (potency), Vipaka (post-digestive

effect), and Prabhava (specific action). These parameters guide the selection of herbs for various conditions.

Evolution and Integration:

Initially transmitted orally, Ayurvedic knowledge became systematized in Sanskrit manuscripts. Over
centuries, it evolved into an evidence-based system with an extensive Materia medica (Dravya Guna Vigyan).
The Indian government has institutionalized Ayurveda under the Ministry of AYUSH, fostering research and

development in herbal drug formulations.

2. Unani (Greco-Arabic Medicine)

Historical Roots:

Unani medicine traces its roots to ancient Greece, where Hippocrates laid the foundation for rational medicine.
The system was further developed by Arab and Persian scholars like Avicenna (Ibn Sina) during the Islamic
Golden Age. It reached India during the medieval period and flourished under the patronage of the Delhi
Sultanate and Mughal Empire.

Philosophyv and Herbal Use:

Unani is based on the four humours theory—blood, phlegm, yellow bile, and black bile. Herbs are categorized

by their temperament (Mizaj) such as hot, cold, moist, or dry, which determine their therapeutic suitability.

Materia Medica:

Key texts like Canon of Medicine (Al-Qanun fi al-Tibb) and Kitab al-Hawi describe numerous herbal

remedies. The system uses complex polyherbal preparations, known as Murakkabat, along with single drugs

(Mufradat).

Modern Adaptations:

Unani is recognized as a formal system of medicine in India, Pakistan, and parts of the Middle East. It

continues to use herbs extensively for chronic conditions, metabolic disorders, and reproductive health.
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3. Siddha (South India)

Origins and Unique Features:

Siddha medicine, believed to be over 2000 years old, originated in Tamil Nadu. It is attributed to Siddhars,
spiritual scientists who combined yoga, alchemy, and herbology. The ancient Tamil texts such as Theraiyar

Yemaga Venba and Agasthiyar Gunavagadam document extensive herbal knowledge.

Herbal Classification:

Siddha classifies materials into three categories: Thavaram (plant-based), Thadhu (mineral-based), and
Jeevam (animal-based), with plant drugs forming the largest group. It also categorizes drugs by their efficacy

in correcting Udaliyal (body constitution) and Vali-Azhal-lyyam (three humour’s).

Current Status:

The Siddha system is officially practiced in Tamil Nadu and Sri Lanka. Government institutions under the
Ministry of AYUSH support Siddha research and the integration of herbal knowledge into public health

strategies.

4. Traditional Chinese Medicine (China)

Historical Development:

TCM dates back more than 3000 years, with foundational texts like the Huangdi Neijing (Yellow Emperor's
Inner Canon) and Shennong Bencao Jing (Divine Farmer’s Materia Medica). These works classify herbs by

taste, nature (hot, cold, neutral), and meridian tropism.

Herbal Materia Medica:

TCM encompasses more than 13,000 Medicinals, including over 5000 plant-based drugs. Herbs are used in
synergistic formulations, where primary (king), secondary (minister), and assisting herbs form complex

decoctions.

Philosophical Framework:

TCM is grounded in Taoist philosophy, using concepts like Qi (vital energy), Yin-Yang, and Five Elements to

determine diagnosis and treatment. Herbs are chosen based on their ability to balance these forces.

Modern Innovations:

China has extensively researched its traditional herbs through institutions like the China Academy of Chinese
Medical Sciences. Nobel laureate Tu Youyou’s discovery of artemisinin from Artemisia annua (Qinghao) is a

landmark example of modern pharmacological validation of TCM herbs.
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5. Other Indigenous Systems

a. African Traditional Medicine (ATM):

African herbal medicine uses thousands of native plants for healing. Despite regional diversity, many systems
share similar holistic approaches and community-based transmission of knowledge. Herbs are often used for

malaria, digestive issues, and reproductive health.

b. Native American Medicine:

North American tribes have traditionally used herbs like Echinacea, Goldenseal, and Yarrow. These were

administered by medicine men or shamans using spiritual and physical healing rituals.

c. Kampo (Japan):

Derived from TCM, Kampo is a unique Japanese adaptation that focuses on standardized herbal formulas. It

has been integrated into modern healthcare with approved Kampo products available in hospitals.

Comparative Evolution and Globalization

All these traditional systems reflect certain commonalities:

Empirical foundations based on centuries of observation.
Holistic approaches to health, balancing body, mind, and spirit.
Sophisticated herbal pharmacopoeias using plants for preventive and curative purposes.

With globalization and increased interest in alternative medicine, many traditional herbs have gained
international recognition. The World Health Organization (WHO) encourages the integration of traditional
medicine into national health policies. Contemporary research increasingly focuses on validating traditional
claims, standardizing dosages, and ensuring safety and efficacy through phytochemical and pharmacological

studies.

Transition from Ethnomedicine to Modern Herbal Drugs

Ethnomedicine refers to the traditional medical knowledge and practices of indigenous communities, often
rooted in culture and spirituality. These systems, including Ayurveda, Traditional Chinese Medicine (TCM),
African traditional medicine, and others, have historically relied on medicinal plants for treating various
ailments. The knowledge is usually transmitted orally through generations and is based on empirical

observations, holistic approaches, and community validation.

However, despite its cultural value and therapeutic potential, ethnomedicine faces limitations when evaluated
through the lens of modern science. These include the lack of standardization, scientific validation, dosage
control, and the potential for toxicity or contamination. To ensure the safe and effective use of traditional
remedies in contemporary healthcare, a transition to scientifically validated, standardized herbal drugs has

become necessary.
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This transition involves multiple stages: ethnobotanical documentation, phytochemical analysis,
pharmacological screening, toxicological evaluation, clinical trials, and regulatory approval. Traditional uses
often guide the selection of plants for further investigation, making ethnomedicine a valuable starting point
for drug discovery. For instance, the development of artemisinin from Artemisia annua, traditionally used in
Chinese medicine for fever, is a well-known success story. Similarly, reserpine from Rauwolfia serpentina,

used in Ayurveda, became a key antihypertensive and antipsychotic drug.

Modern analytical techniques such as High-Performance Liquid Chromatography (HPLC), Gas
Chromatography-Mass Spectrometry (GC-MS), and spectroscopy have enabled the identification and
quantification of bioactive compounds in medicinal plants. Plant-based drug development also benefits from
biotechnology (e.g., tissue culture, genetic modification), nanotechnology (enhancing bioavailability), and

bioinformatics (predicting target interactions).

Standardization is a cornerstone of the transition process. It ensures consistency in the quality, safety, and
efficacy of herbal formulations. Parameters such as botanical authentication, phytochemical profiling, and

adherence to Good Manufacturing Practices

(GMP) are crucial. Additionally, herbal drugs must comply with national and international regulations, such

as those set by the WHO, US FDA (under DSHEA), EMA, and India’s Ministry of AYUSH.

Clinical trials play a vital role in providing evidence-based support for the therapeutic claims of herbal
medicines. However, challenges persist, including herb-drug interactions, variability in plant material,
regulatory differences, and ethical concerns like biopiracy and benefit-sharing with indigenous communities.

Frameworks such as the Nagoya Protocol aim to ensure fair access and equitable benefit distribution.

In conclusion, the transition from ethnomedicine to modern herbal drugs is a complex but essential process.
It bridges the gap between traditional knowledge and contemporary scientific understanding, offering a
promising path for the discovery of new, effective, and safer therapeutics. With continued interdisciplinary
research, ethical practices, and global cooperation, traditional medicinal knowledge can be effectively

integrated into the modern pharmaceutical landscape.

Sources and Classification of Medicinal Plants

Natural Sources of Medicinal Plants

Medicinal plants are nature’s reservoir of bioactive compounds that have been used for centuries in traditional
medicine and continue to be a vital source for modern drug discovery. The natural sources of medicinal plants

broadly include:

1. Wild Plants
Many medicinal plants grow naturally in the wild, thriving in forests, grasslands, mountains, and

other natural ecosystems without human intervention. These plants have adapted to their specific
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environments and often contain unique phytochemicals. Examples include Digitalis purpurea

(foxglove) and Atropa belladonna.

2. Cultivated Plants

Due to increasing demand and the need for sustainable harvesting, many medicinal plants are now
cultivated under controlled agricultural conditions. Cultivation helps in standardizing the quality and
quantity of bioactive compounds. For instance, Withania somniferous (ashwagandha) and Ocimum

sanctum (Tulsi) are widely cultivated.

3. Agquatic Plants

Some medicinal plants grow in aquatic environments, such as freshwater marshes or riverbanks.
These plants have unique chemical compositions adapted to their watery habitat. An example is

Hydrocotyle asiatica (gotu kola).

4. Epiphytic and Parasitic Plants

Epiphytic plants grow on other plants but are not parasitic, while parasitic plants derive nutrients
from their host. Both types can possess medicinal properties. Viscum album (mistletoe) is an

example of a parasitic medicinal plant.

5. Microbial Sources

Although not plants, certain microbes (endophytes) living symbiotically within plants can produce

medicinally important compounds, expanding the scope of natural sources.

Classification of Medicinal Plants

Medicinal plants are classified based on various criteria to facilitate their study, identification, and utilization.
The three primary classification methods include Botanical, Phytochemical, and Therapeutic

classifications.

1. Botanical Classification

Botanical classification groups medicinal plants according to their taxonomy—families, genera, and species—
based on morphological and anatomical characteristics. This classification aids in identifying related plants

with similar chemical profiles and therapeutic effects.

o Family: Plants belonging to the same family often share similar phytochemicals. For example, the

Solanaceae family includes Atropa belladonna and Capsicum annuum.

e Genus and Species: Classification at this level helps in distinguishing species with medicinal

importance. For example, Digitalis lanata and Digitalis purpurea both belong to the genus Digitalis

but differ in their digitalis glycoside content.
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Common botanical families with medicinal plants include:
e Lamiaceae (mint family)
e Fabaceae (legume family)
e Asteraceae (daisy family)
e Rutaceae (citrus family)

2. Phytochemical Classification

Phytochemical classification categorizes medicinal plants based on the nature of their active chemical
constituents. This method is crucial for understanding the pharmacological properties and potential

therapeutic applications.
Major phytochemical groups include:

o Alkaloids: Nitrogen-containing compounds with significant pharmacological activities. Examples:

Atropa belladonna (atropine), Papaver somniferum (morphine).

e Glycosides: Compounds consisting of sugar moieties bound to active aglycones. Examples: cardiac

glycosides from Digitalis spp.

o Terpenoids and Essential Oils: Responsible for aromatic properties and therapeutic effects such as

anti-inflammatory and antimicrobial actions. Examples: Mentha spp., Eucalyptus spp.

e Phenolics and Flavonoids: Known for antioxidant and anti-inflammatory properties. Examples:

Camellia sinensis (green tea), Ginkgo biloba.
o Tannins: Astringent compounds with antimicrobial activity.
e Saponins: Compounds that produce foam and have immune-modulating effects.

3. Therapeutic Classification

This classification organizes medicinal plants according to their traditional or modern therapeutic uses,

facilitating targeted applications in healthcare.
Common therapeutic categories include:

e Analgesics and Anti-inflammatory: Plants used to relieve pain and reduce inflammation, e.g., Salix

alba (source of salicin).

e Antimicrobial Agents: Plants with antibacterial, antiviral, or antifungal properties, e.g., Azadirachta

indica (neem).
o Cardiovascular Agents: Plants influencing heart function and circulation, e.g., Digitalis spp.

o Respiratory Agents: Used in coughs, colds, and asthma, e.g., Adhatoda vasica.
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o Digestive Agents: Plants aiding digestion and treating gastrointestinal disorders, e.g., Zingiber

officinale (ginger).

o Sedatives and Nervines: Plants that calm the nervous system, e.g., Valeriana officinalis.

Phvytochemical Constituents of Medicinal Plants

Medicinal plants have been a cornerstone of traditional medicine systems worldwide due to their rich reservoir
of bioactive compounds known as phytochemicals. These phytochemicals can be broadly categorized into

primary and secondary metabolites, each playing distinct roles in plant physiology and therapeutic effects.

Primary and Secondary Metabolites

Primarv Metabolites

Primary metabolites are essential compounds involved directly in the growth, development, and reproduction
of plants. These include carbohydrates, proteins, lipids, amino acids, and nucleotides. They are ubiquitous in
all plants and are critical for basic cellular functions. For example, sugars and amino acids serve as energy

sources and building blocks for more complex molecules.

Though primary metabolites are not directly responsible for therapeutic properties, they form the biochemical
foundation upon which secondary metabolites are synthesized. Some primary metabolites like certain amino

acids can serve as precursors for secondary metabolites.

Secondary Metabolites

Secondary metabolites are organic compounds not directly involved in primary metabolic processes but play
important ecological roles such as defense against herbivores, pathogens, and environmental stress. These

compounds contribute significantly to the medicinal properties of plants.

Unlike primary metabolites, secondary metabolites are often species-specific and structurally diverse. Their

biological activities have made them the focus of pharmacological research and drug development.

Major Active Phytoconstituents

The secondary metabolites with significant pharmacological potential are broadly classified into several

groups based on their chemical nature:
Alkaloids

Alkaloids are nitrogen-containing compounds commonly found in medicinal plants such as Atropa
belladonna, Catharanthus roseus, and Papaver somniferum. They exhibit diverse pharmacological activities,
including analgesic (morphine), antimalarial (quinine), anticancer (vincristine), and antiarrhythmic effects.

Alkaloids act mainly on the nervous system and are often potent bioactive agents.
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Flavonoids

Flavonoids are polyphenolic compounds widely distributed in fruits, vegetables, and medicinal plants.
Examples include quercetin, kaempferol, and catechins. They possess antioxidant, anti-inflammatory,
antiviral, and cardioprotective properties. Flavonoids modulate cell signalling pathways and scavenge free

radicals, thus protecting tissues from oxidative stress-related damage.
Tannins

Tannins are polyphenolic compounds with astringent properties, present in plants like Terminalia chebula and
Camellia sinensis. They exhibit antimicrobial, anti-inflammatory, and wound-healing activities. Tannins bind

to proteins and other macromolecules, which can reduce pathogen adherence and inhibit enzyme activity.

Terpenoids

Terpenoids (also called isoprenoids) are a large class of compounds derived from five-carbon isoprene units.
Important terpenoids include menthol, artemisinin, and cannabinoids. They exhibit a wide range of activities
including antimicrobial, anti-inflammatory, anticancer, and antimalarial effects. Terpenoids often serve as

essential oils contributing to the fragrance and therapeutic properties of plants.

Other Phytoconstituents

Saponins: Known for their surfactant properties and immunomodulatory effects.
Glycosides: Include cardiac glycosides like digoxin used for heart conditions.
Phenolic acids: Such as gallic acid, with antioxidant and antimicrobial effects.

Coumarins: Exhibit anticoagulant and anti-inflammatory activities.

Role of Phytochemicals in Therapeutic Activity

Phytochemicals contribute to the therapeutic efficacy of medicinal plants through various mechanisms:

Antioxidant Activity

Many phytochemicals, especially flavonoids and phenolic compounds, act as antioxidants. They neutralize
reactive oxygen species (ROS) and free radicals, preventing cellular damage linked to chronic diseases like

cancer, diabetes, and neurodegenerative disorders.

Antimicrobial Effects

Phytochemicals such as tannins, alkaloids, and terpenoids inhibit the growth of bacteria, fungi, and viruses.
They disrupt microbial cell walls, inhibit enzyme systems, or interfere with nucleic acid synthesis, making

them valuable in treating infectious diseases.
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Anti-inflammatory Action

Compounds like flavonoids, terpenoids, and saponins modulate inflammatory pathways by inhibiting pro-
inflammatory enzymes (e.g., COX, LOX) and cytokines. This reduces inflammation and pain, underlying the

use of many medicinal plants in arthritis and related conditions.

Cvtotoxic and Anticancer Properties

Several alkaloids (vincristine, vinblastine), terpenoids (Taxol), and flavonoids induce apoptosis or cell cycle
arrest in cancer cells. Their ability to target malignant cells while sparing normal cells makes them candidates

for chemotherapy agents.

Cardiovascular Benefits

Phytochemicals such as flavonoids and cardiac glycosides improve heart function by modulating blood
pressure, heart rate, and vascular health. Antioxidant and anti-inflammatory actions also help in preventing

atherosclerosis.

Immunomodulatory Effects

Saponins and polysaccharides from medicinal plants enhance immune responses, promoting better defense

against infections and diseases.

Herbal Drug Technology: Fundamentals and Scope

1. Definition and Significance

Herbal Drug Technology (HDT) is a multidisciplinary field that combines pharmacognosy, phytochemistry,
pharmacology, and pharmaceutical sciences to develop, evaluate, and regulate medicinal products derived
from plant sources. It involves the scientific study of traditional herbal medicines to ensure their efficacy,

safety, quality, and reproducibility for therapeutic use.

The significance of HDT arises from the growing global reliance on herbal medicine due to increased
awareness of natural health care, affordability, and lower side-effect profiles. Despite their historical roots in
ethnomedicine and traditional systems like Ayurveda, Unani, and Siddha, herbal drugs today must meet
modern pharmaceutical standards. HDT serves as the bridge between ancient plant-based practices and
evidence-based medicine, thus reinforcing the credibility and acceptability of herbal therapies in the

mainstream healthcare system.

Herbal Drug Technology ensures that herbal formulations are standardized, validated, and comply with
regulatory norms. It is also vital for discovering new bioactive compounds, improving formulation techniques,

and integrating herbal products into conventional pharmaceutical frameworks.

IJCRT2506164 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b406


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882

2. Kev Aspects of Herbal Drug Technology

a) Standardization

Standardization in herbal drug technology refers to establishing consistent levels of active phytochemicals or
markers in herbal preparations. Unlike synthetic drugs, herbal products are complex mixtures containing
numerous phytoconstituents, making standardization crucial for ensuring uniformity and batch-to-batch

consistency.
Key methods include:
e Macroscopic and microscopic evaluation
o Phytochemical screening and fingerprinting using techniques like HPTLC, HPLC, GC-MS, etc.
e Quantitative analysis of marker compounds
e Organoleptic and physicochemical parameters (ash values, extractive values, pH, etc.)

Standardization guarantees therapeutic efficacy and prevents adulteration or substitution, which are common

i1ssues in herbal markets.

b) Quality Control

Quality control (QC) involves a systematic set of procedures to ensure the purity, identity, and potency of
herbal drugs. It covers every step from raw material procurement to the final finished product. Given the

variable nature of herbs, environmental conditions, and harvesting methods, QC is indispensable.
Key components of quality control include:

o Botanical identification and authentication of raw materials

o Detection of contaminants like heavy metals, pesticides, microbes, and mycotoxins

o Assessment of physicochemical parameters such as moisture content, total ash, foreign organic

matter, etc.
e Microbiological testing to ensure the absence of pathogens
Effective quality control builds consumer trust, ensures regulatory compliance, and protects public health.

¢) Safety Evaluation

Despite the general perception of herbal medicines being safe, there is a growing need for toxicological
evaluation to identify any potential adverse effects. This is critical for chronic usage and formulations

intended for vulnerable populations such as pregnant women, children, and the elderly.
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Safety evaluation includes:
e Acute and chronic toxicity studies
e Allergenicity and genotoxicity testing
e Drug-herb interaction assessments
e Clinical trials for safety profiling

Regulatory agencies like WHO, EMA, and CDSCO provide guidelines for the toxicological evaluation of
herbal medicines. By integrating safety protocols, HDT aligns herbal products with modern

pharmacovigilance requirements.

3. Role of Herbal Drug Technology in Modern Pharmacy

Herbal Drug Technology plays a pivotal role in transforming crude herbal remedies into standardized,
evidence-based therapeutic agents that meet modern pharmaceutical criteria. Its integration into the

pharmaceutical industry has reshaped how herbal medicines are perceived and utilized in healthcare.

Key contributions to modern pharmacy include:

a) Bridging Traditional and Modern Systems

HDT enables the scientific validation of ethnobotanical knowledge and traditional formulations, fostering a

more rational and globally acceptable approach to herbal medicine.

b) Pharmaceutical Product Development

HDT contributes to the formulation of novel drug delivery systems such as:
o Herbal tablets and capsules
o Phytosomal preparations
o Nano formulations of herbal extracts
e Transdermal and controlled-release systems
These advances improve bioavailability, stability, and patient compliance.

¢) Regulatory and Industrial Relevance

The herbal drug industry is rapidly expanding with increasing demands for herbal cosmetics, nutraceuticals,

and functional foods. HDT provides the technical backbone for:
o Formulation development and optimization

e Regulatory documentation and compliance (e.g., GMP, AYUSH standards)
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o Export-oriented herbal product manufacturing

d) Contribution to Research and Innovation

Herbal Drug Technology supports research into plant-based active compounds and their mechanisms of

action. It facilitates:
e Lead discovery for drug development
o Pharmacological screening of medicinal plants
e Synergistic formulation designs (herbal-herbal or herbal-synthetic combinations)

e) Enhancing Consumer Safety and Awareness

By promoting quality and safety, HDT enhances consumer confidence in herbal therapies. It also supports

healthcare professionals in prescribing herbal medicines with scientific backing.

Pharmacological Evaluation of Medicinal Plants

Pharmacological evaluation of medicinal plants plays a pivotal role in validating their therapeutic efficacy
and ensuring safety for human use. The evaluation process involves several stages, beginning with preclinical
testing, which includes in vitro and in vivo assessments, followed by elucidation of the mechanism of action
and the identification of biological targets. This scientific validation bridges the gap between traditional

medicine and evidence-based modern therapeutics.

Preclinical Evaluation

Preclinical evaluation includes both in vitro and in vivo studies that help in understanding the
pharmacodynamics, pharmacokinetics, safety profile, and biological activity of plant extracts or isolated

phytoconstituents.

In Vitro Assays

In vitro assays are performed on isolated cells, tissues, or biochemical systems to assess the biological activity
of medicinal plants without the use of living animals. These assays are cost-effective, rapid, and provide

mechanistic insights. Common in vitro evaluations include:

o Cytotoxicity Assays (e.g., MTT, Trypan Blue Exclusion Test): Used to assess the toxicity of plant

extracts on cancer or normal cells.

o Antioxidant Activity (e.g., DPPH, ABTS, FRAP assays): Measures the free radical scavenging

potential of extracts.
e Anti-inflammatory Activity (e.g., inhibition of nitric oxide production in RAW 264.7 macrophages).

e Antimicrobial Assays (e.g., MIC, disk diffusion methods): Evaluate antibacterial or antifungal

activity against pathogens.
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Enzyme Inhibition Assays (e.g., a-glucosidase, acetylcholinesterase): Useful in studying antidiabetic

or neuroprotective potentials.

In Vivo Animal Studies

In vivo experiments involve the use of animal models to evaluate the pharmacological activity, safety, and

efficacy of herbal extracts in a living system. These models simulate human disease conditions to predict

clinical outcomes.

Anti-inflammatory Models: Carrageenan-induced paw edema, cotton pellet granuloma.
Analgesic Activity: Tail flick test, hot plate test, acetic acid-induced writhing.
Antipyretic Tests: Brewer’s yeast-induced pyrexia in rats.

Antidiabetic Models: Streptozotocin or alloxan-induced diabetic rats.

CNS Activity Tests: Elevated plus maze, open field test, forced swim test.

Toxicity Studies: Acute and sub-chronic toxicity according to OECD guidelines help determine LDso

and safe dosage range.

Mechanisms of Action and Biological Targets

The therapeutic activity of medicinal plants is mediated through interaction with specific biological targets.

Understanding these mechanisms helps in drug development and rational use.

Enzyme Inhibition: Many phytochemicals act as inhibitors of enzymes like cyclooxygenase (anti-

inflammatory), acetylcholinesterase (neuroprotective), and a-glucosidase (antidiabetic).

Receptor Modulation: Flavonoids and alkaloids often bind to serotonin, GABA, or opioid receptors,

showing anxiolytic, sedative, or analgesic effects.

Antioxidant Mechanisms: Polyphenols reduce oxidative stress by scavenging free radicals and

enhancing endogenous antioxidant systems (SOD, CAT, GSH).

Modulation of Signal Transduction Pathways: Many plant extracts affect pathways like NF-«kB,
MAPK, PI3K/Akt, which regulate inflammation, apoptosis, and cell proliferation.

Gene Expression: Some phytoconstituents modulate the expression of genes involved in

inflammation, cancer, or metabolism (e.g., downregulation of COX-2, upregulation of Nrf2).
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Examples of Pharmacologically Active Medicinal Plants

1. Withania somnifera (Ashwagandha)

e Phytochemicals: Withanolides
o Pharmacological Activities:
o Adaptogenic and anti-stress via HPA axis modulation.
o Neuroprotective: Enhances memory and reduces anxiety through GABAergic activity.

o Anti-inflammatory and immunomodulatory: Downregulates NF-kB and proinflammatory

cytokines.

2. Curcuma longa (Turmeric)

e Phytochemicals: Curcumin
o Pharmacological Activities:
o Anti-inflammatory by inhibiting COX-2 and iNOS.
o Antioxidant: Increases SOD, CAT, and reduces MDA levels.
o Anticancer: Induces apoptosis in cancer cells by affecting p53 and Bcl-2 pathways.

3. Azadirachta indica (Neem)

o Phytochemicals: Azadirachtin, Nimbin

o Pharmacological Activities:
o Antibacterial and antifungal by disrupting microbial membranes.
o Hepatoprotective and antiulcer: Enhances antioxidant defense in gastric and liver tissues.
o Antidiabetic: Enhances insulin secretion and glucose uptake.

4. Ocimum sanctum (Tulsi)

e Phytochemicals: Eugenol, ursolic acid
o Pharmacological Activities:
o Anti-stress and CNS stimulant: Modulates monoaminergic systems.
o Antioxidant and cardioprotective: Reduces lipid peroxidation and maintains vascular integrity.

o Immunomodulatory: Enhances humoral and cell-mediated immunity.
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5. Phyllanthus amarus

o Phytochemicals: Lignans (Phyllanthin), flavonoids

o Pharmacological Activities:
o Hepatoprotective: Inhibits HBV DNA polymerase, enhances detoxification enzymes.
o Antiviral: Effective against Hepatitis B and HIV in in vitro studies.
o Diuretic and hypotensive effects via modulation of renal function.

6. Tinospora cordifolia (Guduchi)

o Phytochemicals: Tinosporaside, berberine

o Pharmacological Activities:
o Immunostimulant: Increases macrophage activity and cytokine release.
o Antidiabetic: Promotes insulin secretion and reduces gluconeogenesis.
o Antipyretic: Effective in reducing fever in rat models.

7. Centella asiatica (Gotu Kola)

o Phytochemicals: Asiaticoside, madecassoside

o Pharmacological Activities:
o Wound healing: Enhances collagen synthesis.
o Neuroprotective: Improves memory and cognitive function via BDNF modulation.
o Anti-anxiety and antidepressant effects observed in rodent models.

1 Anti-inflammatory Tests

Objective: To evaluate the efficacy of herbal compounds in reducing inflammation.

e Carrageenan-induced Paw Edema (in rats/mice):
Measures acute inflammation by injecting carrageenan in the hind paw and measuring paw volume

changes.

o Cotton Pellet-induced Granuloma Formation:
Evaluates chronic inflammation by implanting sterilized cotton pellets subcutaneously and weighing

the granuloma.

e Xylene-induced Ear Edema (in mice):

Determines topical anti-inflammatory activity.
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2 Antioxidant Tests

Objective: To assess the ability of herbal extracts to scavenge free radicals.

o DPPH Radical Scavenging Assay:

Measures the hydrogen-donating ability of antioxidants.

e ABTS Assay:
Evaluates the capacity to quench ABTS+ radicals.

e Ferric Reducing Antioxidant Power (FRAP):

Assesses reducing potential of a sample.

e Superoxide, Hydroxyl, and Nitric Oxide Scavenging Assays:

Evaluate the scavenging ability on specific radicals.

3 Antimicrobial Tests

Objective: To determine the antimicrobial potential of herbal extracts.

o Agar Well Diffusion Method:

Zone of inhibition around wells indicates antimicrobial activity.

o Disc Diffusion Method:

Antibiotic/plant-impregnated discs placed on agar plates.

e Minimum Inhibitory Concentration (MIC):

Lowest concentration preventing visible microbial growth.

¢ Broth Dilution Method:

Used to quantify bacteriostatic/bactericidal activity.

4 Antidiabetic Tests

Objective: To assess hypoglycemic and antidiabetic potential.

¢ Alloxan-Induced Diabetes Model:

Alloxan destroys pancreatic B-cells, mimicking Type I diabetes.

e Streptozotocin (STZ)-Induced Diabetes:
Used to mimic Type I and II diabetes depending on dose.

e Oral Glucose Tolerance Test (OGTT):

Measures ability of test extract to lower glucose spikes post-glucose administration.

o a-Amylase and a-Glucosidase Inhibition Assays:

In vitro methods assessing carbohydrate digestion inhibition.
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5 Anticancer Tests

Objective: To evaluate cytotoxic and anti-proliferative properties.

e MTT Assay (in vitro):

Measures cell viability by mitochondrial activity.

e Trypan Blue Exclusion Test:

Stains dead cells; viable cells exclude the dye.

e Brine Shrimp Lethality Assay:

Preliminary screening for cytotoxicity.

e  Tumor Models (in vivo):

Ehrlich Ascites Carcinoma (EAC), Dalton’s Lymphoma Ascites (DLA), etc.

Experimental Models for CNS. CVS. and GIT Disorders

1 CNS (Central Nervous System) Models

e Open Field Test / Elevated Plus Maze:

Measures anxiolytic or sedative effects.

e Rotarod Test:

Tests muscle relaxation and coordination.

o Tail Suspension Test / Forced Swim Test:

Antidepressant screening.

o Pentylenetetrazol (PTZ) and Maximal Electroshock (MES) Models:

Screening for anticonvulsant activity.

2 CVS (Cardiovascular System) Models

o Isolated Frog Heart / Guinea Pig Heart Preparation:

Cardiotonic or cardio depressant activity.

e DOCA-Salt Induced Hypertension:

Evaluates antihypertensive drugs.

o Isoproterenol-induced Myocardial Infarction in Rats:

Used to study cardioprotective effects.

o Langendorff’s Heart Apparatus:

Perfused heart for measuring cardiac output and heart rate.
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3 GIT (Gastrointestinal Tract) Models

e Castor Oil-induced Diarrhea:

Measures antidiarrheal activity.

e Pylorus Ligation Model:

Tests antiulcer activity by analysing gastric secretions.

o [Ethanol or Indomethacin-induced Ulcer Models:

Used for screening gastroprotective agents.

¢ Charcoal Meal Test:

Assesses gastrointestinal motility.

Toxicological Evaluation and LDso Studies

1 Acute Toxicity Studies

e Objective: Determine the safety and toxic dose range of herbal formulations.

e OECD Guidelines (usually 423 or 425):

Animals (typically rats/mice) are dosed once and observed for 14 days.

e Signs monitored:

Mortality, behavioral changes, food intake, body weight.

2 Sub-acute and Chronic Toxicity

o 28-Day or 90-Day Studies:

Repeated dosing and observation of long-term toxicity.

e Parameters Observed:

Body weight, hematological, biochemical, and histopathological studies.

3 LDso (Lethal Dose 50%) Determination

o Definition: Dose required to cause death in 50% of the test animals.
e Method: Administered in increasing doses until 50% mortality is observed.

e Used to categorize the compound’s toxicity level as per Globally Harmonized System (GHS).
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Case Studies of Well-Studied Medicinal Plants

Withania somnifera (Ashwagandha)

Pharmacological Evidence:

Withania somnifera, commonly known as Ashwagandha, is a cornerstone herb in Ayurvedic medicine. It is
classified as an adaptogen, helping the body resist physiological and psychological stress. Pharmacological
studies have confirmed its anxiolytic, anti-inflammatory, neuroprotective, immunomodulatory, and

anticancer activities. Active constituents include withanolides, sitoindosides, and alkaloids.

Marketed Products:

e Himalaya Ashwagandha tablets
e Sensoril® — a standardized extract used in dietary supplements
e  KSM-66® — a full-spectrum root extract used in wellness formulations

Ocimum sanctum (Tulsi)

Pharmacological Evidence:

Known as the “Queen of Herbs,” Ocimum sanctum is revered for its antimicrobial, antidiabetic,
adaptogenic, and anti-inflammatory properties. Eugenol, ursolic acid, and Rosmarinus acid are some of its
key bioactive molecules. Preclinical and limited clinical studies suggest benefits in diabetes management,
stress reduction, and cardiovascular health.

Marketed Products:

e Organic India Tulsi Tea
e Dabur Tulsi Drops

o Zandu Tulsi Tablets

Curcuma longa (Turmeric)

Pharmacological Evidence:

Curcuma longa, or turmeric, is one of the most extensively studied medicinal plants. Curcumin, its primary
polyphenol, exhibits anti-inflammatory, antioxidant, anticancer, and neuroprotective effects. Despite its poor
bioavailability, numerous delivery systems (liposomes, nanoparticles, phytosomes) have been developed to
enhance its efficacy.

Marketed Products:

e Curcumin C3 Complex®
e Meriva® — a patented curcumin-phosphatidylcholine complex

e Turmeric Curcumin Plus dietary supplements
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13. Future Prospects and Research Directions

Integrative Approaches with Modern Medicine

There is a growing need to integrate herbal remedies with modern pharmacotherapeutics. Standardization,
quality control, and evidence-based validation of herbal drugs can help them gain wider acceptance in
mainstream medicine. Herbal drug formulations are increasingly being used as adjunct therapies in chronic

diseases such as cancer, diabetes, and neurodegenerative disorders.

Need for Clinical Trials and Mechanistic Studies

Although numerous herbs show potent pharmacological effects in vitro and in animal models, human clinical
trials are still limited. Rigorous randomized controlled trials (RCTs), pharmacokinetic analyses, and
mechanistic studies are essential to validate efficacy, safety, and mode of action. Moreover, dose

standardization and long-term toxicity data are crucial to establishing therapeutic viability.

Al and Computational Tools in Herbal Drug Discovery

Artificial Intelligence (AI) and bioinformatics are revolutionizing herbal drug research. Machine learning
algorithms can predict herb-drug interactions, optimize lead compound identification, and forecast therapeutic
potential. Network pharmacology, molecular docking, and pharmacophore modelling are increasingly being
used to understand multi-target mechanisms of complex herbal formulations. Databases like IMPPAT and

TCMSP support Al-driven drug discovery from herbal resources.
Conclusion

This review underscores the importance of pharmacological evaluation in validating the therapeutic potential
of medicinal plants. Scientific studies confirm that many herbal compounds possess significant
pharmacological activities, supporting their traditional uses. Such evaluations are essential for standardizing

herbal drugs, ensuring their safety, efficacy, and consistency.

Pharmacological validation plays a pivotal role in bridging traditional knowledge with modern healthcare. As
herbal therapeutics gain global interest, integrating advanced scientific tools and regulatory frameworks will
be crucial. The future of herbal drug technology lies in multidisciplinary collaboration and innovation, paving

the way for safe, effective, and accessible plant-based medicines.
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