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FOREWORD

Herbal medicine and pharmacy have experienced an incredible revolution over the last few
decades due to improvements in the areas of phytochemistry, pharmacology, biotechnology,
and computational biology. The traditional system of knowledge is currently being justified
using scientific methods, resulting in the creation of safer, more effective, and evidence-based
herbal formulations.

Textbook  of  Herbal  Medicine  and  Pharmacy  (Part  2)  is  a  comprehensive  and  systematic
discussion  of  secondary  metabolites,  bioassays,  pharmacological  screening,  formulation
science,  and  novel  technologies,  including  network  pharmacology  and  the  integration  of
multi-omics. The book manages to reconcile classical herbalism with the new pharmaceutical
sciences,  affording  the  students  and  researchers  a  multidimensional  perspective  of  the
therapeutics  of  plants.

The biochemical pathways, pharmacological mechanisms, and technological approaches have
been presented in a very systematic and understandable way by the authors.  Most modern
aspects, like the integration of AI, systems pharmacology, and computational modeling, are
included, which makes this work very relevant to contemporary research and clinical practice.

The  book  will  be  of  great  use  to  undergraduate  and  postgraduate  students  of  pharmacy,
pharmacognosy,  biotechnology,  and  life  sciences  and  researchers  and  professionals  in  the
fields of herbal drug discovery and development.

I  would  recommend the  book to  the  scholarly  world,  as  it  is  a  valuable  addition,  and  this
textbook will surely contribute greatly to the academic and research community.

Sivakumar Vijayaraghavalu
Department of Medical Sciences & Technology

IIT Madras, Tamil Nadu, India
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PREFACE

The use of herbal medicine stays an important part of healthcare systems in the world. As the
topic of plant-derived therapeutics and investigations in natural products gains ground, the
necessity of scientifically designed educational materials combining the traditional knowledge
on herbs with the current technological and pharmaceutical developments increases.

The book, Textbook of Herbal Medicine and Pharmacy (Part 2), has been designed to offer a
comprehensive knowledge of the secondary metabolites, finding the active components, the
pharmacological  screening,  the  strategies  to  formulate  the  drugs,  and  the  new  science  of
network  pharmacology.  The  text  is  well  structured  in  such  a  way  that  conceptual  clarity,
scientific accuracy, and practical relevance are made clear.

Chapter one expounds on the classification of the secondary metabolites, such as alkaloids,
phenolics, terpenoids, and the rest of the bioactive compounds, in relation to their biological
functions, biosynthesis,  and medicinal uses.  The further chapters are devoted to extraction
methods,  purification  methods,  bioassays,  pharmacodynamics,  quality  control,  and
formulation  science.

The  peculiarity  of  the  given  book  is  the  discussion  of  herbal  technology  and  network
pharmacology  in  detail.  The  changing  nature  of  herbal  drug  research  is  captured  in  the
combination  of  computational  biology  and  machine  learning  with  multi-omics  data  and
systems pharmacology. The method emphasizes the transition from single-target treatment
modalities to multi-target approaches to therapy.

The book targets pharmacy and pharmacognosy students, life sciences students, and others. It
is  also  expected  that  it  will  lead  to  the  advantage  of  researchers,  academicians,  and
professionals  involved  in  developing  herbal  drugs  and  translational  research.
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CHAPTER 1

Classification of Secondary Metabolites

Abstract:  This  chapter  provides  an  in-depth  overview  of  the  classification  of
secondary metabolites, their major biochemical properties and functions, and potential
applications of different groups of alkaloids and phenolic compounds. It explores the
contributions  of  alkaloids  and  discusses  their  plant  defense  mechanisms,
pharmacological effects, and medicinal importance. This chapter also focuses on the
biosynthesis, biological activities, and applications of phenolic acids and flavonoids,
particularly their antioxidant, anti-inflammatory, and anti-cancer properties. The roles
of  these  metabolites  in  ecological  interactions  and  their  medicinal  and  potential
industrial  uses  have  also  been  discussed  comprehensively.

Keywords:  Alkaloids,  Antioxidant  properties,  Biosynthesis,  Medicinal
applications,  Phenolic  compounds,  Pharmacology,  Plant  defence  mechanisms,
Secondary  metabolites.

INTRODUCTION

Secondary  metabolites  are  chemical  substances  formed  by  plants,
microorganisms,  and  animals,  which  are  not  used  for  growth  or  reproduction.
They play ecological and physiological roles that help a firm survive and remain
flexible.  In  this  chapter,  the  reader  is  introduced  to  the  growing  vocabulary  of
secondary metabolites, with an emphasis on the different categories of alkaloids
and  phenolic  compounds  that  are  significant  in  the  study  of  secondary
metabolites. The chemical structures of each category of secondary metabolites,
biosynthesis,  ecology,  pharmacology,  and  medicinal  industrial  prospects,  were
considered in detail. We further classified some of these secondary metabolites,
such  as  alkaloids  and  phenolics,  and  demonstrated  their  evolutionary  and
biochemical  importance  in  the  plant  and  biomedical  sciences.

Secondary  metabolites:  Secondary  metabolites,  which  are  unique  organic
compounds  produced  by  plants,  microorganisms,  and  animals,  are  not  directly
involved in growth, development, or reproduction [1]. Unlike primary metabolites
such as carbohydrates, proteins, and nucleic acids, which are essential for basic
cellular  functions,  secondary  metabolites  play specialized  roles in enhancing an
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organism's survival in the environment. These include defense against herbivores
and  pathogens,  attraction  of  pollinators,  and  protection  against  environmental
stressors  [2,  3]  (Fig.  1).

Fig. (1).  Classification of secondary metabolites.

Alkaloids

Alkaloids  are  a  fascinating  and  diverse  group  of  naturally  occurring  organic
compounds of significant interest in biochemistry and ecology. These compounds,
primarily derived from plants and fungi, contain nitrogen atoms in their structures
and  possess  a  wide  range  of  pharmacological  actions  and  biological  properties
(Table 1).
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Table 1. Therapeutic alkaloids in medicinal plants.

S.
No. Plant Name Alkaloid Group/Subgroup Therapeutic Properties

1 Cinchona officinalis Quinine Quinoline Antimalarial

2 Papaver somniferum Morphine Isoquinoline
(Phenanthrene) Analgesic

3 Atropa belladonna Atropine Tropane Anticholinergic

4 Catharanthus roseus Vinblastine Indole Anticancer

5 Ephedra sinica Ephedrine Phenethylamine Bronchodilator,
Decongestant

6 Rauwolfia serpentina Reserpine Indole
(Rauwolfia alkaloid)

Antihypertensive,
Antipsychotic

7 Datura stramonium Scopolamine Tropane Antiemetic, Motion Sickness

8 Nicotiana tabacum Nicotine Pyridine-Pyrrolidine
Stimulant, Nicotinic

acetylcholine receptor
agonist

9 Camptotheca acuminata Camptothecin Quinoline (Camptothecin) Anticancer

10 Erythroxylum coca Cocaine Tropane Local anesthetic, Stimulant

11 Aconitum napellus Aconitine Diterpenoid Analgesic, Antipyretic

12 Strychnos nux-vomica Strychnine Indole Stimulant,
Rat poison

13 Secale cornutum Ergotamine Indole (Ergot alkaloid) Vasoconstrictor, Migraine
treatment

14 Solanum nigrum Solanine Steroidal alkaloid Antifungal, Pesticide

15 Colchicum autumnale Colchicine Tropolone Antigout,
Anti-inflammatory

16 Passiflora incarnata Harmine Beta-carboline Antidepressant, Antianxiety

17 Mitragyna speciosa Mitragynine Indole Analgesic,
Opioid substitute

18 Huperzia serrata Huperzine A Lycopodium alkaloid Acetylcholinesterase
inhibitor

19 Duboisia myoporoides Hyoscine Tropane Antiemetic, Motion sickness
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CHAPTER 2

Identification  of  Active  Components  of  Plant
Species

Abstract: The present study provides a detailed discussion of the many steps required
to successfully identify and extract active phytoconstituents from plant species. Some
common solvent extraction techniques include maceration, simple Percolation, Soxhlet
extraction,  and  a  few  modern  methods  such  as  ultrasound-assisted  and  microwave-
assisted  extraction.  The  plant  materials,  targeted  compounds,  effectiveness,  and
applicability  of  these  techniques  for  large-scale  implementation  are  compared.
Moreover,  the  chapter  highlights  different  purification  methods  such  as  column
chromatography, Thin-Layer Chromatography (TLC), and High-Performance Liquid
Chromatography (HPLC), as well as structural and quantitative analysis methods such
as  UV-visible  spectroscopy,  Infrared  Spectroscopy,  Nuclear  Magnetic  Resonance
Spectroscopy and Mass Spectrometry. This chapter will help readers, at the beginning
of  their  phytochemistry  adventure,  navigate  through  methodological  approaches
leading to the complex isolation, identification, and quantification of compounds with
potential pharmacological activity.

Keywords:  Bioactive  compounds,  Chromatography,  Extraction,  Purification
techniques,  Phytoconstituents,  Plant  species,  Spectroscopy.

INTRODUCTION

Phytochemistry  evaluates  chemicals  from  plants,  which  are  phytoconstituents
with therapeutic or industrial uses. This chapter provides a closer look at the main
procedures  associated  with  the  extraction  and  identification  of  these
phytoconstituents, and explains the range of methods used to isolate and identify
plant-derived  compounds  [1].  Among  the  techniques  used  in  the  extraction
process,  Maceration,  Percolation,  Soxhlet  extraction,  and  ultrasonic-assisted
extraction play important roles in extracting purified crude samples. Methods such
as  column  chromatography  and  TLC  facilitate  the  purification  of  individual
compounds,  whereas  advanced  methods  such  as  HPLC  and  spectroscopic
techniques  (UV-Vis,  IR,  NMR,  and  MS)  facilitate  their  characterization  and
quantification. This chapter describes these methodologies and their strengths and
weaknesses to help researchers understand plant-based bioactive compounds [1,
2].
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Identification of Active Components of Plant Species

The isolation and characterization of phytoconstituents or plant-active ingredients
are  the  basis  of  phytochemistry.  These  processes,  including  extraction,
purification,  and  identification,  must  be  carefully  coordinated  to  provide  an
accurate account of compounds and their possible effects. This section presents
the methods and techniques used for these processes, emphasizing the need for
precision and attention.

Extraction Methods

Extraction  is  an  important  preliminary  process  for  the  isolation  of
phytoconstituents from different plant matrices. Thus, the extraction method used
is determined by the type of plant material and compounds to be derived. Some of
the techniques used in the extraction process include the following, which have
been applied in phytochemistry [2, 3].

Maceration

Maceration  is  one  of  the  simplest  and  oldest  techniques  for  extracting
phytoconstituents  from  plant  tissues.

Preparation of the Plant Materials

Selection:  The  plant  material  is  selected  based  on  the  phytoconstituents  of
interest.

Drying: Drying fresh plant materials for removing moisture, can lead to microbial
growth and poor solvent penetration during extraction.

Grinding:  Dried  plant  material  is  milled  into  fine  particles  to  enhance  solvent
access to plant cells and to facilitate the dissolution of phytoconstituents.

Solvent Selection: The solvent choice depends on the polarity of the compound to
be extracted. Common solvents include the following.

Ethanol: Useful for polar and nonpolar compounds.

Methanol  is  often  used  because  of  its  effectiveness  in  accumulating  various
phytoconstituents.

Water: It is applied to water-soluble compounds that are considered eco-friendly.

Organic  Solvents  such  as  hexane,  acetone,  and  chloroform  are  used  as  the
nonpolar  compounds.
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The  solvent  should  not  be  toxic,  efficiently  extract  compounds,  and  be  easily
removed from the extract.

Soaking and Agitation: The ground plant material is placed in a container, and the
chosen solvent is added until it is fully submerged.

Soaking time: The mixture is allowed to stand for hours to days, depending on the
plant material and target compounds.

Agitation: The mixture is stirred or shaken periodically to enhance the extraction
of the compounds from the plant material.

Filtration:  The  liquid  extract  is  separated  from  insoluble  plant  material  by
filtration.

Techniques: Filter paper, cloth, or a filtration setup should be used, depending on
the filtration system.

Efficiency: This requires the fond to be drained and passed through a coaster to
remove  the  particles,  leaving  behind  a  clear  extract.  The  phytoconstituents
dissolved  in  the  filtrate  or  liquid  extract  are  concentrated.

Techniques: Filter paper, cloth, or a filtration setup.

Efficiency: Complete separation of solid matter  from the liquid was ensured to
obtain a clear extract.

Concentration:  The  filtrate  or  liquid  extract  containing  dissolved
phytoconstituents  was  concentrated.

Evaporation: The solvent is removed by evacuating the solvent at lower pressure
using a rotary evaporator or distillation.

Concentration: The concentrated extract can undergo any other process, including
purification.

Advantages

Simplicity: This technique does not require sophisticated equipment and can be
used in simple laboratories and in traditional methods.

Non-complicated materials and methodologies are used in maceration, making it
less  expensive  than  other  extraction  methods,  and  highlighting  its  cost-
effectiveness.
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CHAPTER 3

Bioassays and Pharmacological Screening

Abstract: This chapter describes the pivotal roles of bioassays and pharmacological
screening methods in  drug discovery and development.  Potency measurement  using
bioassays  is  not  just  a  routine  task,  but  also  a  crucial  determinant  of  the  biological
activity  of  substances  and  the  pharmacological  effects  of  agents.  This  study  covers
general  methods,  especially  in  vitro  and  in  vivo  bioassays,  from  high-throughput
screening  to  receptor-binding  assays,  as  well  as  special  applications  in  the
pharmaceutical industry. It also identifies the specific fragments of a pharmacological
screen,  including  pharmacodynamics,  receptor  affinity,  potency,  and  efficacy.  This
tutorial  is  a  rich  source  of  information  for  pharmacologists  and  underscores  the
significance  of  their  work  in  identifying  key  techniques  for  drug  identification  and
evaluating the clinical effectiveness of drugs.

Keywords:  Bioassays,  Drug  discovery,  Efficacy,  High-Throughput  Screening
(HTS),  In  vitro  bioassays,  Pharmacological  screening,  Potency,
Pharmacodynamics,  Receptor-binding  assays.

INTRODUCTION

The discovery and assessment of molecules that can affect the functions of living
organisms are the backbone of pharmacology and new drug discovery. Bioassay
and pharmacological screening techniques are incredibly useful for evaluating the
biological activity, affirmation, effectiveness, and medicinal value of all sorts of
compounds, including synthetic, natural products, and even extracts. This chapter
builds  upon  the  methodological  aspects  of  these  assessments  with  respect  to
several techniques categorized under HTS, receptor binding, and in vitro bioassay
subheadings [1]. HTS is a critical innovation that helps screen large databases of
chemical compounds, thereby accelerating the discovery of possible therapeutic
compounds.  Furthermore,  pharmacological  screening  examines  the
pharmacodynamics of  receptor affinity or  opsonization,  metabolite  elimination,
and  therapeutic  levels,  which  are  critical  for  determining  the  safety  and
effectiveness of a drug. The approaches described provide a step-by-step approach
for  deciphering the  behavior  of  drugs  in  larger  organisms,  which is  helpful  for
transforming compounds into actual treatments [2].
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Bioassays

Bioassays are scientific tests used to assess the impact of compounds on living
organisms, cells, or molecular receptors. They determine the biological activity,
efficacy, and mechanism of action of chemical compounds and reagents, as well
as plant products and other specimens. Bioassays can be performed using whole
organisms,  cells,  or  molecular  receptors  to  develop  a  broader  picture  of  a
substance's  behavior  in  a  biological  system  [2].

Pharmacological  Screening:  This  involves  the  assessment  of  a  wide  range  of
compounds  that  can  positively  affect  biological  systems.  This  process  is
paramount, particularly during the discovery phase of the drug portfolio and the
discovery  of  drug  leads.  Pharmacological  screening  includes  High-Throughput
Screening  (HTS)  to  simultaneously  determine  the  action  of  thousands  of
compounds  and  direct  screening  for  a  particular  disease  or  receptor  type.

Pharmacological Screening Bioassays: Pharmacological screening bioassays are
important  in  the  drug  discovery  and  development  processes.  They  can  help
investigators  identify  new  compounds  or  treatments,  clarify  pathological
processes in diseases, and estimate the effectiveness and toxicity of existing and
possible  therapeutic  agents.  Bioassay  is  a  method  of  gaining  a  high  degree  of
information  about  compounds  and  the  estimation  of  compounds  as  clinical
remedies.  These  methods  have  also  been  applied  in  environmental  metrics  to
determine the toxicity of pollutants and in the farming industry to test the effects
of agro-products [3] (Table 1).

Table 1. Types of bioassays.

Type of Bioassay Description Application

In vitro Bioassays
Tests are performed in a controlled

environment outside a living organism,
usually in petri dishes or test tubes.

Used to screen compounds for potential
therapeutic effects and toxicity.

In vivo Bioassays Tests are conducted on living organisms
to assess the effects of a substance.

Used to evaluate the therapeutic effects,
toxicity, and safety of drugs.

Receptor Binding
Assay

Measures the interaction between a
compound and its specific receptor.

Used to understand the interaction of
compounds with receptors in

pharmacology.

Enzyme Inhibition
Assay

Assesses the ability of a compound to
inhibit the activity of a specific enzyme.

Useful in drug development for targeting
enzymes responsible for disease.

Cell Proliferation
Assay

Measures the effects of a compound on
cell growth and division.

Applied in cancer research to identify
potential anti-cancer compounds.

Cytotoxicity Assay Evaluates the toxic effects of a compound
on cells.

Used to assess the safety of potential
therapeutic agents.
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Type of Bioassay Description Application

Genotoxicity Assay Assesses whether a compound causes
genetic mutations or damage to DNA.

Important for determining the mutagenic
and carcinogenic potential of compounds.

Hemolysis Assay Tests the ability of a compound to cause
the rupture of red blood cells.

Used to measure toxicity in drugs that
could affect blood cells.

Thermal Shift Assay Measures changes in protein stability in
response to compound binding.

Used for drug discovery, especially in
designing drugs targeting proteins.

Ames Test
Tests for mutagenicity using bacteria to

detect potential mutations caused by
compounds.

Commonly used to evaluate the
carcinogenic potential of chemicals.

Historical Perspective

Early Bioassays

Ancient Greece: The first operations for practising herbalism required testing the
impact of plant extraction on health.

20th  Century:  The  application  of  new,  elegant  methods,  such  as  the  Dionisio
method, which was a significant advancement in bioassays, and the discovery of
antibiotics,  such  as  penicillin,  which  was  a  breakthrough in  drug development,
identified the importance of bioassays.

Transition from Qualitative to Quantitative Methods

Evolution:  The  transition  from  simple  observational  methods  to  precise
quantitative  techniques  has  been  a  significant  milestone  in  the  development  of
bioassays. This transition has allowed for more accurate and reliable assessment
of  the  biological  activity  and  effectiveness  of  chemical  compounds,  thereby
accelerating  drug  discovery.

High-Throughput Screening (HTS): Developed in the 1980s, HTS has increased
the capacity to screen large chemical libraries for drug candidates and hastened
drug discovery.

Key Concepts

Pharmacodynamics

Mechanism of Action: Examines the biological and physiological mechanisms by
which drugs act on specific biological systems.

(Table 1) cont.....
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CHAPTER 4

Formulation and Dosage Forms of Herbal Drugs

Abstract: This study examines the objective and preparation of herbal drugs and the
choice  of  appropriate  forms  of  preparation  to  ensure  maximum  biological  activity,
solubility,  shelf  life,  and  acceptability  in  the  administration  of  herbal  medicines.
Different  forms  of  herbs,  such  as  powders,  tablets,  capsules,  extracts,  tinctures,
ointments,  and  creams,  are  discussed.  Pretreatment  treatments,  quality  assurance
methods, storage, presentation, and other related concerns are presented to optimize the
potentiation of these therapeutic and safe botanical drugs/products. This study provides
a detailed evaluation of each formulation and its outcomes, preparation characteristics,
and requirements, which will be helpful in creating a systematically structured guide
for the formation of herbal formulations to fit the criteria for therapeutic labelling and
ranking.

Keywords: Bioavailability, Dosage forms, Herbal formulations, Powders, Quality
control, Stability, Tablets and capsules, Tinctures.

INTRODUCTION

It  is  important  to formulate herbal  drugs to achieve optimal  therapeutic  benefit
and  patient  compliance.  Non-liquid  doses  of  beverages  and  remedies  are  very
important in herbal medicine, including powders that are combined with honey
and  prepared  as  capsules,  tablets,  and  tinctures,  meaning  substances  soaked  in
liquid to increase the bioavailability and shelf life of active ingredients, such as
ointments. All are selected based on the purpose of the formulation, the nature of
the herbs used, and the compatibility of the formulation with patient preferences.
For example, tablets and capsules allow the patient to take a definite amount of
the drug at a time, and if needed, repeatedly. In contrast, ointments are suitable for
the local treatment of skin problems. These formulations are prepared according
to standardized procedures, which include choosing fresh plant material, grinding,
and extraction of active principles, and occasionally, the addition of vehicles to
improve stability and cohesiveness. Standard production process control, which
checks the potency, safety, and quality of the final product, retains its efficacy and
renders herbal medicines affordable [1, 2].

S. Nagarajan, E. Gayathiri, P. Prakash, & P. Ramesh
All rights reserved-© 2026 Bentham Science Publishers



Formulation and Dosage Textbook of Herbal Medicine and Pharmacy (Part 2)   237

Importance of Formulation and Dosage Forms in Herbal Medicine

In herbal medicine practice, the role of the formulation and dosage forms must be
considered because the efficacy, stability, safety, and compliance levels of herbal
treatments can be learned. Herbal formulations require technology that combines
individual plant species or parts with other botanicals or plant-derived products to
produce  a  dosage  form  that  can  be  used  easily  and  safely.  The  use  of  an
appropriate  dosage  form  is  largely  responsible  for  the  solubility,  stability,
bioavailability,  and  therapeutic  value  of  herbal  products  [2].

Types of Herbal Formulations

Powders●

Powders●

Tablets and Capsules●

Extracts●

Tinctures●

Teas and Infusions●

Ointments and Creams●

Syrups and Elixirs●

Poultices and Plasters●

Herbal Powders

Herbal powders are the oldest and most traditional herbal products, owing to their
simplicity  and  preparation  for  use.  Such preparations  include  pulverizing  dried
herbs into fine powders that form a base for many products, such as raw herbs,
tea,  capsules,  or  topical  paste.  Herbal  powders  remain  an  essential  aspect  of
traditional medicine in different societies, acting in cheap and easy ways, through
which people benefit from plant-source medicine practices [2].

Making Herbal Powders

The  preparation  of  herbal  powders  involves  several  steps,  all  of  which  are
intended to maintain the pharmaceutical potency of the plant material and quality
of the end product [3].

Selecting the Right Herbs

Criteria: Decisions about which herbs to include must be made with significant
care in terms of quality. Herbs should also be perfectly free of chemicals, such as
pesticides,  heavy metals,  or  high microbial  loads.  They should also be sourced
appropriately  from  reliable  suppliers  who  practice  good  agricultural  practices
(GAP)  [3].



238   Textbook of Herbal Medicine and Pharmacy (Part 2) Nagarajan et al.

Source:  Anti-carnitine  supplements  should come from accredited suppliers  that
adhere  to  GAP for  herb  growth.  These  guidelines  ensure  that  herbs  are  grown,
picked, and prepared to conserve their medicinal benefits. Suppliers should also
provide  relevant  documentation  on  the  quality  and  source  of  the  herbs,  and
explain  how  they  are  produced.

Harvesting and Handling

Timing:  Harvesting  is  conducted  in  summer  and  autumn  when  the  active
constituents of the herbs are the most concentrated. As noted previously, the time
to harvest can differ depending on the plant and plant species. For instance, leaves
used  in  medicine  are  usually  collected  early  in  the  morning  when  the  dew has
withered; however, before the heat of the sun, volatile oils are reduced.

Handling:  Harvested  herbs  should  be  handled  gently  to  avoid  bruising,
mechanical damage, or infection. Specialized clean dishes and vessels should be
used  to  handle  herbs  and  to  reduce  the  possibility  of  introducing  contaminants
into the process.

Drying Herbs

Drying is an important stage for preserving the active constituents of herbs and
combating the effects of molds and other microbes.

Cleaning: Another preparedness technique requires herbs to be adequately washed
to remove them from soil, dirt, and other interfering substances. Most recording
structures would require only gentle washing under running water, whereas parts
of  modern  flowers  would  require  special  techniques  such  as  shaking,  gentle
tapping,  or  agitation  of  the  flower.

Drying Methods

Air Drying: Herbs are arranged in cool, dry places on clean, dry trays or racks that
should not be exposed to direct sunlight. With this method, the leaves, flowers,
and other small parts of the plant can be found and are therefore suitable.

Shade drying: As air-drying is performed in the shade, some constituents of the
preparations, such as oils, can be affected by direct sunlight.

Oven Drying: For faster  curing,  particularly under highly humid conditions,  an
oven  at  40-50ºC  is  recommended.  This  method  provides  greater  control  over
drying  conditions  than  air  drying.
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CHAPTER 5

Herbal Technology

Abstract: Network pharmacology is a new strategy in drug discovery that uses systems
biology, bioinformatics, and pharmacological approaches to study interactions between
drugs  and  biological  targets.  Unlike  conventional  single-target  pharmacology,  it
complements the concept of multiple-hit diseases such as cancer and neurodegenerative
disorders.  This  chapter  presents  the  development,  superiority,  and  potential  uses  of
network  pharmacology  over  conventional  single-target  methods,  and  their  potential
uses in drug reformulation, precision medicine, and natural product-based medicine.
Proof-of-principle approaches as well as experimental and computational strategies for
the construction of biological interaction networks at the molecular level are described
to  illustrate  the  utility  of  network  pharmacology  to  minimize  drug  resistance  and
enhance therapeutic outcomes.

Keywords:  Bioinformatics,  Computational  biology,  Drug  repurposing,  Drug
discovery,  Herbal  medicine,  Multitarget  therapy,  Network  pharmacology,
Personalized  medicine,  Systems  biology,  Single-target  pharmacology.

INTRODUCTION

Network  pharmacology  has  become  a  revolutionary  concept  in  the  field  of
pharmacology,  based  on  the  network  theory  of  systems  biology  and
bioinformatics,  which  describes  the  complex  relationships  between  drugs  and
biological  networks.  Regular  drug  development  mostly  involves  researchers
focusing on one target, which is not sufficient to properly address bio-pathways in
diseases. On the other hand, network pharmacology aims to study and visualize
how  multiple  agents  affect  specific  networks  within  biological  systems.  This
chapter  discusses  the  theoretical  aspects  of  network  pharmacology,
methodological  development,  and  its  applications  in  drug  discovery,  disease
management, therapy, and personalized medicine. This chapter also explains that
network pharmacology is useful in dealing with some drawbacks of single-target
drugs,  such  as  drug  resistance,  in  advancing  knowledge  on  how  to  design  the
components of drug cocktails, and in using the concept of network pharmacology
to  rationally  repurpose  existing  drugs  and  construct  rational  multicompound
topical  and  oral  remedies  from  natural  medicines  [1].
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Network Pharmacology

Network pharmacology is a novel tool in the drug discovery process that employs
Systems  Biology,  bioinformatics,  and  conventional  pharmacology  to  examine
interactions between many drugs and targets within many pathways. The idea is
not  to  target  a  single  gene  for  a  disease  via  conventional  pharmacological
approaches  but  rather  targeting  a  panel  of  genes  simultaneously  and  treat
multifactorial,  polygenic  diseases.  This  field  has  moved  beyond  the  traditional
single-target  paradigm,  recognizing  that  many  diseases  are  multifactorial  and
polygenic and require a broader and more holistic therapeutic strategy. Network
pharmacology  has  immense  potential  to  revolutionize  drug  discovery  and
treatment  strategies,  offering  new  hope  for  addressing  complex  diseases  [2].

Key Concepts in Network Pharmacology

Systems biology: It is an extensive area of analysis for interactions in biological
processes. It considers the response of the entire system instead of integrating the
approaches  of  separating  the  components  for  the  analysis  of  functions  or
characteristics. This comprehensive approach provides a thorough understanding
of  how  a  drug  affects  network  constituents  and  how  the  analysis  of  emergent
topological features is only possible by helping to discern the emergent behaviors
of targets inside the networks.

Systems biology helps to understand how a drug affects network constituents and
how the analysis of emergent topological features is only possible by helping to
discern the emergent behaviors of targets inside the networks.

Bioinformatics is a combination of computer science and data analysis techniques
used  to  analyze  biological  data  such  as  genomic,  proteomic,  and  metabolomic
data.

Application: Network pharmacology is highly dependent on bioinformatics for the
prediction  and  description  of  drug-target  interactions,  comprehension  of  the
impact of drugs on intricate biological systems, and the combination of different
forms of biological data.

Traditional Pharmacology: Conventional pharmacology is a linear process that
involves  a  drug  acting  on  a  pre-established  target,  which  is  an  enzyme  or  a
receptor  that  provides  the  desired  clinical  effect.

Application: This approach has traditionally been used in drug discovery, where
the strategy involves altering the activity of specific proteins to the required level.
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Comparison of Approaches

Single-Target Pharmacology

Single-target pharmacology is modern pharmacology that focuses on the impact
of one drug on a single molecule,  such as an enzyme or a receptor,  and on the
therapeutic effect that arises from that relationship. One common drug, aspirin,
blocks the action of cyclooxygenase (COX), which induces inflammation and dull
pain.

Aspirin, a well-known drug, works by inhibiting cyclooxygenase (COX) to reduce
inflammation and alleviate pain.

Advantages: This approach provides a simple and comprehensive elucidation of
how a drug works and reduces the complexity of the drug-making process.

Limitations: This single-target strategy may be more effective, particularly when
the  disease  manifests  through  multiple  biological  processes  and  interactions.
Furthermore,  it  can  cause  complications,  including  drug  resistance,  in  which
cancer  becomes  resistant  to  the  drug.

Network Pharmacology

Network pharmacogenomics examines how several drugs simultaneously interact
with  multiple  targets,  networks,  and  pathways,  thereby  revealing  their  novel
effects.

Advantages: This strategy accounts for the multifaceted nature of the pathological
disorders  under  consideration.  It  enables  the  early  discovery  of  new  treatment
goals and adjustments to doses, providing better effectiveness and even leading to
new uses of existing treatments that could be more effective. Thus, by employing
broad interaction maps, network pharmacology can predict drug-drug synergistic
actions and their system-level effects [3].

Evolution of Pharmacology: From Single to Multi-Focus Strategies

Pharmacological  concepts  have  revolutionized  over  several  decades,  from  the
simple target-drug interaction base form to complex integrated pharmacological
practices that consider the multiplicity of targets and pathways, especially within
the context of polygenic diseases [4].
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