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PREFACE

Nanotechnology  Applications in  Medicinal Plants and their
Bionanocomposites: An Ayurvedic Approach is an extensive collection of
learned materials and new results focusing on advances in nanomaterials
and nanotechnology for their applications in medicinal plants with a new
approach by the contributing authors who are experts working in the fields
of nanosciences, Ayurvedic, medicines, biological sciences, medical
sciences, physics, chemistry biotechnology and engineering sciences.

This book is the first of its kind and is based on multi-faculty
interdisciplinary research. The COVID-19 pandemic taught us the lesson
of prioritising our efforts towards health cure applications. The research
efforts on developments in nanomedicine for the detection, treatment and
prevention of patients from severe/acute respiratory syndrome (SARS)-
CoV-2 have helped to handle the pandemic situation. Recently, in the
COVID-19 pandemic, both traditional medicines and modern synthetic
medicines were used to treat patients. In the post-COVID era, many more
patients treated with modern medicines have faced adverse side effects.
Traditional medicines based on medicinal plants have no side effects but
show slow recovery. The application of nanotechnology in medicinal
plants to formulate nanomedicines has made it possible to overcome these
drawbacks. The details of this advanced research are described in separate
chapters of this book.

Further, nanotechnology applications in medicinal plants are of
recent origin as compared to their traditional applications in Ayurveda.
Nanotechnology offers immense opportunities for improvements in the
quality of life through applications in nanomedicine and food systems.
Nanotechnology-derived devices have also been explored in the areas of
plant breeding and genetics. Additionally, the medicinal plant products and
by-products can be utilised as a source for developing bionanocomposites.
Nevertheless, the potential advantages of nanotechnology applications in
the Ayurveda sector are still marginal and have not been commercialised
to a significant extent, as compared to other industrial sectors. Researchers
in the area of Ayurveda are being extensively pursued in quest for
solutions to the medicinal plants and environmental challenges, such as
sustainability, increased productivity, disease management and plant
protection through innovative techniques for monitoring, assessing and
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controlling plant growth practices. This book provides basic knowledge
about the role of nanotechnology in developing sustainable Ayurveda and
environment and eventually, in the welfare of human society at large in the
near future.

In all, there are sixteen chapters in the book. The book begins
with “Ayurveda from Ancient Age until the Age of Nanotechnology” and
ends with “A New Perspective in Ayurveda with the Intersection of
Nanotechnology and Medicinal Plants.” The book chapters have covered
various aspects of the interface between nanotechnology, Ayurveda,
medicinal plants, bionanocomposites, bionanofortification, bhasma, drug
delivery, mobile application, diseases like tuberculosis, COVID-19 and
cancer.

Finally, in this fast technical age, this book will be a precious
piece of information enriching the readers with basic and advanced
knowledge of health care applications, giving fast results with no side
effects.

I hope readers will find this book interesting and enlightening.

Prof. Dr Shivaji. H. Pawar
Editor



This book focuses on advances in nanomaterials and bionanocomposites
for their applications in medicinal plants. Nanotechnology applications in
medicinal plants are a recent addition to Ayurveda, the ancient Indian
medical system. Nanotechnology offers immense opportunities for the
improvement of quality of life through applications in nanomedicine and
food systems. This book provides basic knowledge about the role of
nanotechnology in developing a sustainable form of Ayurveda utilising
bionanocomposites. It will be useful to students of nanosciences,
Ayurvedic medicines, biological sciences, medical sciences, physics,
chemistry, biotechnology and engineering sciences. The book is the first of
its kind and is based on interdisciplinary research from a variety of experts
in their fields.



CHAPTER 1

AYURVEDIC MEDICINES WITH INTERSECTION
OF NANOTECHNOLOGY AND MEDICINAL
PLANTS

SHIVAJIL. H. PAWAR!&2

1. Centre for Research and Technology Development, NBNSCOE Sinhgad
Institutes, Solapur-413255.

2. Centre for Interdisciplinary Research D.Y. Patil University, Kolhapur-
416006 (India).

Abstract:

The COVID-19 pandemic taught us to prioritise our efforts towards
healthcare applications. Research and developments in nanomedicine for
the detection, treatment and prevention of SARS-CoV-2 have helped to
handle the pandemic. However, patients have faced the side effects of
those medicines used to treat COVID-19. In view of this, nowadays,
researchers are moving towards a herbal approach to medical treatments
for patients who have cancer. The present chapter is focused on a new
perspective in Ayurveda with the intersection of nanotechnology and
medicinal plants, explaining the traditional old Ayurvedic medicinal
science and the development of bionanocomposites with medicinal plants.
The properties of bionanocomposites are found to be sensitive to the
shape, size, and quantum of nanoparticles embedded in the biomaterial.
Thus, the engineering and monitoring of the preparative parameters of
bionanocomposites are discussed in this chapter. Finally, an attempt has
been made to give new dimensions to Ayurvedic bhasma in light of recent
developments in nanoscience and nanotechnology.

Keywords: Bionanocomposites, Medicinal Plants, Healthcare Applications,
Cancer, COVID-19
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1. Introduction

Since the year 1000 CE, people have thought about using different kinds
of plants to make medicines, and most of the drugs used today are still
made from natural products that come from plants. The Egyptian “Ebers
Papyrus” recorded the use of traditional medicines from 2900 BCE, which
is one of the best-preserved records. It has 700 drugs made from plants.
Both the traditional Chinese medicine and the Indian Ayurveda method
were written down over a thousand years ago, around 1000 BCE.
Amazingly, there are many different kinds of therapeutic plants all over
the world. Around 70,000 plant species, from the smallest lichens to the
tallest trees, have been shown to have the ability to treat different diseases.
The WHO says that 21,000 plants can be used for medicinal purposes.
Even today, traditional herbal practitioners are known to use the herbal
medicine system in rural areas. They use about 2500 plants to treat basic
illnesses. It is one of the best ways that Indian medicine has been offered.
India is home to more than 100 plant families that are used for traditional
medicine in different parts of the world. India has the best quality and
largest amount of therapeutic plants, and it is the second largest exporter
of these plants. It is one of the 12 major biodiversity hotspots in the world.
It has 16 agro-climatic zones and a wide range of about 45,000 plants, of
which 7,000 are known to be medicinal. Natural medicines have a lengthy
history of use in the treatment of many human illnesses. The ongoing use
of these medications has increased their influence on contemporary
medical and healthcare services globally. The pharmaceutical industry is
known to rely mostly on inorganic chemical libraries and high-throughput
screening for the discovery of innovative medications. In order to produce
novel medications based on natural products, wide interdisciplinary
approaches were essential. One of the most significant scientific foundations
for both the traditional and modern medical systems is regarded to be
herbal medicine. Due to their higher cultural acceptability (Ambwani
2019), compatibility with the human body, and lack of negative side
effects, natural product-based medicine is used by about 75-80% of the
population in major developing nations.

Consequently, throughout the past few decades, major developing
countries have significantly increased their research into and use of herbal
medicines. The World Health Organisation (WHO) has said that the use of
traditional medicines, including herbal remedies, is regarded as a
therapeutic practice that first emerged hundreds of years ago and is still in
use today. Herbal medication development is exclusively reliant on
conventional medicine, which consists of therapeutic plant formulations.
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According to historical evidence, herbal medicine has been used
for over 5000 years in Syria, Egypt, China, and India. The Rigveda,
Atharvaveda, Charak Samhita, Sushruta Samhita and Kamboj are some of
the traditional Indian works on human medicine (2000). Since December
2019, everyone in the world has been affected by the COVID-19 outbreak.
It has taught us that the most important thing is to focus on health cures
instead of health studies. The most important thing was to treat the people
who had SARS-CoV-2 and save their lives in any way possible. Recent
research on nanomedicine, which is built on advances in nanoscience and
nanotechnology, has helped the world deal with the recent pandemic by
finding, treating, and preventing SARS-CoV-2 patients. Medicines used to
help COVID-19 patients have side effects that the patients have to deal
with. After treatment, the patients needed more care. (Rothan et al. 2020).
The same is true for many other illnesses, such as multiple sclerosis,
cancer, tuberculosis, and so on. Because of this, researchers are now
moving away from using manufactured anti-cancer drugs and are attracted
towards using natural herbs to treat diseases like cancer. The study of
active chemicals that come from plants could help cure diseases in the
future. These active compounds work directly or indirectly to treat
illnesses that are hard to treat, like communicable and non-communicable
diseases. One of the most interesting things scientists are looking into is
how these active chemicals change into nanoforms (Ochwang’l DO et al.
2014). The nanocomposites of phytomolecules from saffron, clove,
lavender, and red beetroot (graphene oxide, solid lipid nano, and
nanoemulsion) may be able to lessen these harmful effects. In the near
future, finding out how the molecules of these naturally made compounds
and nanocomposites work to fight cancer could help more cancer patients.
Besides, these chemicals and their bionanocomposites might be able to
stop the dangerous COVID-19 virus. Because of this, researchers would
find more potential drugs to help fight cancer and viruses. Synthetic drugs
used to treat diseases can hurt the body. This makes medicinal plants more
important and helpful (Faraat et al. 2012). Cancer is a terrible disease, and
it is thought that 21 million people will have it by 2030. About 35,000
plant species that might help fight cancer have been researched by the
National Cancer Institute (NCI) in the United States. Nanoscale drug
delivery methods are important tools for improving the pharmacokinetics
and bioavailability of both synthetic and naturally active compounds.
Because they have vitamins or sugars, leaves, fruits, roots, seeds, and
stems all can be used to make nanoparticles instead of chemicals that
could be harmful. This is because nanoparticles can be made from plant
products very well (Daniel et al. 2012). The qualities of nanoparticles and
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nanocomposites depend on their sizes, which can affect how well they
work as medicines. So, for bionanocomposites to have repeatable and
reliable qualities and treatments, they need to be designed in an
environment of medicinal plant extracts to make them biocompatible and
less harmful to cells. (Mishra et al. 2011; Kumar et al. 2018) This may be
the first time that something like this has been mentioned as a medical
treatment for people with both communicable and non-communicable
diseases to avoid the side effects of dangerous chemicals used in
medicines.

2. Concepts of Ayurvedic Medicine

Ayurveda is a study of life that takes a whole-person approach to health
and makes medicine specific to each person. It is one of the oldest medical
systems and is made up of thousands of ideas and theories about medicine.
Ayurveda is interesting because it can treat many long-term diseases that
modern medicine can not do, like cancer, diabetes, arthritis, and asthma.
Unfortunately, this valuable gift from our ancestors is falling behind
because many of its ideas have not been proven scientifically. So,
evidence-based research is very important for Ayurveda to be recognised
and accepted around the world. There need to be improvements in how it
is studied. Traditional Indian medicine, which is called Ayurveda, is built
on a traditional medical system, just like traditional Chinese medicine,
which was developed in China. Ayurveda has been around for about 3000
years, and it has been used to treat illness for a long time. The three basic
ideas called doshas (vata, pitta, and kapha), come from the five main ideas
of Indian thought. The doshas in Ayurveda can be thought of as control
factors for the most basic physiological processes in living systems. Vata
and its subdoshas control input/output processes and motions; pitta and its
subdoshas control throughput, turnover, and energy; and kapha and its
subdoshas control storage, structure, and lubrication. However, things like
food, activity, the weather, and stress can stop or damage these processes.
Ayurveda tries to get the body’s functions back to normal by giving tips on
what to eat and how to exercise, giving herbal preparations to put inside the
body, giving purification treatments (Panchakarma), and surgery (shalya
chikitsa). People’s doshas can be changed by the food, spices, and healing
plants they eat. Different ways that these elements affect doshas are by
stabilising, disturbing, and supporting the good state of the body. To fully
understand how food, spices, and medical plants can affect the body, one
needs to know about how they work. In this chapter, what medicinal plants
do and how they interact with nanoparticles will be discussed at length.
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2.1 Ayurvedic Medicinal Plants

Ayurveda tries to analyse what is wrong with the patients before treating
them with medicines, changing their food, or restricting their habits. In
Ayurvedic treatment, plant-based preparations are used a lot. In a broad
sense, anything in the world can be used as a possible medicine
(Ochwang’l et al. 2014). Ayurvedic texts from the past warn against using
substances that are not well known. (Faraat Ali et al. 2021). Ayurvedic
pharmacopoeia can include any plant, animal, or mineral material, but
only if it is fully understood in terms of its name, identity, properties, and
uses. The texts also tell people not to abuse well-known medicines. They
stress that even poisons can be used as medicine if they are used in the
right way, while even the best medicines can be dangerous if they are used
wrongly. In more than 3000 years, only about 1200 to 1500 of the nearly
10,000 plants used for medicine on the Indian subcontinent have been
added to the official Ayurvedic pharmacopoeia. Before a plant is added to
the Ayurvedic pharmacopoeia, it must be carefully studied (Faraat Ali et
al. 2021). Approximately ninety per cent of Ayurvedic remedies are
derived from plants. Food and seasonings have a weaker effect on the
body than Ayurvedic herbs. These actions allow the plant to reverse
pathophysiological processes and balance the doshas. Therefore, these
plants should be utilised with caution. In Sanskrit, classical Ayurvedic
concoctions derived from such plants are known as yoga. Yogas have
evolved as a result of years of practical experience combining plants for
maximum effect. Similarly, polyherbal combinations have proven more
durable than single botanicals. The majority of Ayurvedic classical
preparations consist of a combination of three to thirty plants. These
ingredients are combined precisely so that the formula is balanced and
repeatable. In these combinations, one or two of the plants will be active,
while the others will play a supporting role. The supporting herbs will
have distinct effects, functioning as catalysts to aid in absorption, transport
and toxicity reduction. If the optimal combination is achieved, the
outcome can be excellent, but such results are contingent on in-depth plant
knowledge.

2.2 The Formulations and Actions of Ayurvedic Medicines:

Ayurvedic remedies consist primarily of botanical mixtures. In some
regions of India, Ayurvedic preparations contain heavy metals. Traditional
texts such as the Charak Samhitha, Susrutha Samhitha and Ashtanga
Samgraha make no mention of the use of heavy metals; this is evidently a
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later development. Heavy metals are toxic and are not permitted in modern
pharmaceuticals at any level. In contrast, metals may be added to
Ayurvedic preparations for their purported therapeutic effects to create
rasausadhies (herbo-bio-min m etallic preparations). In Ayurveda, the use
of metals and minerals as medicines is only recommended after purification
(shodhana), at the prescribed low dose, with a specific vehicle (anupana),
for a specific period, and with strict adherence to dietary, activity and
environmental restrictions. Ayurveda also describes the toxic effects,
complications and diseases that result from the ingestion of unprocessed or
inadequately processed metallic preparations. Numerous Ayurvedic
rasausadhies have been found to contain metals, and cases of toxicity due
to the consumption of Ayurvedic herbs have been reported over the past
decade, particularly those sold on the Internet (Balkrishna et al. 2021).
Such metals are not present in unadulterated Ayurvedic herbal
preparations (Beg et al.2017). According to traditional Ayurvedic texts,
quality-assured Ayurvedic compounds are effective enough to combat
disease. The plant elements selected are also crucial. The leaves, flowers,
seeds, barks, roots, or epidermis of a plant are selected depending on the
plants involved and the medical combinations in question. The particular
combination selected is the result of extensive practical experience with
the constituents required for maximum effect. The action mechanisms of
polyherbal drugs and their extracts differ significantly from those of single
substances and synthetic drugs. (Shi et al. 2017; Patel et al. 2021).
Polyherbalism has its origins in the earliest pharmacological texts of
Ayurveda, such as the Charak Samhita, Susrutha Samhita, and Ashtanga
Hrudaya. The 1300 CE Ayurvedic text Sarangdhar Samhita emphasises
the concept of polyherbalism within this ancient medical system. (Sheel et
al. 2020). Most Ayurvedic formulations contain multiple herbs (Ciorita et
al. 2020; Jain 2020). Although the active phytochemical components of
individual plants are well established, they are typically present in
insufficient quantities to produce the desired therapeutic effects. (Jabir
2021). Recent research indicates that combining plants of differing
potency increases their efficacy, both in comparison to the use of
individual plants and to the aggregate of their individual effects. The term
for this phenomenon is synergy. Some pharmacological actions from the
active constituents of certain botanicals have been shown to be significant
only when combined with the active constituents of other plants but not
when used alone. (Jabir et al. 2021). Two proposed mechanisms explain
these effects: pharmacokinetic synergy and pharmacodynamic synergy
(Nandhini et al. 2019). The former is predicated on the perception that
certain herbs can facilitate the assimilation, distribution, metabolism, and
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elimination of other herbs. This refers to the synergistic effect of active
constituents with similar therapeutic actions that target similar receptors or
physiological systems. Multiple factors are responsible for the majority of
maladies, resulting in both visible and invisible symptoms. A combination
of herbs may simultaneously act on multiple targets to provide comprehensive
alleviation (Karade et al. 2019). There is a misconception that natural
Ayurvedic remedies are always safe; this is false. The Charaka Samhita
notes that Ayurvedic remedies have negative side effects when improperly
prepared and then utilised. (Meena et al. 2018). The Charak Samhita
emphasises the factors to be considered when selecting formulation
constituents, such as the habitat of the plants, the season in which they
thrive, the prevalent harvesting conditions, the chosen methods of storage,
and the chosen methods of pharmaceutical processing (Rokade et al.
2018). Herbs are natural substances, and their constituents may vary
depending on their geographical location, climatic conditions, exposure to
environmental hazards, harvesting methods, and collection protocols.
These variables make it challenging to standardise or replicate the quality
of the final product (Jamdade et al. 2019). The bioavailability of a nutrient
is broadly defined as its absorption and utilisation (Aritonang et al. 2019).
The bioavailability of herbal medication or its active constituents
determines the degree and amount of absorption (Beg et al. 2017;
Kikowska et al. 2018).

Due to the synergistic and antagonistic actions of a herb’s
constituents, the herb’s chemical complexity can affect its bioavailability.
A drug’s hydrophobic properties, as well as the gut microflora, liver
function, and chemical modifications produced by herbal constituents,
determine its ability to cross the luminal wall. If herbal drugs are to affect
the central nervous system, they must cross the blood-brain barrier.
However, there is a paucity of literature on Indian herbs, particularly those
with potential antioxidant-stimulating properties, on this crucial topic
(Tahir et al. 2017). The synergistic interactions between botanicals can
significantly influence their bioavailability. Long pepper, black pepper and
ginger can all boost the bioavailability of certain substances. (Kganyago et
al. 2018). Individual differences in gut microflora and hepatic activity also
influence systemic absorption (Hashemi et al. 2020)

2.3 The Drug Administration in Ayurveda:

The administration of drugs differs between Ayurveda and modern
medicine. Most medications in the latter category are synthetic, and their
administration affects the stomach and intestines. Thus, the majority of
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conventional medications are administered after sustenance. Ayurveda
specifies the scheduling of medication administration based on the
patient’s nature, disease, and disease state. Ayurvedic preparations are also
administered on an empty stomach. The latter preparations are slow-acting
because they are derived from plants. The assimilation of Ayurvedic plant
preparations is a normal function of the metabolic process. Ayurvedic
preparations must be broken down for digestion in the gastrointestinal tract
and must be metabolised in the stomach and intestine prior to entering the
bloodstream and reaching the target organ to exert a therapeutic effect. For
Ayurvedic physicians, the digestive fortitude of their patients is crucial.
Before being assimilated as part of normal metabolism, Ayurvedic
preparations must undergo numerous digestive processes. As a result,
Ayurvedic physicians routinely analyse the metabolic state of their
patients prior to treatment, aiming for optimal stability and minimal
gastrointestinal harm. There are various forms of Ayurvedic medication,
such as decoctions, powders, pastes, fermented products, tablets, and
medicinal butters (ghees). The formats used, whether liquids, pastes, or
tablets, are related to the efficacy of preparations.

2.4 The Need of Ayurvedic System of Medicine
to Improve

Ayurvedic medicine is unquestionably more successful than allopathic
treatment for the majority of chronic disorders. The bulk of the world’s
population, however, favours contemporary medicine since it can heal
illnesses more quickly than Ayurvedic therapy, which makes Ayurveda
less popular. The rising cost of healthcare in some countries and growing
awareness of the danger of allopathic pharmaceuticals are driving an
increasing number of individuals to look for alternatives. Ayurvedic
scientists need to improve the core competency of Ayurveda without
compromising its essential principles rather than competing with and
leaning towards Western medicine. The following are some key factors for
the decline of Ayurveda: A) Despite their enthusiasm, young Ayurvedic
scholars lack clarity in their opinions regarding the future of the discipline.
Additionally, they are unsure about how to share their important
Ayurvedic research findings. B) For specialised research in Ayurveda,
only a select few organisations have well-established research infrastructure.
To perform advanced and high-quality research in Ayurveda, it is
necessary to have experienced researchers who are familiar with modern
technologies. C) Biomedical scientists are frequently unwilling to
collaborate and are overly sceptical and prejudiced. D) Each year, over a
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thousand postgraduate students in Ayurveda graduate and join the stream
of academia and practice. Only a few of them opt to work as Ayurvedic
researchers. E) Neither the Ayurvedic teachings nor the textbooks’
addition of fresh research methodology have changed in the previous 50
years. Researchers in Ayurveda should seriously take into account the
important factors listed above in order to advance it.

3. Intersection of Nanotechnology and Medicinal Plants:
3.1 Encouraging Interdisciplinary Research

There is a need to incorporate all basic sciences, including physics,
chemistry, molecular biology, and biotechnology, along with
ethnopharmacology, Ayurvedic drug discovery, pharmacoepidemiology,
reverse pharmacology, and various other fields, for a better understanding
of Ayurveda research and a more promising outcome. In recent years, the
concept of multi-faculty interdisciplinary research has also been
introduced to Ayurveda, primarily for integrative medicine. In Western
nations, the multidimensional approach that combines traditional and
contemporary medicines is expanding. It has been determined that the
clinical efficacy of many traditional medications for a variety of diseases
is superior to that of modern medicine. The Ayurvedic system of medicine
is extremely safe and can help reduce the tremendous burden of mortality
and morbidity caused by the various side effects of conventional drugs.
This traditional method is also effective against diseases in which
pathogens have developed antibiotic resistance. Thus, interdisciplinary
research is crucial to combating the majority of chronic diseases.

3.2 Medicinal Plants and Phytochemicals:

Due to the harmful effects of synthetic drugs, researchers are increasingly
turning to herbal medicine to treat ailments. The study of plant-derived
active compounds may one day aid in the treatment of human diseases.
These active compounds can be used directly or indirectly to treat
difficult-to-treat diseases such as cancer. The nanoforms of these active
compounds are one of the most intriguing aspects that scientists are
investigating. Synthetic pharmaceuticals used to treat diseases can be
harmful to the body, elevating the significance and utility of medicinal
plants. The world has found a place for phytotherapy, and the use of plants
has replaced the trend of using synthetic compounds. Aspirin, derived
from willow bark; digoxin, derived from the opium poppy; and morphine,
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derived from the opium poppy, are all traditional medicines derived from
plants studied in clinical, pharmaceutical, and chemical contexts.

Herbal remedies are the ecarliest form of medicine. They have
been used in traditional medicine in numerous countries for thousands of
years. People have known for centuries that they are beneficial to our
health because they have witnessed it for themselves (Mishra et al. 2011).
Natural products are a significant source of drug compounds, and a
number of modern pharmaceuticals are derived from traditional herbal
medicine. The ancient Indians treated many ailments and disorders with
various plant components (Ballabh et al. 2007). Studies have demonstrated
the potent therapeutic qualities of the plant materials employed in the
procedure. Additional research on the plant’s crude extracts and
compounds revealed that the extracts include secondary metabolites
known as phytochemicals, including alkaloids, flavonoids, phenols, and
chalcones. Numerous phytochemicals can neutralise viruses and germs as
well as fight free radicals. Later studies demonstrated the usefulness of
these plant components that were utilised to treat disease or infection.

A significant variety of phytochemicals can be utilised to cure
retroviral infections, according to research in the scientific literature and
encouraging biological testing. According to Behl et al. (2021),
phytochemicals have recently been utilised to prevent viral infections like
HIV, influenza, and the common cold. Several plants are beneficial to
human health. These all are shown in Table 1.
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