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Foreword

Animal biotechnology is one of the eight disciplines – along 
with environmental, food, plant, aquaculture, industrial, 
molecular, and medical studies – of biotechnology. This 
volume, drawn together by Professor Ashish Verma and 
Dr. Anchal Singh, is a comprehensive overview of animal 
biotechnology from a diverse set of perspectives. The vol-
ume is comprised of 32 chapters divided into three main 
sections: (1) in vivo and in vitro models of human disease, 
(2) tools and techniques, and (3) applications and concerns.

The term animal biotechnology is broadly applied when 
the production or the processing of products derived from 
animals or aquatic species is subjected to a particular set 
of scientific and engineering principles in order to enhance 
accessibility and services. Some classic examples are the 
development of transgenic animals or aquatic species, 
the use of cloning techniques to generate nearly identical 
animals, and various gene knockout strategies. Transgenic 
animals, including cattle, pigs, and poultry, have been 
developed to enhance the production of human pharma-
ceuticals and proteins such as enzymes, antibodies, clotting 
factors, and albumin. Somatic cell nuclear transfer has been 
used to clone several important mammalian species, includ-
ing sheep, pigs, goats, cattle, rats, and mice. Because suc-
cess rates for implanted embryos are often quite low, this 
offers opportunities for research and development. It is 
critical that this stimulating and wide-ranging progress be 
assembled, assessed, and considered in a timely manner, for 
the development of future initiatives, and to provide appro-
priate and accessible background for agricultural and health 
regulators. This treatise does just that. From a societal per-
spective, there are two main questions: (1) How is animal 
biotechnology addressing the needs of human agriculture 
and health? (2) Are products from the technology safe for 
human consumption and not detrimental to the environ-
ment? This volume does not shy away from those tough 
discussions, and anchors the responses in science.

Section I of the volume offers 10 chapters on in vivo 
and in vitro model systems that have been developed for 
animal biotechnology research. It includes discussions on 
the applications of Drosophila, and the use of animal mod-
els for tuberculosis, human neurodegenerative diseases, 
and aging, as well as work on cancer, HIV and other anti-
retrovirals, HPV diagnosis, and DNA tumor viruses.

Section II assembles 11 chapters on the basic tools and 
techniques that are being used in contemporary animal bio-
technology. These include the use of multicellular spheroids 
in cancer research, animal tissue culture and tissue engi-
neering, and the applications of nanotechnology, antibodies, 
and molecular markers. The techniques and uses of gene 
expression and ribotyping are discussed, and the future of 
sequencing strategies presented. Finally, the importance 
of biomolecular displays and in silico modeling of net-
works and complex diseases in contemporary research are 
delineated.

Section III, which also consists of 11 chapters, focuses 
on applications and societal concerns. It provides summa-
ries of the development and applications of transgenic ani-
mals, the saga of stem cells in medical research and therapy, 
the role of cytogenetics in medicine, and the applications of 
antibodies and vaccines. The importance of safety assess-
ment of crop-derived foods is presented, together with the 
use of nanotechnology for the detection of pathogens, the 
development of marine animal biotechnology, and discus-
sions on how the phytochemistry and pharmacology of 
herbal medicine biotechnology are linked to animal health. 
Finally, there are two chapters that provide an overview 
of the human genome and its relationship to animal bio-
technology, and a consideration of the ethical issues that 
are fundamental to many aspects for the future evolution of 
animal biotechnology.

This volume makes clear both the vibrant diversity 
of the field of animal biotechnology, and the ethical and 
societal concerns that must be addressed. It is therefore an 
important volume for a wide audience, including research-
ers, veterinarians, physicians, agricultural and developmen-
tal economists, and policy regulators. The next few years 
are likely to see major breakthroughs in this field, which 
will be necessary to meet the nutritional and health care 
needs of a burgeoning global society.

Geoffrey A. Cordell, Ph.D.
Professor Emeritus, University of Illinois at Chicago

Adjunct Professor, University of Florida
President, Natural Products Inc.
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Preface

Lately, “biotechnology” has become a buzz-word in both 
the academic arena and in day-to-day life. It is still debat-
able as to when and where the term originated. Who is its 
originator? Was biotechnology always known to the world 
in its present form? The answers to these questions are not 
known. The scientific literature tells us that Karl Erkey, a 
Hungarian Engineer, coined the term biotechnology in 
1919. The next question is, did nature sire biotechnology or 
is it human beings that have created it in its present form? 
Again, it is difficult to come to any conclusion about the 
current state of knowledge. Let us go back and review the 
evolution of life from the most primitive form of organisms 
(i.e. viruses) to the most evolved form of life (i.e. human 
beings).

Certainly, one of the most important and advanced 
aspects of biotechnology and biotechnological tools is the 
manipulation of the genome of an organism. These manipu-
lations can have either good or bad implications, but the 
answer lies in the final outcome. The most primitive form 
of life (i.e. viruses: bacteriophages) infects bacteria and rep-
licates in bacterial hosts due to the integration of the viral 
genome into the bacterial genome. Is it Nature’s biotech-
nological experiment to integrate genomes of two entirely 
different organisms? It is probably a natural need of life to 
compete and evolve with selection of better traits to survive 
against adversaries. It can be easily concluded that the pres-
ent state of biotechnology has evolved due to the in-depth 
understanding of some of these natural processes and bio-
logical phenomenon.

There is no doubt that the life sciences have seen tre-
mendous improvements by virtue of keen observations and 
discoveries made by numerous great scientists. Antibiotics 
and vaccinations are two of the most pronounced examples. 
During previous years, knowledge gained through various 
branches of science, namely biochemistry, molecular biol-
ogy, virology, and recombinant DNA technology, etc., has 
tempted scientists to imitate Nature’s experiments in labo-
ratories. For successful and useful manipulations, there are 
three essential requirements: (1) to understand the mech-
anism of the biological process, (2) to replicate the same 
process exactly in an experimental model, and (3) to have a 
logical hypothesis. If these manipulations are successful, we 
may be able to find solutions to many prevailing and unre-
solved problems, namely famine, malnutrition, infectious 

diseases, new and emerging infections, genetic disorders, 
aging, debilitating diseases, etc. No doubt advancements in 
biotechnology, with reference to the animal sciences, have 
already provided solutions for some of these issues. Some 
issues are even partially resolved, while others are still in 
experimental stages.

The explosion in the knowledge of biotechnology is 
attributed to two important discoveries: (1) the structure 
of DNA, and (2) the Polymerase Chain Reaction (PCR). 
Advancements and applications of biotechnology have 
become so fascinating that it is almost difficult to confine it 
to the domain of scientists and high-end laboratories. This 
information has to be passed to the general public in order 
to increase awareness and to reap the benefits of these dis-
coveries. With the explosion of biotechnology, numerous 
large and small companies dealing with the production and 
commercialization of biotechnology products have come 
into existence. To survive and thrive in the biotech market, 
companies are in a perdurable search for trained manpower.

That’s how biotechnology as an educational course 
found its niche in the university curricula. The demand for 
trained biotechnologists led to the development of under-
graduate and postgraduate courses in biotechnology at vari-
ous universities and academic institutions. Realizing the 
needs of industry, some institutions developed management 
courses pertaining to biotechnology. In the last couple of 
decades it was realized that biotechnology education had to 
be imparted even to younger students, and that is the reason 
biotechnology was also included in the curricula of 10th 
and 12th Standard. Biotechnology itself is an amalgamation 
of various disciplines in the life sciences. Some of these 
disciplines are well evolved and have numerous good books 
to cater to the needs of audiences: biochemistry, molecular 
biology, genetics, microbiology, etc. However, animal bio-
technology as a subject is still in its infancy, and has yet to 
develop and evolve as a full discipline in academic depart-
ments at universities. As such, it is difficult to find books in 
animal biotechnology that can fulfill the need of biotechnol-
ogy students.

We teach animal biotechnology to undergraduate and 
postgraduate students. We have had a tough time teach-
ing this course because of major limitations like an 
ever-evolving curricula and unavailability of reasonable 
textbooks on the subject. The only available resources are 
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research publications and books semi-related to research 
topics. On the one hand it’s hard for students to find a place 
to start when learning the subject, and on the other hand 
instructors have a difficult time locating and organizing 
materials and resources for the classroom. The ultimate 
resource for instructors and students is the World Wide 
Web (WWW). In our teaching experience, we come across 
curious students who ask numerous intelligent questions 
almost every day. Their quest for information and knowl-
edge remains insatiable due to the limitation of consolidated 
sources of information. Not only this, but we routinely face 
questions from students about where they can get more 
information on a specific subject or topic, and to their utter 
disappointment, it’s hard for us to pinpoint one book or a 
good resource to answer all their questions. We frequently 
discuss the issue of the lack of applicable literature, almost  
every day over coffee with our colleagues. Discussing vari-
ous options and trying to narrow down our search to fill this 
void of content in the area of animal biotechnology was not 
getting us anywhere.

After numerous deliberations, it was Dr. Anchal Singh 
who came up with the idea to explore the possibility of 
developing a book on animal biotechnology to partially  
(if not completely) fill this void. Then we deliberated on our 
modus operandi to develop this book. Finally, we decided to 
develop a book by inviting chapters from experts in the field 
who have relevant research experience and an understand-
ing of the intricacies of the subject. We had in mind a book 
that would help to alleviate most of the worries of both stu-
dents and instructors. We discussed, argued, and disagreed 
until we came up with the thought that a resource book 
would be a reasonable format, as it could provide sufficient 

information and literature for instructors to teach the sub-
ject, while providing students with ample information to 
gain better insight about the subject. Once we formulated 
these thoughts to develop a resource book, the ball started 
rolling, and we identified various experts and convinced 
them to contribute chapters.

Bringing this book to completion was a joint effort. 
We could not possibly assemble all subjects together in 
one book, therefore we tried to bring together some of the 
important topics that usually interest students and instruc-
tors of animal biotechnology. The subject matter of this 
book varies from the basics of animal biotechnology, to ani-
mal tissue culturing, to the production of antibodies against 
infectious agents like HIV. Included are chapters dealing 
with animal models of important diseases like cancer and 
tuberculosis, and also in silico models, to emphasize their 
importance in understanding disease pathogenesis. An 
attempt was made to include the latest tools and technology 
related to the subject, namely, ribotyping, epigenetics, cyto-
genetics, bimolecular display technologies, next generation 
sequencing, and many more such topics not listed here.

This is our maiden effort to produce a book to help stu-
dents and instructors of animal biotechnology. We hope that 
we will get support from the readers of this book. We are 
always open to criticism, suggestions, and recommenda-
tions that can help to improve the content and presentation 
of the book. Your suggestions and criticisms will give us an 
opportunity to explore other aspects of animal biotechnol-
ogy in our future ventures and endeavors.

Ashish S. Verma
Anchal Singh
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Chapter 30

SUMMARY
The present chapter discusses the importance of plants and 
their metabolites in herbal medicines. Various examples of 
biotechnological tools have been highlighted how plants 
can be exploited commercially without affecting their natu­
ral population. Furthermore, the chapter discusses process­
ing plants for herbal medicine and drug discovery from 
natural products.

WHAT YOU CAN EXPECT TO KNOW
How do herbal medicines compare to conventional forms 
of medicine? What are their advantages and limitations? 
Besides this, what are their methods of production from 
plant sources, and what are the various techniques required 
to analyse and characterize them?

HISTORY AND METHODS

INTRODUCTION

Herbal medicines refer to the use of plant seeds, berries, 
roots, leaves, bark, or flowers for medicinal purposes 
(Figure 30.1). Medicinal plants have been a major source 
of drugs for thousands of years, and even today they are 
the basis of systematic traditional medicines in almost 
all countries of the world. Unani and Ayurveda systems 
of medicine are two of the classic and oldest examples of 
this category. Around 80% of the population in developing 
countries is completely dependent on plants for their pri­
mary health care (Bannerman et al., 1983). Even in develo­
ped countries, which are enormously advanced in terms 
of medicinal chemistry, over one-fourth of all prescribed 
pharmaceuticals originate directly or indirectly from plants 
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(Newman et al., 2000). Furthermore, out of 252 drugs con­
sidered as indispensable by the World Health Organization 
(WHO), 11% are mainly derived from flowering plants, 
and 28% of synthetic drugs are obtained from natural pre­
cursors (Namdeo, 2007).

As already mentioned, herbal medicines are derived 
from plants. Understandably, these pharmaceuticals are 
produced solely from massive quantities of whole plant 
parts, which can lead to problems. One problem is that 
excessive harvesting can diminish local plant populations 
and erode genetic diversity. A second, but important, con­
cern is inconsistency of the derived products in terms of 
quality and quantity. The latter can spell trouble in terms 
of safety, supply, and economic feasibility of these herbal 
products on a commercial scale. In order to overcome 
these bottlenecks, domestication and acceptance of good 
agricultural practices are crucial, especially for revival 
of diminishing plant populations. However, the conven­
tional methods of plant propagation are lengthy and time 
consuming. The long cultivation periods between plant­
ing and harvesting make the entire process cumbersome 
and uneconomical, which in turn leads to the high cost 
of drugs. Moreover, wild populations are susceptible to 
problems of disease, drought, environmental fluctuations, 
low rate of fruit set, and poor seed yield, germination, 
and viability. This vulnerability of plants also affects 

batch-to-batch consistency of derived metabolites to be 
used as drugs or drug precursors. Clearly, there is an 
urgent need of alternative and complimentary methods 
for uniform production of herbal medicine. In this con­
text, tools and techniques of biotechnology, like in vitro 
plant, cell, tissue, and organ culture, offer solutions in 
terms of mass propagation of plants in a shortened time 
span, occupying much less space than wild populations, 
and uniform production of metabolites all year round, 
irrespective of seasons and vagaries of climatic condi­
tions. One clarification required at this point is the term 
“metabolites.” The majority of the compounds used as  
drugs are secondary metabolites (Kubmarawa et al., 2007),  
whose production is largely affected by environmental 
fluxes.

Traditional Medicine

The World Health Organization (WHO) defines traditional 
medicine as being the “sum total of knowledge, skills, and 
practices based on the theories, beliefs and experiences 
that are indigenous to different cultures, which are used to 
maintain health, as well as to prevent, diagnose, improve, 
or treat physical and mental illnesses.” Every early civili­
zation used plants as their main source of medicine, and 
most of the world’s population still relies on them. The first 

FIGURE 30.1  Herbal medicines. (Courtesy: Google)
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recorded literature on medicinal plants can be traced back  
to early human history, the Atharvaveda (2000 B.C.) in 
India. With time, the original population of an area gained 
knowledge which plants could be used for certain diseases 
or states of illness. In addition, they also gained knowl­
edge of the harmful and poisonous plants. It is evident 
that the modern drug industry has been developed to a 
considerable degree as a result of plant-based traditional 
medicines.

There are a few closely related terms in use today, mean­
ings of which should be understood clearly. Traditional 
medicine refers to the following components: acupuncture 
(China), Ayurveda (India), Unani (Arabic countries), tradi­
tional birth attendant’s medicines, mental healer’s medi­
cines, herbal medicines, and various forms of indigenous 
medicines. Complementary or alternative medicine refers 
to a broad set of health care practices that are not part of 
a country’s own tradition, and are not integrated into the 
dominant health care system. Traditional medicine has 
maintained its popularity in all regions of the developing 
world, and its use is rapidly spreading in industrialized 
countries.

Ancient System of Medicine

Ayurveda, perhaps the most ancient of all medicinal tradi­
tions, is probably older than traditional Chinese medicine. It 
is derived from “Ayur” meaning “life,” and “Veda,” mean­
ing “knowledge.” Ayurveda means the “science of life.” It 
takes a holistic view of human beings, their health, and ill­
ness. It aims at positive health, which has been defined as 
a well-balanced metabolism coupled with a healthy state of 
being. According to Ayurveda, disease can arise from the 
body and/or mind due to external factors or intrinsic causes. 
The origin of Ayurveda is lost in prehistoric antiquity, but 
its characteristic concepts appear to have matured between 
2,500 and 500 B.C. in ancient India. The earliest references 
to drugs and diseases can be found in the Rigveda and 
Atharvaveda.

Ayurvedic drugs have been found to perform very well 
against chronic ailments. Today, they are also attracting 
attention for diseases for which there are no (or inadequate) 
drugs for treatment in modern medicine, such as metabolic 
and degenerative disorders. Most of these diseases have 
multifactorial causation, and there is a growing aware­
ness that in such circumstances, a combination of drugs, 
acting at a number of targets concurrently, is likely to be 
more effective than drugs acting at one target. Ayurvedic 
drugs, which are often multi-component, have a special 
impact on such conditions. For various reasons, Ayurveda 
has not included much of modern science/scientific tools.  
Studies of the biological activity of multicomponent 
Ayurvedic drugs will bring Ayurveda into the mainstream 
of scientific investigations.

METHODOLOGY

Investigation of Medicinal Plants

Medicinal plants have formed the basis of health care 
throughout the world since the earliest days of civilization, 
and are still widely used, and have noteworthy significance 
in international trade. Recognition of their clinical, pharma­
ceutical, and economic value is still growing, although this 
varies widely between countries. Plants are important for 
pharmacological studies and drug development, not only 
when bioactive compounds are used directly as therapeu­
tic agents, but also as starting materials for the synthesis 
of drugs or as models for pharmacologically active com­
pounds.

Each plant species has its own specific set of secondary 
metabolites. Apart from the family Poaceae, which harbors 
the world’s worst weeds but is low in medicinal plants, many 
of the top twelve weed families are also the ones that are 
important for medicinals. The ecological and biochemical 
evidence suggest the preponderance of weeds in medicinal 
floras. Secondary compounds in plants are involved in the 
interaction of the plant with its environment and are impor­
tant for ecological functions such as allelopathy, insect and 
animal attractants for pollination, seed dispersal, and for 
chemical defense against microbes, insects, and herbivory  
(Bourgaud et al., 2001). These compounds do not participate 
in the vital metabolic processes of the plant system, but are 
the ones that exhibit bioactivity, and can serve as medicinals 
for humans. The spectrum of chemical structures synthe­
sized by the plant kingdom is broader than that of perhaps 
any other group of organisms (Rao and Ravishankar, 2002).

In the present scenario, a large proportion of the drugs 
used in modern medicine are either directly isolated from 
plants, or synthetically modified from a lead compound of 
natural origin. However, rarely is the drug isolated in the 
pure, usable form. What is initially obtained is the crude 
extract, which requires stepwise purification to obtain the 
finished product. The finished product as herbal medicine 
most of the time is a mixture of several compounds. When 
each and every component in the mixture is characterized 
qualitatively and quantitatively, it is called “characterized 
extract,” which is understandably more desirable than the 
“uncharacterized extract.” Plant extracts are known to con­
sist of many chemicals, and among them, a few compounds 
could be acting synergistically. Sometimes, isolation of 
the compounds from the extract may cause a decrease in 
desired activity, which underlines the importance of extract 
screening (Orhan et al., 2009).

Evidence-based studies on the efficacy and safety of 
traditional Indian medicines are limited. The essential 
ingredients in most formulations are not precisely defined. 
This is one of the most important challenges to scientists 
attempting to identify a single bioactive compound. There­
fore, in-depth studies and more stringent conditions should 
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be followed to make a herbal formulation so that the role of 
each and every component is known.

Drug discovery is the process by which drugs are dis­
covered or designed. Plants have long been a very impor­
tant source of drugs, and many plant species have been 
analyzed to see if they contain substances with therapeutic 
activity. Many plant drugs of folklore were investigated 
to determine the active ingredient in the mixture. Sev­
eral reviews are available in the literature pertaining to 
approaches for selecting plants as candidates for drug dis­
covery programs.

Today, many new chemotherapeutic agents are obtained 
synthetically, based on “rational” drug design. The study 
of natural products has many rewards over synthetic drug 
design. The former leads to materials having new structural 
features with novel biological activity. In this context not 
only do plants continue to serve as possible sources for new 
drugs, but chemicals derived from the various parts of these 
plants can also be extremely useful as lead structures for 
synthetic modification and optimization of bioactivity. The 
starting materials for about one-half of the medicines we 
use today come from natural sources. There is no doubt that 
the future of plants as sources of medicinal agents for use in 
investigation, prevention, and treatment of diseases is very 
promising.

Drug discovery from natural resources is a very tedious 
process. It involves identification of plant material, extrac­
tion, preliminary phytochemical screening of the crude 
extract, evaluation of biological activity, isolation of various 
bioactive compounds, and finally elucidation of structures. 
If the molecule is appealing, with strong pharmacological 
properties, then further preclinical studies are conducted 
on the molecules, such as toxicity, stability, and solubility 
studies. After undertaking these studies, if it is found that 
a molecule is substantially more active than the currently 
used drug, only then are processes developed for its eco­
nomical and easy isolation from the source so that it can be 
readily available for therapeutic use.

In the context of isolation and screening of chemicals 
from plants that may possess medicinal properties, different 
approaches can be used. The process of obtaining bioactive 
substances and their chemical characterization can be sche­
matically represented as in Flow Chart 30.1.

Extraction

Extraction involves the separation of medicinally active 
fractions of plant from inactive or inert components by 
using selective solvents through extraction procedures. The 
products so obtained from plants are relatively complex 
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FLOW CHART 30.1  Flow chart of sequence for the study of plants used in traditional medicine. (Adapted from Fabricant and Farnsworth, 2001.)
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mixtures of metabolites in liquid, semi-solid, or (after 
removing the solvent) dry powder form. This is the critical 
first step in the investigation of medicinal plants.

The selection of a solvent system mainly depends on 
the exact nature of the bioactive compounds being targeted 
because during the extraction process, solvents diffuse into 
the solid plant material and solubilize compounds of simi­
lar polarity. The extraction of hydrophilic compounds uses 
polar solvents, such as methanol, ethanol, or ethyl acetate. 
For extraction of more lipophilic compounds, dichloro­
methane is used. In a few cases, extraction with hexane is 
used to eliminate chlorophyll and oil.

As the target compounds may be non-polar to polar and 
thermally labile, the suitability of the methods of extrac­
tion must be well thought out. Different methods, such as 
sonication, heating under reflux, soxhlet extraction, and 
others, are commonly used for plant sample extraction. 
Additionally, plant extracts are also prepared by maceration 
or percolation of fresh green plants or dried powdered plant 
material in water and/or organic solvent systems.

Other modern extraction techniques include solid-
phase micro-extraction, supercritical-fluid extraction, 
pressurized-liquid extraction, microwave-assisted extrac­
tion, solid-phase extraction, and surfactant-mediated tech­
niques, which possess certain advantages.

Chemical Screening

This technique is also known as phytochemical screening. 
In this method, aqueous and organic extracts are prepared 
from those plant samples that are the reservoir of secondary 
metabolites, such as leaves, stems, roots, or bark. The plant 
extracts are then analyzed for the presence of secondary 
metabolites like alkaloids, terpenes, and flavonoids. Stan­
dard tests are available in the literature for each class of 
compounds to be analyzed. Following this, a simple sepa­
ration technique like thin-layer chromatography (TLC) is 
generally used to analyze the number and type of compo­
nents present in the mixture. In TLC, the extracts are loaded 
in a glass coated with silica gel or other adsorbent, which 
is then kept in a chromatographic chamber containing a 
suitable running solvent. This technique mainly consists of 
a mobile phase and a stationary phase, whereby the com­
pounds are separated based on their polarity. Sometimes a 
developing solvent might also be used after the plate has 
been taken out of the chromatographic chamber to detect 
the chemicals. This approach has been used in the past, and 
is still being used in developing countries. Since the iso­
lation of pure bioactive components is a long and tedious 
process, this procedure enables the early recognition of 
known metabolites in the extracts, and is thus economically 
viable. The tests are simple to perform, however, it is not 
suitable for the efficient separation of metabolites, and has 
low selectivity and sensitivity of detection, which makes it 
difficult to detect traces of components in the sample.

Biological Assays

Plant extracts have served as an important source of bio­
active compounds for many drug discovery programs, and 
several important drugs have been isolated and identified 
from plants. In any isolation program in which the end 
product is a drug or lead compound, some type of bioassay 
screening or pharmacological evaluation must necessarily 
be used to guide the isolation process towards the pure bio­
active component.

The selection of the biological assay to be adopted 
usually depends on the target syndrome as well as on the 
available information about the plant to be studied. For 
instance, if a plant has an ethanopharmacological history 
of use against a particular disease, then one would ratio­
nally use a specific bioassay technique that can predict the 
reputed therapeutic activity in order to isolate the lead that 
is responsible for that biological activity.

In the past, the extracts from plants were mainly 
evaluated in experimental animals, primarily mice and 
rats. Currently, anti-microbial assay by the disk diffusion 
method is in practice. However, this technique had sev­
eral disadvantages. Firstly, the phytochemical extracts are 
highly heterogeneous due to the presence of a mixture 
of different bioactive components. A desired biological 
response may not be due to a single bioactive compound, 
but to a mixture of several bioactive compounds. More­
over, although several new bioassay techniques have been 
developed, at present these techniques are still expensive, 
time-consuming, and technologically complicated. The 
major disadvantage of bioassay techniques is the use of 
biological organisms, particularly mice and rats, which 
is not practical as these living organisms most often have 
to be sacrificed. Lastly, isolation, screening, and quanti­
fication of a specific bioactive compound are difficult 
using biological assays. Hence, this technique is losing 
popularity.

Isolation and Characterization of Bioactive 
Compounds

Due to the fact that plant extracts usually contain vari­
ous types of compounds with different polarities, their 
separation still remains a big challenge for the process of 
identification and characterization of bioactive compounds. 
Apart from this, there are always chances of wide varia­
tions with respect to their chemical content in crude drugs/
raw materials of plant origin due to varied reasons such as 
climatic conditions, geographical distribution, source and 
season of collection, and lack of scientific methods of post-
harvest processing, storage, and preservation. Therefore, 
identification and quantification of bioactive compounds 
are essential prerequisites for herbal drug development 
(Flow Chart 30.2). Thin-layer chromatography is a powerful 
and simple analytical tool used for this purpose. However, 
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there are situations where this tool does not give satisfac­
tory results because of its own limitations. High-pressure 
liquid chromatography (HPLC), liquid chromatography/
mass spectrometry (LC/MS), nuclear magnetic resonance 
(NMR), etc., are well-suited quantitative and qualitative 
analytical methods of choice to control the quality of phyto-
pharmaceuticals.

High-pressure liquid chromatography, also called as 
high-performance liquid chromatography (HPLC), is an 
important analytical tool for the efficient localization and 
rapid characterization of natural products. It involves the 
injection of a small volume of liquid sample into a tube 
packed with porous particles (stationary phase), and  
the individual components of the sample are pulled along 
the packed tube (column) by a solvent (mobile phase) 
moved by gravity. A pump forces the liquid through the 
column at a specific flow rate and generates high pressure. 
The column packing separates the components of the sam­
ple by various physical and chemical interactions between 
the molecules and the packing material. The separated 
components get collected at the exit of the column and 
are detected by several techniques like UV, fluorescence 
detection, diode array detection, etc. Data is generated 
in the form of chromatograms, where individual compo­
nents show peaks at specific retention times at which the 

component was eluted. Since, HPLC has a high resolu­
tion and is very sensitive, this technique is suitable for the 
detection of trace components whose concentration in the 
sample is very low.

The processing of a plant crude extract to provide a 
sample suitable for HPLC analysis, as well as the selec­
tion of solvent for sample reconstitution, can have a sig­
nificant bearing on the overall success of natural product 
isolation and identification. The source material (e.g. 
dried powdered plant) will initially need to be treated 
in such a way as to ensure that the compound of inter­
est is efficiently liberated into solution. This is where 
an efficient extraction protocol becomes important. An 
organic solvent may be used for extraction, and then 
solid material is removed by centrifugation and filtra­
tion of the extract. The filtrate is then concentrated and 
injected into an HPLC instrument for separation. Use 
of guard columns is necessary in the analysis of crude 
extract. Many natural product materials contain sig­
nificant levels of strongly binding components such as 
chlorophyll and other endogenous materials that may in 
the long term compromise the performance of analytical  
columns.

Liquid chromatography coupled to mass spectrom­
etry (LC/MS) is a newer technique, and is one of the most 

FLOW CHART 30.2  Schematic representation showing the process of chemical screening, isolation and characterization of bioactive substances  
from plants.
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sensitive methods of molecular analysis. It yields informa­
tion on the molecular weight and structure of the analytes. 
A component showing a specific retention time in HPLC 
can be eluted out at that particular retention time, and its 
mass spectral analysis can be done to get more details about 
its molecular weight and structure. An MS detector senses a 
compound eluting from the HPLC column first by ionizing 
it, and then by measuring its mass or by fragmenting the 
molecule into smaller pieces that are unique to the com­
pound. The MS detector can sometimes directly identify 
the compound since every compound has its own unique 
mass spectrum and acts as a fingerprint for that particular 
compound.

Nuclear magnetic resonance (NMR) is another impor­
tant analytical tool that helps in elucidation of the struc­
tural details of bioactive compounds. NMR has the ability 
to provide a detailed picture of molecules. Even the con­
formational space of molecules can be studied in great 
detail using this tool. This technique probes the magnetic 
properties of nuclei induced by their spin states. Almost 
every element has an isotope that is magnetically active, 
and their magnetic vectors align in an external field either 
parallel or anti-parallel to the field. There is always a small 
energy difference associated with the parallel and anti-
parallel orientations, and the difference in energy can be 
visualized by irradiation with proper radio frequencies. 
The amount of splitting of energy levels is different for 
different nuclei, and is linearly dependent on the magnetic 
field. Therefore, different nuclei can be observed at diffe­
rent radio frequencies, and hence, each radio frequency 
becomes unique for a particular nucleus and can be easily 
identified.

Gas chromatography/mass spectrometry (GC/MS) is 
based upon the partitioning of compounds between a liq­
uid and a gas phase. This technique is widely used for the 
qualitative and quantitative analysis of a large number of 
herbal drugs because it has high sensitivity, reproducibility, 
and speed of resolution. It has proved to be most valuable 
for the separation of volatile, non-polar, and semi-polar 
bioactive compounds. In GC/MS, the sample is injected 
into a long tubular column, the chromatography column, 
which has a high boiling point stationary phase, such as 
silicon grease. The basis of the separation is the differ­
ence in the partition coefficients of volatilized compounds 
between the liquid and gas phase as the plant metabolites 
are carried through the column by the inert carrier gas (e.g. 
nitrogen, helium, or argon). The time taken by the sample 
to pass through the length of the column is referred to as 
its retention time (RT). The RT for a given sample is an 
identifying characteristic. The detector for the GC is the 
mass spectrometry (MS) detector. As a sample exits the 
end of the GC column, it is fragmented by ionization, and 
the fragments are sorted by mass to form a fragmentation 
pattern.

BIOTECHNOLOGICAL APPROACHES  
FOR HERBAL DRUG PRODUCTION

Intact plants in the field or wild habitats produce high-value 
bioactive compounds. However, the quantity and avail­
ability of these economic products from natural resources 
restrict their maximized uses for the benefit of humankind. 
For the last few years, as the demand for bioactive com­
pounds has increased, exploitation of medicinal plants has 
also increased. Hence, there is an urgent need to develop an 
alternative method for the large-scale production of metab­
olites and quality plants. In this respect, biotechnology put 
forward an attractive alternative to whole-plant extraction 
for homogeneous, controlled production, especially, when 
we take the commercial demand into picture. It also results 
in more consistent yield and quality of the products, irres­
pective of the seasons and the regions. Biotechnology offers 
an opportunity to exploit plant cells, tissues, organs, or 
entire organisms by growing them in vitro and genetically 
manipulating them to get desired compounds (Rao and 
Ravishankar, 2002). Many biotechnological strategies, such 
as embryogenesis, organogenesis, screening of cell lines, 
media optimization, and elicitation, can be carried out for 
enhanced production of secondary metabolites from medic­
inal plants. The subsequent sections briefly discuss the dif­
ferent in vitro culture techniques that can be used for herbal 
drug production.

Organ Cultures

The selection of an appropriate technique depends on the 
results that one wants. In plants where molecules of interest 
are localized in specialized cells, dedifferentiated cultures 
are not desirable. Therefore, establishment of organogenic 
cultures would be advantageous. Under in vitro conditions, 
redifferentiation is generally associated with an improved 
synthesis of secondary metabolites (Collin 2001). This is 
probably due to the appearance of complex cells and tis­
sues that are metabolically more proficient. In all rediffer­
entiated cell lines, along with the shoot-forming nodules, 
non-morphogenic cell masses are also present, which 
though non-morphogenic, might have a certain degree of 
differentiation at the cellular stage, and due to co-evolu­
tion, imitate the biochemistry of redifferentiated cells 
(Brown et al., 1986). The reports on Artemisia annua and 
Azadirachta indica stated that artemisinin and azadirachtin 
production, respectively, were very poor in dedifferentiated 
callus cultures, and a certain degree of redifferentiation was 
obligatory for compound production. Organogenesis was 
also found to be an essential prerequisite for steroidal sapo­
nin production in Ruscus aculeatus. Similar observations 
were made for the biosynthesis of picroside in Picrorhiza 
kurroa, wherein the metabolite did not accumulate in the 
dedifferentiated callus cultures, but occurred specifically in 
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the redifferentiated cultures. Berkov et al. (2010) also dem­
onstrated that alkaloid synthesis in Pancratium maritimum 
is closely related to tissue differentiation.

Since it was observed that production of bioactive 
compounds is generally higher in organized plant tissues; 
there are attempts to regenerate whole plant organs (i.e. 
shoots or roots) under in  vitro conditions, either directly 
from explants, or indirectly via an intervening callus phase 
(Figure 30.2). As expected, such regenerating cultures pro­
duce patterns of secondary metabolites that are similar to 
the field-grown parent plant, with the added advantage of 
improved production of metabolites. Another advantage 
of using the organized cultures is that they are relatively 
more stable in the production of secondary metabolites than 
cultures of undifferentiated cells, such as cells in callus or 
suspension cultures (Rao and Ravishankar, 2002).

Callus Cultures

Callus culture is the culture of dedifferentiated plant cells 
induced on media usually containing relatively high auxin 
concentrations or a combination of auxin and cytokinin 
under in  vitro conditions. In plants, where sought after 
metabolites are present in leaves, establishing in  vitro 
cultures from leaves and using them for the extraction of 
compounds would be an ideal alternative. Callus cultures 
containing the bioactive substances are collected at a spe­
cific stage (usually during the stationary phase of their 
growth cycle, since secondary metabolite production is 
greater during the stationary phase), dried, extracted, and 
the extract then taken for identification and quantification 
of the desired medicinal compound using HPLC, LC-MS, 
etc. The further scale-up and yield enhancement studies of 
the compound are performed by raising the callus in sus­
pension, first in a shake-flask culture, and then in a suitably 
designed bioreactor, to maximize its production.

Suspension Cultures

A breakthrough in cell-culture methodology occurred 
with the successful establishment of cell lines capable of 

producing high yields of secondary compounds in cell sus­
pension cultures (Zenk, 1978). During the past decades, this 
approach of metabolite production has attracted much aca­
demic and industrial interest. The technique of using plant 
cell suspension cultures for secondary metabolite produc­
tion is based on the concept of biosynthetic totipotency of 
plant cells, which means that each cell in the culture retains 
the complete genetic information for production of the 
range of compounds found in the whole plant. Cell suspen­
sion cultures are initiated from established callus cultures 
by inoculating them into liquid media. The cultures are then 
kept in glass flasks under continual agitation on horizontal 
or rotating shakers; they can eventually be transferred to a 
specialized bioreactor. Cells in suspension cultures grow 
much better than in semi-solid media because of better mix­
ing of oxygen and nutrients during shaking conditions.

Productivity of suspension cultures is critical to the 
practical application of this cell technology for bioactive 
compound production. To improve the production of sec­
ondary metabolites in in  vitro cultures, various strategies 
such as the manipulation of parameters of the environment 
and medium, selection of high-yielding cell clones, precur­
sor feeding, and elicitation can be opted for.

Case Study: Lantana camara L

This example using Lantana camara L. shows how plant 
tissues can be employed in tissue culture and further in bio­
chemical studies.

Lantana camara L. (Sage (English) or Caturang 
(Hindi)) is an aromatic, evergreen shrub belonging to the 
family Verbenaceae. It is a reservoir of several important 
bioactive molecules. It has been listed as one of the impor­
tant medicinal plants in the world (Sharma et al., 2000). For 
many years, natural products from Lantana have been used 
in the prevention and cure of many serious diseases, includ­
ing cancers. The most significant bioactive molecules of 
this plant are shown in Figure 30.3.

For establishing tissue cultures, the first prerequisite is 
the selection of healthy plant material. Thus, for this study, 
leaves from Lantana plants bearing pink-yellow flowers were 

FIGURE 30 2  Neem organogenesis from leaf explants indirectly via callusing: (A) Shoot differentiation. (B) Root differentiation
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picked. Leaves were disinfected using 1% (v/v) Tween-20 
and 0.1% (w/v) mercuric chloride, followed by three rinses 
in sterile distilled water after each step. The leaf disk explants 
were prepared using a cork borer of 5 mm diameter. The basal 
media used in all the experiments related to callus induction 
and proliferation consisted of MS (Murashige and Skoog, 
1962) medium enriched with 30 g/L sucrose and solidified 
with 0.8% agar (HiMedia Laboratories, Mumbai, India). The 
pH of the media was adjusted to 5.8 before autoclaving at 
1.06 kg cm−2 and 121°C for 15 min. The media was supple­
mented with different plant growth regulators (auxins and 
cytokinins) at defined concentrations. Remaining steps are 
explicitly described in Figure 30.4.

OPPORTUNITIES AND CHALLENGES

The consumption of herbal medicines and the impor­
tance of the herbal medical industry are fast growing and 
widespread. According to estimates of the World Health 
Organization, more than 80% of the world’s population 
depends primarily on herbal medicines. The ancient art 
of herbal medicine is fast developing today, and is under­
going something of a renaissance all over the world, par­
ticularly in developed countries. Most of the ingredients 
used in herbal medicines are taken from wild plants, 
and the increasing demand for medicinal plants, along 
with habitat loss, is putting pressure on many species. 
Indiscriminate harvesting from the wild has led to loss of 
genetic diversity, diminishing populations, local extinc­
tions, and habitat destruction. This has raised the ire of 
plant conservationists.

Domestic cultivation of medicinal plants offers a viable 
conservation strategy, and also eliminates the problems that 
are generally faced in herbal extracts, such as misidentifica­
tion, genetic and phenotypic variability, extract variability 
and instability, toxic components, and contamination. Opti­
mized yield and uniform high-quality product can also be 
achieved through cultivation. However, in a rapidly shifting 
and fashion-prone market, the cultivator has to make the dif­
ficult decision of which particular species to grow. There­
fore, the difficulty in predicting which extracts will remain 
marketable is another serious obstacle in bringing medicinal 
plants into successful commercial cultivation.

Although a large number of plant species used in herbal 
medicine are cultivated, a great majority of them are still 
utilized from the wild population. There are certain diffi­
culties faced by growers in the cultivation of herbal plants 
because of low germination rates or specific ecologi­
cal requirements. Lack of knowledge about the specific 
requirements for pollination, seed germination, and growth 
are the main hindrances in the cultivation of herbal plants. 
Fungal infection or mechanical damage frequently results 
in low germination rates that can be easily overcome by 
improved seed treatments and by ensuring optimal storage 
conditions. Moreover, difficult-to-grow herbal plants can be 
easily cultivated on a commercial scale by using controlled 
environments, including hydroponic systems.

Another major challenge faced in the production of herbal 
medicines is that the main bioactive component, which is the 
major ingredient in the herbal medicine, is synthesized in a 
very small quantity in the specific plant. This is obvious, as 
the bioactive components are mainly produced as secondary 

FIGURE 30.3  Bioactive compounds of Lantana.
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FIGURE 30.4  Isolation of bioactive compounds from Lantana camara, a medicinal plant.
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metabolites in plant cells that are produced in small quantities. 
This leads to cutting down of a large number of herbal plants 
for producing a single drug. However, by the use of modern 
tissue culture techniques and genetic transformation that alters 
the pathways for the biosynthesis of target metabolites, today 
this wasteful harvesting technique can be easily overcome.

Together with supporting the use of herbal medicines, it 
is high time for everyone, herbalist and conservationist alike, 
to reduce the overexploitation of the world’s wild plants. 
In the modern world, the trade in medicinal plants is ever-
increasing, but largely unmonitored. At the moment, many 
harvesting practices are unsustainable, which is threatening 
populations of medicinal plants and their habitats, and also 
the livelihoods of those people engaged in their collection. 
It is time for the conservationists, the government, and each 
and every one of us to find workable global solutions.

CONCLUSIONS AND OUTLOOK

Medicinal plants are widely used by the people living 
in both rural and urban areas. Globalization has greatly 
renewed the interest in herbal medicines, and today most 
people prefer to take herbal medicines as an alternative ther­
apy. This resurgence in plant remedies has mainly resulted 
from the following factors:

	1.	� Herbal medicines are found to be highly effective in cur­
ing diseases.

	2.	� Most modern drugs have one or more side effects.
	3.	� Development of science and technology.

In addition to these factors, economic advantages also 
contribute to their ever-increasing popularity. Development 
of modern science and technology, and further studies into 
traditional plant medicines conducted with modern theo­
ries and techniques have greatly enriched the use of herbal 
medicines by absorbing new ideas and concepts from tradi­
tional plant medicine from all over the world. This has led 
to the tremendous expansion of the herbal medicine indus­
try in the last few decades, and has paved the route for 
employment of millions of unemployed persons. Looking 
at all these factors, we can say that the in the not-too-dis­
tant future, traditional plant medicine will become an area 
of major importance in the health care system. However, 
efforts should be made to achieve sustainable harvesting of 
medicinal plants so that they are not overexploited. Also, in 
order to utilize the available resources of medicinal plants 
to their full extent, social, cultural, and economic problems, 
lack of well-planned and integrated strategies, and poor 
access to scientific information must be dealt with first.

ETHICAL ISSUES
Although approximately 80% of people today depend upon 
herbal medicine as a component of their primary health care, 

there is still concern about the safety and efficacy of herbal 
drugs. Despite the fact that herbal medicine can potentially 
contribute to the improvement of health care, many major 
challenges must be overcome prior to the successful incor­
poration of herbal remedies into medicine. Beneficence, 
non-malfeasance, patient autonomy, justice, and public 
accountability are the pillars of bioethical principles, which 
are religiously followed in conventional medicine. They 
guide the clinicians such that the patients’ interests are best 
served. As the use of complementary medicine (includ­
ing herbal medicines) becomes increasingly popular, it is 
becoming apparent that the same bioethical principles are 
applicable to these alternate forms of health care (Kemper 
and Cohen, 2004). Beneficence is the principle that says it 
is a clinician’s responsibility to promote a patient’s well-
being; clinicians must take appropriate measures to ensure 
that some positive outcome will occur. Non-malfeasance is 
the responsibility to not hurt others. This ethical principle 
is almost the same as beneficence, but with important dis­
tinctions, as one’s duty to prevent harm is not the same as 
the duty to promote well-being (Beauchamp and Childress, 
2009). Patient autonomy is a foundation of conventional 
medicine that is pertinent to the use of herbal medicines 
too. In most parts of the world, consumer access to herbal 
medicines is controlled by prescription, thus allowing for 
extensive use. With self-care as one component of patient 
autonomy, another key element is that the patient has sound 
information to make an informed treatment decision (Ernst 
and Cohen, 2001). Time and again researchers come across 
cases where a patient has gathered information about herbal 
medicines from relatives, friends, magazines, and the Inter­
net (Gardiner and Riley, 2007; Khader et al., 2008; Low, 
2009), all of which are perceived as less reputable than offi­
cial sources (Health Canada and Reid, 2005).

TRANSLATIONAL SIGNIFICANCE
Animal models are used in the study of human diseases 
because both animals and humans are similar in genetics, 
anatomy, and physiological aspects. Also, animal models 
are often preferable because of their easy and abundant sup­
ply and ease of manipulation. Also, for statistical analysis, a 
sufficient number of specimens must be used for a particular 
experiment. Therefore, scientists cannot conduct research 
on just one animal or human, and it is easier for scientists to 
use sufficiently large numbers of animals instead of humans 
to get reliable results. Only in cases of advanced clinical 
trials are humans used for investigations. Otherwise, ani­
mals like mice, rats, monkeys, dogs, and several fungal, 
bacterial, and plant species, are used as model organisms 
for such studies. However, even with the evident similari­
ties between animal models and humans, only about 1% of 
drugs reach the last phase of clinical trials. As far as herbal 
medicines are concerned, the chemical constituents present 
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in them are a part of the physiological functions of living 
plants, and therefore they have better compatibility with the 
human body. However, scientific proof of this statement is 
not sufficient, and this is therefore one major area where 
research can be carried out.

WORLD WIDE WEB RESOURCES
One of the first steps in the use of herbal medicine is to find 
out the best source for complete information about herbs 
and/or derivatives. At present, the Web is the most powerful 
(and perhaps most familiar) tool, but the Internet, like other 
resources, has its own strengths and weaknesses.

The major strength of the Internet is that it is an espe­
cially valuable research tool when looking for informa­
tion that is current and frequently updated. It is also quick  
to access.

As far as weaknesses go, the Internet is not the best 
place to find established viewpoints in their original form 
since it is often the case that information is changed from 
its original source. Information on the Internet is often sec­
ond-, third-, or even fourth-hand. Published books remain 
the safest place to get established facts and opinions, espe­
cially when looking for traditional ideas.

However, the following web sites do provide compre­
hensive information on herbal medicines:

http://ethnomedicinetomodern.blogspot.in/
http://www.umm.edu/altmed/articles/herbal-medi­
cine-000351.htm
http://www.nlm.nih.gov/medlineplus/herbalmedicine.
html
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Plant Metabolite  The intermediates and products of metabolism. 
Usually restricted to small molecules of a plant.

Morphogenic  The development of form and structure during growth.
Redifferentiation  The phenomenon of whole-plant formation from 

undifferentiated callus tissue.
Secondary Metabolite  Organic compounds that are not directly 

involved in the normal growth, development, or reproduction of a 
plant, but often have an ecological role, such as attractant of pol­
linators and chemical defense against microorganisms. Humans use 
secondary metabolites as medicines, flavorings, and recreational 
drugs.

Traditional Medicine (TM)  Refers to the knowledge, skills, and 
practices based on the theories, beliefs, and experiences, used 
in the maintenance of health, and in the prevention, diagnosis, 
improvement, or treatment of physical and mental illness.

Natural Product  A chemical compound or substance produced by a 
living organism. A natural product often has pharmacological or 
biological activity for use in pharmaceutical drug discovery and 
drug design. A natural product can be considered as such even if it 
can be prepared by total synthesis.

ABBREVIATIONS
GC/MS  Gas Chromatography/Mass Spectrometry
HPLC  High-Performance Liquid Chromatography
LC/MS  Liquid Chromatography/Mass Spectrometry
MS  Mass Spectrometry
NMR  Nuclear Magnetic Resonance
RT  Retention Time
TLC  Thin-Layer Chromatography
WHO  World Health Organization

LONG ANSWER QUESTIONS
	1.	� Write an essay on plant secondary metabolites.
	2.	� Elucidate various steps for the study of plants in tradi­

tional medicine.

	3.	� What is drug discovery? What are different ways for 
drug discovery from natural products?

	4.	� Write a detailed account of the tools and techniques of 
plant tissue culture and highlight the importance of each.

	5.	� Enlist and describe in detail important analytical tech­
niques associated with characterization of medicinal 
metabolites.

SHORT ANSWER QUESTIONS
	1.	� Define the term “secondary metabolites.”
	2.	� What is ethnobotany?
	3.	� Differentiate between characterized and uncharacterized 

plant extracts.
	4.	� Give the names of three solvents that can be used for the 

extraction of hydrophilic compounds?
	5.	� Which analytical technique can be used for the separa­

tion and identification of volatile compounds?

ANSWERS TO SHORT ANSWER 
QUESTIONS
	1.	� Secondary metabolites are compounds that are not 

directly involved in primary metabolic processes of an 
organism. They generally defend the organisms from 
environmental stresses and predators.

	2.	� Ethnobotany is the study of how people of a particular 
region relate to the plants of their environment.

	3.	� Characterized extracts are ones where each component, 
its concentration, and function, are known; for uncharac­
terized extracts, the entire components of the mixture 
and the role they play are not known.

	4.	� Methanol, ethanol, and acetone.
	5.	� GC-MS.
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A
AAALAC. See Association for Assessment and 

Accreditation of Laboratory Animal 
Care

Ab. See Antibody
ABC. See ATP-binding cassette
ABCG2 marker, 434
Abdominal-A (AbdA), 6–7
ABI SOLiD, 349–350
Ablative techniques, 110
Absorption, distribution, metabolism and 

excretion (ADME), 88–89, 400
Abstraction, 390
ABTS. See 2,2-azobis-3-ethylbenzthiazoline- 

6-sulfonic acid
ACE2. See Angiotensin converting enzyme-2
aCGH. See Array-comparative genomic 

hybridization
AcMNPV. See Autographa California 

nucleopolyhedroviruses
Acquired Immunodeficiency Disease (AID), 

156–157
Acquired immunodeficiency syndrome (AIDS), 

15, 156
Acrocentric chromosomes, 453
ACSF. See Artificial cerebrospinal fluid
Activated T cells, 493–494
Activator Protein-1 (AP-1), 115
Acute lymphoblastic leukemias (ALL), 62–63
Acute myelocytic leukemia (AML), 97, 173
AD. See Alzheimer’s disease
Adaptive immunity, 474
ADCC. See Antibody-dependent cell-mediated 

cytotoxicity
Adenine, 462
Adenine/thymidine (AT), 459
Adenocarcinoma, 96–97, 102
Adenoma polyposis coli (APC), 79–80
Adenosine triphosphate (ATP), 181
Adenoviruses (ADV), 206–207
ADEPT. See Antibody Directed Enzyme 

Prodrug Therapy
Adequate pressure driving, 33f
Adherent cell trypsinization, 215f
Adipokinetic hormone (AKH), 14–15
Adjuvants, 502–503
ADME. See Absorption, distribution, 

metabolism and excretion
Adult human GI tract, 512–514
Adult stem cells (ASCs), 432, 433t

identification, 433
single mature cell type, 428

ADV. See Adenoviruses
Aequorea victoria, 557
Affinity screening. See Biopanning
Aflatoxin B1 toxin, 98
AFLP. See Amplified fragment length 

polymorphism
AFM. See Atomic Force Microscope
AFM force mapping (AFM–FM), 251
AFM force spectroscopy (AFM–FS), 251, 251f
AFSCs. See Amniotic Fluid-Derived Stem Cells
8–AG. See 8–azoguanine
Agglutination reactions, 281
Aggregation, 533
Aging, 178

animal experimental models, 184
fish, 184–185
mouse, 184

biotechnology, 188
ethical issues, 188–189
polyphenols, 185–188, 185f
protein oxidation, 183–184
ROS, 178f, 181–183
theories, 178

cellular theories, 179–180
CR theory, 180–181
evolutionary theories, 178–179
FRTA, 180
molecular theories, 179
system-based theories, 180

translational significance, 189
WWW resources, 189

Agrobacterium tumefaciens, 510
AGUS. See Atypical glandular cells of 

undetermined significance
AHR. See Aryl hydrocarbon receptor
AI. See Artificial insemination
AID. See Acquired Immunodeficiency Disease
AIDS. See Acquired immunodeficiency 

syndrome
AKH. See Adipokinetic hormone
Alemtuzumab, 480
Alkoxyl radicals (RO·), 182
Alkyl peroxides (ROOH), 182
Alkyl radicals (R·), 182
ALL. See Acute lymphoblastic leukemias
All-Steps-All-Combinations (ASAC), 378
Allele-specific oligonucleotide (ASO), 292–293
Allele-specific PCR (AS-PCR), 293
Allele(s), 294–295
Allelic heterogeneity, 465
Allen Brain Atlas, 322–323
Allergenic proteins, 511–512

Allergenicity, 511
Allergens, 511, 517, 520

cross-linking of, 512
Allergic reactions, 511
Allograft transplants, 81–82. See also Xenograft 

transplants
cancerous cells or solid tumors, 81–82
generation of, 81f
PyMT tumors, 82

Alpha-1-antitrypsin, 608–609
α1-PI. See α1-proteinase inhibitor
α1-proteinase inhibitor (α1-PI), 416–417
ALS. See Amyotrophic lateral sclerosis
Alternative medicine. See Complementary 

medicine
Alu family, 584
Alzheimer’s disease (AD), 13, 40, 398–399
Alzheimer’s mouse, 413–414
AMA. See American Medical Association
American Medical Association (AMA), 284
American Public Health Association (APHA), 

526
American Veterinary Medical Association 

(AVMA), 76
Ames test, 98
Amino acids, 519
AML. See Acute myelocytic leukemia
Amniotic Fluid-Derived Stem Cells (AFSCs), 

431
Amplicon Sequencing, 357
Amplified fragment length polymorphism 

(AFLP), 289–290, 295, 331
applications of, 296
steps in analysis, 295–296

Amplified ribosomal DNA restriction analysis 
(ARDRA), 336

Amyloid precursor protein (APP), 13, 40, 
148–149

Amyloid β (Aβ), 13
Amyotrophic lateral sclerosis (ALS), 40–41

adult motor neuron disease, 40–41
causative genes, 42t
genes implication in RNA metabolism, 43–44
pathomechanisms, 41
Sod1-ALS, 43
SOD1-linked ALS

in vitro, 51
mis-folded mutant SOD1 protein, 50
non-cell autonomous neurodegeneration, 51
SOD1 mouse models, 51f
SOD1 mutations, 50
SOD1G93A mice, 50, 50f

Note: Page numbers followed by “f” denote figures; “t” tables.

Index
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Amyotrophic lateral sclerosis (ALS) (Continued )
TDP-43 wild-type, 51–52
transgenic mice

SOD1G37R, 47–48, 48f
SOD1G93A, 48
SOD1WT, 49

Analysis of variance (ANOVA), 84–85
Analytical step-by-step model, 601
Anaphylaxis, 512, 555
Anchorage-dependent/adherent cells, 216
Anchorage-independent/suspension cells, 216
Ancient DNA, 359–360
Ancient Greek moral theories, 599–600
Androgen receptor (AR), 44, 49, 52–53
Androgenesis, 548, 548f
Aneuploidy, 455
Angiotensin converting enzyme-2 (ACE2), 374f
Animal biopharming, 598, 608–609

escape of, 609
ethical issues in, 609
food chain contamination, 609
horizontal gene transfer, 609
risks to human health, 609
welfare issues, 609

Animal biotechnology, 357, 386, 590–591
ancient DNA, 359–360
anthropocentrism, 598
applications, 358, 358f, 601–602
beef cattle selection, 360–361
bioinformatics in, 386–387
biopharming, 598
challenging ethical issues in, 607–610

animal biopharming, 608–609
chimeras, 607–608
constitution of ethics committees, 610

concerns
over animal biotechnology, 598
for human health, 598

consequentialist ethics, 600
deontological

approaches, 597
ethics, 600

epigenetics, 359
ethical concerns in, 602
ethical

debates, 599, 602–607
theories, 597

evolutionary research, 358–359
extrinsic concerns

animal welfare, 604–606
environmental concerns, 607
human health, 606–607
precautionary principle, 607

food, safety, and nutrition, 361
gene-based technologies, 598
genomic variability, 360
human therapeutic cloning, 610–611
Internet Encyclopedia of Philosophy, 

598–599
intrinsic concerns, 602–603

hESC religious critique, 603
human reproductive cloning religious 

critique, 603–604
IVF religious critique, 604
religious intrinsic critique, 603–604

livestock productivity and health 
improvement, 361

for medical purposes, 598
metagenome sequencing, 359
methodological approach, 601, 602f
physical and mental health, 598
pluripotent stem cells, 598
principles, 598, 600–601
public health ethics, 606–607
public perceptions, 604
secular intrinsic objections, 604
SNP/CNV discovery, 360
transgenics, 361
virtue ethics, 599–600
WWW resources, 611–612

Animal breeding, 361
Animal cell culture, 214

advantages of, 222
anti-viral vaccines, 223–225
baculovirus production, 227–228
cell growth, 217
cell line, 216
cell passage, 214–215
cell viability, 218–219
culture media, 219–221
development of, 213
disadvantages of, 222
ethical issues, 223
FBS use of, 223
gene therapy, 227
historical events in, 213t
in vitro maintenance, 214
monolayer cultures, 214
organ culture, 214
organotypic and histotypic cultures, 214
primary, 215–216

advantages and disadvantages, 215–216
anchorage-dependent/adherent cells, 216
anchorage-independent/suspension cells, 

216
quantitation, 215
secondary, 216
suspension cultures, 214
3D structure reconstruction, 215
translational significance, 223
trypsin use, 214–215
types, 214–216
variety of research efforts, 212
viral mutant formation, 228
viral vaccines, 212
WWW resources, 229

Animal models, 573–574
Animal rights, 601
Animal vaccines, 492
Animal welfare, 601–602, 604–605

animal biotechnology, 605
animal treatment by humans, 605–606
freedoms, 605
gene knockout technology, 606
rDNA, 605
technological application, 606

Animal Welfare Act (AWA), 420
ANOVA. See Analysis of variance
Antennapedia (ANTP), 6
Anthropocentrism, 598

Anti-angiogenesis therapeutics, response to, 
205–206

Anti-microbial assay, 567
Anti-viral vaccines

DNA technology, 223
HBV, 223
recombinant hepatitis B vaccines, 223t
viral particle production, 223–224

stages, 224
VLPs, 224–225

Antibodies, 265–266
adverse effects, 272–274, 273t
analytical applications, 275–276
ethical issues, 283
functions, 266
hybridoma selection, 282–283, 283f
immunoglobulins, 266

structure elucidation, 267–268, 267f, 269f
methodology, principles, and protocols, 

276–282
preparative applications, 276
therapeutic applications, 274–275, 275t
Tiselius and Kabat’s experiment, 266
translational significance, 284
WWW resources, 284

Antibody (Ab), 473, 553
class and function, 476t
drugs by FDA, 482t
ethical issues, 487
immunodiagnostics, 474–487, 488t
production, 265–266
titration, 277, 281–282, 282f
translational significance, 487–488
WWW resources, 488

Antibody Constructs, 485
Antibody Directed Enzyme Prodrug Therapy 

(ADEPT), 274–275
Antibody-dependent cell-mediated cytotoxicity 

(ADCC), 480
Anticipation, 582
Antigen (Ag), 474–475, 553

determinants, 474
epitopes, 497
molecules, 497
preparation, 277

Antigen binding fragment. See Fragment 
antigen binding (Fab)

Antigen-presenting cells (APC), 493–494, 512
Antigenic determinants, 511
Antioxidant capacity, 184
Antiretroviral drugs, 164–165, 165t

assays, 168–169
Antiretroviral Treatment (ART), 164
Antisense oligonucleotide (AS-ODN),  

114–115
Antiserum, 272
ANTP. See Antennapedia
AP-1. See Activator Protein-1
APC. See Adenoma polyposis coli; Antigen-

presenting cells
APHA. See American Public Health 

Association
APP. See Amyloid precursor protein
Applied ethics, 597, 599
Approach cycle, 251
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Aquaculture, 552
chromosome manipulation, 545–548
fish culture, 545
gametes cryopreservation, 549
gene transfer methods, 545
nanotechnology application, 550–551
sex reversal, 548–549
transgenic fish technology, 545

AR. See Androgen receptor
Ara-C. See Arabinosyl cytosine
Arabidopsis, 583
Arabinosyl cytosine (Ara-C), 556
ARACNE, 388
ARDRA. See Amplified ribosomal DNA 

restriction analysis
Area under the curve (AUC), 25–26
Array-comparative genomic hybridization 

(aCGH), 459, 461, 461f
Arsenic, 60–61
ART. See Antiretroviral Treatment; Assisted 

reproductive technology
Arthropods, 544
Artificial cerebrospinal fluid (ACSF), 316
Artificial insemination (AI), 601–602
Aryl hydrocarbon receptor (AHR), 78
AS-ODN. See Antisense oligonucleotide
AS-PCR. See Allele-specific PCR
ASAC. See All-Steps-All-Combinations
ASC. See Atypical Squamous Cell
ASCs. See Adult stem cells
ASCUS. See Atypical squamous cells of 

undetermined significance
ASO. See Allele-specific oligonucleotide
Aspirin, 370
Assisted reproductive technology (ART), 604
Association for Assessment and Accreditation 

of Laboratory Animal Care (AAALAC), 
301, 420

Astrocytes, 51
Asymmetric stem cell division, 430f
AT. See Adenine/thymidine
Atlantic cod (Gadus morhua), 295
Atlantic Ocean, 542
Atomic Force Microscope (AFM), 248–250

advantage, 250
applications, 251
force mapping mode, 251, 251f
force spectroscopy mode, 251
imaging capabilities of, 250
operating principle of, 250f
orthopoxvirus in animals, 256
probe, 250
protocol for, 251, 252f
Raman confocal hybrid systems, 254–255

ATP. See Adenosine triphosphate
ATP-binding cassette (ABC), 434
Attenuated bacteria, 500
Atypical glandular cells of undetermined 

significance (AGUS), 103
Atypical Squamous Cell (ASC), 103
Atypical squamous cells of undetermined 

significance (ASCUS), 103
AUC. See Area under the curve
Autographa California nucleopolyhedroviruses 

(AcMNPV), 228

Automated capillary sequencing, 338
Automated ribotyping, 335
Autonomous retrotransposons, 584
Autonomous transposons, 583
Autonomy, 110, 600
Autopap, 108
Autosomal dominant trait, 465
Autosomal recessive disorders, 465
Autosomes, 453–454
Avascular tumor growth, 389–390
AVMA. See American Veterinary Medical 

Association
AWA. See Animal Welfare Act
Ayurvedic drugs, 565
5-Aza-2-deoxycytidine, 67–68
5-azacytidine, 61, 67–68
AZF. See Azoospermia
Azido group, 164
2,2-azobis-3-ethylbenzthiazoline-6-sulfonic 

acid (ABTS), 184
Azidothimidine (Azt), 157
8–azoguanine (8–AG), 282–283
Azoospermia (AZF), 293
Azt. See Azidothimidine
Aβ. See Amyloid β

B
B-cell receptor (BCR), 132
Baby hamster kidney (BHK), 228
BAC. See Bacterial artificial chromosome
Bacillus thuringiensis, 510
Bacterial artificial chromosome (BAC), 134, 

357–358, 551–552, 578
Bacterial loading, 31, 33f
Bacterial products, 502–503
Bacterial systematics

genotypic typing methods, 331
phenotypic typing methods, 330–331
sources of information, 329–330

Bacterial taxonomy, 328–329
BAL. See Bioartificial liver
Bam A. See BamHI A region
BamHI A region (Bam A), 132
BamHI A rightward transcripts (BARTs), 132
Barrett’s esophagus, 62
BARTs. See BamHI A rightward transcripts
Bayesian network analysis, 389
BBB. See Blood–brain barrier
BCR. See B-cell receptor
BCRP1 marker. See ABCG2 marker
BDNF. See Brain-derived neurotrophic factor
Beef cattle selection, 360–361
Beneficence, 600
Berlin Man, 172
Betaine homocysteine-S-methyltransferase 

(BHMT), 63
Bethesda System, 102–103
BHK. See Baby hamster kidney
BHMT. See Betaine homocysteine- 

S-methyltransferase
Bi-thorax complex (BX-C), 6–7
Bicoid, 6
“Big data” problem, 68
Bio-encapsulated feeds, 550
Bio-Safety Level-3 (BSL-3), 167

Bioactive compounds
GC/MS, 569
HPLC, 568
LC/MS, 568–569
natural product materials, 568
NMR, 569
thin-layer chromatography, 567–568

Bioartificial liver (BAL), 202
Biochemical

markers, 290
networks, 389

Biocompatibility, 235–237
Bioinformatics

in animal biotechnology, 386–387
enrichment tools, 387
and systems biology, 387

Bioinformatics Resource Centers (BRCs), 401
Biological assays, 567
Biomolecular display technologies, 373, 375

display module in, 373f
ethical issues, 380
illustration and comparison, 374f
mRNA display, 377
phage display, 373–375
ribosome display, 376–377
shortcomings, 377–378
therapeutic peptides, 381t
translational significance, 380

Biomolecules, 532
Biopanning, 375, 484–485
Biopesticides, 227

baculovirus production, 227–228
cell lines for, 228
DIP mutations, 228
factors, 228
in vitro production process, 227–228
insect baculovirus–cell system, 228
viral mutant formation, 228

Biopharm animals, 609
Biopharming. See Animal biopharming
Biopsy, 107
Bioreactors, 235
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PK. See Pharmacokinetics
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Platelet-derived growth factor (PDGF), 220
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PoAb. See Polyclonal antibodies
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methodology, 277–278
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Polycomb-group proteins, 60
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Polyglutamine diseases, 53
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Polymerase (Pol), 161–162
Polymerase chain reaction (PCR), 298, 408, 
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Polymerase chain reaction single-strand 
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Polymorphisms, 290
Polyomavirus nephropathy (PVN), 128
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Polyploid cells, 456
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Populations screening, 467
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Porter’s experiment, 268
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Positive selection, 479–480
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PP. See Precautionary principle
PPIS. See Protein–protein interactions
PPMS. See Primary progressive MS
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Pre-integration complex (PIC), 162
pre-miRNA. See Precursor miRNA
Precautionary principle (PP), 599, 601, 607
Precursor miRNA (pre-miRNA), 581
Prefix, 271–272
Pregnant mare’s serum gonadotropin (PMSG), 46
Pressure-assisted micro syringe method, 239–240
Primary effusion lymphoma (PEL), 125–126
Primary library construction, 378
Primary progressive MS (PPMS), 145
Prion protein (PrP), 257
Pristane, 487
Pro-oxidative enzymes, 182–183
Pro-viral DNA, 163–164
Processed pseudogenes (PPs), 584–585
Progressive library method (PLM), 378
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p&p, 379–380
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Proof-of-concept studies, 533
Propidium Iodide (PI), 440
Proportionality, 607
Prostate cancer, 63
Prostate-specific antigen (PSA), 376–377
Protease activated receptor 4 (PAR4), 62
Protease Inhibitors (PIs), 165
Protein disulfide isomerase (PDI), 166–167
Protein kinase C (PKC), 556
Protein kinase Cα (PKCα), 375
Protein post-translation modifications (PTM), 225
Protein quantitation, 312–314
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detection chemistry, 314–316
dot blot technique, 317
neutral red-stained section, 315f
Western blot technique, 317
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Protein-free media, 221
Protein–protein interactions (PPIS), 388, 396
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PVN. See Polyomavirus nephropathy
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RA. See Rheumatoid arthritis
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Rabbit papillomavirus (RPV), 100–101
Radial immunodiffusion (RID), 275–277
Radio–immunotherapy, 274–275
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Raman shift, 253
Raman spectroscopy (RS), 253
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289–290, 293–294, 331, 530
RAPD. See Random amplified polymorphic DNA
Rapid culture-based methods, 530

RARB. See Retinoic acid receptor beta
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Reactive nitrogen species (RNS), 183
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recombinant DNA (rDNA), 605
Recombinant human ErbB-2 tyrosine kinase 
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Restriction enzymes, 292, 304
Restriction fragment length polymorphism 

(RFLP), 291, 331, 530, 586
applications of, 292
steps in analysis, 291–292, 292f

Restriction landmark genome scanning (RLGS), 
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RISC. See RNA-induced silencing complex
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ROO·. See Peroxyl radicals
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ROS. See Reactive oxygen species
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SE. See Standard error
Sea cucumbers, 544
Sea jellies. See Jellyfish
Sea snake, 555–556
Sea stars, 544
Sea urchins, 544, 556–557
Second generation sequencing. See Next 
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Singlet oxygen, 182
SIP. See Stable Isotope Probing
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SIV. See Simian viral immunodeficiency
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pseudomonads, 341
terminal restriction fragment length 

polymorphism, 337
16S ribotype, 333
Skeletal stem cells, 241
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STR. See Small tandem repeat
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T cell receptor complex (TCR), 493–494
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TAM. See Tumor-associated macrophages
TAR-DNA binding protein 43 (TDP-43), 43
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Targeted re-sequencing, 356
Tat. See Transactivator of Transcription
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TC. See Total coliforms
TCA. See Tricloroacetic acid
TCR. See T cell receptor complex
TD. See Transposon Display
TDM. See Trehalosedimycolate
TDP-43. See TAR-DNA binding protein 43
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TGF. See Transforming growth factor
TGF-B. See Transforming growth factor beta
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TKTL1. See Transkelolase-like 1
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TNF. See Tumor necrosis factor
TNFR. See Tumor necrosis factor receptor
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Transposable element-derived repeats, 583
Transposon Display (TD), 296
Trastuzumab™. See Herceptin
Trehalosedimycolate (TDM), 142
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Tumor necrosis factor (TNF), 140, 435
Tumor necrosis factor receptor (TNFR), 132
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Tumor-associated macrophages (TAM), 206
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Tysabri®. See Natalizumab

U
U-rich small nuclear RNA (U snRNA), 44
U.S. Department of Agriculture (USDA), 420
U.S. Food and Drug Administration (FDA), 

107, 157, 229, 407–408, 606
U.S. National Stem Cell Bank (NSCB), 445
Ubiquitin carboxy-terminal hydrolase L1 

(UCHL1), 13–14
Ubx. See Ultrabithorax
UCBSC. See Umbilical Cord Blood Stem Cell
UCHL1. See Ubiquitin carboxy-terminal 

hydrolase L1
UFAW. See Universities Federation for Animal 

Welfare
Ultrabithorax (Ubx), 6–7
Ultraviolet radiation (UV radiation), 99
Umbilical Cord Blood Stem Cell (UCBSC), 431
Uncharacterized extract, 565
UNESCO. See United Nations Educational, 

Scientific, and Cultural Organization
Unipotent stem cells, 429
United Nations Educational, Scientific, and 

Cultural Organization (UNESCO), 611
United States Adopted Names Council 

(USANC), 271
United States Department of Agriculture 

(USDA), 284
United States Department of Energy (DOE), 

578
United States Environmental Protection Agency 

(USEPA), 526
United States Food and Drug Administration 

(USFDA), 510
Universities Federation for Animal Welfare 

(UFAW), 301
3′-untranslated regions (3′-UTRs), 581
Upper motor neurons, 40
Upstream Regulatory Region (URR), 105, 115
Urine-based non-invasive HPV DNA detection 

method, 108–109
URR. See Upstream Regulatory Region
US National Cancer Institute (NCI), 90
USANC. See United States Adopted Names 

Council
USDA. See U. S. Department of Agriculture; 

United States Department of Agriculture
USEPA. See United States Environmental 

Protection Agency
USFDA. See United States Food and Drug 

Administration

Utilitarian ethics, 597
3′-UTRs. See 3′-untranslated regions
UV radiation. See Ultraviolet radiation

V
Vaccination, 493
Vaccine Information Statement (VIS), 505
Vaccines, 492

access issues, 506
adjuvants, 502–503
challenges

foremost infectious disease problems, 504
infectious disease threats, 504–505
vaccination methods, 504

conjugate vaccines, 498, 498f
DNA vaccines, 498–500
ethical issues, 505
foreign pathogenic bacteria or viruses, 493
infectious agents, 504t
informed consent, 505
ISCOMs, 503
key milestones, 492
mandates, 505
molecular farming using plants, 501–502, 501f
plant-derived vaccines, 502f
properties of, 493f
protocol for development, 503–504
recombinant vector vaccines, 500–501
research and testing, 505
subunit vaccines, 497–498, 497f
toxoid vaccines, 496–497, 496f
traditional vaccines, 493

inactivated whole virus vaccines, 495–496
live, attenuated vaccines, 493–495

translational significance, 506
WWW resources, 506

Vaccinia virus (VACV), 256
VACV. See Vaccinia virus
Variable number tandem repeats (VNTR), 

297–298
Variant Creutzfeldt–Jakob disease (vCJD), 609
Variolation technique, 491–492
Vascular endothelial growth factor (VEGF), 88, 

205, 227
VBNC. See Viable but non-culturable
vCJD. See Variant Creutzfeldt–Jakob disease
VEGF. See Vascular endothelial growth factor
Ventrolateral preoptic (VLPO), 320
Very Late Antigen-4 (VLA-4), 146
vGPCR. See viral G-protein-coupled receptor
VHL. See Von Hippel–Lindau
VIA. See Visual inspection with acetic acid
Viable but non-culturable (VBNC), 530
Vibrio cholerae (V. cholerae), 528
Vibrio parahaemolyticus, 528
Vif. See Viral Infectivity Factor
VILI. See Visual inspection with Lugol’s iodine
Vinegar-loving fly. See Drosophila
ViPR. See Virus Pathogen Database and 

Analysis Resource
viral G-protein-coupled receptor (vGPCR), 

134–135
Viral infections, 495
Viral Infectivity Factor (Vif), 162

Viral mutant formation, 228
Viral oncoproteins, 124t
Viral Protein R (Vpr), 162
Viral Protein U (Vpu), 162
Virtue ethics, 599–600
Virus Pathogen Database and Analysis 

Resource (ViPR), 401
Virus-like-particles (VLPs), 112

advantage, 224
HPV vaccine, 224
Mammalian and Baculo cell lines, 225t
production, 224
vaccines based, 224

VIS. See Vaccine Information Statement
Visual inspection with acetic acid (VIA), 107
Visual inspection with Lugol’s iodine (VILI), 

107
VLA-4. See Very Late Antigen-4
VLPO. See Ventrolateral preoptic
VLPs. See Virus-like-particles
VNTR. See Variable number tandem repeats
Von Hippel–Lindau (VHL), 122–123
von Willebrand factor (VWF), 556
Vpr. See Viral Protein R
Vpr-binding protein, 161
Vpu. See Viral Protein U
VWF. See von Willebrand factor

W
Water quality, 526
Water-borne pathogens detection, 527–528
Waterborne disease, 526
Weight-of-evidence approach, 520
Wellcome Trust Sanger Institute, 401
Werdnig-Hoffmann syndrome, 41–42
Western blot technique, 316–317, 553
Wet spinning, 237–238
WGA. See Whole genome amplification
White spot syndrome virus (WSSV), 554
WHO. See World Health Organization
Whole cell metabolism, 391–392
Whole genome amplification (WGA), 66
Whole genome de novo sequencing, 354–355
Whole genome re-sequencing, 355–356
Whole Genome Shotgun Sequencing, 588,  

588f
Whole inactivated bacterial vaccines, 495
Whole-cell pertusis vaccine, 506
Whole-pathogen vaccines, 495
Wikepedia, 69
WMA. See World Medical Association
World Health Organization (WHO), 14

classification, 102
consultation committee, 511
EBV infection and tumorigenesis, 135
genetics, 470
HIV infection, 158
immunization programs, 493
MoAb, 271
potable water, 526
traditional medicine, 564–565

World Medical Association (WMA), 610
World Wide Web (WWW), 69
WSSV. See White spot syndrome virus



Index638

X
X chromosome, 579
X-linked agammaglobulinemia (XLA), 

130–131
X-linked lymphoproliferative disease (XLP 

disease), 133–134, 588–589
XDR. See Extensively drug resistant
Xenograft model

design and execution, 87–88
interpretation of results, 88
of prostate cancer metastasis, 87

Xenograft transplants
chemoendocrine therapy, 82–83
herceptin, 83
human tumor cells, 82
subcutaneous prostate tumor xenografts, 82
tumor-medium mixture, 82

Xenotransplanters, 415

Y
Y-ligation-based block shuffling (YLBS), 

379–380

Yellow fluorescent protein derivatives  
(YFP derivatives), 557–558

Youth Mouse, 414–415

Z
ZEBRA response element (ZRE), 130
Zero Mode Waveguide (ZMW), 350
Zygote, 431–432



Color Plates

FIGURE 1.1  Life cycle stages of Drosophila melanogaster.
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FIGURE 1.2  Schematic depiction of classes of genes associated with pattern formation in Drosophila melanogaster.
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FIGURE 5.2  Generation of spontaneous tumor models for carcinogen studies.
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FIGURE 5.3  Generation of GEM models in immunocompetent mice.
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FIGURE 3.6  Activated Microglia and Astrocytes in Lumbar Spinal Cord of Symptomatic Mutant SOD1 Mice. Red: microglia stained with anti-
Mac2 antibody, Green: astrocytes stained with anti-GFAP antibody, Blue: motor neurons stained with anti-neurofilament H antibody. Bar: 100 μm.
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FIGURE 9.1  Structure of HIV. Graphical representation of cross-section of HIV. Envelope is the outermost layer; it consists of a lipid bilayer. The enve-
lope layer is comprised of gp120 and gp41. The layer next to the envelope is the matrix protein. The matrix layer is followed by the core protein. At the 
center of the virion, two molecules of single-stranded RNA (ssRNA) and other enzymes are present. These enzymes are protease, integrase, and reverse 
transcriptase. Reverse transcriptase also contains RNase H. The location of each individual protein and RNA is shown in the figure and the molecular mass 
of the protein is shown in brackets. (Polymerase is not shown; it contains integrase, protease, reverse transcriptase, and RNAse H).
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FIGURE 9.2  HIV Genome. Schematic representation of the HIV genome. The genome is 9.8 kB in size, and consists of 9 genes, which are flanked by 
LTRs on either side of the genome. These 9 genes finally produce 15 proteins: env, envelope; gag, group specific antigen; LTR, Long Terminal Repeat; 
nef, negative factor; pol, polymerase; rev, regulator of expression of viral proteins; tat, transactivator of transcription; vif, viral infectivity factor; vpr, viral 
protein R; vpu, viral protein U.

FIGURE 9.3  HIV Replication Steps and Drug Targets. Schematic representation of HIV replication along with the stages where different groups of 
antiretrovirals work. During infections, HIV attaches to the cell surface of target cells and fuses with the cells to release viral RNA and other proteins. 
Reverse transcriptase produces pro-viral RNA in the cytoplasm. Pro-viral RNA moves to the nucleus and integrates with the host cell genome with the 
activity of the integrase. After integration of pro-viral DNA into the host DNA, it gives rise to mRNA, which finally translates into different proteins 
required for synthesis of new virions. These proteins get cleaved by proteases to get assembled into new virions; new virions are released into circulation 
due to budding from the cells. Steps for drug targets are mentioned in numerals in blocks: Step 1 is the target for fusion inhibitors, Step 2 is the target for 
reverse transcriptase inhibitors, Step 3 is the target for integrase inhibitors, and Step 4 is the target for protease inhibitors. : Viral RNA; : 
Pro-viral DNA.
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FIGURE 15.3  Schematic Representation of Production of Monoclonal Antibodies. This figure represents different crucial steps in the production 
of monoclonal antibodies. (A) Antigen Preparations: Antigen has to be prepared with Freund’s Complete Adjuvant or Freund’s Incomplete Adjuvant.  
(B &C) Immunization: Mice have to be immunized by injecting antigen prepared with adjuvant; they also have to be given booster doses. (D) Preparation 
of Splenocytes and Fusion with Myeloma: The spleen has to be removed from immunized mice and a single-cell suspension of splenocytes has to be 
prepared. Then splenocytes have to be fused with myeloma cells in the presence of fusogenic agents. (E) Selection of Hybridoma: After fusion, a hybrid-
oma has to be selected from the cell population mixture. Cells have to be grown in HAT selection medium so that after selection only hybridoma cells can 
survive, while B-lymphocytes and un-fused myeloma cells will die. (F) Screening of Clone: After selection of hybridoma cells, a specific clone has to 
be selected. Different hybridoma cells are diluted in 96-well plates, and after a period of time each clone has to be tested for specificity against the anti-
gen. (G) Purification of Monoclonal Antibodies: After selection of a specific hybridoma clone, monoclonal antibodies can be purified. If downstream 
application requires purification of monoclonal antibodies, then the clone can be expanded and appropriate methods can be applied for purification of 
monoclonal antibodies. ( ), myeloma cells; ( , ), lymphocytes; and ( , ), hybridomas. Cells marked with an “X” represent cell death in the 
selection medium.
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FIGURE 17.1  Example of a quantitative real-time PCR with the primers for α-tubulin. (A) Tubulin cDNA real-time amplification curves for samples 
containing standard dilutions of the purified target cDNA. (B) Tubulin qPCR calibration curve generated by amplifying known copy numbers of the target 
cDNA; circles of different colors correspond to separate calibration runs conducted during a 2-year period; dashed lines show 95% confidence intervals 
for the regression line across all data points.
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FIGURE 20.5  Illustration and comparison of the most common biomolecular display technologies. In phage display, an indirect linkage (physical) 
between the gene and gene product is provided by the viral capsid. In ribosome display, a non-covalent linkage is achieved by producing ternary com-
plexes of RNA, ribosomes, and associated nascent peptides. In the mRNA display system, a covalent linkage is generated through a puromycin molecule 
attached to the encoding mRNA via a short DNA linker molecule.
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FIGURE 24.5  SKY image showing metaphase chromosomes labeled with different fluorochromes.
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FIGURE 24.6  Array-CGH image showing 2.2 Mb duplication on chromosome 17q13.3.



FIGURE 24.7A  Double helix structure of DNA. (Courtesy: U.S. National Library of Medicine.)

FIGURE 24.7B  Structure of a typical human gene.



FIGURE 24.8  Electropherogram showing mutation. An arrow shows C to T substitution in codon 318 (CAG to TAG) that results in change of Gutamine 
(Q) coded by CAG to stop codon TAG, denoted as X.

FIGURE 24.9D  Partial electropherogram of DMD gene showing C to T change (shown by arrow).



FIGURE 25.1  Production of monoclonal antibodies (a simplified overview).



FIGURE 25.3  Phage display technology for antibody screening.

FIGURE 27.2  Mechanism of action of pepsin on polypeptides.



FIGURE 29.1  Process of inducing (A) Meiosis I triploidy, (B) Meiosis II triploidy and (C) Mitotic tetraploidy, and (D) Normal development in penaeid 
shrimp. (Source: Sellars et al., 2010)



FIGURE 30.4  Isolation of bioactive compounds from Lantana camara, a medicinal plant.
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