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1 Medicinal plants as sources of novel
therapeutics: the history, present,
and future

1.1 Introduction

Plants form the basis of various traditional and folk medicines that have been in prac-
tice for thousands of years. Even today, plants are considered as a rich source of thera-
peutic agents for the treatment and prevention of diseases. According to the World
Health Organization (WHO), approximately 80% of the inhabitants in the world de-
pend mainly on traditional medicines for their primary health care. It is estimated that
at present, more than 35,000 plant species are employed for medicinal purposes [1].

A medicinal plant is usually described as “any plant which, in one or more of its
organs, contains substances that can be used for therapeutic purposes or which are
precursors for the synthesis of useful drugs” [2]. These plants also become the source
of natural products that can be developed into novel drugs or can be utilized as drug
leads. Noteworthy, up to 50% of the approved drugs during the last 30 years are from
either directly or indirectly from natural products. For example, in the area of cancer,
out of the approved 175 small molecules over the time frame from the 1940s to 2014,
85 (49%) were either natural products or natural product derivatives [3]. Besides, nat-
ural dietary supplements are also gaining much popularity among the general public.
Particularly, cancer patients in the USA have started to use new dietary supplements
with natural ingredients after being diagnosed with cancer. These herbal medicinal
products are available as single isolated/enriched compounds or as complex mix-
tures of several biologically active compounds. Further, these could be obtained from
a single herb or combination of herbs, as polyherbal formulations and are prepared
in different ways like decoction, tinctures, teas, syrups, essential oils, ointments, sal-
ves, and tablets/capsules with the powdered form of the whole plant/plant part or
dried extract [4].

The increasing interest in medicinal plant research is clearly reflected by the
number of recent publications that have increased more than threefold from 2008
(4,686 publications) to 2018 (14,884 publications). Fitzgerald et al. [5] revealed that
the largest proportion of publications cited in current databases over the last
10 years are in the disciplines of pharmacology and pharmacy and it is followed by
plant sciences, biochemical molecular biology, and agriculture research. Moreover,
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the majority of those publications have emerged from China, India, the USA, and
South Korea, indicating the strong medicinal plant traditions in Asia as well as the
USA’s dominant presence as an international user of herbal products [5].

Thus this chapter gives a brief overview of the history of medicinal plants, the
challenges faced in the development of herbal-based drugs, and some future pros-
pects in the field of herbal medicine.

1.2 The use of medicinal plants: historical
perspective

The relationship between plants and humans has been existing since time immemo-
rial. Early humans exploited the plants around them for use as food, fuel, clothing,
shelter, and medicine [6]. Fossil records indicate that prehistoric humans had used
plants as medicine at least 60,000 years ago in the Middle Paleolithic age [7, 8]. It
is assumed that the treatment of open wounds had included the cleaning and pack-
ing with plant parts or plant extracts, some of which might be beneficial in cleans-
ing and healing wounds. Among the objects found with the mummified body of
Otzi the Iceman who lived about 5,300 years ago, there were woody fruits of a
bracket fungus Piptoporus betulinus. It has been revealed that P. betulinus contains
toxic resins and agaric acid which are powerful purgatives, along with oils that are
toxic to metazoans and with antibiotic properties [9].

It is speculated that the pharmacological knowledge of primitive man might
have come from experimentation and sometimes they might have judged the use
and purpose of plants just by examining what the plant resembled. For example,
the black speck in the flower of the plant eyebright (Euphrasia officinalis) appears
as a pupil in the eye and thus was used for diseases in the eye. Similarly, plants
with bright yellow flowers were used against jaundice in which the white parts of
the eye get turned into yellowish color [10].

The oldest written evidence of the use of medicinal plants for the preparation of
drugs has been found on a Sumerian cuneiform tablet which is believed to be from
3000 BC. Fifteen pharmaceutical prescriptions composed of milk, snakeskin, turtle
shell, Cassia, myrtle, asafetida, thyme, willow, pear, fig, fir, and date have been de-
scribed there, although it lacks the context on associated diseases or the amounts
of the ingredients. Interestingly, all parts of plants had been used for those pre-
scriptions. Narcotics derived from Cannabis sativa (hemp), Mandragora spp. (man-
drake), Lolium temulentum (darnel), and Papaver somniferum (opium) were utilized
by the ancient Mesopotamians [10, 11].

Traditional Chinese Medicine dates back to about 2500 BC and the oldest medi-
cal writings on herbs described dozens of herbs in a variety of situations related to
healing and diet [12]. The Chinese book Pen T’Sao, written by Emperor Shen Nung
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around 2500 BC, on roots and grasses revealed 365 drugs composed of dried parts of
medicinal plants like yellow gentian, ginseng, cinnamon bark, camphor, Podophyllum,
jimson weed, and Ephedra [13, 14].

The traditional Indian medicine, or Ayurveda, developed significantly during
the Vedic period (2500-600 BC) and the descriptions of the system are available in
ancient literature such as Rig-Veda, Yajur-Veda, and Atharva-Veda, which mention
the utilization of plants for treatment purposes. Three groups of plants have been
recognized in Rig-Veda as trees (Vriksha), herbs (Osadhi), and creepers (Virudh)
while the shape and morphology of plants were also described in Atharva-Veda. Four
groups of medicinal plants were described in Yajur-Veda [13, 15-17]. The Caraka-
Sambhita (Compendium of Maharishi Caraka) and Sushruta Samhita, dating to the pe-
riod of 900-600 BC, are two fundamental texts on Indian traditional medicine and
describe hundreds of pharmacologically active herbs and spices [17].

The Egyptian pharmaceutical record “Ebers Papyrus,” written circa 1550 BC, is
the most complete and most famous medical papyri. It describes hundreds of magical
formulas and folk remedies refereeing to about 700 plant species including pome-
granate, castor oil plant, garlic, onion, Aloe, Senna, fig, willow, coriander, juniper,
etc. [13]. Plant extracts were prepared and either taken internally or applied topically,
while some were administered by fumigation and vapor inhalation [18].

The Egyptian tradition was transmitted to Greek and Roman medical systems
over time triggering the use of plant species against various ailments. Greek philos-
opher Aristotle (384—322 BC) has described 500 crude drugs employed in the treat-
ment of different pathological conditions, while the Greek Physician Hippocrates
(460-370 BC), the father of modern medicine, believed that disease had natural
causes; thus, various herbal remedies were used in his treatments. He mentioned
about 400 medicinal substances of herbal origin [15, 19].

Theophrastus (370-287 BC), who is considered as “the father of Botany,” wrote
two books “De Causis Plantarium” — Plant Etiology and “De Historia Plantarium” —
Plant History. In these books, he included a classification of more than 500 medici-
nal plants known at the time [15]. Further, Theophrastus described on the season
and the method for the gathering of useful medicinals; for example, the best juices
are collected in the summer, while spring or autumn would be the best time to
gather the most useful roots [20].

The Roman writer Cornelius Celsus (25 BC-50 AD), who wrote the book De Me-
dicina, described the preparation of numerous ancient medicinal remedies and
quoted about 250 medicinal plants such as Aloe, poppy, pepper, cinnamon, the star
gentian, and cardamom [13]. In around 60 AD, the Greek physician Pedanius Dio-
scorides (40-90 AD) documented over 600 curative plants in his book De materia
medica which formed the core of the European pharmacopeia. Chamomile, garlic,
onion, ivy, nettle, sage, coriander, parsley, willow, etc. are some of the most appre-
ciated domestic plants described by Dioscorides. The descriptions of the medicinal
plants included their outward appearance, locality, mode of collection, preparatory
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methods, and the therapeutic effects [13]. Similarly, Pliny the Elder (23-79 AD) in-
troduced Naturalis Historia, a work that includes myths and folklore, trees, and me-
dicinal plants [21].

Claudius Galen (129-199 AD) introduced the concept of pharmaceutical formu-
lation to formulate stable and therapeutically effective drugs and published at least
30 books on plants [15, 22]. He also introduced several new plant drugs that had not
been described by Dioscorides, for example, Uvae ursi folium, which had been used
as an uroantiseptic and a mild diuretic [13].

During the Middle Ages, the monasteries preserved medical knowledge in Europe
where monks who were in their monasteries planted and experimented on the species
described in classic texts. Meanwhile, the Arabic scholars translated many classical
Greek texts into Arabic and complemented it with their own medicinal expertise, as
well as the knowledge of herbs from Chinese and Indian traditional medicines [23].
The Persian pharmacist and the physician Avicenna wrote “Canon Medicinae” and
“Kitab Ash-Shifa,” while Ibn al-Baitar recorded hundreds of medicinal plants in his
“Corpus of Simples” [15, 21, 22]. Moreover, the toxic aspects of various plants were
also described by Arabs, for example, The Book on Poisons and Antidotes by Abu
Musa Jabir ben Hayyan [24].

“The Black Death,” which is considered as one of the most devastating pan-
demics in human history, had swept through Europe in the thirteenth and four-
teenth centuries. As the physicians were not knowledgeable at that time to deal
with the infection, superstitious practices like burning aromatic herbs and bathing
in rosewater or vinegar were also performed [21].

Although the emphasis paid on herbal sciences had declined during the late
Middle Ages, several herbalists fostered this field, especially during the sixteenth
century. In the dawn of Renaissance, Paracelsus (1493—-1541 AD) reintroduced opium
for medical use in Western Europe [25]. There was no concept of the geographical dis-
tribution of plants in the early sixteenth century, and Leonhart Fuchs (1501-1566 AD)
became the first herbalist to describe the American introduction of previously un-
known plants into Europe. His book De historia stirpium covers 497 native European
and introduced plants and over 500 woodcut illustrations [26]. His work became a
masterpiece and considered as the standard scholarly study on plants until Carolus
Linnaeus (1707-1788 AD) introduced the new taxonomy, the binomial system [27].
Meanwhile, in England, John Gerard (1545-1612 AD) published Herball or Generall His-
torie of Plantes, and in 1618, London Pharmacopoeia was compiled using previous
work on the medicinal plants [22].

Until the nineteenth century, medicinal plants were employed on an empirical
basis, neither with mechanistic knowledge on their pharmacological activities nor
with the active constituents [23]. The early nineteenth century was a turning point in
the field of herbal medicine as attempts were made for the isolation of the active prin-
ciples of commonly used plants such as poppy, belladonna, autumn crocus, and
Saint-Ignatius’ bean. These isolations were then followed by the commercialization
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of morphine, the first commercial pure natural product in 1826; the aspirin, the first
semi-synthetic pure drug based on a natural product in 1899; and many other phar-
maceutically important natural products thereafter [22].

Despite the advent of other drug discovery approaches like molecular modeling
and combinatorial chemistry, the impact of natural products as new clinical candi-
dates in the drug discovery programs is still very high. For example, 1,073 new
chemical entities belonging to the group of small molecules had been approved be-
tween the period of 1981 and 2010 and more than half of those were based on natu-
ral product scaffolds. Interestingly, a substantial number of these compounds were
from higher plants [23]. Thus natural-product-derived compounds are still proving
to be an invaluable source of medicines for humans and the indigenous knowledge
on medicinal plants play a vital role in expanding the horizons of the modern phar-
maceutical industry. In this respect, ethnobotanical studies could be indispensable
tools for gathering folklore knowledge.

1.3 Ethnobotany in drug discovery: pros and cons

The term “ethnobotany” was first introduced in 1896 as “the study of plant use by
humans” by an American botanist John Harshberger. Thus it studies various aspects
of how plants are used by people as food, cosmetics, textiles, and medicines including
all the beliefs and cultural practices associated with their use [28]. On the other hand,
the more recently introduced term “ethnopharmacology” describes a multidisciplinary
area of research, concerned with the observation, description, and experimental inves-
tigation of indigenous drugs and their biological activities [29]. Ethnobotany has un-
dergone a radical transformation during the last two decades [30].

Leopold Gliick, a German physician working in Sarajevo, published his work on
traditional medical uses of plants among the rural people in Bosnia in 1896, and it
is believed that this work would be the first modern ethnobotanical work [31]. Since
then a large number of ethnobotanical studies were carried out in different regions
around the globe and some of the notable work includes those of Richard Evans
Schultes and his students such as Wade Davis and Mark Plotkin in the South American
Amazon [32].

Ethnobotanical studies play an important role in the preservation of traditional
knowledge through proper documentation. A study of a rural population in Argentina
revealed that for the transmission of knowledge of medicinal and edible plants, family
members (especially mothers) play a major role while experienced traditional healers
outside the family also made a great contribution [33, 34]. As smaller and more vulner-
able tribes and indigenous groups become increasingly fragmented and threatened by
modern development pressures in developing countries, it is feared that folk knowl-
edge might get lost forever [34]. Also in some communities, the wealth of knowledge
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is rapidly diminishing not only due to the dearth of elderly people who are knowl-
edgeable on traditional healing systems but also due to the lack of interest in the
younger generation to acquire this knowledge systematically [35]. Also, dramatic de-
struction of ecosystems and the ruthless use and overexploitation of medicinal plants
solely for commercial purposes compel to accelerate studies of ethnomedicine along
with biomedical and phytochemical studies for the development of new natural prod-
ucts and drugs needed by humans [34, 35].

Ethnobotanical studies are proven to be an effective approach to reveal the hid-
den potential of plants against various illnesses and thereby could contribute to-
ward the drug discovery programs by providing information on the selection of
plants or specific phytochemicals to be tested in experimental models of various
diseases. On several occasions, the results of ethno-directed investigations have
been compared with random search for plants for specific therapeutic purposes. Ac-
cording to Khafagi [36], 83% of the plants in Sinai, Egypt selected using an ethnobo-
tanical approach elicited antimicrobial activities while only 42% of the randomly
selected plants exhibited the bioactivity [36]. Similarly, Slish et al. [37] reported that 4
out of 31 plants selected in Belize using the ethno-directed study displayed vascular
smooth muscle relaxant activity; however, none of the randomly collected 32 plants
exhibited this property [37].

However, there are number of pitfalls associated with ethnobotanical/ethnophar-
macological studies, particularly concerning the design of studies and collection and
interpretation of data. This demands proper training and sound knowledge of the in-
ternational literature from investigators of theoretical and methodological contribu-
tions to this field. Besides, the selection of plants relevant for bioprospecting based on
their popularity and usefulness is sometimes doubtful, while the exclusion of informa-
tion essential for efficiently testing the plants is another error observed in the latest
ethnobotanical studies. In order to overcome these limitations, it is recommended that
researchers should clearly establish the goals of their study, for example, whether
they are going to study one single and well-defined therapeutic activity, or the full
range of knowledge of the local medical system. Further, during the selection of in-
formants for the study, the age, gender, and social function of the individuals should
be considered, particularly the role of women and elders who are supposed to possess
greater knowledge on medicinal plants due to their role in the home and family care,
and their longer interaction with the environment respectively. Also, the researchers
should keep in mind that the high presence and importance of a particular plant in a
local healing system might not always be linked to its pharmacological effect, whereas
plants that are mentioned less frequently might be important for bioprospecting; thus,
low popularity does not necessarily mean lack of efficacy. Because of the cultural vali-
dation and the local belief in its effectiveness, a widely popular plant may act like a
“placebo,” despite the absence of biologically active compounds. Moreover, the plant
species located geographically closer to a local community may be used more often,
thus imparting greater importance. On the other hand, a plant that has been rarely
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mentioned could be a recent introduction to a local medical system, or else, the
knowledge on its healing potential might have been restricted to a few families or in-
dividuals as a family secret or has a low availability in the study area concerned.
Therefore, such rarely mentioned plants might actually be highly valuable from the
bioprospecting perspectives [38].

Although the “ethnobotanical approach to bioprospecting” has resulted in the
development of at least 88 new pharmaceuticals like the muscle relaxant tubocura-
rine and the antimalarial drug quinine, there were instances where this approach
was not as effective as it was anticipated. A well-known example was the project
conducted by Shaman Pharmaceuticals in South San Francisco, California, USA,
with the vision “collaborating with the rainforest’s indigenous people as part of a
sophisticated drug discovery and development process of modern Western medi-
cine” [39]. A team of botanists and physicians were sent to 30 countries to work
directly with indigenous communities and to interview the traditional healers to
learn about the plants that are used to treat illnesses and how the patients are
treated. Although the initial interest was directed toward antifungal and antiviral
agents, the active compounds discovered were failed in the clinical trials; thus, the
efforts were made to assess the antidiarrheal activity. “SP-303,” a mixture of proan-
thocyanidin polymers isolated from the latex of Croton lechleri was found to be clin-
ically efficacious and developed as a dietary supplement for diarrhea. It has been
realized that the applications were different from indigenous ethnobotanical uses
of Croton sap. Despite the collection of 1,000 plants and screening of 800, of which
420 identified with biological activity and leading to 20 patents, the Shaman project
is considered as a victim of bad timing in its choice of the search strategy. The fail-
ure of the project signifies the need for new models of these approaches to drug
development as well [7, 39].

The researchers involved in the collection of ethnobotanical knowledge of in-
digenous people should be aware of Convention on Biological Diversity (CBD) and
intellectual property rights; thus, it is recommended to obtain prior informed con-
sent for the use of the resources of those indigenous people and their traditional
knowledge. Gaining the consent of indigenous people is a time-consuming process
that involves the identification of appropriate indigenous communities to work
with and getting their approval for sharing knowledge and resources as well as ne-
gotiation of appropriate contracts and compensation packages [39, 40].

Because of the complicated issues associated with ethnobotanical research,
pharmaceutical companies prefer to use literature and database search rather than
conducting ethnobotanically directed search itself [39]. NAPRALERT is one of the
famous databases that were designed to evaluate the literature on natural products
for the identification of new sources of commercially significant or clinically useful
drugs. This database contains data on upward of 60 000 species, including more
than 200,000 distinct chemical compounds of natural origin and 90,000 reports of
ethnomedical uses of plants as well as other organisms. More than 770,000 unique
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pharmacological records are there representing more than 4,000 different pharmaco-
logical activities. These data have been extracted from over 200,000 scientific articles
and reviews from approximately 10,000 scientific journals. Thereby it provides essen-
tial information to researchers who are engaged in medicinal plant research and drug
development as well as the botanical dietary supplement industry [41].

There are several other herbal medicine databases with scientific data on the
use and study of herbs for health, namely, the herb information knowledgebase
(THINKherb) database, Traditional Chinese medicine information database (TCM-ID),
Traditional Chinese medicine integrated database (TCMID), and Indian Plant Antican-
cer Compounds Database (InPACdb). THINKherb contains 499 herbs, 1,238 genes in-
volving human, mouse, and rat, 825 diseases, 245 pharmacological activity, and 373
signaling pathways. TCM-ID composed of 1,588 prescriptions, 1,313 herbs as well as
5,669 herbal ingredients along with the 3D structure of 3,725 herbal ingredients.
TCMID contains 47,000 prescriptions, 8,159 herbs, 25,210 compounds, 6,828 drugs,
3,791 diseases, and 17,521 related targets. On the other hand, InPACdb provides com-
prehensive information on anticancer activity of the phytochemicals of Indian origin.
As of recent times, these databases turned out to be a valuable resource for drug de-
velopment and drawn the attention of researchers in both academia and industry [1].

1.4 From plants to the pharmacy shelf: the drug
development process

The development of new drugs from the plant sources is a complex, time-consuming,
and expensive process (Figure 1.1) as it is carried out in three elaborate steps, namely,
pre-drug stage, quasi drug stage, and full drug stage. The first stage of drug develop-
ment is the pre-drug stage and involves the information-driven selection of plants ei-
ther based on indigenous use or from the results obtained in animal studies. Then in
the quasi drug stage, the extracts are prepared, phytochemicals are screened, and
the structure and composition are elucidated. Further, the bioactivity evaluations are
conducted for the identification of possible lead compounds. If necessary, the lead
compounds are subjected to structural modifications as well. Once the lead com-
pound is identified, it is structurally modified if needed. Thereafter, it is evaluated in
animal models, in vitro studies, and clinical trials, and upon the approval, it enters as
a marketed drug [4].

The new drug candidate (irrespective of whether a phytochemical or not) must
undergo pre-clinical trials followed by different stages of clinical trials, i.e., Phase 0
(optional), Phase I, Phase II, Phase III, and Phase IV. Preclinical studies are re-
quired before the initiation of the clinical trial. These pre-clinical studies involve
in vitro and animal experiments (in vivo) at different doses of the study drug to de-
termine the pharmacodynamics, pharmacokinetics, and toxicology of the drug.
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Phase 0 experiments are optional exploratory trials where a small group of individu-
als, usually 10-15, are tested with a single, sub-therapeutic dose to gather pharmaco-
kinetic information, thus to access whether the drug candidate performs as expected
to take forward into further development. Then in Phase I studies, the new drug is
administered to 20-100 normal healthy individuals to determine the maximum toler-
ated dose of the drug, the common and serious adverse effects of the drug, and also
its pharmacological, pharmacodynamic, and pharmacokinetic properties. Nearly
70% of drug candidates move from Phase I to Phase II. Phase II studies are conducted
with several hundred patients with specific diseases. The study population is well de-
fined by inclusion and exclusion criteria, and based on the dose or dose range deter-
mined in Phase I, dose-response in patients and the drug’s biological activity and
efficacy are evaluated. Approximately one-third of tested new drugs move into Phase
I1I trials which are carried out using a large number of patients and with specific dis-
eases to determine efficacy, effectiveness, and long-term side effects. Usually, about
25% to 30% of the new drug candidates progress to the next phase, Phase IV. Phase
IV trials are long-term studies involving more than 10,000 individuals of the relevant
patient population and normally conducted after the approval of the regulatory
agency. This study aims to assess the drug’s real-world effectiveness. In some instan-
ces, the outcome of Phase IV studies could lead to a withdrawal of the drug from the
market or for a restriction to particular uses [42].

Despite the fact that many botanicals are in the pipeline of clinical trials, only a
few have ended up as a commercial drug, hence the rest failed at different stages of
the clinical trial. One example is a different formulation of “SP-303” identified in the
project undertaken by Shaman Pharmaceuticals. This formulation called “Virend”
was developed as a topical formulation for the treatment of genital herpes, and it pro-
gressed to the clinical trials from the pre-clinical stage within a short period, i.e.,
after 24 months of laboratory testing. However, Shaman Pharmaceuticals halted the
further development of Virend when it demonstrated no additional benefit over the
existing drug for herpes, acyclovir [39]. Similarly, several natural dietary supplements
have undergone Phase II trials of cancer therapy; however, the majority failed to
progress to Phase III trials, in spite of their positive results in pre-clinical investiga-
tions with animal models, cell lines, and/or small early phase clinical trials [4].

There are many challenges encountered in the development of herbal drugs. For
example, randomized, placebo-controlled trials are crucial in the evaluation of any
drug for health benefits or disease mitigation; however, the peculiar color, taste, and
smell in herbal medicine make it difficult to conduct placebo-controlled trials. There
were many occasions where the clinical evaluation of herbal drugs had shortcomings
in trial design, improper execution, and weak data analysis, particularly due to the
inappropriate number of patients in trials, improper randomization, and selection
bias. Also conducting pharmacokinetic studies on polychemical natural products is
quite complicated unless the active ingredient/active principle is known. The pres-
ence of several different active ingredients makes the pharmacokinetic evaluation
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more difficult and complex. Poor standardization and lack of quality control of herbal
preparations as well as the presence of several active compounds would make the
dose calculation a tedious process and sometimes lead to discrepancies in the dosage
and treatment duration of the herbal remedies. Moreover, the contamination or adul-
terations of herbal preparations might result in undesirable toxic effects sometimes
with dire consequences [4].

1.5 Conservation of medicinal plants

The use of herbal drugs shows an increasing global trend and the wild populations of
plants having medicinal properties are facing many threats as a result. Therefore, the
need for conservation of those plants has now become a priority [30, 43]. According
to Heywood [30], this poses several problems. The numbers of medicinal plant spe-
cies involved are large and information on the conservation status of the majority of
the species are lacking. Threats faced by over-collecting, insufficient knowledge on
the genetic variation and indigenous traditional knowledge are other problems. The
reluctance of the policy makers to become involved and invest in conservation of
these species is another critical issue.

1.6 The future trends in the medicinal plant
research

Despite the numerous deterrents in the field of phytomedicine, researchers all over
the world are conducting pre-clinical studies and clinical trials with botanicals to
harness the maximum benefits from the healing powers of plants. Moreover, agen-
cies like the National Institute of Health, USA; European Medicines Agency (EMA);
Indian Council of Medical Research; and National Health and Medical Research
Council, Australia, are undertaking clinical trials in assistance with several govern-
ments and private institutes [4].

The application of metabolomics in natural products research is a recent trend
that is aimed at the qualitative and quantitative analysis of all the metabolites of an
organism at a specific time and under specific conditions. Analytical techniques like
high-resolution mass spectrometry and nuclear magnetic resonance spectroscopy are
employed here to dereplicate and quantify the known metabolites against novel natu-
ral products. Along with metabolomics-guided fractionation tools, it is possible to
identify active components at the first fractionation step, as well as to predict the me-
tabolites that might be bioactive. Further, the metabolomics approach could help in
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the prioritization of fractions for further purification, saving time, and resources in iso-
lating the target compounds [44].

With the progress in bioinformatics, computational techniques have entered
in the process of drug discovery and development, and often precede or comple-
ment in vitro and in vivo studies. These computer-aided or in silico design is being
utilized to expedite and facilitate hit identification, hit-to-lead selection, optimize
the absorption, distribution, metabolism, excretion, and toxicity profile and avoid
safety issues [45, 46]. These integrated computer-assisted strategies would be ben-
eficial in processing a large amount of available structural and biological informa-
tion within a short period of time for a straight-forward search of bioactive natural
products [47].

Although there are significant numbers of very potent phytochemical compounds
particularly with anti-tumor activity, the nonspecific administration (i.e. dosing the
whole animal) during testing would lead to very high toxicities. The delivery of such
agents specifically to the tumor area would enable to use those materials for treat-
ment. In this respect, liposome-encapsulated toxic agents and antibody-conjugates
with natural toxins/pure compounds would be an ideal strategy [22]. Moreover, the
low bioavailability of phytochemicals would also hamper the further development of
these agents. The use of nanoparticles is one of the promising strategies to signifi-
cantly increase the bioavailability of natural products. The improvement in their
pharmacokinetic properties might lead to a better therapeutic effect, without high-
dose-induced acute toxicity. In this respect, polymeric nanoparticles have been em-
ployed to increase the bioavailability of luteolin, epigallocatechin gallate (EGCG), tea
polyphenols, and silibinin while the oral bioavailability of apigenin was improved by
incorporating it into a carbon nanopowder solid distribution [48]. Moreover, an im-
provement in the molecular targeting, oral bioavailability, and anticancer efficacy
was observed for the new ginsenoside, 25-OCH3-PPD (GS25) isolated from Panax noto-
ginseng upon its encapsulation into PEG-PLGA nanoparticles [49]. These examples in-
dicate that the role of nanotechnology would be imperative to the field of herbal
medicine in the coming years.

1.7 Conclusion

The plant-based healing systems continue to play an essential role in health care
while functioning as an important source of novel pharmacologically active com-
pounds. Despite the availability of compounds derived from computational and
combinatorial chemistry as new drug leads as well as the challenges confronted
over the years during the development of herbal-based drugs, phytochemicals still
hold a fair share in drug discovery programs owing to their incomparable chemical
diversity and novel mechanisms of action.
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