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1.  Introduction

Medicinal plants constitute an important part of the natural wealth
of mankind. The rich and versatile history of medicinal and aromatic
plant (MAP) utilization dates back to the beginnings of our recorded
history, since already our forefathers used plants and natural
substances they could find in nature to ease and cure their sufferings
and illnesses and to heal their wounds.

The dependence on MAPs has survived in the form of traditional
medicine (TM) until today, as according to assessments, nearly 80 %
of the world population still relies on MAPs in their medications.
The greater part of traditional therapy involves the use of plant
extracts or their active principles (Akerele and Heywood, 1991). It
should be noted that quasi as a contrast, in the high-income countries
of the world, the modern renaissance of MAP use has brought
about a different type of use, i.e., the use of MAPs in the form of
herbal medicines (Complementary/Alternative Medicine (CAM)).
In the United States, about 118 of the top 150 prescription drugs
are based on natural sources (Balunas and Douglas Kinghorn, 2005).

2.  Global inventory of MAPs

The exact number of plant species used for medicinal purposes is
not exactly known, it can only be estimated. According to
Schippmann et al. (2002), this number amounts to more than 50,000
species. Table 1 compares the number of MAP species to the total
number of plant species in the flora of relevant countries.

According to a recent assessment by Chen et al. (2016), over 1300
medicinal plants are used in Europe: 90 % of these are harvested
from wild resources.

3.  Biodiversity  Hotspots

Earth’s biodiversity is in trouble, so is the natural diversity of
MAPs. According to Russell A. Mittermeier et al. (2011), there are
several factors that threaten the viability of wild populations:
invasive species wreak havoc on ecosystems, chemical pollution
alters biochemical processes in the soil, air, and water, and rapidly
spreading diseases, ultimately jeopardizing entire branches of the
tree of life.

Extinction is considered to be the gravest consequence of the
biodiversity crisis, since it is irreversible.With the vanishing of
species, so does vanish the health security of every human. MAPs

mean a vast genetic storehouse that may harbor a remedy for
numerous known or the next new pathogens/cures awaiting to be
discovered. It is estimated that compounds initially derived from
wild species account for more than half of all commercial medicines,
even more in developing nations (Chivian et al., 2008).

Table 1: Number of medicinal plant species used for medicinal
purposes (Source: Schippmann et al., 2002)

C ountr y Plant Medic inal %
spec ie s plant species

China 26092 4941 18.9

India 15000 3000 20,0

Indonesia 22500 1000 4,4

Malaysia 15500 1200 7,7

Nepal 6973 700 10,0

Pakistan 4950 300 6,1

Philippines 8931 850 9,5

Sri Lanka 3314 550 16,8

Thailand 11625 1800 15,5

USA 21641 2564 11,8

Viet Nam 10500 1800 17,1

Average 1366 1700 12,5

World 422000 52885

Putting an end to global biodiversity loss requires that limited
available resources be guided to those regions that need it most. To
achieve this, the concept of Biodiversity Hotspots has been
developed (Russell A. Mittermeier et al., 2011). Presently, globally
a total of 35 regions meet the hotspot criteria, each holding at least
1,500 endemic plant species (many of them MAPs) and each having
lost 70% or more of its original habitat extent.

“Saving lives by Saving Plants” - The Chiang Mai Declaration

Reaffirming the WHO/IUCN/WWF commitments to the collective
goal of “Health for All by the year 2000”, it was the International
Consultation on Conservation of Medicinal Plants held in Chiang
Mai, Thailand, in 1988, that declared alarm at the consequences of
the loss of plant diversity around the world. In the so called Chiang
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Mai Declaration, it expressed the urgent need for international
cooperation and coordination to establish programmes for the
conservation of medicinal plants to ensure that adequate quantities
are available for future generations (WHO et al., 1993).

The decades after the Chiang Mai Declaration (1988) have been
marked by several declarations and sets of recommendations calling
for the Conservation and Sustainable use of biodiversity including
also medicinal plants. Among these, The Convention on Biological
Diversity (CBD), an international, legally binding treaty reached at
the Earth Summit, in Rio de Janeiro (1992), established the following
main goals: the conservation of biological diversity, the sustainable
use of its components, and the fair and equitable sharing of the
benefits from the use of genetic resources (Diversity, 1992;
Cunningham, 1993).

As hardly 10 % of the raw materials comes of cultivation, the
significance of cultivation has been stressed, since it offers some
important advantages, like: steady sourcing of raw materials, reliable
botanical identification/lower risk of adulteration, superior quality
(selection of genotypes with desirable traits), controlled post-
harvest processing, as well as quality control. In cultivation,
products standards/regulations/consumer preferences can be more
easily observed. Cultivation can meet the requirements of various
Good Production Practices (Good Agricultural/Collection Practice,
Organic Production Practice) as well as Standards (e.g.: Fair Wild
Standard). Ultimately, certification of plant materials produced
according to good standards implies possibility for value addition,
an option to achieve higher incomes.

In the case of wild sourced MAPs, in harmony with the Good
Collection Practices (GCP), the more lately elaborated Fair Wild
Standard recognizes that the diminishing availability and loss of
MAP wild resources threatens health and economies on a broad
scale and undermines the livelihoods of collectors who often belong
to the poorest social groups in the countries of origin. Therefore,
ecological, social and economic objectives must be met, and best
practices must be defined to make plant wild collection sustainable,
at the same time ensuring benefits for collectors and their
communities (WHO et al., 1993) and (FWF, 2010).

4.  MAPs as industrial products
MAPs have become “industrial products” with new concepts, like
phytotherapy and veterinary medicinal uses, aromatherapy,
nutraceuticals, cosmeceuticals, and animal welfare uses, etc., that
have been constantly widening the scope of their utilization (Máthé,
2015).

New, innovative, value-added applications include not only human
nutrition (e.g.: functional foods) and animal husbandry (e.g.:
phytogenic feed-additives) but also the use of MAPs in plant
protection (e.g.: in agriculture). In this respect, especially the versatile
forms of utilization of essential oils is promising.

5.   MAPs as sources of lead compounds
MAPs will also maintain their importance in the search for new
natural substances and will remain valuable sources of ‘drugs and
lead compounds’. According to Newman et al. (2003), in the period
1981-2014, the number of all new approved drugs amounted to
1562. Their distribution according to the categories in the genesis
of codes elaborated by authors is given in Figure 1.

S*,61,4%

S*/NM,162,10 %
V, 101, 6% B, 250, 16% 

N, 67, 4% 

NB, 9, 1% 

ND, 320, 21%

S, 420, 27%

S/NM, 172, 11%

B N NB ND S S/NM S* S*/NM V

Co de Brief definition Year

B Biological macromolecule, 1997

N Unaltered natural product, 1997

NB Botanical drug (definedmixture), 2012

ND Natural product derivative, 1997

S Synthetic drug, 1997

S* Synthetic drug (NP pharmacophore), 1997

V Vaccine, 2003

S*/NM Mimic of natural product, 2003

Figure 1: Natural products as sources of new drugs from 1981 to
2014 (Source: Newman et al., 2003).

6.  Quality, safety and efficacy

The complex and multiple modern approaches in production and
uses have brought about an increased focus on the importance of
quality, safety, and efficacy issues of both MAPs and their produce
(Akerele and Heywood, 1991; Máthé, 2015), etc. In this process,
both ‘traditional’ and cutting edge scientific technologies and
methods are deployed.

Quality assurance in Good Agricultural and Collection Practices
(GAP) is generally, accomplished through the documented and
conscientious implementation of methods and techniques generally
already known by stakeholders of the production chain.

The pursuit to better meet ‘safety and efficacy’ requirements of
use has been triggered by a nearly unprecedented progress in the
development of new methods/techniques in phytotherapy. This
process has been accompanied also by the evolution and application
of new comprehensive scientific disciplines, technology platforms
(e.g.: “Omics” technologies).

These methods seem to be suitable to substantially improve the
simultaneous detection of intrinsic traits of plants, e.g.: proteins/
genes. As a result, the ‘high-throughput technologies’ (the so called
‘‘-omic-’’ technologies), may open up new horizons in evidence-
based phytotherapy research and ultimately, might also lead to a
change of paradigms towards the application of complex mixtures
in medicine (Mukherjee et al., 2016).

7.   Prevention of botanical adulterations

Adulteration of botanical ingredients, either accidental or deliberate,
can be frequently traced back to poor quality-control procedures.
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Intentional adulteration of plant-based products can lead to
unjustified financial advantage. Internationally, there is an increasing
awareness about adulteration of botanicals. Phytochemical/genetic
analytical and identification methods as well as principles are being
elaborated in order to combat adulterations, to minimize this
problem.

In the European Union, the Committee on Herbal Medicinal
Products (HMPC) of the European Union’s Medicines Agency
(EMEA) has been engaged in elaborating a Guideline on the
specifications: test procedures and acceptance criteria for herbal
substances, herbal preparations and herbal medicinal products/
traditional herbal medicinal products (Medicines  Agency, 2018).
This Guideline addresses 130 specifications, i.e., tests, procedures,
and acceptance criteria used to assure the quality of the 131 herbal
substances/preparations as well as of HMPs at release and during
the shelf-life.

Overseas, in the United States, in 2011, three leading non-profit
organizations initiated a large-scale Botanical Adulteration
Prevention (BAP) program with the aim of educating members of

the herbal and dietary supplement industry about ingredient and
product adulteration (Anon, 2018). The BAP is keeping the
information current and allow interested parties to access program-
related documents (e.g.: an on-line library of Bulletins, News and
other resources).

8. Phytochemical and genetic identification of plant raw
materials

Normally, plants used as drugs, dietary supplements and/or herbal
medicines, etc., are most frequently identified at the species level.
It is general practice that phytochemical and genetic data are
correlated (although only the latter normally allow for exact
differentiation at the species level).

The ‘phytochemical’ study of MAPs, including the exploration of
unknown substances, is assisted also by the new, previously
highlighted techniques. Metabolomics is a modern “omic” technique
for the comprehensive analysis of phytochemicals. This type of
comprehensive analysis can be a valuable tool for identifying
potential biomolecules from medicinal plants (Mukherjee et al.,
2016).

 Figure 2: Various phytochemical techniques used in the field of medicinal plant research (Mukherjee et al., 2016).

Unequivocal identification is a critical step at the beginning of an
extensive process of quality assurance. It is of importance for the
characterization of the genetic diversity, phylogeny and
phylogeography as well as the protection of endangered species.
DNA-based methods have been developed also for the identification
of MAPs. An overview of some important methods according to
Sucher and Carles (2008) is given in Table 2. The generation of

molecular “barcodes” for every species of medicinal plants on earth
is expected to offer a solution to most identification issues.

9.  The role of information and education

Ensuring safety in the use of MAPs and remedies derived from them
requires not only measures for control but also a substantial effort in
public information and professional education to make readily
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available up-to-date authoritative data on their beneficial properties
and possible harmful effects (Akerele and Heywood, 1991).

Table 2: Some molecular biological methods used for the authentication
of MAPs (Pulok K. Mukherjee, Ranjit K. Harwansh, Shiv
Bahadur, Sayan Biswas, Lalitha N. Kuchibhatla, 2016).

               Name Acronym

Polymerase chain reaction PCR PCR

Allele-specific diagnostic PCR

Amplification refractory mutation system ARMS

Amplified fragmented length polymorphism  AFLP

Arbitrarily primed PCR AP-PCR

Direct amplification of length polymorphism DALP PCR

Multiplex PCR PCR

PCR-selective restriction PCR-SR

Randomly amplified polymorphic DNA RAPD

Sequence characterized amplified region SCAR

Restriction length polymorphism RFLP

DNA microarray

DNA sequencing

Inter simple sequence repeat-anchored PCR ISSR-PCR

Multiplex amplification refractory mutation system MARMS

By publishing and disseminating the innovative findings on MAPs
and natural products, covering a broad choice of pharma-related
disciplines (e.g.: pharmacognosy, phytopharmacology, phytothe-
rapy, phytochemistry, phytopharmaceuticals, etc.) and also
their related  aspects,  the  International  Journal,  ‘Annals  of
Phytomedicine’ has also an important role to play.
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