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Medicinal plants are known to play an important role in tribal and
rural health. However, in recent times it has been equally accepted
and adopted by urban people. Around the world, medicinal plants
have played an important role in traditional medicine and knowledge
to treat various diseases and ailments. It has also acted as a source of
natural or synthesized compounds for traditional and modern drugs.
Some of these medicinal plants which were also part of daily food
improved the general immune system of the people. In this review,
we try to cover various aspects of medicinal plants including their

diversity, ecology, and applications

Introduction

Medicinal plants are regarded as the most popular way of medication for primary health care (65-
80% of the world population relies on natural products) (Calixto, 2005). This may be due to
difficulty in access to modern medicine which is costly too. According to a report published by
World Health Organization (WHO), medicinal plants are an important alternative medicine as they
are low cost, have fewer side effects, toxic effects, fewer gastrointestinal problems, etc. (Dey et al.,
2002; Saiful Yazan et al., 2014). Terrestrial plants, especially member of angiosperms are known to
be good sources of natural drugs. Moreover, many chemical drugs available today have their origin
derived from medicinal plants (Tag et al., 2012). The market of medicinal plant drugs has gone up
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from US $178 billion in the year 2022 to US $196.83 billion in the year 2023 and is forecasted to be
US $248 billion by 2030 (Silveira and Boylan, 2023). However, as per Newsmantraa, the estimated
market potential is predicted to reach USD 600 billion by 2033.

According to WHO, approximately 21,000 medicinal plants are known to be used for therapeutic
medicines. Medicinal plants contain several kinds of metabolites (primary and secondary) which
have anti-microbial properties, anti-inflammatory, anti-diabetic, and other beneficial effects (Seth
and Sharma, 2004). The ethnobotanical studies undertaken around the world have helped to
discover several plants with bioactivity and phytochemical compounds purified and isolated having
pharmacological activity. Post-COVID-19, there has been an increased interest in the new
pharmacologically active phyto-molecules from wild plants having increased immunological
properties (Fig. 1.).

Wound Healing ‘

Fig. 1 Health benefits of medicinal plants and phytochemicals produced by them

The ethnobotanical and phytochemical studies include ecological, phytochemical,
pharmacological, nutritional, and other traditional and modern applications of plants. The discipline
of ethnobotany serves to collect and document the traditional information of local and tribal
communities and phytochemical studies help to validate the same. It also involves, the studies related
to local and global markets of these medicinal plants and conservational steps taken by local
communities as well as foresters. A special issue of Plants on Ethnobotany and Phytochemistry was
published in 2023 which received a lot of manuscripts but only 13 good qualities were published
(Silviera and Boylon, 2023).

Traditional Knowledge Associated with Medicinal Plants

The usage of medicinal plants in day-to-day medicines has grown around the world impacting
world health. These have been in use since ancient times in almost every part of the world as local
solutions to health problems, whether it is ordinary cough-cold to serious diseases like cancer
(Cunningham, 2014; Ullah et al., 2020). It is observed that it is more developed in regions where
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the plant diversity is more and less developed (in terms of modern medicine reach). There is a shift in
the use of herbal medicine from modern medicine to again herbal medicine. This shift is both due to
the realization of the bad effects of modern medicines and also due to the validation of
ethnobotanical and ethnomedicinal properties of bioactive compounds produced by the medicinal
plants. The earliest knowledge of the use of medicinal plants providing relief from diseases or
illnesses dates back to the earliest civilizations like China, India, etc. (Wanjohi et al., 2020).

It is observed that post-COVID-19, there is an increase in demand for herbal products and
medicines based on medicinal plants. It has not only increased the cultivation of medicinal plants
replacing crops but also increased the over-exploitation of medicinal plants from the forests. Due to
this over-exploitation (which resulted because of fulfilling the enhanced demands), there has been
degradation of habitat and unsustainable harvesting. This has affected the populations of several
medicinal plants growing in the wild hence categorizing them under the endangered list (Singh et al.,
2011). As per the available reports, about 90% of the total medicinal plant product demands are
harvested from the wild, i.e. forests (Singh and Dey, 2005).

National and International agencies have also promoted research on ethnobotanical knowledge
and the research on phytochemistry of bioactive compounds (Fig. 2). Traditional knowledge of
medicinal plants is an important aspect of local and tribal communities of the world, whether it is
from Brazil, China, Mexico, African and Australian countries, or India (Table 1). Traditional
knowledge is considered to be an important part of a community's social and physical welfare. The
responsibility of preserving the knowledge system is crucial and lies with the senior members of the
community. Many times, local businessmen and industries have tried to exploit traditional
knowledge and take inappropriate commercial benefits from them. Moreover, the actual benefit is not
transferred to the actual custodians. Ullah et al. (2020) and many other researchers have mentioned
medicinal value of several plants belonging to various families viz., Asteraceae, Fabaceae,
Amaranthaceae, Asclepiadaceae, Acanthaceae, Apiaceae, Poaceae, Zingiberaceae, Brassicaceae,
etc.

Leaves Methanolic
Stem
Aqueous Ethanolic
Tl e Fruit
Chloroformic
Plant Parts Plant Extract Medicinal Plants

Fig. 2 Schematic representation of medicinal plants and their extracts of various parts
used against different ailments
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Table 1. Number and percentage of medicinal species documented in different countries and
regions.

Number of Total Number Percent of

S. No. Coyr_ltry i Medicinal Plant  of Native Medicinal References
Origin . X
Species Species Flora
1. Bulgaria 750 3567 21 Schippmann et al. 2006
2. France 900 4630 19 Schippmann et al. 2006
3. Hungary 270 2214 12 Schippmann et al. 2006
4. Jordan 363 2100 17 Schippmann et al. 2006
5. Korea 1000 2898 34 Schippmann et al. 2006
6. Malaysia 1200 15500 7 Schippmann et al. 2006
7. Nepal 900 6973 12 Schippmann et al. 2006
8. Pakistan 1500 4950 30 Schippmann et al. 2006
9. Philippines 850 8931 9 Schippmann et al. 2006
10. Sri Lanka 550 3314 16 Schippmann et al. 2006
11. Thailand 1800 11625 15 Schippmann et al. 2006
12. Vietnam 1800 10500 17 Schippmann et al. 2006
Canadian Perezde Paz and Hernandez
13. Island 619 1594 39 Padron 1999
14. Chile 469 4672 10 Massardo and Rozzi, 1996
15. China 11146 27100 41 Shengji 2002
16. Columbia 5000 45000 14 Fonnegra and Jimenez 2007
17. India 7500 17000 44 Shiva et al., 1996
18. Mexico 2237 30000 7 Toledo et al., 1995
19. United States 2572 20000 13 Moeman et al., 1998
20. Paraguay 1500-3500 6000-7000 23-50 Mereles 2009
Southern
21. African 4000 22000 18 Arnold et al., 2000
Countries

Distribution and Ecological Habitat of Medicinal Plants

The distribution and ecology of medicinal plants is not restricted to any region but it shows high
diversity in undisturbed areas. Since most of the medicinal plants are sensitive and are not hardy
plants sustaining harsh environments. Generally, temperate and alpine regions show a higher degree
of plants including medicinal plants. However, micro-habitat destruction and climate change have
been a challenge for these medicinal plants. Construction of roads, canals, dams, anthropogenic
activities, and other development projects have also resulted in endangering the habitats of most
medicinal plants. In temperate climatic zones, rough terrain, altitudinal ranges, and harsh conditions
make a lot of plant richness (Chandra 2020).
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Transformation of land, illegal practices, over-exploitation by humans, and insufficient conservation
efforts of medicinal plants are additional factors that have put most of the medicinal plants on the
verge of extinction (Wani et al., 2021).

Distribution and Ecological Habitat of Medicinal Plants

The distribution and ecology of medicinal plants is not restricted to any region but it shows high
diversity in undisturbed areas. Since most of the medicinal plants are sensitive and are not hardy
plants sustaining harsh environments. Generally, temperate and alpine regions show a higher degree
of plants including medicinal plants. However, micro-habitat destruction and climate change have
been a challenge for these medicinal plants. Construction of roads, canals, dams, anthropogenic
activities, and other development projects have also resulted in endangering the habitats of most
medicinal plants. In temperate climatic zones, rough terrain, altitudinal ranges, and harsh conditions
make a lot of plant richness (Chandra 2020). Transformation of land, illegal practices, over-
exploitation by humans, and insufficient conservation efforts of medicinal plants are additional
factors that have put most of the medicinal plants on the verge of extinction (Wani et al., 2021).

Generally, the ethnobotanical knowledge is with the local people and communities. However,
this knowledge remains undocumented until a researcher interacts with the tribal and local people
(Kunwar and Bussmann, 2008; Adhikari et al., 2019). They have complete know-how of the
habitat of these plants. However, their ecological and functional roles need to be studied by scientific
methods by researchers (Khakurel et al., 2021). However, this information is reducing around the
globe due to globalization and urbanization causing unprecedented development (McDade et al.,
2007; Diaz et al., 2006; Aswani et al., 2018). The role of traditional knowledge, local communities,
and researchers working on ethnobotany and validation of phytochemical compounds have been
recognized by the goals of Sustainable Development (Pei et al., 2020). The ethnobotanical studies
can be used to improve healthcare facilities, understand the effects of climate change, and better
conservation of biodiversity (Peters et al., 2012; Kumar et al., 2021).

Climate change is a major significant factor not only affecting earth's weather but also overall
climate including seasonal patterns (Kunwar et al., 2023; Hajek and Knapp, 2022). The frequency
and intensity of major climate change factors like heavy rains, extreme temperatures, forest fires,
cyclones, etc. are increasing. Ecosystems and biodiversity of flora and fauna are impacted greatly by
climate change (Dolezal et al., 2016, Bhattacharjee et al., 2017, Shrestha et al., 2018a, Shrestha
et al., 2018b). There is a major drift in the distribution and diversity of medicinal plants, with many
entering the list of red data books of rare and endangered plants (Kunwar et al., 2020, Charmakar
et al., 2021, Shrestha et al., 2022).

Population modeling, demographic studies, socioeconomic impacts, and distribution modeling
are helping in understanding the environmental impacts of climate change on medicinal plants
(Vincent et al., 2019, Gaisberger et al., 2020). It is not only impacting the availability and growth
of medicinal plants but also affecting the composition and production of bioactive compounds.
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Medicinal Plants and their Active Constituents

Human civilization has been using medicinal plants for a long time. With time, new plants have
been added to the list as new properties of known plants were discovered or as and when new plants
were discovered with known properties. In the initial days and even in present times, herbal drugs
were used as crude extracts or tinctures or in powdered form. However, in recent times there has
been an increase in formulations using pure bioactive compounds (Kumar et al., 2015). Complete
medicinal plants and/ or their extracts have been used by humans for various ailments which include
drugs such as analgesics (morphine), antitussives (codeine), antihypertensives (reserpine),
antineoplastics (vinblastine and taxol), etc. (McRae et al., 2007). Ramawat et al. (2009) reported
that at present also medicinal plants provide effective bioactive compounds against several life-
threatening diseases such as cancer, malaria, cardiovascular, etc. (Fig. 3). Some of the important
plants used for various ailments are Acacia arabica, Carissa edulis, Nerium oleander, Catharanthus
roseus, Albizzia lebbeck, Achyranthes aspera, Amaranthus spinosus, Artemisia judaica, Lantana
camara, Ocimum basilicum, Allium cepa, Allium sativum, Azadirachta indicus, Ficus indica,
Syzygium aromaticum, Sesamum indicum, Ziziphus spina, Zingiber officinale, Cynadon dactylon,
Cassia italic, and Typha domingensis. An extensive list of medicinal plants, compounds isolated
from them, and their structure is compiled in Table 2.

Flavonoids Acid Phenol
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Fig. 3 Types of phytochemicals present in different parts of plants
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Table 2. Successful cases of plant natural products along with their structures have been isolated
from their respective medicinal plant hosts and introduced into the clinic for the treatment of various

human diseases.

S. No. Name of Plant Compound Structure
O
_ o HO
1. Arnica montana Caffeic acid X OH
2. Calendula arvensis Quercen
3. Silybummarianum  Silibinin A HO
4. Silybummarianum Silibinin A HO

5. Valerianaofficinalis

6. Genanaburseri

Valepotriate

Gentiopicroside

O-glucose
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10.

11.

12.

13.

Rosmarinusofficinalis

Lavandulastoechas

Papaver somniferum

Crocus savus

Artemisia annua

Gentianarigescens

Gentianarigescens

Rosmarinic acid

Borneol

Morphine

Safranal

Artemisinin

Rigenolides A

Rigenolides B
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14.

15.

16.

17.

24.

25.

26.

Gentianarigescens

Gentianarigescens

Chloranthusspicatus

Chloranthusspicatus

Gentianarigescens

Gentianarigescens

Chloranthusspicatus

Rigenolides C

Rigenolides F W50y g 0

Chloramultilide A

Shizukaol B
. - OH
Noriridoid
]
OH H i Q
o} e -0
H AcO
Macrophylloside A Aggi,\a&/"

Spicachlorantins A
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217.

28.

29.

30.

31.

32.

33.

Chloranthusjaponicus Hitorins A

Chloranthusjaponicus Hitorins B

Catharanthusroseus  Vincristine

Taxusbrevifolia Paclitaxel
Allium sativum Allicin

Allium sativum Diallyl Disulfide
Allium sativum E-Ajoene
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34.

35.

36.

37.

38.

39.

Allium sativum

Cymbopogoncitratus

Cymbopogoncitratus

Cymbopogoncitratus

Cymbopogoncitratus

Zingiberofficinale

1
Z-Ajoene /\/ S\/\
S\S/\/
CH,
X
Citral B X0
H;C CH;

Myrcene |

Luteolin

Carvone

6-Shogal
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40.

41.

42.

43.

44,

45.

46.

Zingiberofficinale

Zingiberofficinale

Zingiberofficinale

Menthasp.

Curcuma longa

Ocimum sanctum

Ginseng root

6-Gingerol

Zingiberol

Camphene

Menthol

Curcumin

Eugenol

Ginsenoside
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47. Bacopamonnieri Bacoside A

48. Azadirachtaindica Nimbin

49. Withaniasomnifera Withafera A

According to Cragg and Newman (2005), very little (about 10%) of plant diversity of the world
has been assessed for potential bioactive compounds. Hence, there is a challenge for chemists and
biochemists to work on new natural compounds and get access to natural chemical diversity. In some
countries like China and India, there is a well-established traditional system of medicine delivery.
Natural bioactive compounds provide structurally diverse kinds of compounds that present
opportunities for the discovery of novel compounds with low molecular weight (Dias et al., 2012).
This has also helped chemists to artificially develop similar alternate compounds. Molecular biology
and omics studies have also helped in the development of new compounds as the complete pathways
are known.

Mechanism of Action and Commercial Available Medicinal Plant Products

Natural resources are an important asset for humans. The Angiosperms plants are natural sources of
bioactive compounds used for treating ailments. Plant-based medicinal drugs are being used along
with modern medicines such as immunotherapy. Moreover, there is a growing demand for herbal and
traditional remedies for the treatment of various diseases. The future is very promising for medicinal
plants. Medicinal plants as well as bioactive compounds extracted from them have played an
important role in human medicines (Dar et al., 2017). Many of the modern medicines are also
derived from chemical compounds synthesized based on natural compounds. Post-COVID-19, there
is an enhanced interest in the same. More than 125 clinically useful drugs of the known constitution
have been isolated from more than 100 plant species. According to Tantry (2009), approximately
5000 plants have been screened for possibility of finding a novel drug.
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