Suman CHandra 7 %% e
Hemant Lata Ed/tori' ‘
</

’4\ ;\l. : ~"

High Altitude
Medicinal
Plants

Botany, Conservation and Cultivation

@ Springer



High Altitude Medicinal Plants



Suman Chandra « Hemant Lata
Editors

High Altitude Medicinal
Plants

Botany, Conservation and Cultivation

@ Springer



Editors

Suman Chandra Hemant Lata

School of Pharmacy School of Pharmacy

The University of Mississippi The University of Mississippi
University, MS, USA University, MS, USA

ISBN 978-3-031-99405-0 ISBN 978-3-031-99406-7 (eBook)

https://doi.org/10.1007/978-3-031-99406-7

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2026

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Cover Image: Sinopodophyllum hexandrum (Berberidaceae). Photo credit: Dr. Yang Niu and Dr. Hang
Sun (authors of Chapter 25)

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

If disposing of this product, please recycle the paper.


https://doi.org/10.1007/978-3-031-99406-7

®

Check for
updates

Krishna Kant Pachauri and Rakhi Chaturvedi

Abstract

Eastern Himalayan region of India is one of the significant ecological regions
across the globe and recognized as the 12" biodiversity hotspot by IUCN. The
area is exceptionally rich in medicinal plant biodiversity and contains 500 spe-
cies in Arunachal Pradesh, 140 species in Darjeeling Hills, and 36 species in
Sikkim. Interestingly, almost all medicinal plants from this region are used by
indigenous people for healing purposes. Asteraceae family plants are predomi-
nantly used by local communities like Apatani (19 species, 11 genera), Adi (8
species, 8 genera), Monpa (8 species, 5 genera), and Lohit (6 species, 5 genera)
tribes of Arunachal Pradesh. The Ageratum conyzoides, Artemisia nilagirica,
A. maritima, Spilanthes acmella, S. paniculata, Blumea balsamifera, B. lacera,
Vernonia cinerea, Eclipta prostrata, and Chrysanthemum indicum are a few of
the most commonly used medicinal plants from this family. The extracts of these
plants have shown antimicrobial, antioxidant, antihelminthic, analgesic, antican-
cer, antimalarial, and anti-inflammatory activities. Various secondary metabo-
lites including alkaloids, terpenoides, sesquiterpene lactones, N-alkylamides and
phenolics have been reported as active ingredients from these plants. Extensive
medicinal utilization and overexploitation of these plants lead to habitat deple-
tion and pose an inevitable extinction threat. In vitro conservation strategies,
such as tissue culture, micropropagation, synthetic seed technology and cryo-
preservation, are necessary to enhance the long-term stability of these plants.
Considering the importance of Asteraceae plants, the current chapter highlighted
the in vitro conservation strategies for sustainable utilization of these plants and
their potential ethnomedicinal applications.
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15.1 Introduction

Medicinal plants have been the source of herbal remedies for local communities
since antiquity and are even considered responsible for the origin of modern thera-
peutic system (Salmerén-Manzano et al. 2020). According to the WHO report
(2002), 80% of the world’s population depends on medicinal plants to cure various
ailments. Approximately 80% of commercially available synthetic drugs are derived
from herbal products (Bauer and Bronstrup 2014). The minimal side effects and
affordability are prime reasons for the upsurge in traditional health care systems
(THCS). In developing countries, like India, a large section of the rural population
(80%) depends on this healthcare system (Jeelani et al. 2018).

India is one of the 12 megadiverse countries, representing 11% of the world’s
flora and sharing approximately 2.4% of the global land area. The country has a
forest cover of about 22.5% of the total geographical area flourishing more than
17,000 angiosperm plant. Eastern Himalayan, Western Ghats, Indo-Burma, and
Sundaland are four major biodiversity hotspots in India. Eastern Himalayan region
is located at the juncture of the Indo-Malayan, Palearctic, and Sino-Japanese realms
(Kandel et al. 2019). The high altitudes of eastern Himalaya lie in the eastern Nepal,
Bhutan, and a few Indian territories like Darjeeling hills, Sikkim, and Arunachal
Pradesh. Of these, Arunachal Pradesh (83,743 sq. km) and Sikkim (7096 sq. km)
occupies a large area of this biodiversity hotspot (Tangjang et al. 2011). The area is
exceptionally rich in biodiversity containing 500 species of medicinal plants in
Arunachal Pradesh, 140 species in Darjeeling hills and 36 species in Sikkim (Banik
et al. 2020). The Eastern Himalayan region also supports one of the world’s richest
alpine flora. Around one-third of alpine species are endemic to this region. The
region’s variable climate and changing altitudes create a diversity of habitats, from
the cold deserts at very high altitudes to the evergreen tropical and temperate forests
at low altitudes.

15.2 Asteraceae Family Plants

The Asteraceae family is one of the most diverse plant groups, comprising
1600-1700 genera and 24,000-30,000 plant species across the globe except
Antarctica (Panda and Luyten 2018). It is India’s fourth most prominent family of
angiosperms after Poaceae, Orchidaceae and Leguminosae, representing more than
1050 plant species from 177 genera. The plants of this family are annual and peren-
nial, vines, succulents, shrubs, and trees in nature. Northeast and Himalayan regions
are the primary centres of these plants, containing 72.67% of total Asteraceae in
India (Mitra and Mukherjee 2017; Abraham and Thomas 2016). As a global biodi-
versity hotspot, the region is extremely rich in medicinal herbs, and Asteraceae is
the most dominant family in this area (Tangjang et al. 2011). Ageratum conyzoides,
Artemisia nilagirica, A. maritima, Spilanthes acmella, S. paniculata, Blumea bal-
samifera, B. lacera, Vernonia cinerea, Eclipta prostrata, and Chrysanthemum indi-
cum are some of the most commonly used local medicinal plants from this family
(Mylliemngap and Arya 2021).
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15.2.1 Traditional Medicinal Uses

Using medicinal plants to treat various ailments is an essential part of the health care
system in India. Ayurvedic, Siddha, and Unani are three different traditional thera-
peutic systems of our country. The people from high altitudes of Arunachal Pradesh
and Sikkim have a strong hold on herbal remedies. The local communities living
there for thousands of years have built a vast knowledge base about the use of
medicinal plants. These plants have been integrated into the culture of this region.
The indigenous people of different tribes largely depend on medicinal plants due to
their remoteness and inaccessibility to the urban areas. Asteraceae family plants are
predominantly used by various tribes including Apatani (19 species, 11 genera), Adi
(8 species, 8 genera), Monpa (8 species, 5 genera) and Lohit (6 species, 5 genera)
from Arunachal Pradesh and Lepcha, Bhotia (4 species, 4 genera) from Sikkim
(Kala 2005; Tangjang et al. 2011; Jeyaprakash et al. 2017; Chakraborty et al. 2017,
Namsa et al. 2009; Tamang et al. 2023) (Fig. 15.1).

Various phytochemicals including alkaloids, terpenoids, sesquiterpene lactones,
N-alkylamides, and phenolics have been reported as active ingredients from these
plants (Fig. 15.2). The extracts have shown antimicrobial, antioxidant, antihelmin-
thic, analgesic, anticancer, antimalarial, and anti-inflammatory activities (Fig. 15.1).
Various medicinal plants from this family have recently been thoroughly studied to
find bioactive components against multiple ailments. The popularly available gen-
era from the Asteraceae family in the eastern Himalayan region are Ageratum,
Artemisia, Spilanthes, Blumea, Vernonia, Eclipta, and Chrysanthemum. Table 15.1
summarizes the bioactive components and the medicinal uses of the aforemen-
tioned plants.

Gastrointestinal _ 24%
General Health (NG 2/
Pain reliever [ BUA

Dermatological [ BEA

Jaundice A

Urological [ A

Malaria - 4%

Snake/insect bite D 3%

Fig.15.1 Percentage of Asteraceae family plants used for treating various ailments (Mylliemngap
and Arya 2021)
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Fig. 15.2 Important bioactive metabolites from different plants of Asteraceae family from eastern
Himalaya
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15.2.2 Geography and Climate of High Altitudes
of Eastern Himalaya

The Indian portion of the Eastern Himalayas covers an area of 524,190 sq. km con-
tributing more than 52% of the total eastern Himalayan region (Panda 2022). The
high altitudes of eastern Himalaya are in Arunachal Pradesh (83,743 sq. km),
Sikkim (7096 sq. km), and Darjeeling district (3149 sq. km) of West Bengal. The
region owes a great altitudinal variation from foothills (<100 m) through timberline
(4000 m) up to Mt. Khangchendzonga (8548 m). The annual temperature lies
between less than 0 and 31 °C with 2000-8000 mm of annual rainfall. The region is
thinly populated with lowest population density with 17 people per sq. km. in
Arunachal Pradesh region (ISFR 2019).

15.3 Biodiversity Conservation

Eastern Himalaya is one of the significant biodiversity hotspots among 34 globally
recognized biodiversity hotspots. A large number of medicinal plants are present in
the region due to the unique topography and high degree of precipitation. According
to an ethnobotanical survey conducted by Tangjang et al. (2011), medicinal plants
have become an integral part of the traditional healthcare system of the indigenous
people of Arunachal Pradesh. Over 500 medicinal plants have been identified and
used by different tribes in the region for treating various ailments. Asteraceae family
plants are highly used among the available medicinal plants. Recently, many of
these herbs have become endangered and included in the Red-listed plants in this
region. At present, some plants like Inula racemosa Hook F. (Rathore et al. 2022),
Spilanthes acmella, (Sharma and Shahzad 2013), and Artemisia vulgaris (Govindaraj
et al. 2008) are threatened and critically endangered perennial herbs throughout the
Himalayan region. The overexploitation and unskilled harvesting of these plants
may lead to their natural habitat depletion and pose an inevitable extinction threat.
The conservation of these rich medicinal resources is necessary to stop their
disappearance.

The primary objective of conserving these medicinal plants is to maintain the
ecosystem stability and sustainable utilization of the phytochemicals for product
development. The plant species can be conserved by two means: In situ and ex situ.
In situ conservation methods, such as creating national parks, sanctuaries, and bio-
sphere reserves can only preserve natural breeding. Ex situ conservation includes
collecting, preserving, and maintaining plants in botanical gardens, gene banks,
in vitro banks, seed banks and cryopreservation, keeping their characteristics and
genetic information identical to the wild population (Priyanka et al. 2021) (Fig. 15.3).
These methods are beneficial in case of heavy loss or sharp decline in the plant spe-
cies due to habitat destruction or climate change in the region. Ex situ conserva-
tions, like gene banks, can provide excellent planting materials and authentic raw
drugs. Still, these methods can never be sufficient for the sustainable utilization of
medicinal plants. The conservation of these high-value medicinal plants through
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Fig. 15.3 Different methods of biodiversity conservation

modern biotechnological tools is necessary to safeguard them from extinction
threats. In vitro conservation strategies pertaining to tissue culture, micropropaga-
tion, bioreactor mediated metabolite production, cryopreservation, and synthetic
seed technology are most relevant methodologies to enhance the long-term stability
of these plants. Micropropagation could be an excellent technique for in situ conser-
vation, as it quickly generates many good-quality plants. This technique can improve
the plant population and restore natural habitats after destructive harvesting or
reproductive barriers (Krishnan et al. 2011).

15.3.1 InVitro Methodologies for the Conservation of Plants

Ex situ conservations through in vitro methods are implemented when in situ con-
servations are insufficient, and sometimes, these are the only methods to save the
species. It acts as a backup to in situ conservation for certain threatened plant spe-
cies that might be lost if not conserved through “off-site conservation.” Although
these techniques have been explored for a long time, only a few practices, such as
seed banks and in vitro methodologies, have been successfully implemented (Li and
Pritchard 2009).

Plant biotechnology advancements related to in vitro culture and molecular biol-
ogy have produced practical tools to improve and assist plant diversity conservation
and management. In vitro conservation is essential, particularly for plants that do
not produce viable seeds as in case of Banana and Stevia (Cruz-Cruz et al. 2013). In
vitro methods of ex situ conservation, like micropropagation, slow growth
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maintenance, bioreactor mediated biomass and metabolite productions, cryopreser-
vation and synthetic seeds, are excellent tools for providing good quality pathogen-
free raw material and reducing the burden over wild flora (Kulak et al. 2022).

15.3.1.1 Micropropagation

Micropropagation (syn.: in vitro propagation) is the most frequently used term for
aseptically producing true-to-type or clonal plants using a variety of tissues, cells,
or cell organs. It includes inoculating small section of tissue or organ (explant) in a
closed sterile vessel on a defined artificial medium under controlled physical and
chemical conditions. The idea of micropropagation was first visualized by an
Austrian botanist Gottlieb Haberlandt (1854-1945) in 1902 by successfully cultur-
ing the tomato roots, tobacco and carrot calluses. Unlike most animal cells, the
totipotent nature of plant cells provides a potential to generate whole plant from an
individual cell or group of cells expressing the entire genome (Loberant and Altman
2010). The controlled conditions include the specific growth medium with or with-
out plant growth regulators (PGRs), photoperiod, temperature, and humidity of the
environment. Various PGRs including auxin, cytokinin, and gibberellin are supple-
mented in the medium to control the growth and morphogenesis of the explants. A
small section of meristematic (shoot-tip, apical, axillary or lateral buds) and non-
meristematic tissues (roots, internodal section, leaf, petiole) are used as an explant
(Deepa and Thomas 2020).

Apart from large-scale clonal propagation, the application of micropropagation
has been expanded to several areas, like germplasm conservation, generation of
virus free plants, genetically engineered plants, somatic hybridization, somatic
embryogenesis, large biomass production through bioreactor technology and drug
production through callus and root suspension cultures. Several medicinal plants in
the eastern Himalayan region are under rare, endangered or threatened categories.
Some of them are Inula racemosa (Kaur et al. 2010), Spilanthes acmella (Singh and
Chaturvedi 2010), Ageratum conyzoides L. (Sharma 2008), Artemisia annua (Gulati
et al. 1996), and Vernonia cinerea (Maheshwari and Kumar 2006). Unlike conven-
tional vegetative propagation methods, viz. stem cutting and grafting, micropropa-
gation provides the required number of true-to-type or clonal plants in less time
with minimal labor requirements, irrespective of seasonal and regional variations. It
is a reliable conservation method for important medicinal plants, and some of the
conservation protocols are summarized in Table 15.2.

15.3.1.2 Cryopreservation

The in vitro strategies of ex-situ plant conservation can be used for 1-5 years.
However, the cryopreservation method can help to store the plants or their tissues
for >5 years. The in vitro generated plant tissues can be used as a starting material
for cryopreservation. In this method, the plant tissues are stored at very low tem-
perature (Approx. 165-196 °C) after treating them with a suitable cryoprotectant.
Liquid nitrogen or nitrogen vapors are used to maintain these low temperatures for
a long time (Kaviani and Kulus 2022). In liquid nitrogen, the metabolic processes
like enzymatic activities, respiration etc. are seized and cell division process is also
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effectively arrested. These physiological and biochemical changes in the plant tis-
sue under low temperatures make long-term storage possible. Cryoprotectants, such
as dimethylsulphoxide (DMSO), sorbitol and mannitol, are used before freezing the
tissue. The principal role of cryoprotectants is to avoid any physical and chemical
injury during storage. The cryoprotecting agents lower the freezing point by increas-
ing the viscosity of the cytosol. These compounds increase the plasma membrane
stability and modulate water distribution inside and outside the cell (Kaviani and
Kulus 2022).

Cryopreservation is highly evolved from the conventional two-step cooling to
modern one-step methods, such as Desiccation, Pregrowth or Preculture, Pregrowth-
Desiccation, Encapsulation-Dehydration, Vitrification, Encapsulation-Vitrification,
Droplet-Vitrification, Cryo-Plates and Cryo-Mesh (Deepa and Thomas 2020)
(Table 15.3). The development of any cryopreservation protocol is highly dependent
on the stress tolerance capacity of the plants. Almost every cryopreservation method
follows the six most common steps (Nagel et al. 2023).

1. Pretreatment—The pretreatment of in vitro generated tissues is necessary to
increase their resistance against low temperatures.

2. Treatment with cryoprotectant—Treatment with penetrating (Glycerol, DMSO,

ethylene glycol (EG) and propylene glycol (PG)) or non-penetrating cryoprotec-

tants (sorbitol, mannitol, sucrose, dextran) is necessary to enable the cells to

withstand freezing temperatures.

Cooling—Slow or fast cooling is necessary before the tissues are stored.

Storage—After cooling, tissues must be stored in a liquid nitrogen chamber.

5. Rewarming—It is a crucial step before recovery of the plant where the samples
are rapidly transferred to a water bath at 35-40 for 2-3 min.

6. Recovery—In this step, the solutions or materials have been removed, and the
viability of the stored tissues has been evaluated.

Rl

Inula racemosa is an important medicinal plant from the Asteraceae family. The
plant is critically endangered and widely distributed throughout the eastern
Himalayan region of India. Although the plant has been reported to have several
medicinal properties, including antispasmodic, hypotensive, anti-inflammatory,
digestive, cardiotonic, alexipharmic, aphrodisiac and antiseptic, roots of this plant
are primarily used for cough treatment by the indigenous people. The plant has
become critically endangered due to unskilled, illegal and unscientific harvesting to
fulfil the increasing pharmaceutical and stakeholder demands (Rathore et al. 2022).
In another report, Kaur et al. (2010) have developed a strategy to conserve this plant
through in vitro propagation and cryopreservation. They obtained a high multiplica-
tion in MS medium supplemented by BAP (4.44 pM). The in vitro generated shoot
tips were cryopreserved through vitrification, and a 64% survival rate was obtained
after cryopreservation.

Two separate studies have also been conducted on the cryopreservation of trans-
formed roots and callus of Artemisia annua. According to Teoh et al. (1996), the
root tips of A. annua were conserved in a cryoprotecting mixture containing 8%
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Table 15.3 Modern one-step methods of cryopreservation

Sr. | Cryopreservation

no.| method
1 | Desiccation
2 | Pregrowth or

preculture

Pregrowth-
desiccation

Encapsulation-
dehydration

Vitrification

Encapsulation-
vitrification

Droplet-
vitrification

Cryo-plates and
cryo-mesh

Application procedure

In this process, tissue sample is dehydrated using
sterile air (laminar airflow) and kept in a liquid
nitrogen container.

In this technique, the samples are cultivated in the
presence of cryoprotectants like sugars (fructose,
glucose, sucrose) or sugar alcohols (mannitol,
sorbitol) and frozen directly into liquid nitrogen.
The rice embryos were precultured in a
cryoprotectant (sucrose, sorbitol) and then air dried
up to 10% water content. After drying, the samples
were plunged into the liquid nitrogen

This technique is based on the artificial seed
synthesis method. Plant material is encapsulated in
alginate beads and precultured in sucrose rich
medium. The sample is partially dried in up to
20-30% (fresh weight basis) and then frozen rapidly
in liquid nitrogen.

The explant is precultured in a medium with high
sucrose and salt concentrations. After preculture,
sample is treated with loading solution (LS)
followed by the application of PVS® (plant
vitrification solution) for dehydration of the sample
in the next step.

This method is a combination of encapsulation,
dehydration, and vitrification. The samples are first
encapsulated using alginate beads, and then further
treated LS and PVS

Initial steps like preculture, LS, and PVS treatment
are similar to those in the vitrification process. The
cooling and rewarming are different in this method.
The explant is covered in a drop of PVS on an
aluminium sheet and immersed in liquid nitrogen.
During rewarming, the explant is covered in
aluminium foil and kept in a sucrose solution at
room temperature for 20-30 min.

Aluminium cryo-plates containing 10-12 oval
shaped tiny wells are used in this method. There are
two types of cryo-plates: vitrification cryo-plates (V
type) or dehydration cryo-plates (D type). The
explant is encapsulated in alginate beads and
dehydrated using PVS (V type) or air drying in
laminar air flow (D type). The protocol for both
methods has similar steps except the dehydration
step.

References

Engelmann
(2004)

Engelmann
(2004)

Zhang et al.
(2001)

Gonzalez-

Arnao and

Engelmann
(2006)

Roque-borda
et al. (2021)

Engelmann
(2004)

Roque-borda
etal. (2021)

Vujovic et al.
(2024) and
Roque-borda
et al. (2021)

4PVS a mixture of different cryoprotectants at different ratios. PVS1, PVS2, PVS3, PVS4 are avail-
able. LS 0.6 M sucrose, 2 M glycerol
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(v/v) DMSO and 20% (w/v) sucrose at 25 °C for 1 h, followed by cooling to 4 °C at
arate of 0.09 °C/min then further cooling to —35 °C at 0.72 °C/min. After this cool-
ing, the samples were plunged into the liquid nitrogen. An average of 65% of root
tips showed regrowth after rewarming and recovery. In another study conducted by
Chenshu et al. (2003), the leaf-disc generated callus of A. annua was conserved
through cryopreservation. The in vitro generated callus was precultured in MS
medium supplemented with 5% (v/v) DMSO. After preculturing a mixture of cryo-
protectants containing 15% (v/v) EG, 15% (v/v) DMSO, 30% (v/v) glycerol and
13.6% (w/v) sucrose were applied before plunging the callus into the liquid nitrogen
container. A high survival rate of 87% was achieved by rewarming the callus in a
water bath at 25 °C and reloading in a 34% (w/v) sucrose solution. These cryo-
preservation methods of conserving plants like I. racemose and A. annua are practi-
cal techniques with high recovery rates. They can be applied to the other plants of
the Asteraceae family and other families as well.

15.3.1.3 Synthetic Seed Technology

The idea of synthetic seed technology was first presented by Murashige (1977) in a
symposium on tissue culture at Gent, Belgium. Initially, he proposed the encapsula-
tion of in vitro generated somatic embryos. A successful synthesis of artificial seeds
was reported by applying the water-soluble resin and polyoxyethylene glycol over
carrot somatic embryos (Kitto and Janick 1982). Later, synthetic seeds of alfalfa
were also synthesized by encapsulating the somatic embryos in alginate hydrogel
(Redenbaugh et al. 1984). These seeds are produced by encapsulating the in vitro or
in vivo generated explants like somatic embryos, calli, nodal segments, adventitious
shoots, shoot tips, Protocorm-like bodies (orchids), hairy roots and adventitious
roots. This technology is helpful for plants with non-viable seeds or limited seed
supply (Gantait et al. 2015). Apart from the explant selection, the encapsulating
agent is equally important in synthetic seed technology. Different gels, like agar,
gelrite, alginate, carrageenan, carboxy methyl cellulose and sodium pectate, have
been used for encapsulation; alginate has proved to be the best encapsulating agent.
Sodium alginate is the most frequently used gelling agent due to its low cost and
non-toxic nature. The encapsulated seeds are further exposed to CaCl,-H,O solution
to harden the hydrogels (Gantait et al. 2015).

Sudarshana (2013) reported the successful encapsulation of somatic embryos of
Artemisia vulgaris L. in 2% alginate. In this process, CaCl,-H,O (75 mM) was used
to harden the hydrogel covering over the somatic embryos, and these embryos can
be stored for 4 months at 4 °C temperature. These encapsulated embryos were cul-
tured again on MS medium supplemented with GA; (433 pM) + IAA
(2.85 pM) + Ascorbic acid (227.12 uM) with 90% regeneration frequency.

Sometimes, the generation of somatic embryos is not easy to produce. Therefore,
other explants, like nodal segments, calli, adventitious shoots, shoot tips, roots, etc.,
are the best alternatives for encapsulation. In a study conducted by Shahzad et al.
(2009), in vitro raised nodal segments of Spilanthes acmella were encapsulated into
the 4% sodium alginate and hardened in CaCl,-H,O (100 mM). Encapsulated nodal
segments were stored at 4 °C temperature for 1-8 weeks. These nodal segments
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were regenerated on MS medium with BAP (1.0 pM) and NAA (0.5 uM) with fre-
quency of 87.8 + 1.15%. The plants were generated from the alginate beads encap-
sulated nodal segments and successfully hardened with a 90% success rate. In
another study, the axillary buds of S. mauritiana were encapsulated in 3% (w/v)
sodium alginate and stored at 4 °C temperature. Approximately all synseeds retained
their viability and showed maximum sprouting on %2 MS medium (Sharma
et al. 2009).

15.4 Spilanthes paniculata Wall. ex DC.

Spilanthes paniculata wall ex. DC. is an indigenous plant of Arunachal Pradesh
belonging to the Asteraceae family. It is a rich source of various bioactive
N-alkylamides and is widely used for food and medicinal purposes by indigenous
tribes in the region. The flowerheads of this plant are used mainly for immediate
toothache relief, therefore also called an anti-toothache plant. Apart from the anti-
toothache activity, the plant also possesses several other biological activities like
immunomodulatory, bio-insecticidal, larvicidal, anaesthetic, and anthelminthic
(Rajendran and Chaturvedi 2017). The spilanthol (Deca-2E,6Z,8E-trienoic acid iso-
butylamide) and dodeca-2E,4E,8Z,10E/Z-tetraenoic acid isobutylamide are the
most essential therapeutic compounds available in hexane extract of flower and
roots respectively. These metabolites are primary ingredients in beauty care, anti-
ageing, and cosmetic application, and they reduce muscle tension and decrease vis-
ible wrinkles (Tiwari et al. 2011).

The rising global interest in Spilanthes and its therapeutic and cosmetic products
increases the demand for plant raw materials. However, the natural habitats of this
plant are diminishing at an alarming rate due to overharvesting and uncontrolled
cattle grazing. Although S. paniculata is predominantly propagated through seeds,
the geographical and seasonal restrictions can not be ignored. Obtaining pathogen
free plant is also one of the major limitations of seed cultivation in the natural habi-
tat. To overcome these limitations and fulfil continuously increasing raw material
demand, micropropagation is a valuable strategy for large scale production of plants
and secondary metabolites with consistent quality and quantity of the desired
products.

15.4.1 Axillary Bud Proliferation and Callus Generation
in S. paniculata

It is the most popular approach of micropropagation, where true-to-type plants are
produced with uniform characteristics to the source plant (Fig. 15.4). Researchers
have reported the axillary bud proliferation in different species of Spilanthes.
S. acmella is a well-studied plant species in the context of micropropagation and
tissue culture studies (Singh and Chaturvedi 2010). Only a few reports are available
related to the micropropagation of S. paniculata. Mahendran et al. (20006)
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Fig. 15.4 Nodal segment culture of Spilanthes paniculata,. (a) Mother plant,. (b) Nodal segments
collected from the mother plant. (c) Nodal segment inoculated on MS medium, (d) and. (e) Nodal
segment after 1 and 3 weeks of culture. (f) Hardening of the rooted plant

established an efficient protocol for high frequency shoot generation in S. panicu-
lata using nodal segment as an explant. In this study, Murashige and Skoog (MS)
medium added with BAP (13.32 pM) showed a high number of shoot multiplica-
tion. On average, 35 shoots were obtained from one nodal segment inoculated as an
explant. The generated shoots showed the best rooting response in half-strength MS
medium (only major salts reduced to half) supplemented with TAA (0.57 pM) and
NAA (0.54 pM).

Majority of reports related to the tissue culture studies on S. paniculata are based
on callus generation or callus mediated shoot multiplication. Varsha and Ghulam
(2015) reported that leaf, nodal and internodal segments were used for callus gen-
eration in MS medium supplemented with different plant growth regulators. The
maximum callus proliferation response (84.62%) was obtained from the internodal
segment in a medium supplemented with BAP (7.77 pM). In another report by
Rajendran and Chaturvedi (2017), callus from the leaf-disc as an explant was gener-
ated as a method of conservation and sustainable biomass generation and utilization
(Fig. 15.5). The half-strength MS medium supplemented with 5% sucrose, BAP
(4.82 pM) and 2,4-D (1.8 pM) was the most suitable medium for biomass and
metabolite production. The callus mediated shoot proliferation of S. paniculata has
also been investigated. The MS medium added with NAA (1 pM) and BAP (5.0 pM)
shows shoot differentiation from the leaf-disc generated callus. An average of
6.5 + 2.6 shoots per explant were obtained from each explant responded. Further
increasing the BAP concentration showed a drastic decrease in the shoot prolifera-
tion per explant (Pandey et al. 2014).
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Fig. 15.5 Callus proliferation using leaf-disc as an explant. (a) Leaf-disc inoculated on MS
medium supplemented with optimized growth regulators concentration. (b) Leaf-disc culture after
2 weeks of culture. (c) Callus proliferation after 5 weeks of culture

15.4.2 Adventitious Root Proliferation in S. paniculata

The pharmaceutical and cosmetic industry requires a large amount of biomass to
extract essential metabolites like spilanthol from the different plants of Spilanthes
sp. These metabolites can be directly used in various formulations or to generate
pharmaceutically active derivatives. Regularly increasing applications of these
metabolites increase the demand for raw plant materials. Adventitious root culture
is an excellent alternative to produce natural plant biomass without posing any
excess burden over natural flora. The roots originated from any other part of the
plant except the radicle region, called adventitious roots. These roots are developed
through complex molecular mechanisms based on exogenous and endogenous
physiological factors. These roots are genetically more stable and have high biosyn-
thetic capability. Adventitious roots are generated via direct organogenesis from the
explant or indirectly through callus formation. These roots can be induced from the
plant’s petiole, leaf, internode and nodal segment by providing a suitable growth
medium supplemented with or without auxin. Providing the auxin externally into
the medium changes the endogenous auxin level of the explant, leading to the
adventitious root formation (Khanam et al. 2022).

A study was conducted on adventitious root formation from leaf-disc and nodal
segment in our laboratory. The leaf-disc (10 mm dia.) and nodal segments (2-3 cm)
were inoculated on an optimized MS medium supplemented with suitable concen-
trations of auxins, like IAA and IBA (Fig. 15.6). After inoculation, both the explants
were kept in a photoperiod of 16/8 h light/dark at 25 °C temperature. After 7-10 days
of incubation, the roots were induced from both the explants. After 4 weeks of cul-
ture in the semi-solid medium, roots were inoculated in the 250 ml Erlenmeyer
flasks containing 100 ml of a similar composition suspension medium. The shake
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Fig. 15.6 Figure shows stages of adventitious root induction and proliferation from the leaf-disc
tissue culture of Spilanthes paniculata. Subfigure A depicts a leaf-disc inoculated on an optimized
semi-solid medium. Subfigure B shows inititiation and priliferation of adventitious roots from the
leaf-disc explant after 4 weeks of culture. Subfigure C showing adventitious roots isolated and
washed from semi-solid culture medium. Subfigure D displays adventitious roots inoculated
in suspension medium of the similar composition

flasks were kept on an incubator shaker at 120 rpm, 25 °C and 16/8 h light/dark.
After 3 weeks of culture in the liquid medium, the root biomass was harvested and
further subjected to the analysis of the bioactive metabolites through chromato-
graphic and spectrometric analysis.

15.4.3 Bioreactor Cultivation of Adventitious Roots
of S. paniculata

The primary concern in the commercial production of phytochemicals is to convert
the laboratory scale production to pilot or commercial scale. The in vitro production
of plant biomass in the bioreactors is an attractive tool with better scaling-up pos-
sibilities. Unlike the traditional tissue culture system, biomass cultivation in the
bioreactors also provides a real time monitoring and control of crucial process
parameters like medium pH and temperature, dissolved oxygen and carbon di-oxide
concentration inside the reactor vessel (Baque et al. 2012). The adventitious root
cultivation has checked in different bioreactor forms, but every configuration has
several advantages and disadvantages. The production of these cultures in the biore-
actor is a significant challenge due to the difference between the nature of plant and
microbial cells. Various factors affecting biomass and secondary metabolites pro-
duction in bioreactors are impeller design, volumetric mass transfer coefficient
(ki a), mixing time, agitation speed, liquid medium rheology and cell density. A
suitable impeller design (Marine type, Rushton turbine, helical-ribbon type) is nec-
essary in a stirred tank reactor for proper nutrient mixing and gaseous exchange.
Modifications to the glass vessel, sparger and impeller design can be made to
enhance the overall plant biomass productivity. Various explants such as
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Fig. 15.7 Bioreactor cultivation of adventitious roots of Spilanthes paniculata. (a) A 3 litre capac-
ity photobioreactor setup with controlling unit. (b) A suspension root culture in bioreactor after
1-week of inoculation. (¢) Harvested adventitious root biomass after 3 weeks of inoculation

undifferentiated cells (callus) and differentiated tissues (root, shoot and embryos)
can be used for biomass proliferation in bioreactors (Ruffoni et al. 2010).

An in vitro root culture study was performed on S. paniculata to produce the
medicinally important N-alkylamides viz. (2E,6Z,8E)-N-(2-Methylpropyl)
deca-2,6,8-trienamide (Spilanthol) and N-Isobutyl-(2E,4E,8Z,10E/Z)-
dodecatetracnamide (DTAI). The roots were induced from the leaf-disc and nodal
segment of the plant and cultivated into stirred tank bioreactor (STR) configurations
(3 L capacity). Aeration, agitation, and inoculum size were optimized for bioreactor
cultivation. Total biomass and metabolite production was higher in the bioreactor
than in shake-flask cultures. The production of N-alkylamides was also observed as
growth associated through growth kinetics studies in the bioreactor. The study
results showed approximately 10x biomass growth, and this process can be scaled
up further to a pilot plant scale or commercial scale (Fig. 15.7). Cell suspension
culture in a bioreactor will pave the way for scaling up the biomass and metabolite
production of medicinal plants in the future.



354 K. K. Pachauri and R. Chaturvedi

15.5 Conclusions

The indigenous communities of the eastern Himalayan region of India are majorly
dependent over medicinal plants to cure most of their health issues. Asteraceae is
one of the most widely used plant family for medicinal purposes in this region.
Traditional practitioners and villagers use these species to treat cancer, snake/insect
bites, malaria, kidney, jaundice, dermatological, pain relief, and gastrointestinal
issues. These plants reportedly contain numerous bioactive metabolites like arte-
misinin, quercetin, rutin, spilanthol, apigenin etc. Although most of the plants of
this family have been reported for at least one or more medicinal properties,
Artemisia, Spilanthes, Eclipta etc. are a few important and frequently used genera.
Climate change, alien species invasion, and extensive use of these plants for food
and medicinal purposes destroy their natural habitats and may lead to extinction. At
present, some Asteraceae herbs like Inula racemosa Hook F. (Rathore et al. 2022),
Spilanthes acmella, (Sharma and Shahzad 2013), Artemisia vulgaris (Govindaraj
et al. 2008) come under threatened and critically endangered categories throughout
the Himalayan region. In vitro conservation of these plants through micropropaga-
tion (nodal segment and leaf-disc culture), bioreactor cultivation, cryopreservation,
and synthetic seeds technology are excellent strategies to preserve the species.

The culture medium, plant growth regulators (PGRs), explant, and physical con-
ditions are essential parameters that must be optimized for in vitro propagation.
Bioreactor cultivation of plant biomass is also an emerging technology where large-
scale production of plant biomass can be performed to meet food and pharmaceuti-
cal requirements. Finding the optimum bioreactor configuration for cultivating
roots, embryos, calli, etc. is a significant challenge in this technology. The primary
advantages of in vitro conservation strategies are genetic stability and an extended
storage period. The explants can be stored for 3—5 years through micropropagation
and more than 5 years through cryopreservation using liquid nitrogen. Synthetic
seed technology is also another vital method of plant conservation. In this strategy,
the somatic embryos, nodal segments, and calli are encapsulated through alginate as
an explant. The current chapter includes detailed information on the medicinal
aspects of Asteraceae plants from the eastern Himalayan region and their in vitro
conservation methodologies. However, continuous and deepened research is
required to conserve these plants of high medicinal importance. The information
given in this book chapter here will help the researchers conserve medicinal plants
from the Asteraceae and other plant families.
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