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Abstract

Tissue culture technology is potent and has opened extensive areas of research for micropropogation,
secondary metabolite production and biodiversity conservation. Plant in vitro regeneration is a
biotechnological tool that offers a tremendous potential solution for the propagation of endangered and
superior genotypes of medicinal plants which could be released to their natural habitat or cultivated on a
large scale for the pharmaceutical product of interest. Tissue culture protocols have been developed for a
wide range of medicinal plants, which includes endangered, rare and threatened plant species. A review
highlighting various in vitro protocols developed for some of the endangered medicinal species has been
done to highlight the significance of plant tissue cuture in cases where regeneration through conventional
methods is difficult to undertake and species are left with low population in the wild. Thus in vitro cell
and tissue culture methodology is envisaged as a mean for germplasm conservation to ensure the survival
of endangered plant species, rapid mass propagation for large scale re-vegetation and for enhancing the
production of secondary metabolites.
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Introduction

Medicinal plants have been the subjects of man’s curiosity since time immemorial (Constable,
1990) [, Almost every civilization has a history of medicinal plant use (Ensminger et al.,
1983) I8, Plants are the tremendous source of a wide range of secondary metabolites, which
are used as base materials in pharmaceuticals, agrochemicals, flavors, fragrances, colors,
biopesticides and food additives. Alkaloids, carbon compounds, hydrogen, nitrogen,
glycosides, essential oils, fatty oils, resins, mucilage, tannins and gums are some of the
important chemical substances found in plants. Most of these substances are potent bioactive
compounds which can be used for therapeutic purpose or which act as the precursors for the
synthesis of useful drugs (Sofowora, 1993) [*21,

Medicinal herbs are moving from fringe to mainstream use with a greater number of people
seeking remedies and health approaches free from side effects caused by synthetic chemicals.
Approximately 80% of the people in the developing countries rely on traditional medicine for
their primary health care needs, and about 85% of traditional medicine involves the use of
plant extracts (Vieira and Skorupa, 1993) [, India has 2.4% of world’s area with 8% of global
biodiversity and it is one of the 12th mega diversity hotspot countries of the world with a rich
diversity of biotic resources. India is richly endowed with a wide variety of plants having
medicinal value. About 2500 plant species belonging to more than 1000 genera are used by
traditional healers and about 500 plant species are utilized by 159 different pharmaceutical
companies.

With the ever increasing global inclination towards herbal medicine there is an obligatory
demand for huge raw material of medical plants. The genetic biodiversity of traditional
medicinal plants is under a continuous threat due to over exploitation environment, unfriendly
harvesting, loss of growth habitat and unmonitored trade of medicinal plants. It is increasingly
difficult to acquire plant-derived compounds with the rapid increase in population and extreme
pressure on the available cultivable land. The harvest of medicinal plants on a mass scale from
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their natural habitats, is leading to a depletion of plant
resources. Therefore, there is an urgent need to adopt an
alternate means of production and conservation, which could
ensure large-scale and high quality plant materials as well as
conserve them to fulfill the growing demand (Lange, 2004)
[23]

Plant tissue culture with its rapidness and apparently limitless
potential offers new and exciting opportunities to address the
myriad problems in the field of medicinal plant cultivation,
exploitation and conservation. Some of the important
applications of biotechnology in medicinal plants are rapid
clonal propagation to generate good quality planting material,
exploiting somoclonal variation and genetic engineering
technique for the crop improvement, invitro selection for
resistance to biotic and abiotic stress, in vitro conservation
and safe exchange of germplasm and secondary metabolite
production.

Micropropagation

Conventional cultivation is affected by various environmental
and climatic factors, but micropropagation insures a good
regular supply of medicinal plants, using minimum space and
time. Micropropagation is the process of vegetative growth
and multiplication from plants tissues or seeds in aseptic and
favourable conditions on artificial growth media. Tissue
culture is based on concept of totipotency; the ability of plant
cells and tissues to develop into whole new plant. Gottlieb
Haberlandt, a German botanist is considered as the father of
plant tissue culture, was the first to get the experimental
evidence on totipotency by culturing plant cells on Knop’s

salt solution in 1898 (Krikorian and Berquam, 1969) [,

Tissue culture success mainly depends on the genotype, age,

types and position of explants in the mother plant. The

advantages of In vitro micro propagation of medicinal plant

are listed below:

= Rapid clonal propagation and multiplication.

= Controlled and altered environmental conditions aids to
meet specific needs of the plant.

= Availability of planting material throughout the year
irrespective of seasonal and regional variation

= |dentification and production of clones with desired
characteristics (somoclonal variantion).

= Production of secondary metabolites.

= Conservation of threatened plant species.

= Preservation of genetic material by cryopreservation.

Micropropagation of medicinal plants remained neglected till

a miracle drug plant of India, Rauvolfia serpentina (L.) Benth

plants were produced from its somatic callus tissue. Presently

there are reports on organogenic differentiation in somatic

callus tissue of medicinal plants, but there are only few

reports on endangered medical plants, where complete plants

have been regenerated in vitro.

Explant source

Explant is a material used as initial source of tissue culture.
Tissue culture success mainly depends on the genotype, age,
types and position of explants because ability to express
totipotency differs among the plant cells. The most commonly
used explants in medicinal plants are shoot tips, nodal
segments, rhizome, seeds and root tips (Table 1).

Table 1: List of the some endangered and economically important medicinal plants of India

Plant species Explants Plant species Explants
Aegle marmelos Nodal segements and shoot tip Peganum harmala Seeds
Acorus calamus Rhizome tip and sements Prosopis cineraria Seeds

Celastrus paniculatus

Seeds, nodal segments and shoot tip

Glycyrrhiza glabra Nodal segements

Commiphora mukul

Leaf segements, apical and nodal segments

Gymnema sylvestre Seeds

Bacopa monnieri

Leaf and nodal segments

Holostemma ada-kodien | Nodal segements

Ginkgo biloba

Apical and nodal segments

Oroxylum indicum Nodal segements

Simmondsia chinensis Nodal segements

Picrorhiza kurroa Nodal segements

Spilanthes acmella

Nodal and internodal segments

Saussurea lappa Shoot tip

Stevia rebaudiana

Apical and nodal segments

Swertia chirata Shoot tip

Sapindus mukorossi

Leaf segements, apical and nodal segments

Tinospora cordifolia Nodal segements

The highest frequency (73%) of shoot organogenesis was
observed when rhizome was taken as the explant in case of
Acorus calamus along with the treatment of IAA-BAP
(Bhagat, 2011) [, First node (shoot tip) of Commiphora
wightii  performed better on BAP, IBA and GA3
supplemented medium (Tejoyathi et al., 2011) 1. The
juvenile leaf explants of Rauvolfia serpentine responded
efficiently in invitro regeneration (Singh et al. 2009) [“4. In
Thymus hyemalis Lange maximum proliferation was observed
for nodal explants (Nordine et al., 2013) ?1. The Apical
meristems was used as the explants in Psoralea corylifolia
Linn (Pandey et al., 2013) B4, Successful initiation of tissue
culture of Saussurea esthonica was achieved from seeds
(Gailite et al. 2010) 71, Multiple shoots were obtained from
the shoot apices on MS medium in Curculigo orchioides
Gaertn. (Wala and Jasrai, 2003) ). Explants were prepared
from stem in Tashnedari (Scrophularia striata) which gave
better results (Lalabadi et al., 2014) 2. Trimmed shoot
segments having two nodes of Thymus bleicherianus Pomel
were used for in vitro culture establishment (Aicha and
Abdelmalek, 2014) M. Maximum callus induction (100%)

was achieved from internode explants of Thymus persicus
cultured on MS medium (Bakhtiar et al. 2016) ['],

Tissue culture Media and growth regulators

Culture media contains vital nutrients and elements for in
vitro growth of plant tissues. A wide range of media are
available for plant tissue culture, but Murashige and Skoog
(MS) medium is commonly used. Medium contains a carbon
source, macro and micro nutrients, vitamins, growth
regulators and other organic substances. Growth hormones
regulate various physiological and morphological processes in
plants and are also known as plant growth regulators (PGRS)
or phytohormones. PGRs are synthesized by plants; therefore
many plant species can grow successfully without external
medium supplements. Hormones can also be added into
cultures to improve plant growth and to enhance metabolite
synthesis.

Multiple shoots were obtained from the meristem tip culture
of Curculigo orchioides Gaertn. On MS medium
supplemented with BA. The shoots were rooted either on half
strength of MS basal medium or on the one supplemented
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with NAA (Wala and Jasrai, 2003) 71, Shoot regeneration in
Rauvolfia serpentina was highest (75%) in BAP +IAA and
usage of GAs provided better result for elongation of shoot.
The frequency of root regeneration was 100% in MS Medium
containing BAP (2.5) + IAA (0.5) + NAA (0.5) mg/l (Singh et
al. 2009) [, The best results on Saussurea esthonica shoot
proliferation were obtained using 6-benzilaminopurine and
addition of 6-(y,y-dimethylallylamino) purine which promoted
shoot elongation and root formation, but it was not effective
on multiplication. The multiplication rate using kinetin was
invariable without production of tissue swelling (Gailite et al.
2010) (471,

The Acorus calamus explant cultured on M.S Media
supplemented with (0.5-2mg/lit) 1AA-BAP yielded 73%
response, and 30% response in treatment with (0.5-1mg/lit)
IAA-BAP, 18% response in any pytohormone (Bhagat, 2011)
(19, Highest Shoot regeneration (95%) results of Psoralea
corylifolia were obtained on MS medium containing BAP
with NAA and KN in. BAP was found to be best for shoot
multiplication (Pandey et al. 2013) B4 A high number of
shoot was obtained on MS medium supplemented with 6-
benzylaminopurine in Thymus bleicherianus Pomel (Aicha
and Abdelmalek, 2014) [,

Proliferation of Rauvolfia serpentina shoots was achieved
when cultured on MS medium supplemented with thidiazuron
(TDZ) (0.1_2.5 mmol/L) although with low regeneration
response and few number of shoots per explant. Greater
number of shoots was achieved from nodal explants
pretreated with higher concentrations of TDZ (5_100
mmol/L) in liquid MS medium for different time periods (4,
8, 12 and 16 days) (Alatar AA, 2015) . Maximum callus
induction (100%) was achieved when Thymus persicus
cultured on MS medium was fortified with NAA and KN. The
highest frequency of shoot multiplication (96%) was observed
with BAP and NAA. The maximum number of rootlets was
induced on half-strength MS medium with IBA (Bakhtiar et
al. 2016) [,

Regeneration of endangered medicinal plants through
somatic embryogenesis

Somatic embryogenesis is a process by which a non zygotic
embryo is produced from plant tissue or cell, which can
develop into a new plant (Zimmerman, J.L. 1993; Razdan,
M.K. 2003) 8 31 Formation of somatic embryos occurs in
two steps, first callus is cultured onto auxin rich medium (2,4-
D commonly used) forming embryogenic clumps, these
clumps are then transferred into medium without auxins
resulting in the formation of mature embryos (Razdan, M.K.
2003) 51, Somatic embryogenesis offers an alternative and
efficient protocol for plant regeneration. This technique has
also contributed for the genetic, morphological and
physiological manipulation (Sharma et al., 2010a) 61,
Somatic embryos were induced from hypocotyls segments of
Pimpinella tirupatiensis. On MS + TDZ (1 mg/l) + BA (1
mg/l), somatic embryo formation was enhanced. Embryos
isolated and germinated in the presence of MS + TDZ (1.0
mg/l) and GAs (1.0 mg/l) which showed normal flowering
without any morphological variation on transplantation to soil
(Prakash et al., 2001) 32,

A first attempt on in vitro regeneration of Psoralea corylifolia
L. via direct somatic embryogenesis was done by Faizal and
his coworkers (Faisal M., et al., 2008) 161, The frequency of
somatic embryogenesis was strongly influenced by the
concentration of thidiazuron (TDZ) in the medium. The
highest frequency of somatic embryogenesis was observed in

MS medium containing 16 UM TDZ. The generated plantlets
were successfully established in ex vitro condition with 90%
survival.

The plant regeneration through indirect somatic
embryogenesis was attempted from leaf-derived callus of
Calotropis procera and the significant result was obtained.
Somatic embryos at the highest frequency were induced in
MS medium supplemented with Kinetin and 2,4- dichloro
phenoxy acetic acid. High cytokinin concentration is required
for the germination of these somatic emryos (Sundaram et al.
2011) 3, Embryogenic callus were induced from Kaempferia
rotunda Linn rhizomes on MS solid medium supplemented
with 2.5mg/L 2,4-D and 0.5mg/L BAP. This embryonic callus
was developed in to embryos on MS medium containing
0.25mg/L 2,4-D and 3.0mg/L BAP. Further plant regeneration
was observed on MS medium supplemented with 5.0mg/L
BAP (Mustafa anand, 2014) [, Plant regeneration via
somatic embryogenesis was achieved from leaf and internode
derived callus of Wedelia calendulacea. Transfer of
embryogenic callus on a reduced concentration of 2,4-D
facilitated somatic embryo development. Somatic embryos
later germinated into plantlets upon transfer on MS medium
containing 1.0 mg L™ BAP plus 0.5 mg L't GA; (Sharmin, et
al. 2014) B9,

A protocol for induction of direct somatic embryogenesis and
subsequent plant regeneration for Malaxis densiflora has been
developed. The best response was observed in seed derived
protocorms cultured on half strength MS medium
supplemented with 2,4-D at 3.39 uM and TDZ at 6.80 uM
producing a maximum embryoids per explants. Complete
plantlets were formed after 60 days of culture (Mahendran
and Narmatha Bai, 2016) 4],

Secondary Metabolites in Plant cell and tissue cultures:
During metabolism plants produce enormous number of
compounds as part of defense mechanism (Bennett and
Wallsgrrove, 1994) [, These compounds do not play essential
role like primary metabolites, hence they are called secondary
metabolites. With the rapid increase in world population,
extreme pressure on the available cultivable land, there is fast
disappearance of natural habitats for medicinal plants together
with environmental and geopolitical instabilities; it has
become increasingly difficult to acquire plant-derived
compounds (Mulabagal and Tsay, 2004) [26,

In vitro tissue culture offers an effective and potential
alternative of production of bioactive compound because the
amount of secondary metabolites produced in this technique
can be even higher than in parent plants (Rao et al., 2002) 34,
Amount of secondary metabolites was found significantly
higher, in in vitro plantlets and callus compared to in vivo
plantlets of Swertia chirayita. Higher heavy metal
accumulation in in vitro as compared to in vivo plantlets
correlated higher secondary metabolite production supporting
that they play regulatory role in influencing the plant
secondary metabolism ( Kumar et al. 2014 ) 24,

An efficient and reproducible method for the induction of
callus and hairy roots from explants of Rauwolfia serpentina
is standardized to produce secondary metabolites in vitro.
Hairy roots were induced from leaf explants and these leaf
explants were infected with Agrobacterium rhizogenes to
induce hairy roots for the production of secondary metabolites
in large scale (Shetty et al. 2014) [0,

Plant cell cultures are an attractive alternative source to whole
plant for the production of secondary metabolites. Plant cell
cultures have the following advantages over conventional
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agricultural production viz., independent of geographical and
environmental variations, defined production system with
continuous supply of products, uniform quality, yield, rapidity
of production and production of novel compounds. In recent
years, various plant cell culture systems have been exploited
for the enhancement of high value metabolites (Rao et al.,
2002) B4,

Homogenous cell  suspension culture of Celastrus
paniculatus, was established and multifold production of
secondary metabolites like alkaloids and total phenols was
obtained under the influence of monochromatic lights under
in vitro condition (Billore et al., 2016) M. The unorganized
callus and cell suspension cultures contained fewer amounts
of all phenolic compounds than redifferentiated shoots. The
capacity of cell suspension culture to accumulate phenolics
was enhanced after the application of salicylic acid and yeast
extract thus provide a chance to improve yield (Owis et al.,
2016) 01,

Jasmonic acid has been used to modulate the production of
various secondary metabolites in plant tissue culture
techniques. Jasmonic acid (JA) is most effective in eliciting
total phenolic production of callus cell suspension cultures of
Celastrus paniculatus. The total phenolics production was
maximum when 250 pM, 250 puM and 50 pM of jasmonic
acid was treated for 24, 48 and 72 hours respectively.
Salicylic acid (SA) has also been used to enhance in vitro
regeneration in several plant species. The total phenolics
production was maximum when 100 pM, 250 puM and 50 uM
of Salicylic acid was treated for 24, 48 and 72 hours
respectively (Anusha et al. 2016) .

Among copper salts, copper sulphate and copper chloride
were successfully used as abiotic elicitors in number of plant
cell culture. The total phenolics production was maximum
when 250 pM, 100 uM and 250 uM of CuSO4 was treated for

24, 48 and 72 hours respectively (Kasparova M. et al. 2008)
f19],

In vitro conservation of endangered medicinal plants
Medicinal plants are under real jeopardy due to the
uncontrolled collection and destruction of habitat, population
growth, urbanization and the over harvesting of medicinal
plants from the wild that ends with overexploitation of these
natural resources (Al- Quran, 2011) B, More than 70% of the
plant collections involve destructive harvesting which
comprises a definite threat to these valuable genetic stocks.
Moreover, the increase in demand for medicinal and aromatic
plants is expected to continue threatening many species,
taking in account 90% of medicinal plants that are used by
industries are collected from the wild while 20 species of
plants are under commercial cultivation (Shamra et al.,
2010b) BT, Micropropogation, slow or reduced growth
cultures and cryopreservation are some of commonly used in
vitro techniques under exsitu conservation method.

Conservation through cryopreservation

Cryopreservation is long-term conservation method in liquid
nitrogen (=196 °C) in which cell division and metabolic and
biochemical processes are arrested. A large number of
cultured materials can be stored in liquid nitrogen. Since
whole plants can regenerate from frozen culture,
cryopreservation provides an opportunity for conservation of
endangered medicinal plants. For example, low temperature
storage has been reported to be effective for cell cultures of
medicinal and alkaloid producing plants such as Rauvollfia
serpentine, D. lanalta, A. belladonna, Hyoscyamus spp (Bajaj

YPS, 1988) 1,

Conservation through slow growth cutures

Slow growth is one of the major tissue culture techniques
used for storage of in vitro grown plants by restrict growth of
in vitro materials and to increase the intervals between
subcultures by various means, i.e. reduced temperature in the
presence of growth retardants, reduction in sucrose
concentrations and/or addition of osmotically active additives
(i.e. sorbitol and mannitol) under either low light intensity or
complete darkness and reduction of the chemical compounds
of the nutrient substance. The slow growth technique was
applied to conserve germplasm of different plant species, i.e.
Garcinia indica (Malik et al., 2005) 23, Glycyrrhiza glabra
L. (Uzundzhalieva et al., 2014) 3] etc.

In vitro conservation of Coleus forskohlli Brig. by slow
growth technique was achieved by employing osmotic
regulators (sorbitol and mannitol). 3 M mannitol showed best
performance for reduced or slow growth of the culture (Dube
et al., 2011) . In vitro conservation using full strength MS
salts with low concentrations of sucrose and sorbitol as a
carbon source and osmotic agent, respectively, is a suitable
slow growth medium for in vitro conservation of Lavandula
dentata L and Rhazya stricta Decne (Attia et al. 2017) [,

Synthetic seed (encapsulation) technology

The encapsulation technology can be considered as a
promising approach that can be used for the exchange of plant
materials between public and private plant tissue culture
laboratories, and also to achieve germplasm conservation and
the propagules that are derived from in vitro or by
micropropagation applied directly in nurseries or in a field.
The demand for artificial seed technology started after the
discovery of somatic embryo production in various plant
species in vitro. Artificial seeds (synseeds/ synthetic seeds),
were firstly described by Murashige (Murashige, 1977) 271,
Artificial seeds are artificially encapsulated somatic embryos
(usually) or other vegetative parts such as shoot buds, cell
aggregates, auxiliary buds, or any other micropropagules
which can be sown as a seed and converted into a plant under
in vitro or in vivo conditions under disease and pest free
environment. However, under the normal culture conditions,
continuous growth of cultures is there induced by exogenous
plant growth regulators and cultures are also subjected to
frequent subcultures for long durations; may induce off types
via somaclonal variations. Therefore, growth of in vitro
cultures must be checked for storage of germplasm to
overcome the risk of off type production and it is economic
too in comparison to maintain fast growing cultures.

Synseeds of Spilanthes mauritiana produced by encapsulating
axillary buds in calcium alginate gel exhibited a critical
response to nutrient concentration for conservation into
complete plant. Almost all the synseeds sprouted well and
developed into plantlets when cultured on nutritional media
after storage upto three weeks ( Sharma et al., 2009) [31,
Shoot tip and nodal segments of Mimosa pudica L. obtained
from in vitro grown plants were encapsulated with sodium
alginate solution followed by subsequent immersion in CaCl;
solution which were later subjected to two storage
temperature regimes at 4 °C and 0 °C and germination rate
was examined which indicated that synthetic seed could be
stored at 4 °C for 60 days without loss of viability (Banu et
al., 2014) [,

In vitro rhizome production, encapsulation and cold storage of
Acorus calamus were attempted for its propagation and ‘true-
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to-type’ conservation. Synthetic seeds were produced from
regenerated microtubers by encapsulation in calcium alginate
beads. These synthetic seeds were stored in complete darkness
at 10 °C temperature for different durations for mid-term
conservation. After cold storage, synthetic seeds were re-
cultured in vitro, 100% survival was recorded after the storage
of 1, 3 or 6 months; and 80% survival was observed after the
storage of 12 months (Quraishi, et al., 2017) 331,

The single bead alginate-encapsulation for interim storing and
conversion of Tylophora indica (Burm. Fil.) Merrill was done
using nodal segments ensuing sphere shaped artificial seeds
through 75 mmolL-1 CaCl,-2H,O and Na-alginate with
93.3% conservation frequency. The conversion frequency
after 30 days of storage at (15 + 1) °C was recorded at 70%
without further decline even following 45 days of storage,
which evidently suggests that lower temperature (15 + 1) °C
is appropriate for storage and subsequent conversion of T.
indica artificial seeds (Gantait, et al. 2017) [8],

Conclusion

Medicinal plants are the most important source of life saving
drugs for the majority of the world’s population. The
biotechnological tools are important to select, multiply and
conserve the critical genotypes of medicinal plants. In-vitro
regeneration holds tremendous potential for the production of
high-quality plant-based medicine. Thousands of plants are
facing extinction risk due to extensive exploitation, habitat
loss, deforestation and lack of conservation knowledge.
Requirement of herbal products in the global market is ever
increasing, and remarkably, the mass of plant material is still
harvested. In vitro regeneration and conservation of
endangered medicinal plants is pave the way for production of
pharmacologically active substances. Tissue culture protocols
have been developed for in vitro regeneration and
conservation of several endangered medicinal plants but there
are many other endangered and vulnerable species, which are
over exploited in pharmaceutical industries and needs
conservation.
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