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Abstract

India has a very diverse range of plants, many of which have therapeutic use. Overuse of the rich
resource is causing it to vanish at an alarming pace. Overuse of natural resources is the outcome of
rapid population increase, urbanisation, agricultural development, and the indiscriminate gathering
of medicinal plants from the wild. The traditional method of propagation is clonal nonuniform and
has a lengthy multiplication period. Using a biotechnological technique called plant in vitro
regeneration, it is possible to propagate superior and endangered genotypes of medicinal plants that
could either be returned to their natural habitat or mass-cultivated for the desired pharmaceutical
product. Several of the rare and important medicinal plant species found in this area may now be
micro propagated thanks to the previous several years of intense research programmes in our lab.
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Introduction

The repository of species richness, biodiversity serves as a buffer against potentially hazardous
environmental shifts and economic reforms. The primary biological foundation for global food
security is plant genetic resources. By every methods, they provide for the livelihoods of all living
things on Earth. Thus, maintaining such a buffer is seen as essential and given top attention in every
area of global growth (Tandon et al,, 2009). According to the World Health Organisation, health is
more than just the absence of illness or disability; it is a condition of whole physical, mental, and
social well-being.

Since the beginning of time, medicinal plants have been used as a source of medicine by almost every
society. According to Srivastava et al. (1995), 70-80% of people on the planet primarily rely on
traditional, mostly herbal, remedies to address their basic medical requirements. Plants or plant
extracts are included in over 85% of treatments used in traditional medicine (Vieira and Skorupa,
1993). India makes up 2.4% of the world's land area and 8% of its biodiversity. It is one of the world's
twelve mega-diversity hotspot areas. It is believed that 90% of India's entire variety of medicinal
plants is found in her woods. According to Wakdikar (2004), hardly 10% of India's recognised
medicinal plants are found only in nonforest environments. In India, one-fifth of all plants are utilised
medicinally, according to Schippmann et al. (1990). India possesses 20% of the world's plant species
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that are used and have medical value. The global average is 12.5%. Hamilton (2003), however, states
that India has around 44% of its flora utilised for medicinal purposes. While the exact number of
medicinal plants in the globe is impossible to measure, India continues to lead the world in the
percentage of its flora that contains active medicinal ingredients due to its great biodiversity (Mandal,
1999).

Additionally, ethno-veterinary medicine relies heavily on medicinal plants. Medicinal herbs are used
by farmers and pastoralists in many nations to preserve and improve the health of their animals.
Herbal preparations of Polakowskia tacacco are used in Mexico to treat intestinal problems in cows.
Amaranth enrichments provide dietary supplements, such vitamin A, to chicken diets in Uganda
(Amaranthus sp.). In reality, the advent of new technology in the manufacturing of veterinary
medications and vaccines, together with the rising cost of maintaining livestock, have been the major
drivers of interest in such usage in the veterinary sector (Hoareau & DaSilva, 1999).

Over the last several decades, there has been a global shift towards the use of herbal medicine, which
has been accompanied with a delayed awareness among the public about the diminishing availability
of medicinal plants worldwide (Bodeker, 2002). The majority of the plants utilised in
phytopharmaceutical preparations come from places where they naturally thrive. Destructive
harvesting methods and overharvesting for medical purposes, with little to no consideration for the
future, are putting the genetic diversity of medicinal plants in the globe in grave risk. Other reasons
that threaten their survival include the widespread devastation of the plant-rich environment
brought about by agricultural expansion, urbanisation, and forest degradation (Gupta et al., 1998).

An enormous amount of money is invested annually to restore the lost biodiversity, and there are
now several accessible procedures. Sadly, we are not seeing any improvement in the natural state of
these plant species, and the number of plant species that are under danger is steadily rising (Tripathi,
2008). As a result, it is now essential to manage the resources of traditional medicinal plants.
Biotechnological technologies have been used more and more to investigate and produce bioactive
substances, conserve germplasm, enhance the genetics of medicinal plants, and mass propagate in
response to the grave situation. Tissue culture is helpful in preserving and propagating species that
are hard to resurrect by traditional means, hence preventing their extinction. Because of its fast rate
of multiplication, micropropagation is superior to traditional methods of propagation. The majority
of plants grown from seeds are very heterozygous, exhibiting wide variances in growth, habit, and
yield. As a result, some plants may need to be removed due to subpar products that are not suitable
for commercial distribution. Similarly, most plants cannot be propagated vegetatively via grafting and
cutting. Furthermore, a lot of plants that are reproduced vegetatively include viruses, fungi, and
systemic bacteria (Murch et al,, 2000). The medicinal plants grown in vitro are top genetically. In a
short amount of time and area, micropropagation methods are essential for the conservation of an
endangered medicinally significant species. This strategy produces plants that are not affected by
changes in soil or climate.

Aegle marmelos, Acorus calamus, Celastrus paniculatus, Commiphora mukul, Peganum harmala,
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Prosopis cineraria, Simmondsia chinensis, Spilanthes acmella, Stevia rebaudiana, and Sapindus
mukorossi are among the important medicinal plants for which efforts have been made to mass
multiply them in vitro. The following provides a full knowledge of the ecological and economic
significance of the previously stated significant endangered medicinal plants:

Aegle marmelos (L.) Corr (Rutaceae): Mostly prevalent in tropical and subtropical areas, the plant
generally referred to as "Bael Tree" is a popular yet delicate medicinal herb. Herbal medicines for the
treatment of diarrhoea, dysentery, dyspepsia, malaria, fever, jaundice, and skin conditions including
eczema, urticaria, and ulcers are made from almost all sections of the tree.The plant contains a
multitude of alkaloids, the main ones being aegline, marmesin, marmin, and marmelosin (Kala,
2006).

Acorus calamus Linn. (family Araceae): Also referred to as "sweet flag" or "Bach," this significant
medicinal plant is in risk of extinction. This plant is semiaquatic, with long, sword-shaped leaves and
spreading rhizomes.The rhizomes are used to treat tumours, epilepsy, mental health conditions,
chronic diarrhoea, dysentery, bronchial catarrh, and intermittent fevers. They also have anti-
spasmodic, carminative, and anthelmintic qualities (Anonymous, 2000).

Celastrus paniculatus Willd. (Celastraceae): Often referred to as Malkangni, Jyotishmati, or Bitter
Sweet, this uncommon and significant medicinal plant is said to improve memory and be used to
treat a variety of illnesses. It is a big, unarmed, woody climbing shrub that grows naturally up to 1200
metres in India's hills. This herb is often used to treat malignant tumours, depression, paralysis,
leprosy, fever, and stomach issues. According to phytochemical study, sesquiterpene alkaloids such as
celapagine, celapanigine, and celapanine were the chemical components of seeds (Sharma et al,
2001).

Commiphora mukul (Hook. ex Stocks) Engl. (Burseraceae): well-known as "Guggul" is a
significant and critically endangered species of medicinal plant. It is abundantly found in Asia and
Africa's tropical areas. In the rocky, dry areas of India's northwest, it grows wild. When the plant is
incised on the bark during the winter season, it releases a therapeutic oleo-gum resin known as
"Guggul." Through the wound, the latex seeps out as a yellow liquid that eventually solidifies into the
oleo-gum resin. Gum has many bitter, acrid, fragrant, pungent, carminative, and stomachic properties
that help with digestion and hunger stimulation. Anodyne, vulnerary, themogenic, antiseptic, nervine
tonic, aphrodisiac, stimulant, emmenagogue, diaphoretic, antispasmodic, anti-inflammatory, diuretic,
depurative, and astringent (Sosa et al,, 1993). It is also said to be a uterine stimulant and to have
potent cleansing and revitalising qualities. Phytosterols, gugulipids, and the ketonic steroid complex
known as guggulsterones—primarily E and Z gugguisterones—are the primary components of
guggul. Guggul's effects on lipid levels are caused by these (Singh et al,, 1997).

Peganum harmala L. (Syrian Rue): a perennial plant of the Nitrariaceae family with significant
therapeutic value that grows in semi-arid regions of central Asia, North Africa, and West India. The
plant's fruits and seeds have several medicinal properties, including those related to digestion,
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diuretics, hallucinations, hypnosis, antipyretics, antispasmodics, nausea, vomiting, narcotics, and
uterine stimulation (Chatterjee, 1997). In Turkey and Iran, a red dye made from seeds is often used to
colour carpets. Asthma, colic, dysmenorrhea, hiccups, hysteria, neuralgia, and rheumatism may all
benefit from leaves. Insecticidal potential and antibacterial and antitumoral properties of the plant
have also been used in the treatment of malaria (Kiritikar, 1995).

Table 1. Alist of some of the medicinal plants that are both commercially significant and
endangered that are microplanted in our lab

Serial
No. Plant Species Family Status / Use Explants
01. Aegle marmelos Rutaceae Vulnerable, Medicinal Nodal segments and
shoot tip
02. Acorus calamus Araceac Endangered, Medicinal Rhizome tip and
Rhizome segments
03. Celastrus paniculatus Celastraceac Rare and Endangered, | Seeds, Nodal
Medicinal Segments & shoot tip
04. Commiphora mukul Burseraceae Vulnerable, Omamental, | Leaf segments, Apical
Medicinal, Aromatic & Nodal segments
05. Peganum harmala Nitrariaceae Medicinal, Dye yielding | Seeds

An overview of the initial phases of medicinal plant micropropagation

One of the main instruments of plant biotechnology is in vitro culture, which takes use of the
totipotency of plant cells (Haberlandt, 1902) and was clearly shown in plants for the first time by
Steward et al. (1964). After kinetin was discovered (Miller et al., 1955), tobacco (Nicotiana tabacum
L.) tissue culture has been the focus of much research on in vitro regeneration. This work led to the
first convincing demonstration of the control of differentiation of shoots or roots, or both, by the
kinetin-auxin ratio (Skoog and Miller, 1957). Carrot (Daucus carota L.) tissue culture also played a
major role in the development of the concept of totipotency of plant cells, as evidenced by the
regeneration of entire flowering plants of carrot from their phloem cells (Steward et al., 1964).
Consequently, until entire plants of Rauvolfia serpentine (L.) Benth. were generated from its somatic
callus tissue, the micropropagation of medicinal plants was disregarded (Mitra and Chaturvedi,
1970).

The term "plant tissue culture" describes the aseptic, controlled growth and multiplication of plant
cells, tissues, and organs on specified solid or liquid medium. The majority of commercial technology
relies on micropropagation, which produces fast proliferation from axillary buds, microscopic stem
cuttings, and, to a lesser degree, somatic embryos. Prepropagation, explant initiation, explant cultures
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for proliferation, shooting and rooting, and hardening are the typical steps of the micropropagation
process. These phases may be used for any large-scale plant multiplication.

The choice of starting material, medium composition, growth regulators, cultivar, and environmental
conditions all affect how well these tissue-cultured plants function in the field (Chang et al., 1994).
Skirvin et al. (1990) have reported on the impact of auxins and cytokinins on the multiplication of
shoots in a variety of medicinal plants. Using kinetin at 1.0-5.0 mg/l, Lal and Ahuja (1996) found that
Picrorhiza kurroa proliferated quickly. According to Barna and Wakhlu (1998), Plantago ovata
produces more shoots when grown on a medium containing both kinetin and NAA. Additionally, Faria
and Illg (1995) demonstrated that the specific genotype and growth regulator concentrations affect
the number of shoots per explant. It has also been shown that the explants' characteristics and state
have a big impact on how quickly they multiply. According to Mao et al. (1995), in Clerodendrum
colebrookianum, actively developing materials responded to shoot induction more strongly than
dormant buds did. Furthermore, BAP was shown to be more effective for multiple shot induction than
6-purine (2ip) and TDZ.

To create a whole plant, the grown cells and tissue might follow a few different routes. The most
common and favoured routes for commercial multiplication are those that result in the mass
production of true-to-type plants (Bhojwani and Razdan, 1983; Pierik, 1989).

Organogenesis and Regeneration

This route stimulates clusters of apical meristem cells to differentiate and develop into shoots, which
in turn become entire plants, at the shoot apex, axillary buds, root tips, and floral buds. Explants
grown on comparatively high auxin concentrations produce a disorganised mass of cells known as
the callus. development regulators are applied differently and the culture medium's parameters are
regulated to induce callus development, which is followed by differentiation and organogenesis. Cell
division, cell growth, and tissue differentiation are promoted by the addition of exogenous growth
regulators to the nutritional medium or by the stimulation of endogenous growth chemicals.
Numerous data exist on the callus culture-induced regeneration of several medicinal plants. Lepidium
sativum was successfully regenerated in vitro from a variety of explants using MS media
supplemented with 4.0 mg/1 BAP and NAA, according to Pande et al. (2002).

Somatic Embryogenesis

Through this process, collections of somatic cells or tissues give rise to somatic embryos, which
resemble whole seed zygotic embryos and may develop into seedlings given the right conditions.
Through secondary somatic embryogenesis, the main somatic embryos may also divide into
additional embryos. Numerous kinds of medicinal plants have shown to regenerate themselves by
somatic embryogenesis, which starts with single cells and may be stimulated to develop an embryo
and eventually a whole plant (Tripathi & Tripathi, 2003). The development of somatic embryos from
zygotic embryos of Podophyllum hexandrum on MS medium containing BAP and IAA was reported by
Arumugam and Bhojwani (1990). Commercial plantlet production requires somatic embryos to grow
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and germinate efficiently. The somatic embryogenesis of Psoralea corylifolia L. from root explants on
medium supplemented with BAP and NAA was described by Chand and Shahrawat (2002). It worked
best to use varying auxin concentrations to root shoots. [AA-supplemented MS half strength medium
performed better in A. maemelos (Yadav and Singh, 2011). While NAA improved root growth in L.
leucocephala, rooting in P. cineraria was accomplished on half strength MS medium supplemented
with 3.0 mg/1 IBA (Kumar and Singh, 2009).

Setting up micropropagated plantlets in the soil and acclimating them

Using a tiny brush, fully regenerated plantlets with enough roots were carefully removed from the
medium and submerged in water to wash away any remaining agar-agar particles that had adhered
to the root system. These plantlets were moved to pots filled with a 3:1 ratio of sand to sterilised soil.
To maintain high humidity surrounding the plants, a transparent polythene bag was placed over the
potted plantlets. On alternate days, MS (half strength) salt solution was given to the pots. The
polythene bags were taken off for three to four hours every day for around two weeks after that in
order to allow the plants to get acclimated to the natural humidity levels. After a month of being
transferred, these plants were moved into larger pots and kept in a greenhouse. Additionally, reports
of the in vitro regenerated plantlets' successful acclimatisation and field translocation have been
made.

Ex vitro field evaluation of acclimated plants

The development of protocols for the micropropagation of numerous significant medicinal plants has
been facilitated by recent advancements in plant tissue culture. However, a major obstacle in the
micropropagation of medicinal plants remains the transplantation and acclimatisation of
micropropagated plants to soil environments. Since the morphological and physiological properties
of in vitro plantlets need that they be progressively acclimatised to the field environment, acclimating
a micropropagated plant to a field or greenhouse setting is crucial (Hazarika, 2003). Acclimatisation
that is successful reduces the proportion of damaged or dead plants, which promotes plant
establishment and development (Sha Valli Khan, 2003). The dynamics of the process depend on the
in vitro and ex vitro cultivation circumstances as well as the acclimated plant species (Pospisilova et
al, 1999). These days, mycorrhizal technology may be used to lessen transplant shock during
acclimatisation, boosting plant longevity and the rates at which medicinal plant species are
established by micropropagation.

Conclusion

Medicinal herbs have become an important part of the global health system for both people and
animals, not only in treating sickness but also as a possible source of therapeutic help when things
are not well. New approaches to managing afforestation and replenishing diminishing natural
resources that integrate with contemporary technology are also necessary. Though its scope and
substance vary, biotechnology is a major force behind technological growth in both industrialised and
developing nations. Rather than having indifferent populations, tissue culture has become a potential
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method for obtaining genetically pure elite populations in vitro in recent years. Therefore, the
technique of in vitro cell and tissue culture is envisioned as a means of genetic modification research,
quick mass multiplication for large-scale revegetation, and germplasm conservation to guarantee the
survival of endangered plant species. For a number of plants, tissue culture techniques have been
established; nevertheless, several more species need preservation since they are overfished in the
pharmaceutical industry.
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