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ABSTRACT

The demand of medicinal plants is increasing in pharmaceutical industries due to the presence of different
secondary metabolites. Due to this reason, different plant species are likely to become endangered or extinct
due to their medicinal importance. Sida cordifolia (Malvaceae) is one of them. It is a very valuable medicinal
herb mentioned in Indian Ayurveda and other medicinal systems throughout the world. It is commonly
known as Bala. It is used to treat asthma, chronic dysentery, asthma, gonorrhea and as a fat burning
supplement. The entire plant is rich in secondary metabolites. It constitutes important bioactive compounds
such as ephedrine, vasicinone, vasicinol, palmitic, stearic acid. Tissue culture technique will provide an
efficient method for propagation and conservation of this medicinal plant. For direct shoot regeneration
from nodal explants under in vitro conditions, BAP performed better than Kn. Shoot regeneration was
found maximum at 2.0 mg/1 BAP. The plantlets were also tested for their salinity tolerance. Root, shoot
length and biomass was not affected by low levels of salinity stress. However, high levels of salinity stress
(200mM) reduced the shoot, root length and biomass drastically. For root induction, half-strength MS medium
with 2.0 mg/1 IBA and 3% (w/v) sucrose was found to be the best. Regenerated plants were found to be
morphologically similar to the mother plants. This protocol could be helpful for mass cultivation and

germplasm conservation of S. cordifolia.
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Introduction

The demand for medicinal plants is increasing in
pharmaceutical industries due to the presence of
different secondary metabolites. Due to this reason,
different plant species are likely to become endan-
gered or extinct due to their medicinal importance.
WHO has emphasized on the use of medicinal
plants as the best source of herbal drugs. For the
potential use of herbal medicine, it is necessary to
study the medicinal plants found in folklore (Ali et
al., 2001; Nair et al., 2005). Different parts of medici-
nal plant such as flowers, barks, leaves, fruits, stems
and roots possess a variety of pharmacological ac-
tivities. The genus Sida L. (Malvaceae) is distributed

mainly in the tropics and subtropics. The species S.
cordifolia is native to Africa, tropical and temperate
Asia and South America. About 17 species of the
genus Sida have been reported in India (Sivarajan
and Pradeen, 1996). Sida cordifolia, commonly known
as Balais a small, erect, downy shrub with chordate-
oblong or ovate- oblong leaves. Roots of the plant
are 5-15 cm long (Rangari, 2000). It is a valuable
medicinal herb mentioned in Indian Ayurveda and
other medicinal systems throughout the world. Its
root is extensively used as diuretic, astringent and
tonic (Rastogi and Malhotra, 1985). It is also used for
the treatment of infections in blood, urinary disor-
ders, neurological problems, bile, piles, leucorrhoea,
gonorrhea, chronic dysentery,asthma (Agharkar et
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al., 1991). The entire plant is rich in secondary me-
tabolites. It constitutes important bioactive com-
pounds such as ephedrine, vasicinone, vasicinol,
hypaphorine, betaine, chloine, flavonoids, saponins
(Ghosal et al., 1975). It also contains appreciable
amount of total phenolic contents (5.6 + 1.3 mg/ g),
carotenoids (0.3 + 0.1 mg/g), Total soluble protein
(6.5 = 0.1mg/g) (Arshad et al., 2020). Due to its me-
dicinal importance and extensive collection, popula-
tion of S. cordifolia is declining in the wild.
Germplasm conservation of this traditional medici-
nal plant through in vitro protection is important to
support pharmacological and genetic improvement
programs. To overcome different environmental re-
straints in-vitro cultures acts the best option for the
surplus and continuous supply of important active
ingredients in plants (Davies and Deroles, 2014).
However, only a limited data are available on the
micropropagation of plants especially from
Malvaceae family (Hasson and Poljakoff-Mayber,
1995; Zapata et al., 1999) and to date, there are lim-
ited studies on regeneration of S. cordifolia from dif-
ferent explants. Also, there are no data available on
the micropropagation of Sida cordifolia under salt
stress. Hence, the present study provides a protocol
for direct regeneration of S. cordifolia through nodal
segment for the conservation and cultivation of S.
cordifolia. Also, the regeneration capacity of S.
cordifolia under varying salt stress regimes has been
evaluated.

Materials and Methods

For in vitro propagation of Sida cordifolia, explants
were procured from nursery, Kurukshetra Univer-
sity, Kurukshetra. Standardization of S. cordifolia
was performed in Environmental Biotechnology
Lab, Institute of Environmental Studies of the Uni-
versity. Procedure for micropropagation is de-
scribed below:

Nodal segment (explant)

Sterilization of explant
(mild detergent+70% alcohol and 0.1% HgCl, )

Inoculation on MS media (different concs. of BAP)
Multiplication of shoots (BAP+NAA)

Rooting of the in vitro propagated shoots
(different conc. of IBA)

Inoculation of sub-cultured explant on different conc, of NaCl (50 mM to 200mM)

Acclimatization of plantlets
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MS media was fortified with different growth
regulators, 3% (w/v) sucrose with 0.8% (w/v) agar.
BAP (0.5 mg/1 to 4.0 mg/1) and in combination
(BAP 0.5 to 3.0 mg/1 with 0.05 mg/1 NAA) was used
as growth regulator. For rooting medium IBA was
used. The pH of the MS medium was set to 5.8 and
then autoclaved at 121°C for 15 min. The cultures
were incubated at 25+2°C with relative humidity
between 70-80% under a 16-h photoperiod. A pho-
tosynthetic photon flux density of 60 pmol m= s—!
was provided by cool white fluorescent light.

Shoot length and root length was measured by
using centimeter scale. Biomass was calculated by
measuring the dry weight of shoot and root in oven
at 60°C in an oven for 48 hours.

Results and Discussion

Surface sterilization is the first and the most impor-
tant step for tissue culture technique. For surface
sterilization of nodal segments of Sida cordifolia
HgCl, at a concentration of 0.1% showed better
shoot regeneration. Below this concentration, ex-
plants showed contamination on MS media while
above this concentration, explants turned black (Fig.
1).

In vitro propagation of Sida cordifolia under
different growth regulators

For in vitro propagation of nodal segments of Sida
cordifolia BAP performed better than Kn. Shoot re-
generation was found maximum at 2.0 mg/1 BAP
(Fig. 2). At this concentration, number of shoots re-
generated was maximum and also the days required
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Fig. 1. Shoot regeneration of Sida cordifolia under differ-
ent concentration of HgCl,
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for shoot regeneration was less. Shoot regeneration
was negatively affected by BAP above 2.0 mg/1.
Similar outcomes of bud breaking has been reported
with BAP in Mentha piperita (Mehta et al., 2012). The
present study also confirms similar response in S.
cordifolia.
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Fig. 2. Shoot regeneration of Sida cordifolia under differ-
ent concentration of BAP

To increase shoot multiplication, different con-
centrations of BAP was combined with NAA. Auxin
in combination with cytokininresulted in multiple
shoot buds after 2 weeks of culture. The frequency
of shoot formation and also the average number of
shoots produced per explant was increased as com-

Table 1. In vitro propagation of Sida cordifolia on MS me-
dia with different combinations of BAP and

NAA

S. Conc. of BAP + No. of shoot Shoot

No. NAA (mg/1) emerged/ regeneration
explant (%)

1. C 0.5 20

2. 0.5+0.05 4 45

3. 1.0+0.05 5 65

4. 2.0+0.05 8 95

5. 3.0+0.05 66 3
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pared to the use of BAP only.Among the various
combination of growth regulators,BAP (2.0mg/1)
and NAA (0.05mg/1) performed better than the
other combinations (Table 1). Also, the number of
shoot regenerated was maximum at this concentra-
tion. Similar results of effectiveness of BAP with
NAA have been reported in Liliumlongiflorum
(Deswiniyanti and Lestari, 2020); Saussureacostus
(Khan et al., 2021).

Root induction: For root induction, 2-3cm regener-
ated plantlets of S. cordifoila inoculated on half-
strength MS medium with 2.0 mg/1 indole-3-butyric
acid and 3% (w/v) sucrose showed optimum re-
sults. Reduced strength of basal medium is gener-
ally used for rooting of adventitious shoots (Hu and
Wang, 1983). Roots started to appear after 16 daysof
inoculation from cut ends of the shoots on rooting
medium. The highest response with 95% root induc-
tion and an average of 5.8 roots per shoot was ob-
tained after 32 days culture on half strength basal
MS medium supplemented with 2.0 mg/1 IBA.68%
survival rate of plants was obtained by transferring
rooted shoots to a soil, sand, and vermiculite (1:1:1,
v/v/v) mix. For hardening 7 weeks period was nec-
essary for the successful establishment of the plants.
Regenerated plants were found to be morphologi-
cally similar to the mother plants.

Invitro propagation of S. cordifolia under salt stress

Subculturing of explants on different conc. of NaCl
showed that low levels of salinity had no effect on
shoot- root length and biomass of plantlets. At
higher conc. morphological parameters decreased
(Table 2). However, high levels of salinity stress
(200mM) reduced the shoot, root length and biom-
ass drastically. The highest shoot regeneration with
highest biomass was obtained on MS media with
50mM NaCl .Above 100mM shoot regeneration was
reduced.

Table 2. Effect of salinity stress on morphological parameters of Sida cordifolia

S. Conc. of Shoot No. of shoot Shoot Root length Biomass
No. NaCl regeneration (%) emerged length(cm) (cm) (g)
1. C 20 0.5 0.2 0.1 0.01
2. 50mM 75 5 25 14 0.4
3. 100mM 61 3 1.2 0.8 0.2
4. 150mM 45 1 0.7 0.3 0.1
5. 200mM 10 1 0.4 0.2 0.05
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Conclusion

Sida cordifolia is recommended in traditional medi-
cine in different parts of world such as Brazil, China
and India for different medical conditions including
asthma, bronchitis, nasal congestion, inflammation
of oral mucosa and neurodegenerative diseases.
Also, pharamaceutical companies mainly depend
upon on medicinal plants, which are being depleted
rapidly. The excess use of medicinal plants present
on natural sites lack efforts on systematic cultivation
methods. So, for mass multiplication, in vitro propa-
gation method especially for this plant is necessary.
Under in -vitro conditions, BAP alone and in combi-
nation with NAA proved better for regeneration of
S.cordifolia. Under different levels of salinity stress
under in vitro conditions, S. cordifolia was able to tol-
erate the moderate levels of salinity concentration.
The present work on this important medicinal plant
species provides a baseline for future mass propaga-
tion of the declining population of Sida under salt
stress conditions. This may ensure sustainability and
management of S. cordifolia in natural ecosystems.

Acknowledgement

The facilities provided by Institute of Environmen-
tal Studies, Kurukshetra University, Kurukshetra
are deeply acknowledged.

Conflict of Interest Statement

The authors have no conflict of interest.
References

Agharkar, S. P. 1991. Medicinal Plants of Bombay Presidency.
Scientific Pub. India.

Ali, N. A,, Jilich, W. D. Kusnick, C. and Lindequist, U.
2001. Screening of Yemeni medicinal plants for an-
tibacterial and cytotoxic activities. ]
Ethnopharmacology. 74(2).

Eco. Env. & Cons. 28 (October Suppl. Issue) : 2022

Arshad, S., Hussain, I. Ibrahim, M. Imran, M. Assiri, M.
A.Thind, S. and Al-Sehemi, A. G. 2020. Biochemical
studies on protein, phenolic contents and antioxi-
dant activities of Sida cordifolia extracts. Bulletin of the
Chemical Society of Ethiopia. 34(2)

Davies, K. M. and Deroles, S. C. 2014. Prospects for the use
of plant cell cultures in food biotechnology. Current
opinion in Biotech. 26.

Deswiniyanti, N. W. and Lestari, N. K. D. 2020. In vitro
propagation of Liliumlongiflorum bulbs using NAA
and BAP plant growth regulator treatment. KnE Life
Sciences.

Ghosal, S., Chauhan, R. B. P. and Mehta, R. 1975. Alkaloids
of Sidacordifolia. Phytochemistry. 14(3).

Hasson, E. and Poljakoff-Mayber, A.1995. Callus culture
from hypocotyls of Kosteletzkyavirginica (L.) seed-
lings. Plant Cell, Tissue and Organ Culture. 43(3)

Hu, C.Y.and Wang, P.]. 1983. Meristem, shoot tip and bud
cultures. In Evans DA, Sharp WR, Ammirato PV and
Yamada Y (eds), Handbook of Plant Cell Culture: Tech-
niques for Propagation and Breeding. New York,
Macmillan Publishing Co. 177-277.

Khan, A., Shah, A. H. and Ali, N. 2021. In-vitro propaga-
tion and phytochemical profiling of a highly medici-
nal and endemic plant species of the Himalayan
region (Saussureacostus). Scientific Reports. 11(1).

Mehta, J., Naruka, R., Sain, M., Dwivedi, A., Sharma, D.
and Mirza, J. 2012. An efficient protocol for clonal
micropropagation of Menthapiperita L. (Pipperment).
Asian |. Plant Sci. and Research. 2(4).

Nair, R., Kalariya, T. and Chanda, S. 2005. Antibacterial
activity of some selected Indian medicinal flora.
Turkish ]. Biology. 29(1).

Rangari, V.D. 2000. Pharmacognosy and Phytochemistry. 274-
275.

Rastogi, R. P. and Malhotra, B. N. 1985. Compendium of
Indian medical plants. Central Drug Research Insti-
tute, Lucknow.

Sivarajan, V. V. and Pradeep, A. K. 1996. Malvaceae of
Southern Peninsular India: a Taxonomic Monograph.
Daya Books. New Delhi.

Zapata, C., Srivatanakul, M. Park, S. H. Lee, B. M. Salas,
M. G. and Smith, R. H. 1999. Improvements in shoot
apex regeneration of two fiber crops: cotton and
kenaf. Plant Cell, Tissue and Organ Culture. 56(3).




