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Mollugo pentaph ylla L. is an nutraceuti cal herb, and is used by traditional practition ers for curing
whoopi ng cough, treatment of eye diseas es, to treat sp rue, mou th infecti ons . The leaves are used to
make a so up that is said to promot e the appetit e, us ed to treat sto mache, earache, skin disorders and
abdomin al pains. Thi s plant in natu re propag ated itself th rough seeds only during the rainy season
and not availabl e in oth er seasons. To ov ercome th ese const raints in vitro prop agation proto col for
Mollugo pentaphylla L. has been develop ed using nodal expl ants. Indu ction of nodal callus obs erved
wi th Murashig e and Skoog’s (MS) medi a cont aining 0.5 mg/ L of BAP and NAA with mass
28 29.11±1.82 (mg). MS medi a con taining 0.5 mg/ L of BAP and 0.5 mg/ L of Kn was fou nd to be
su itabl e for multipl e shoot induction 26 ±1.95 with length 15.82 ±0.97 and MS medi a with 0 .5 mg/L
of BAP and 0.5 mg/ L of NAA induced mul tiple shoots 20.03 ±2.17 with length 14.08 ±1.97 from the
no dal callus . Roots were induced on half-st rength MS medium con taining 0.5 mg/L of NAA and 0.5
mg/ L of IBA su bsequently, in vitro flo wering observed after 3 weeks on the same cultu re.
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INTRODUCTION
Tissue culturing of medicinal plants is widely used to
produce bioactive compounds. It is also used to multiply and
conserve of genetic material of many threatened medicinal
plants. At present, there are many well established p rotocols
for multiplication and conservation of herbal and medicinal
plants. Many herbal practices which are popular in many
parts of the world (Ahmed et al., 2010; Muthukumar et al.,
2016; Utami et al., 2017 and Lattoo et al., 2006; Nagesh and
Shanthamma, 2011; Sahay and Varma, 1999; Castillo et al.,
2000). Hence, herbal medicines are b eing proved as effective
as synthetic drugs with lesser side effects and are in line with
nature, with less hazardous reactions (Carmona-M artin and
Petri, 2020; Uma et al., 2016; Purohit et al., 2015). Plant
biotechnology plays an important role in the m ass
multiplication and conservation and also to produce number
of plant based drugs. The biotechnological tools are
important to select, multiply and conserve the plants. Most of
the medicinal plants either do not produce seeds, germinate,
or seeds with low viability.
*Co rrespo ndi ng author: Anju G Nagannawar,
P . G. Department of Botany, Karnatak Univ ersity Dh arwad ,
Karnatak a stat e-580003 , Indi a.

In vitro propagation o f plants holds tremendous potential for
the production of high-quality plant-based medicines, mass
propagation and conservation of m edicinal plants (Sidhu,
2011). Mollugo pentaphylla L., of Molluginaceae is an
annual, glabrous pubescent, diffuse weed found throughout
India (Cooke, 1958). It is found on wet rocks, sandy soil,
roadsides and certain waste land. This plant is used as
medicine for the treatment of eye diseases, to treat sprue and
mouth infections, the leaves are used to make a soup that is
said to promote the appetite, used as a stomachi c and in
earache, skin disorders and abdominal pain. It is also used as
antipyretic (Sahu et al., 2011), antiseptic, appetizer,
antidiabetic (Maharana et al., 2012 ) anticancerous, antitoxic,
hypoglycemic (Bhubanesar, 2010), antioxidant (Valarmathi
et al., 2011) and diuretic agent. As there are no reports on
micropropagation studies on this medicinal plant, the present
study was focused on the d evelopment of protocol for dir ect
and indirect regeneration and mass propagation (Fig. 1).

MATERIALS AND METHOD
Plant Material and Disinfection: Mollugo pentaphylla L.,
belonging to family Molluginaceae is an annual, glabrous
pubescent, diffuse weed found throughout India. It is found
in wet rocks, sandy and roadside footpaths (Fig. 2A).
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It is an erect slender annual herb up to 10-20 cm. high and
arid areas. Leaves are whorled or opposite, linear-lanceol ate
to obovat.e. This plant characterized with pentangul ar stem
and five leaves with different size at the node. Flowers are
white in terminal compound cymes. Stamens three, style
three, capsules sub-globose with numerous seeds and are
roundish rainy form, compreesed covered with raised
tubercular point, dark brown (Fig. 2 A). Mollugo pentaphylla
L. was collected from Karnatak University Campus,
Dharwad, State Karnataka, India during the month of
September and authenticated by one of the authors in the
Department of Botany, Karnatak University Dharwad.
Healthy explants like nodal explants were selected and
washed thoroughly under running tap wat er for 15 mins to
wash off the dirt and microbes present on the surface. The
explants were cut (1-2cm) separately and they were wash ed
with two drops of T ween 20 detergent solution for 10 mins.
After, that they were thoroughly wash ed under running tap
water until the traces of Tween 20 was remov ed and then
rinsed with distilled water. The standard steps of surface
sterilization were carried out unde r aseptic conditions in the
Laminar airflow chamber. The plant was then subjected to
70% ethanol treatment for 30 sec and again washed with
distilled water at least three to four times. After w ashing with
distilled water, surface sterilization was done with mercuric
chloride (0.1%w/v HgCl 2 ) solution for 2 min and rinsed four
to five times with sterilized distilled water. Sterilized nodal
explants were inoculated on Mu rashige and Skoog (MS)
medium for direct and indirect regeneration.

incubated under the same conditions was maintained during
plantlet regeneration.
Hardening and Acclimatization: The well-rooted in vitro
plantlets were removed from the culture bottles and washed
with slightly warm sterile distilled w ater to remove the agar
traces and dipped in fungicides (taxim) for a few minutes.
Then the plantlets were trans ferred to Vermiculite: Sand:
Garden soil (1:1:1) in polystyrene (50.28 cc) and covered
with polythene bags having small holes and m aintained
under culture room tube light provided by cool white
fluorescent tube lamps at a photoperiod of 16h at 25±2ºC and
70-80% humidity for on e week. The pots were irrigated with
quarter strength of MS basal salts solution and when planted,
then plants produced new leaves, after few days they were
trans ferred from culture room to greenhouse and eventually
to field conditions. Survival percentage was recorded for two
weeks transferring to an open field.
Data collection and statistical analysis: Data on the
percentage respons e per explant on MS medium with
different combinations of plant growth regulators (i.e.,
number of shoots, shoot lengths, number of roots and root
lengths) were recorded after 5 weeks of culture. The data
were analy zed statistically using IBM SPSS Statistics v 20
software. The signifi cance of di fferences among the means
was calculated using Duncan’s Multiple Range T est ( at P ≤
0.05).

RESULTS
Culture Media and Conditions: Murashige and Skoog’ s
medium (1962) used to test the response of nodal explants
using different concentrations and combinations of growth
regulators. The nutrient medium containing inorganic and
organic compounds was stabilized with o.4 % Taxim
(antibiotic), the pH of media was adjusted to 5.6 - 5.8 with
NaOH solution (1N) or HCl solution (0.1 N) before
autoclaving at 120ºC for 20 mins under pressure of 1.5±0.1
2
kg. cm . Inoculations of explants into culture tubes (150 X 25
mm) containing 15 to 20 ml of MS medium and plugged
tightly with non-absorbent cotton done under aseptic
conditions in Laminar air-flow cabin et. All the cultures were
incubated under tube light provided by cool white fluores cent
tube provided by 40W (Philips, Mumbai, India) at a
photoperiod of 16 hr at 25±2ºC and 70-80% humidity.
Induction of nodal callus on MS with 0.5mg/L BAP And
NAA: Nodal explants were inoculated on MS media
supplemented with 0.5 mg/L of BAP and NAA for the
induction of nodal callus.
Response of nodal explants on MS medium with different
concentrations and combinations of cytokinins: Nodal
explants were inoculated on to the different concentrations o f
BAP (0.2 to 2 mg/L) and Kn (0.2 to 2 mg/L) for the
induction of multiple shoots through both indirect and direct
organogenesis.
In vitro root induction: Regenerated plantlets from in vitro
raised multiple shoots (both from indirect and direct
organogenesis) were separated and individual shoots(8-14
cm) were trans ferred to MS medium consisting of 0.5 mg/l of
NAA (α-naphthaleneacetic) and 0.5 mg/l of IBA (Indol-3butyric acid) for root induction. All the cultures were

Experiment was conducted to test the response of nodal
explants on different types o f plant growth regulators such as
BAP, Kn individually and in the combination of BAP and Kn
on Murashige and Skoog’ s medium
with different
concentrations and combination (Graph-1).
Induction of nodal callus: Nodal explant cultured on MS
medium forti fied with 0.5 mg/L of BAP and 0.5 mg/L o f
NAA induced compact green callus with mass 2829.11±1.82
(mg). (Table 1: Fig. 2B).
Induction of multiple shoots and in vitro flowering: Nodal
explant cultured on MS medium forti fied with different
concentrations and combinations of cytokinins (BAP and
Kn) for multiple shoot induction. Induction of multiple
shoots 20.03 ±2.17 with length 14.08 ±1.97 from nodal
callus on MS medium with 0.5 mg/L of BAP and 0.5 mg/L
of NAA has been obs erved (Fig.-2 C and 2 D). However,
highest number of shoots buds (26.08 ±1.95) produced on
medium with 0.5 mg/L of BAP and 0.5 mg/L of Kn with
length (15.82 ±0.97) within 4 weeks of incubation (Fig.-2 E).
Subsequently, in vitro flowering observed after three weeks
from nodal callus derived shoots on MS+0.5 mg/L of BAP
and Kn (FiG.-2 E). Number of shoot buds with leaves have
been recorded. Whereas, on MS medium with individual
growth regulators, BAP (0.5 to 2mg/L) has produced
(13.42±1.40) shoots with avarege l ength (7.90±0.48) and Kn
(0.5 to 2mg/L ), (15.08 ±1.34) shoots with average length
(10.12 ±0.55) produced less number of shoots compared
within a combination of BAP and Kn (Fig.-2 D). The present
investigation revealed that the combination of BAP with 0.5
mg/L and Kn with 0.5 mg/L were most effective for the
induction of multiple shoots. Whereas MS medium with
BAP and Kn individually found to be less effective for the
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induction of multiple shoot buds than in combination. Thus
obtained shoots subjected to indu ction of root and
subsequently transferred to soil (Table-2; Fig. 2 F).
Induction of in vitro root: In vitro shoot buds were
trans ferred to MS hal f-strength liquid medium with different
concentrations and combinations of 0.5 mg/L of IBA and 0.5
mg/L of NAA produced in vitro roots, (Table-3, Fig-2 F).
Hardening and Acclimati zation: In vitro grown plantlets
were gently remov ed from culture tubes and washed with
slightly warm (35ºC) distilled water to remove all traces of
nutrient medium (Pattar and Jayaraj, 2012). Subsequently
they were transferred to polystyrene cups containing a 3:1
(v/v) mix with sterile vermiculite and s and and m aintained
by covering the cups with polythene bags. T he plantlets were
irrigated with MS basal salt solution (quarter strength)
(Bhattacharyya et al., 2016) and regularly sprayed with
distilled water for one week and maintained at room
temperature 25±2ºC with 70-80% humidity. The polythene
bags were removed aft er four days and plantlets were
acclimatized for one week in an aseptic culture room
condition. Further, the plantlets were exposed gradually to
sunlight for acclimatization and were maintained in a garden.
The well-established plantlets were trans ferred to pots
containing Vermiculite: Sand and Soil (1:1:1). T hese plants
were gradually trans ferred from culture room condition to
greenhouse and eventually to the field condition and their
survivability rate was 90% (Fig. 2 G).

Fig ure 1. Schematic representation of the proto col for induction
of multipl e shoo ts f rom nodal explant of Mollugo pentap hylla L
Tabl e-1: Induction of call us f rom nodal explant of Moll ugo
pent aphylla L.
Sl.
No.

1.
2.
3.
4.
5.
6.

MS medium supplemented
with com bination and
conc entrations of
horm ones (mg/L)
BAP
NAA
0.2
0.2
0.3
0.3
0.4
0.4
0.5
0.5
0.8
0.8
1.0
1.0

Mass of noda l
ca llus(m g)
a

119.08±0.82
a
347.11±1.20
b
1821.28±0.31
c
2829.11±1.82
c
2250.24±2.03
d
724.22±0.03

G raph 1. Morpho genic respons e of nodal callus of Mollugo
pent aphylla L. on MS medium containing diff erent
concentra tio ns of cytoki nins and auxin

DISCUSSION
Present study reveal ed that MS media with 0.5 mg/L of BAP
and 0.5 mg/L Kn was found mor e effective for induction o f
multiple shoots from nodal callus of Mollugo pentaphylla L.
Similar report on multiple shoot induction from shoot tip o f
Mollugo nudicaulis Lam. (Nagesh and Shanthamma, 2011)
on MS media supplem ented with combination o f 2 mg/L o f
BAP and 1 mg /L of IBA. Leaf and nodal explants of
Aristolochia indica L. (Pattar and Jayaraj, 2012). induced
multiple shoots on MS media with BAP (0.8 mg/L) NAA
(0.5 mg/L), similarly both leaf and nodal explants cultured
on MS medium supplemented with 0.8 mg/L BAP developed
into mass of callus and subsequently developed into shoots
and roots on MS medium supplemented with 0.8 mg/L BAP
+ 0.5mg/L NAA. Nodal explants of Sida cordifolia L. (Pattar
and Jayaraj, 2012). cultured on MS medium supplemented
with 0.5 mg/L Kn. Subsequently this nodal calli
differentiated into multiple shoots on MS medium
supplemented with 0.5 mg/L Kn and 0.5 mg/L NAA. The
effect of induction o f multiple shoots of the combination o f
BAP and NAA observed in present study was also reported
for Bauhinia vahlii (Upreti and Dhar,1996) from nodal
explant with 1.0 µM of BAP and 1.0 µM of NAA. Present
investigation indicated that the nodal callus of Mollugo
pentaphylla L. was found to be more suitable for induction of
multiple shoots on different concentrations and combinations
of BAP (0.5 mg/L) and Kn (0.5 mg/L).

The stimulating effect of BAP and Kn on induction of
multiple shoots has been reported earlier for several
medicinal and aromatic plants namely, Hemidesmus
indicus (Patnaik and Debata, 1996) from nodal explant
with 4.44 µM of BAP and 0.05 of NAA and Hypeicum
androsaemum (Dias et al., 2000) from stem explant with
4.5 µM NAA and 2.3 µM on MS medium. In vitro root
induced in t he present work with different concentrations
and combinations of 0.5 mg/L of IBA and 0.5 mg/L of
NAA, similarly nodal callus of Reseda pentagyna (AlQurainy et al., 2018) with 1mg/L of NAA and 0.8 mg/L of
IAA , nodal callus Spilanthes acmella (Nabi et al., 2018)
with 1 mg/L of NAA and 0.8 mg/L of IAA and leaf and
stem callus of Heliotropium indicum L. induced roots in
the combination of auxin 2-4, D, NAA and BAP at 1.0
mg/L to 3.0 mg/L and cytokinin Kn and BAP 2 mg/ L
(Bagadekar and Jayaraj, 2011).
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Table 2. Induction of multiple shoots from nodal callus of Mollugo pentaphylla L. on
MS media supplemented with different growth regulators
BAP

Plant growth regulators (mg/L)
Kn
BAP+Kn
0.2
0.3
0.4
0.5
1.0
2.0
0.2
0.3
0.4
0.5
1.0
2.0
0.2+0.5
0.3+0.5
0.4+0.5
0.5+0.5
1.0+0.5
2.0+0.5

% of shoot response
NAA
ab

18.06±1.73
ab
24.79± 3.09
bc
43.33± 6.66
d
63.32 ±5.00
c
49.99± 3.33
ab
31.53± 1.95
ab
10.11 ±2.95
ab
22.26 ±1.46
bc
24.99 ±7.45
c
68.33 ±6.23
ab
58.99 ±4.55
ab
41.66 ±4.24
a
22.19±3.84
a
52.74±3.59
a
64.99±5.89
c
75.69±10.50
b
54.99±7.72
a
20.09±11.44
a
49.02 ±1.67
a
62.16 ±2.03
b
78.19 ±4.20
c
83.05 ±5.49
b
51.38 ±4.22
a
36.80 ±1.29

Num ber of shoots
(mean±SE)
a
2.48±0.22
a
3.22± 0.31
bc
19.10±1.85
c
23.42±1.40
a
18.72 ±0.63
a
4.42±0.99
a
3.04 ±0.51
ab
8.72 ±0.70
c
11.78 ±1.22
c
21.08 ±1.34
c
9.80 ±1.15
a
2.76 ±0.18
a
8.0±0.63
a
14.0±1.04
a
20.8±0.86
d
26.08 ±1.95
c
19.20±1.35
b
11 ±1.44
a
1.61±0.30
a
1.91 ±0.73
a
4.06 ±0.52
c
20.03 ±2.17
b
11.0 ±4.63
a
4.36 ±0.46

Shoot length (cm)
(mea n±SE)
a
2.64±0.31
a
3.80±0.46
b
6.78±0.71
c
11.90±0.48
b
5.12±0.86
a
2.04±0.21
a
1.62 ±0.20
a
2.52 ±0.23
b
8.52 ±0.42
c
10.12 ±0.55
a
7.86 ±0.12
a
1.74 ±0.28
ab
4.20 ±0.28
a
10.74 ±0.08
bc
13.70 ±0.81
e
15.82 ±0.97
d
9.50 ±0.70
c
6.50±0.57
a
1.70 ±0.24
2.0 ±0.34a
c
4.60 ±0.46
ab
14.08 ±1.97
b
7.05 ±0.89
a
2.73 ±0.57

0.2
0.2
0.3
0.3
0.4
0.4
0.5
0.5
1.0
1.0
2.0
2.0
Each va lue represents the mean ± Standard error of triplicates, followed by superscript letters through columns that differ significantly at P<0.005 level
when subjected DMRT followed by SPSS. BAP, be nzy lam inopurine; Kn, kinetin; NAA, na phthaleneacetic acid.

Tabl e 3. Inductio n of in vitro roots f rom in vitro shoo ts of Moll ugo pentap hylla L. on
MS medium with 0.2- 2.0 mg/L of NAA and IBA
MS medium
IBA
% of plantlets
Number of
Root+ NAA(mg/L)
(mg/L)
producing roots
roots/shoot
length (cm)
ab
a
a
0.2
10.02 ±2.81
3.60± 0.87
1.24 ± 0.11
bc
b
ab
0.3
0.5
21.66±4.24
12.40 ± 1.36
2.76 ±0.21
c
c
bc
0.4
0.5
31.66±4.85
17.80 ± 0.86
4.20 ±0.75
d
d
d
0.5
0.5
66.66±4.56
18.80± 1.95
9.08 ±1.02
c
a
c
1.0
0.5
26.66±9.99
8.0 ±1.30
4.88 ± 0.50
a
a
ab
2.0
0.5
5.11 ±3.04
4.0 ±1.87
2.62 ± 0.40
Each va lue represents the mean ± Standa rd error of triplica tes, followed by superscript letters through columns that differ significantly
at P<0.005 level whe n subjected DMRT followed by SPSS. NAA, naphthaleneacetic ac id; IBA, indole-3-butyric acid.

Fig ure 2. A-G . Induction of nodal call us and multi ple shoo ts f rom nodal explants
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Conclusion
Induction of multiple shoots and in vitro flowering from nodal
callus of Mollugo pentaphylla L. was achieved on MS medium
supplemented with plant growth regulators namely BAP, Kn and
NAA. These plantlets were regenerated roots in presence of
NAA and IBA. 90% of regenerated plantlets survived when
acclimatized in a mixture of soil with vermicompost. This
micropropagation protocol of Mollugo pentaphylla L. is more
effective, reproducible and commercially viable and may be
used to make the plant available throughout year both for
pharmaceutical uses and ex-situ conservation.
Acknowledgement: The authors acknowledge the financial
support from RGNF-UGC, New-Delhi and Department of
Botany, Karnatak University Dharwad for facilities.
Conflict of interest: The authors declare that there is no
conflict of interest.
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