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germinating stage; WP =wild plant; FCR =FolinCiocalteu reagent;
GAE =gallic acid equivalent; DMRT =Duncan's multiple range
test.

Abstract

Clerodendrum serratum L. is an important medicinal plant
used in Ayurveda, Siddha and Urani treatments to cure
many ailments like chronic bronchial asthama, syphilis,
typhoid, cancer, jaundice and hypertension. Unfortunately,
due to unrestricted harvesting and less effort for its
cultivation, it has been identified as an endangered species.
The present study was aimed to develop an indirect somatic
embryogenesis technique for in vitro cultivation of C.
serratum and to extract the pharmacologically important
secondary metabolites from it. Growth regulators
deprivation caused positive stimulation for somatic
embryogenesis. Different stages of embryo development
such as globular, heart and torpedo stage were observed in
embryogenic calli. Antioxidant activity and total phenolic
content were also compared between the non-embryogenic
callus, different stages of embryogenic callusand wild plant.
Antioxidantactivity and total phenolic content were high in
embryogenic callus as compared to the wild plant. This is
the first report of in vitro regeneration of C. serratum
through somatic embryogenesis that can be used to
producealarge numberof plantsand plant products.

Introduction:

Plant produces a number of pharmacologically important
chemicals, which are having great importance in the
production of phytomedicine. In the present scenario, due
to the adverse effect of allopathic medicine, nowadays
people are attracting towards the medicine derived from
plants/ herbal origin. Clerodendrum serratum L. is one of
the important medicinal plant from family lamiaceae.
Earliar C. serratum. was kept in the family verbnaceae but
after the phylogenetic study on chloroplast DNA some of
the genus of this family was shifted to the lamiaceae family
and C. serratum. wasrenamed as Rotheca serrata L. (Steane
et al., 1997). The leaf and root of this plant have much
medicinal value. According to the traditional knowledge
roots of this plant are the good source of drugs for diseases
like “asthma, body-ache, bronchitis, cholera, dropsy, eye
diseases, fever, inflammations, malaria, ophthalmia,
rheumatism, snakebite, tuberculosis, ulcers and wounds”
(Keshava Murthy, 1994). Leaves of the C. serratum. are used
to increase appetite and an expectorant. Its leaves, young
shoots, and flowers are used as vegetables. It is one of the

few medicinal plants that shows antagonistic effect on
histamine (Chopra et al.,, 1956). Its phytochemical and
biochemical studies reveal that it is a good source of
antioxidants (Bhujbal et al., 2009) and contain a number of
secondary metabolites like phenolic and flavonoids
(Kajaria et al., 2011). Medicinal importance of C. serratum.
caused its unrestricted exploitation, and now it has become
an endangered species according to Chhattisgarh
medicinal plant board. The present research work was
undertaken to develop an efficient in vitro somatic
embryogenesis protocol for C. serratum. and to compare
the phytochemical contents of the cultures developed at
different stages fromawild plant.

Somatic embryogenesis refers to a process which
results in obtaining bipolar somatic embryos or non-sexual
cells through a series of developmental stages similar to
those occurring during in vivo embryogenesis. This is a
method of in vitro vegetative propagation first developed
for Daucus carota (Steward et al., 1958; Reinert, 1958).
Somatic embryogenesis is one of the most promising
approaches for plant propagation due to the production of
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large numbers of plantlets (Martin, 2004), the possibility of
producing synthetic seeds (Manjkhola et al., 2005; Kumar
& Chandra, 2014) the ability to store and rapidly mobilize
germplasm for cryopreservation (Ming-Hua & Sen-Rong,
2010), the opportunity for genetic manipulation and
production of bioactive compounds within a short period
of time (Jeong et al., 2005). It is necessary to develop
methods for mass clonal propagation and conservation to
satisfy the pharmaceutical demand of high valued
medicinal plantslike C. serratum.

Methodology:

For the study, we used all the chemicals of analytical grade
available from Hi- Media, S.D. Fine chemicals, Merck,
Sigma chemicalsand Qualigens.

Plant samples were collected from the nursery of
Energy Park Raipur (C.G.), identified by the "Botanical
Survey of India Allahabad (Accession No.- 101218) and
planted in the garden of our University for further use. For
callus induction, young growing leaves were collected and
used as explants. Explants were surface sterilized by the
method of Vermaet al. (2016).

For the preparation of Culture media and callus
induction, all media used in the present study were MS
basal medium supplemented with different concentration
(0.5, 1.0 & 2.0 mg/L) of 2,4-D, NAA and BAP alone or in
combination. The pH of the media was adjusted to 5.8,
gelled with 0.8% Difco-bacto agar before autoclaving at
121°C and 103.4 kPa for 15-20 min. Sterilized leaves were cut
into small pieces and ten explants were inoculated in each
media combination. Each experiment was repeated three
times. All the cultures were incubated under 16/8 hrs. LD
condition with cool white fluorescent lights of intensity
100pE/m”at 25 +1°C temperature. Further multiplication of
calluswasdone in the same media combination.

For somatic embryogenesis callus was subcultured in
basal MS media supplemented with acombination of auxin
(2,4-D & NAA) and cytokinin (BAP) in different
concentrations (0.25, 0.5, 1.0, 2.0 mg/L). A number of
somatic embryos developed were recorded after four weeks
of subculturing. All the globular and heart-shaped callus
were subcultred into the fresh media of same hormonal
combination. Number of torpedo and cotyledonary stage
embryowasrecorded after fourweeks of subculturing.

Torpedo and cotyledonary stage embryos were
subcultured in fresh basal MS medium supplemented with
different concentration (0.5, 1.0 & 2.0 mg/L) of BAP and Kn
forregeneration into plantlets. Cotyledonary stage somatic
embryos were transferred to growth regulator-free MS
basal medium to evaluate the effect of the above growth
regulators on germination and conversion into plantlets. A
number of Somatic embryos germinated were recorded
after four weeks of subculturing. Acclimatization and
transfer of plantlets to soil were done by following the
prescribed method of Hariprasath et al. (2015).
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Cultures in different stages of development i.e., NEC,
PEC, SEGH, SECG as well as aerial parts of wild plant were
taken, shade dried and ground into fine powder. Five gram
of each sample were extracted in methanol by soxhlet
apparatus. The filtrate was evaporated to dryness in an
electric oven. The obtained crude extract was packed in air-
tight plastic containers and stored in the refrigerator at -
20°C for furtheranalysis.

Total antioxidant activity was measured by
phosphomolybdanum method (Prieto et al., 1999). This
method is based on the reducing capacity of antioxidants
which reduce phosphomolybdic acid reagent into green
colored phosphomolybdanum complex. The antioxidant
activity is expressed as the number of gram equivalent of
ascorbicacid (mgAS/g).

All five extracts were subjected for determination of
total phenolic content by the method of Slinkard &
Singleton (1977). The total phenolic content was expressed
as Gallicacid equivalent (mg GAE/g).

SPSS (version 16) software was used to analyze the data.
A minimum of 20 explants was cultured for each treatment.
All the experiments were repeated thrice and the standard
deviation and standard error were calculated. Mean
difference of each treatment were compared by one-way
analysis of variance. The significant difference within each
treatment was compared by DMRT at 5% significance level.
Percentage callus induction and percentage somatic
embryo induction is non-parametric data so they were first
subjected to Arcsine transformation for making the data
parametric then analyzed by SPSS. Data of the number of
the somatic embryo is also a non-parametric data so they
were subjected to log transformation before statistical
analysis. After analysis, all the data are retransformed into
original data and mentioned in the table. Among the
treatments, the average figures followed by a similar letter
are notsignificantly differentat the p <5% level.

Resultsand Discussion:

In the present study, callus induction was demonstrated
from leaf explants on MS basal media supplemented with
different concentration of Auxin (2,4-D & NAA) and
cytokinin (BAP) alone and in combination. Highest
percentage (93.33%; Fig.-1) of callus induction was observed
on MS basal media supplemented with combination of 0.5
mg/L 2,4-D and o.5 mg/L BAP (Plate-1a,b). Many authors
reported that individual auxin and cytokinin can induce
callus development in different plants (Shahsavari, 2010;
Mun & Mun, 2016). Our finding is in agreement with many
authors who worked on different plants to see the effect of
different combination of cytokinin and auxin on callusing
and different rice cultivar (Ali et al., 2004; Bano et al., 2005;
Sahoo et al., 2011; Mohd Din et al., 2016). We also observed
that higher concentration of cytokinin and auxin inhibits
the callus development in C. serratum whereas at lower
concentration they promote the callus induction which
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Figure-1: Effect of different concentration of auxin and cytokinin

on callusinduction from leaves of C. serratum L.
resembles many reports conducted on other plants (Aslam
et al., 2011; Mujib et al., 2014; Mohd Din et al., 2016, Mun &
Mun, 2016).

For somatic embryogenesis, callus was kept in the MS
basal media supplemented with a combination of auxin
(2,4-D & NAA) and cytokinin (BAP) in different
concentrations (0.25, 0.5, 1.0, 2.0 mg/L). All the cultures
were initially kept in the dark for 24 hrs. and then further
kept in the 16/8 hrs. LD condition. Induction of somatic
embryo and globular stage embryo was observed after 15
days of culture. Results showed that higher frequency of
somatic embryos was formed on MS basal media
supplemented with a combination of 0.25 mg/L 2,4-D and
0.25 mg/L BAP (Table-1; Plate-1e,f). At higher
concentration of growthregulators, somaticembryogenesis
was not observed. The formation of somatic embryos was
asynchronous, so there were embryos in different stages of
development on the same explants. Embryonic structures
in the globular and heart-shaped stages were observed in
between 15 and 45 days. Development of somatic embryos
appeared to progress through globular, heart, and torpedo
stages (Plate.-1g,h,i,j, k) of embryo development. In the
present study, it was observed that somatic embryos were
developed in the combination of 2,4-D and BAP but not
alone by 2,4-D and BAP. This suggests that in C. serratum
both 2,4-D and BAP (cytokinin) is necessary for somatic
embryogenesis. In many plants, it is evident that cytokinins
can exert the promotive effect on somatic embryogenesis.
Auxinsand cytokinin are the main plant growth regulators
involved in the regulation of plant cell cycle, division and
differentiation and playing key roles in somatic
embryogenesis of many species like Brachiaria brizantha
(Cabral et al., 20m), Passiflora edulis Sims ( Pinto et al.,
2011), Cyclamen persicum (You et al., 20m), Prosopis
laevigata (Buendia-Gonzdlez et al., 2012), Rosa hybrida
‘Samantha’ (Bao et al.,, 2012), Mango ginger (Raju et al.,
2013), Vitis vinifera cv. chardonnay (Dai et al., 2015),
Hypoxis hemerocallidea (Kumar et al., 2017), different
Chrysanthemum cultivars (May & Trigiano, 1991; Mandal &
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Different developmental stages of indirect somatic
embryogenesis and plant regeneration in C. serratum L. (a,b) Callus
induction from leaf explants. (c,d) Well developed callus. (e,f)
Somatic embryo induction from callus. (gh,ijk) Development of
somatic embryo showing different stages i.e. globular, heart shaped,
cotyledonary stage and germinating stages (1) Regenerated plantlets

Plate-1:

a,b,c,d (Ascorbic acid)

. . .
Ascorbic acid b woy (Gllicacid)

Ml Gallic acid
C

cd

Concentration (mg/g of leaf)
W
(]

PEC

SEGH SECG WP

Figure 2: Total Antioxidant activity & total phenolic content of
Methanolic extracts from different growth phase during somatic
embryogenesisin C. serratum L. Each bar= mean+SE (n=3). Same
letterare not significantly different at p <o0.05according to DMRT.

Datta, 2005; Naing et al., 2013) different Capsicum (Steinitz
et al., 2003; Lopez-Puc et al., 2006; Santana-Buzzy et al.,
2009). In the present study, asynchronous development of
somatic embryos was noticed as reported earlier in
Capsicum annuum (Hariniand Sita, 1993; Binzel et al., 1996;
Steinitz et al., 2003; Kaparakis &Alderson, 2008) and
Capsicum chinense (Solis-Ramoset al., 2010).

A critical step in somatic embryogenesis is the
maturation process. The efficient conversion of
cotyledonary somatic embryos into plantlets is also an
important step for whole plant regeneration and mass
proliferation. The globularand heart-shaped stage was seen
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more frequently than torpedo-shaped stages. It was
necessary to transfer the somatic embryos to the
germination media within 20-30 days, otherwise, de-
differentiation resulting in callus formation. Torpedo stage
embryos were separated from explants, subcultured on MS
media supplemented with various concentrations of BAP
and Kn for maturation and germination. Subculturing was
carried out in every four weeks. Among the different
treatments tested, medium supplemented with BAP at 0.5
mg/L was found to be most effective for maturation and
conversion to whole plantlets (Table-2). Under these
conditions, embryos continued germinating, shoots and
roots started developing within 17- 20 days. The resulat is
similar with some other reports on different plant like
Anthurium andraeanum (Bhattacharya et al., 2016),
Hybanthus enneaspermus (L.) F. Muell (Shekhawat &
Manokari, 2016) and Capsicum baccatum (Venkataiah et
al., 2016). Further growth of plantlets was done on the same
basal MS medium containing 0.5mg/L BAP. Low frequency
of cotyledonary stage embryo germination was also
observed in growth hormone free basal MS media. Taking
these results into consideration, it may be noted that
cytokinin has stronger enhancing effects on early and later
stage somaticembryonicdevelopmentin C. serratum.

The in vitro grown plantlets were transferred to pots
containing autoclaved coco peat and maintained in the
controlled environment for 10-15 days for acclimatization
(Plate-11). The regenerated plants showed 72% survival in
the field after transplantation. The regenerated plants did
notshow any detectable variation in morphology or growth
characteristicsas compared to the respective donorplants.
Natural antioxidants have been extensively studied for
their capacity to protect organisms and cells from the
damage of oxidative stress associated with aging,
degenerative diseases, and cancer (Cozzi et al., 1997). Many
studies have shown that phenolic compounds were
responsible forantioxidantactivity in medicinal plants (Hu
& Kitts, 2000; Jayasinghe et al., 2003). In the present study,
antioxidant activity was determined for NEC, PEC, SEGH,
SECG and WP following the method of Prieto et al., (1999).
Ascorbic acid was taken as standard and antioxidant
activity was determined from linear regression equation of
calibration curve [y=0.004x+0.022 (R?=0.990)] and
expressed asascorbicacid equivalent in mg/g of dry extract.
Data revealed that antioxidant activity was maximum in
SEGH followed by SECG (Fig.-2). Statistically significant
difference in the antioxidant activity of five samples is
revealed by ANOVA (p<o.05; df= 4,10; F=147.45).

The total phenolic contents of five samples were
determined from linear regression equation of calibration
curve [y =98.71x - 0.027 (R* = 0.992)] and expressed as gallic
acid equivalent in mg/g of dry extract. Among the five
samples phenolic content was highest in SEGH and SECG
and lowestin NECand WP (Fig.-2). As per ANOVA result
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Table 1: Effect of different concentration of auxin and cytokinin
on somatic embryogenesis from callus.

Growth regulators (mg/L) % culture showing Mean number of

24-D NAA  BAP embryogenesis embryo/explant
0.25 0.25 83.33+x2.71" 16.67+0.09"
0.25 0.5 46.66 +1.92° 7.10 £ o’
0.25 1 o 0

0.25 2 ) )

0.5 0.25 60 £3.42 10.97%0.12"
0.5 0.5 o o

0.5 1 o )

0.5 2 ) )

1 0.25 ) )

1 0.5 o o

1 1 o o

1 2 0 0

2 0.25 ) )

2 0.5 ) )

2 1 o o

2 2 o 0

0.25 0.25 53.33 517" 910%0.12"
025 0.5 26.67 +6.18° 2.17+0.08°
025 1 o o

025 2 0 0

0.5 0.25 10 +7.86° 1.20+0.06°
0.5 0.5 ) )

0.5 1 o )

0.5 2 o o

1 0.25 ) )

1 0.5 ) )

1 1 o )

1 2 o o

2 0.25 0 0

2 0.5 ) )

2 1 ) )

2 2 0 o

Control o 0

Each experiment had 10 replications and was repeated thrice. Data
are represented by Mean + SE within a column followed by the
same letters are not significantly different at p <0.5% according to
DMRT. (Control ishormone free MS medium).

Table 2: Development and germination of somatic embryo from
in vitro developed callus of C. serratum L. (Mean+SE)

GR (mg/L) a b @ d

BAPo.5  5.83+0.72' 4.07+0.45  3.6£0.40°  3.26%0.37
BAP 1.0 2.77:0.61b 1.2:0.29b 0.9310.23b 0.77:0.20b
BAP2.0  0.43+018° o o 0

Kno.5 4.63+0.84  2.03:0.27° 1.86%0.23° 1.8+0.22"
Kn 1.0 1.00£0.28°  036+012° 03+o0m” 0.23+0.09™
Kn 2.0 0.17+0.08° 0 o o

Control ~ 2.23#0.54°  2.0240.35° 179+0.29° 1.740.35

a= torpedo stage embryo; b=Embryos converted into cotyledonary
stage; c=Embyros germinated; d=Planletsrecoverd.

Each experiment had 10 replications and was repeated thrice.
Mean + SE with same alphabets are not significantly different at p
<0.05 (DMRT).
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the phenolic content of five samples is statistically differing
(p<0.05; df=4, 10; F=01.63). Result of total phenolic content
is also correlated with the result of antioxidant activity
which gives strong evidence that phenolics are chiefly
responsible for antioxidant activity in C.serratum. Further
extraction and purification is needed to know the
antioxidantactive component from C. serratum.

Conclusion:

This is the first report of in vitro plant regeneration in
Clerodendrum serratum L. through somatic embryo-
genesis. This regeneration protocol can provide large-scale
production of C.serratum and can be used for the
production of secondary metabolites of pharmacological
importance. The present study shows that various factors
(Light, temperature, type of growth regulators and their
concentration) regulate the production of somatic
embryos. From this study, it could be concluded that low
hormone concentration is required for somatic embryo
induction in C.serratum. Type and concentration of
hormone as well developmental stage determine the
production of phytochemicals. In the present study, it was
reported that antioxidant activity and phenolic content is
high in SEGH and SECG as compared to the wild plant. In
many reports it has been revealed that in vitro generated
plant produces higher amount of secondary metabolites as
compared to wild plant (Dakah et al., 2014). It has also been
reported in many works that non embryogenic and
embryogenic calli can produce a higher concentration of
secondary metabolitesas compared towild plants (Kintzios
et al., 1999; Mahendran & Narmatha Bai, 2017). Further
research is needed to isolate and identify the most active
antioxidant component of C.serratum. It is also needed to
see the effect of manipulation in media composition,
hormones and environmental condition on the production
of important phytochemicals from C.serratum so that the
high demand of pharmacologically important metabolites
could beaccomplished.
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