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Abstract: The present study focuses on the use of salicylic acid as a plant growth hormone for the induction of cal-
lus in Sauropus androgynus and Artemisia annua plants. Higher induction of callus of 72% in S. androgynus
(NAA+BAP+SA at +2.5+2.5 mg/ | concentration) and 64% in A. annua (NAA+Kn+SA at 1.0+2.5+2.5 mg/ | concentra-
tion) were observed when compared to 52% and 51%, respectively in individual supplementation of plant growth
regulators. The phytochemical analysis also revealed the presence of maximum phytochemicals in callus extract
compared to leaf extracts of S. androgynus and A. annua there by corroborating with the results of callus induction.
The methanol extracts of both callus and leaf extracts of S. androgynus and A. annua exhibited antibacterial activity
against all the test pathogens viz., S. aureus, B. subtilis, S. typhi and E. coli. A maximum inhibition zone of 20 mm
was observed against S. typhi in methanol callus extract of S. androgynus followed by 18 mm inhibition zone against
S. aureus with same extract. It was evident from the results both callus and leaf extracts of the selected plants pos-
sessed potential antibacterial activity against all the test pathogens with one or the other solvent extracts. The find-
ings provide a new facelift for callus induction using salicylic acid in selected plants and also pave way for identifica-
tion of novel compounds for drug development from S. androgynus and A. annua.
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INTRODUCTION

The past few decades have seen increasing scientific
interest in the both growth of plant tissue culture and
the commercial development of this technology as
means of producing valuable phytochemicals. The
accumulation of phytochemicals in the plant cell cul-
tures has been studied for more than thirty years, and
the generated knowledge has helped in the realization
of using cell cultures for production of desired phyto-
chemicals (Castello et al., 2002). Although very few
plant cell processes are operating commercially, the
most successful commercial pharmaceuticals produced
from undifferentiated cell cultures are anti-biotic com-
pounds (Khafagi et al., 2003). Medicinal components
from plants play an important role in conventional as
well as Western medicine. Plant extracts and com-
pounds derived from plants are in use as drug from the
ancient times. The medicinal value of a plant lies in
some chemical substances that produce a definite
physiological action on the human body. The most
important of these bioactive constituents of plants are
alkaloids, tannins and flavonoids (Hussain ez al., 2012).

The development of drug resistance in human patho-
gens against commonly used antibiotics has necessitat-
ed a search for new antimicrobial substances from oth-
er sources including plants (Mahendra et al., 2016).

Many of the plant species has been evaluated for anti-
microbial properties but majority of them have not
been systematically evaluated and a lot of attention is
being derived to evaluate plant extracts as antibacterial
agents against resistant plant pathogens (Arumugum et
al., 2011). It is important to develop an efficient proto-
col for callus proliferation in order to start in vitro se-
lection for the development of maximum amount of
callus using various explants and media having differ-
ent composition of growth hormones. Efforts to pro-
duce large quantities of active secondary compounds
by plant tissue culture techniques have been developed
for the rapid, large scale production of cells and their
secondary compounds (Lee et al., 2011). Through this
approach we can isolate active components through callus
without exploiting the plants from natural resources.

Artemisia annua L. and Sauropus androgynus (L.)
Merr. are known for their medicinal properties from an-
cient times. These plants generally grow in tropical and
temperate regions of Asia. The genus Artemisia belongs
to the family Compositac and the species of Artemisia
are astringent, sweet, thermogenic, diuretic, febrifuge,
constipating, anthelmintic and are also used in vitiated
conditions for kapha, diarrhoea, fever and intestinal
worms (Shah, 2013). The plant S. androgynus is rich in
its nutritive value and is superior to other commonly
consumed leafy vegetables in India. It produces high
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nutritious of 6.4% protein leaves that taste like peas. In
Indonesia, the leaves of the plant are used to make a
strong rosemary infusion, believed to improve the flow
of breast milk for breast feeding mothers. It is a good
source of vitamin K (Bunawan ef al., 2015). Therefore,
the present study has been carried out to induce callus
from A. annua and S. androgynus for the first time
using salicylic acid as a growth regulator and also to
comparatively evaluate the presence of bioactive com-
pounds and antibacterial activity of in vitro derived
callus and in vivo plants.

MATERIALS AND METHODS

Plant collection: The fresh leaf material was collected
from mature plants of 4. annua and S. androgynus
which is maintained in the medicinal plant garden of
Botany department, University of Mysore.

Induction of callus: Murashige and Skoog (MS) me-
dium supplemented with different concentrations and
combinations of growth hormones were used for cal-
lus initiation and proliferation (Murashige and
Skoog, 1962). MS medium without any plant growth
regulators were used as control. The leaves of 4. an-
nua and S. androgynus were cut into required sizes
and inoculated on to MS medium fortified with vari-
ous concentrations of plant growth regulators to initi-
ate the callus. The cultures were incubated under
24 hours dark cycle at 20 £ 2° C initially and trans-
ferred to light (16 hours light and 8 hours dark) after
one week of dark incubation. Details regarding quanti-
ty of callus color, type and number of days to callus
formation were observed and results were recorded.
Extract of plant material: The collected leaf material
of the selected plants were washed in running tap wa-
ter and then shade dried to complete dryness and pow-
dered using wearing blender. The mature callus (50-
day-old) were harvested and dried at 30-40° C over-
night and powdered. Fifty gram each of plant material
was filled in the thimble separately and successively
extracted with heaxane, chloroform, ethyl acetate and
methanol based on their polarity with the help of
Soxhlet extractor. After extraction, each of the collect-
ed extract was subjected to flash evaporation and the
concentrated extracts were stored at 4°C in air tight
vials (Harborne, 1973).

Phytochemical analysis: The collected plant extracts
were subjected to qualitative phytochemical screening
for identification of various classes of active chemical
constituents using the methods described by Harborne
(1973) and Trease & Evans (1987).

Evaluation of antibacterial activity

Test microorganisms: All the extracts of the plant
were screened for antibacterial activity against indicator
bacteria including both Gram-positive (Staphylococcus
aureus MTCC 7443 and Bacillus subtilis MTCC 121)
and Gram-negative (Escherichia coli MTCC 7410 and
Salmonella typhi MTCC 733) bacteria obtained from

Microbial Type Culture Collection and Gene Bank
(MTCC), India and used throughout the study. All the
bacterial cultures were adjusted to 0.5 McFarland
standards containing approximately 1.5x10°® cfu/ ml
(Schwalbe et al., 2007).

Antibacterial activity: /n vitro antibacterial activity
was carried out by agar well diffusion method to deter-
mine the inhibitory activity of the tested extracts. The
pure cultures of all bacteria were maintained by inocu-
lating 150 pL of bacterial suspension on Nutrient
Broth (NB) and incubated at 37° C. Each bacterial
strain was then spread uniformly on to the individual
plates containing Nutrient agar (NA) media using ster-
ile glass stirrer. A 10 mm well were made into each
Petri plates using sterile cork borer and to the wells
about 50 ul solution of all the plant extracts (at
25,50,75 and 100 pg/ well concentration) were added
using sterilized dropping pipettes into the wells and
allowed to diffuse at room temperature for 2 hours.
Streptomycin and respective solvents served as posi-
tive and negative control, respectively. The plates were
then incubated at 37°C for 24 hours. After incubation,
the zone of inhibition was measured in millimeter
(Murray et al., 1995). The experiments were carried
out in triplicates.

RESULTS AND DISCUSSION

Induction of callus: In the present study callus induc-
tion was observed only on the medium supplemented
with growth regulators in both the species and there
was no callus formation on hormone free medium.
Similar results have been obtained in the cultures of S.
androgynous where supplementation of growth hor-
mones resulted in the induction of callus rather than
hormone free MS medium (Arivalagan et al., 2012).
Among the individual growth regulators used, maxi-
mum callus induction of 52% was observed in MS
medium supplemented with NAA at 1 mg/ | concentra-
tion in S. androgynus, whereas 51% callus induction
was observed in A. annua supplemented with 2,4-D at
1.5 mg/ 1 (Table 1). Many researchers have reported
the use of 2,4-D, NAA and BAP for callus induction in
various other medicinal plants (Malek et al., 2010;
Usman et al., 2011; Thiruvengadam et al., 2012; AL-
Hussaini et al., 2015; Bakhtiar et al., 2016). Further, it
was also observed that, when the plant materials were
grown on MS medium supplemented with combina-
tions of growth regulators the percent callus induction
was higher when compared to individual growth hor-
mones supplementation. The results clearly indicated
that, salicylic acid induced maximum callus formation of
72% in S. androgynus when grown on MS medium sup-
plemented with NAA+BAP+SA at the concentration of
1+2.5+2.5 mg/ 1, while in 4. annua maximum induc-
tion of callus of 64% was observed in media supple-
mented with NAA+Kn+SA at 1.0+2.5+2.5 mg/ 1
(Table 2). This is the first report on the use of salicylic
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Staphylococcus aureus Salmonella typhi

Fig. 2. Antibacterial activity of A. annua and S. androgynus.

Fig. 1. Leaf callus initiation of selected plants. A- A. annua; C1: Methanol callus extract of A. annua; C2: Methanol cal-
B- S. androgynus; C- Proliferated callus of A. annua; D- lus extract of S. androgynus; L1: Methanol leaf extract of A.
Proliferated callus of S. androgynus. annua; L2: Methanol leaf extract of S. androgynus.

Table 1. Effect of supplementation of growth regulators to MS medium for callus induction of A. annua and S. androgynus at
different concentrations.

Name of Type of Concentration Callus re- % of forming
the media PGR in mg/1 sponse % Response callus
A. annua
Basal medium - - - -
0.5 - - -
BAP 1.0 + 30 5.21+0.71
1.5 -+ 44 7.40+0.41
0.5 - - -
NAA 1.0 - - -
MS 1.5 + 32 5.454+0.49
0.5 + 31 4.49+0.34
2,4-D 1.0 ++ 40 8.50+0.52
1.5 ++ 51 9.45+0.42
0.5 + 10 2.12+0.36
SA 1.0 B - -
1.5 - -

S. androgynus B

Basal medium

0.5 + 29 4.25+0.52

BAP 1.0 ++ 35 5.49+0.56
1.5 ++ 38 5.90+0.58
0.5 + 44 6.55+0.54
NAA 1.0 e 50 6.55+0.52
1.5 ++ 52 7.54+0.46
MS
0.5 - - -
2,4-D 1.0 + 40 6.12+0.62
1.5 ++ 45 5.59+0.56
0.5 + 13 2.02+0.42
SA 1.0 - - -
1.5 - - -
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Table 2. Effect of supplementation of growth regulators in combination to MS medium for callus induction of 4. annua and S.

androgynus at different concentrations.

Name of Combination of PGR Concentration Callus response % Response % of forming cal-
the media in mg/l lus
A. annua
Basal - - - -
0.5+0.5+0.5 - - -
NAA+BAP+SA 0.5+1.0+1.0 + 36 6.39+0.45
1.0+1.5+1.5 -+ 48 7.2040.56
1.0+2.0+2.0 - 52 8.54+0.84
1.0+2.5+2.5 - 64 8.91+0.41
0.5+0.5+0.5 + - -
NAA+Kn+SA 0.5+1.0+1.0 ++ 29 4.63+0.25
1.0+1.5+1.5 ++ 34 6.39+0.87
MS 1.0+2.0+2.0 ++ 47 7.5240.71
1.0+2.5+2.5 +++ 64 9.84+0.31
0.5+0.5+0.5 - 34 5.54+0.52
2,4AD+BAP+SA 0.5+1.0+1.0 + 42 6..92+0.85
1.0+1.5+1.5 ++ 48 7.20+0.80
1.0+2.0+2.0 ++ 56 8.44+0.64
1.0+2.5+2.5 +++ 62 9.10£0.21
0.5+0.5+0.5 - - -
2,AD+Kn+SA 0.5+1.0+1.0 - - -
1.0+1.5+1.5 + 32 5.54+0.32
1.0+2.0+2.0 + 38 6.36+0.44
1.0+2.5+2.5 ++ 48 7.19+0.87
S. androgynus
0.5+0.5+0.5 + 32 4.26+0.54
NAA+BAP+SA 0.5+1.0+1.0 ++ 38 5.21+0.62
1.0+1.5+1.5 ++ 46 6.42+0.42
1.0+2.0+2.0 +++ 54 7.32+0.54
1.0+2.5+2.5 -+ 72 9.20+0.24
0.5+0.5+0.5 + 42 5.10-+0.42
NAA+Kn+SA 0.5+1.0+1.0 ++ 54 6.20+0.54
1.0+1.5+1.5 ++ 58 7.20+0.62
1.0+2.0+2.0 +++ 62 8.10+0.22
MS 1.0+2.5+2.5 +++ 68 8.92+0.44
0.5+0.5+0.5 - 40 6.20+0.42
2,4D+BAP+SA 0.5+1.0+1.0 + 52 7.12+0.54
1.0+1.5+1.5 ++ 56 7.54+0.44
1.0+2.0+2.0 ++ 61 8.20+0.62
1.0+2.5+2.5 +++ 64 8.68+0.22
0.5+0.5+0.5 - - -
2,4-D+Kn+SA 0.5+1.0+1.0 - - -
1.0+1.5+1.5 - - -
1.0+2.0+2.0 + 42 6.80+0.64
1.0+2.5+2.5 ++ 54 7.54+0.44
acid as a growth regulator for callus induction (Fig. 1). in Tecoma atans and A. sieversiana
Morphologically the callus in both the species is slight- ( Prathyusha et al., 2010;

ly brown, friable and embryogenic in most of the repli-
cates and in some replicates it was yellow, soft, juicy
and non-embryogenic.

Phytochemical analysis: Phytochemical analysis of
leaf and callus extracts of selected plants is depicted in
Table 3. The extracts of both in vitro and in vivo plant
materials showed the presence of sterols, triterpene,
saponins, alkaloids, tannins, flavonoids, carbohydrates,
resins, proteins and glycosides. Maximum phytochem-
icals were found in the chloroform extracts of both in
vitro and in vivo of A. annua, while maximum phyto-
chemicals were observed in methanolic leaf extract of
S. androgynus but in case of callus it contained only
carbohydrates and resins. Similarly, it was also noted
that, maximum phytochemical constituents were ob-
served in callus extract when compared to leaf extracts

Namde and Wani, 2014). Among the secondary metab-
olites detected in plant and callus extracts, flavonoids
are known for excellent free radical scavenging prop-
erties (Annegowda et al., 2010; Mahendra et al.,
2016), alkaloids and tannins for pharmacological activ-
ities (Cragg and Newman, 2005) and phenols, sapo-
nins, alkaloids and flavonoids for their antibacterial
potentials (Akharaiyi et al., 2012).

Antibacterial activity: The methanol extracts of both
callus and leaf extracts of selected plants showed sig-
nificant antibacterial activity against test pathogens
when compared other solvent extracts. The results are
in accordance with the findings of Naz et al. (2015)
wherein Catharanthus roseus methanol extracts had
maximum inhibition to test pathogens when compared
to other solvent extracts. Among the selected plants, S.

2192



Manasa Govindaraju et al. / J. Appl. & Nat. Sci. 8 (4): 2189-2195 (2016)

20UQdsqe SOJEOIPUL — PUE [eoIWY00IAYd oY) Jo 90ussald oy} SejedIpul +
10BI)XQ [OUBYIOIA = JA| PUE JOBIIXO 0JB100. AU = J 10BIXd WLIOJOIO[YD) = D) JOeIX0 QUBXdH = H

1
+ + + + + + + o+ o+

+ 4+ + o+

+

+
+ o+ o+ o+ o+

159} TUBI[I-I9[[93]
1S9} ULIPAYUIN

189} JoInIg

159 OpLIPAYUR O1390Y
159) Anprqung,

159} S Jo1pouRyg

1593 S 3urpyoq

1S9} S, YOSI[O]N

159} 918)AIY PeY]
1891 £1D94

1S9) opeuIyS

1S9} UNR[D
1893¢D3d

159} s 103eH

159} S Jougep

159 s JjIopuaSeI(y
1891 S JOARIA

159} Weo,|

1S9} PIEYOING-UUBULIIGT]
159) D{SMOY[ES

159} PIBYIING-UURULIIGIT]

159) D[smoY[es

SIPISOIA[D)

surojoId

sursay

sareIpAyoqre)

SPIOUOAR[ ]

suruue ],

SPIO[BY[V

suruodeg

souadiori],

S[019)S

Vi 'THD

Vi

"THD

Vi

THD

vVd  THD

snyre)

Jea]

snyre)

Jeo]

snudSoipun g

pnuuy 'y

SISaL

“snud3o.4pup *§ pue pnuup ‘p Jo 191X SNJ[Ed Jed] pue Jed] Jo SUIudI0s [BITAYI0IAYJ *€ d[qeL

2193



Table 4. Antibacterial activity of leaf and leaf callus extracts of 4. annua and S. androgynus.
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18+0.56
2040.62
22+0.51

15+0.56
12+0.45
16+0.76
15+0.26

08+0.21

10+0.44
12+0.36
9+0.23

14+0.23 8+0.24
08+0.32

12+0.22
13+0.25

0+0.00 09+0.41 0+0.00
08+0.235

B. subtilis
S. aureus
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11+0.42
12+0.54
07+0.26

0+0.00
14+0.15

0+0.00

0+0.00

09+0.23
0+0.00

11+0.44 0+0.00

09+0.58

E. coli
S. typhi

214+0.41

14+0.33

12+0.54

10+0.63

S. androgynus callus extracts

S. androgynus leaf extracts

19+0.74
21+0.48
20+0.91

16+0.18

14+0.52
14+0.24
10+0.38
10+£0.26

15+0.62
14+0.34
10+0.40
16+0.62

8+0.42
10+0.22

12+0.63
16+0.25
11+£0.94
15+0.58

13+0.82
12+0.28
0+0.00

13+0.29
11+0.47
08+0.54

0+0.00

B. subtilis
S. aureus

18+0.36
14+0.41
20+0.29

0+0.00

0+0.00
11+0.52

0+0.00

E. coli
S. typhi

18+0.31

08+0.47

12+0.36

10+0.41

Values are means of three replicates and + indicate standard error.

androgynus callus extracts offered maximum inhibi-
tion zone of 16, 18, 14 and 20 mm when compared to
leaf extracts 12, 16, 11 and 15 mm against B. subtilis,
S. aureus, E. coli and S. typhi, respectively (Table 4).
Whereas the callus extracts of 4. annua offered a max-
imum of 15, 12, 16 and 15 mm zone of inhibition
against B. subtilis, S. aureus, E. coli and S. typhi, re-
spectively (Fig. 2). The results corroborates with the
findings of Nagarjan et al. (2009), where they have
reported that, callus extracts show maximum inhibition
for bacterial pathogen when compared to natural leaf
extracts. The higher antibacterial activity in callus ex-
tract is due to the addition of sufficient micro and mac-
ro-nutrients for induction of callus which in turn re-
sults in profuse growth of callus their by inducing the
maximum accumulation of secondary metabolites
(Chakraborty et al., 2013).

Conclusion

The present study highlights the use of salicylic acid as
plant growth regulator for the first time for the induc-
tion of callus through tissue culture. The results for
callus induction in S. androgynus and A. annua were
higher in salicylic acid amended MS medium when
compared with individual plant growth regulators. Fur-
ther, the study clearly indicated the presence of maxi-
mum phytochemical constituents in callus extract
when compared to leaf extracts. It was also clear from
the studies that, the plant posses potential antibacterial
activity both in callus and leaf extracts, while higher
activity was noted in callus extracts which may be due
favorable condition provided for callus induction re-
sulting in profuse growth of callus which influence the
immense accumulation of secondary metabolites.
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