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Abstract

B ackground: Stevia rebaudiana Bertoni is a popular non-caloric sweetener being used all over the world

for its anti-diabetic properties. Stevia contains phytochemical compounds known as diterpene

glycosides that helps to reduce blood sugar, cholesterol, and blood pressure. In vitro raised cultures are
considered as an efficient way to produce essential secondary metabolites, especially through elicitation. This
study aims to optimize culture conditions for the large-scale production of these economically significant
metabolites using abiotic elicitors.

Methods: Apical shoot, nodes as well as leaf explants from Stevia mother plants were used for
micropropagation and callogenesis respectively. Murashige and Skoog (MS) medium supplemented with
different cytokinins and auxins alone or in combinations were tried for obtaining the maximum vyield of calli
and plantlets. The calli and plantlets were subjected to different concentrations of copper sulphate and
cadmium chloride. After 40 days of treatment, the data was recorded for morphological characters of elicitor-
treated plants and calli. Chlorophyll content and antioxidant activity using DPPH assay were performed using
treated leaves and calli extracts.

Results: Among all the cytokinins tried for micropropagation, BAP at 0.5 mg/L in MS medium proved to be the
best with 100% response by inducing 34 and 40 shoots/culture within 12 days of inoculation from shoot tip and
nodal explants, respectively. For rooting, MS medium containing 0.6 mg/L of IBA was best producing 15-17
roots/culture within 10 days. Green friable and embryogenic calli was obtained in MS medium containing 1.0
mg/L TDZ with 0.1 mg/L NAA from leaf explants. A significant increase was observed in the elicitors-treated
calli and plantlets biomass, chlorophyll content as well as antioxidant potential as compared to the control.

Conclusion: The results of this study indicate that the cytokinins and auxins at lower concentrations gave
significant results for micropropagation and callogenesis. Further, elicitation with copper sulphate and
cadmium chloride has improved the biomass and antioxidant activity of calli and plantlets.
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Introduction

Stevia rebaudiana Bertoni became popular all over the
world during the twenty-first century as a powerful non-
caloric and anti-diabetic sweetener [1]. It is native to
Brazil and Paraguay where approximately 2500 of the
20,000 native plant species are being traditionally used
for medicinal purposes by the native population [2].
Traditional medicine, derived from medicinal plants, is
used being used by almost 80% of the world's population
[3]. It is commonly known as sugar leaf plant, sweet
herb, or sweet treat, and belongs to the family
Asteraceae, featuring sweet leaves which is claimed as a
perfect sugar substitute [4-6]. The leaves of the Stevia
plant contain several secondary metabolites, including
steviol glycosides, notably stevioside and rebaudioside
A, which are non-glycemic and are more than 300 times
sweeter than table sugar [7]. Besides this, it has many
therapeutic values: it is reported as having anti-aging
[8], anti-cancerous [9,10], anti-hypersensitive [9,11] as
well as contraceptive properties [12], and also helpful in
preventing dental caries [13]. It also has anti-bacterial
and anti-fungal potential [14]. Stevia plants are
traditionally cultivated via cuttings due to poor
germination rates, resulting in lower yields [1]. Tissue
culture is an efficient and alternative approach for mass
production of Stevia in a short period of time [15,16].
Similarly, in vitro culture systems based on plant tissue
culture serve as a good source for the generation of
secondary metabolites, preserving natural resources
[17]. Plant calli cultures are viewed as viable source for
the long-term production of pharmaceutically
important secondary metabolites [18].

For commercialization of the plant cell cultures,
accumulation of high secondary metabolite contents is
essential. The incorporation of elicitors in plant cultures
is believed to be the most efficient way for fixing
productivity concerns. Although various elicitation
strategies are available, the enhancement of bioactive
compounds using chemical elicitors such as metal ions,
other inorganic compounds, or even UV radiation and
electric current is predominantly considered because of
its high efficiency and yield [19]. Oxidative stress is
caused by the production of free radicals and other
reactive oxygen species in the human body. It is a
significant risk factor in the pathogenesis of many
chronic diseases such as aging [20,21], asthma,
inflammatory  arthropathies, Parkinson's and
Alzheimer's diseases, cancers, atherosclerosis, and
diabetes mellitus [22-24]. According to the recent report
of World Health Organization, diabetes alone was the
direct cause of 1.5 million deaths [25]. Aside from
hyperglycemia, increased oxidative pressure is also
thought to play a role in the parthenogenesis of this
illness [26]. Recently, dietary antioxidants capable of
suppressing active oxygen radicals that intervened in

oxidative stress have received a lot of attention [27].
Therefore, the Stevia plant is the best choice to work on
its antioxidant potential for the yield of natural and safe
antioxidants to lower the risk of diseases.

The present investigation was carried out to
standardize protocols for in vitro production of Stevia
plants and calli cultures. Two chemical elicitors (CuSO4
.5H20 and CdCl2) were used to enhance the antioxidant
potential of Stevia. After elicitation some physiological
and biochemical parameters such as chlorophyll content
and antioxidant activity through DPPH (2,2-diphenyl-1-
picryl-hydrazyl-hydrate) assay were studied.

Methods

Parent material and growth conditions

The field grown plants of Stevia (S. rebaudiana) were
obtained from Ayub Agriculture Research Institute,
Faisalabad and maintained in a glasshouse at the
Institute of Botany, University of the Punjab, Lahore,
Pakistan. Shoot tips and nodal explants (15-30 mm)
were excised and washed with running tap water and
multiple rinses were given in a glass jar for about 8-10
minutes so that the explants become dust-free. In the
next step 1% (v/v) Tween 20 was added as surfactant and
kept on a magnetic stirrer for about 3-5 minutes,
decanted the solution and rinsed with distilled water to
remove all the surfactant. The explants were then
submerged in 5% sodium hypochlorite (NaOCI) solution
for 3-5 minutes, rinsed with distilled water, and finally
treated with 0.1% mercuric chloride (HgClI2) for 3
minutes followed by 3-5 times washing with autoclaved
distilled water. After decantation the explants were
trimmed from both sides to remove the dead part and
inoculated in 20x150 mm size culture tubes, each having
15 mL of MS (Murashige and Skoog) [28] medium
supplemented with 0.6 mg/L IBA (Indole-3-butyric acid)
and 3% sucrose and 2.5 % phytagel (Sigma cell culture).
The pH of the medium was adjusted between 5.7-5.8
before autoclaving at 121°C (15 Ib/inch2) for 15 minutes.
Culture tubes were incubated in the culture room with
16 hours photoperiod at 25+2°C. After 1 month, the
plants were ready to use for further experiments.

Micropropagation

For micropropagation and multiple shoot formation, the
shoot tips and nodal explants of in vitro-grown plant
were inoculated on the MS medium containing different
cytokinins in different concentrations. Two cytokinins
Kinetin (KN), 6-Benzylaminopurine (BAP) in the
concentrations of 0.5, 1.0, 1.5 mg/L. were used. For
rooting, NAA (1-Naphthaleneacetic acid), IAA (Indole-
3-acetic acid) and IBA (Indole-3-butyric acid) were used
in different concentrations.

Callus cultures
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For callus induction from leaf explants of Stevia, 5-10
mm size explants were cultured on Murashige and Skoog
(MS) medium supplemented with different plant growth
regulators (NAA, 2,4-D, BAP, TDZ) in different
combinations. The culture vessels were kept in a
temperature-controlled culture room (25*2 °C). The
data was recorded after one week of culturing and calli
were maintained through subsequent sub-culturing.

Preparation of elicitors

YE, CH, PEC, and ALG (Sigma Aldrich) were dissolved
with double distilled water and the pH of the elicitor
solutions was adjusted to 5.8. The MeJA and SA (Sigma
Aldrich) were dissolved in 96 % ethanol and the
solutions were then diluted with double distilled water
in concentrations as required. Finally, the pH of both
solutions was adjusted to 5.8. Stock solution of CHI
(from crab shells) was prepared in 2.0 mL of 1 % (v/v)
acetic acid (Sigma-Aldrich) by stirring with a glass rod
and then diluted with double distilled water. Finally, the
pH of the solution was adjusted to 5.8. The stock
solutions of ALG, MeJA, SA, and CHI were filter-
sterilized through a 0.22 lm syringe Millipore filter
(MinisartO, Sartorius, Germany), and then added to the
autoclaved WPM  aseptically at the desired
concentrations. The stock solutions of PEC, YE and CH
were added to the media at the desired concentrations
before autoclaving at 121 °C for 15 min. In the present
study, ALG, CH, PEC or YE at the concentrations of 0.5—
2.0 g/L and CHI, Me]JA or SA at the concentrations of 50—
100 IM was added individually in semi-solidified WPM as
elicitors

Preparation of elicitors

YE, CH, PEC, and ALG (Sigma Aldrich) were dissolved
with double distilled water and the pH of the elicitor
solutions was adjusted to 5.8. The MeJA and SA (Sigma
Aldrich) were dissolved in 96 % ethanol and the
solutions were then diluted with double distilled water
in concentrations as required. Finally, the pH of both
solutions was adjusted to 5.8. Stock solution of CHI
(from crab shells) was prepared in 2.0 mL of 1 % (v/v)
acetic acid (Sigma- Aldrich) by stirring with a glass rod
and then diluted with double distilled water. Finally, the
pH of the solution was adjusted to 5.8. The stock
solutions of ALG, MeJA, SA, and CHI were filter-
sterilized through a 0.22 lm syringe Millipore filter
(Minisart O, Sartorius, Germany), and then added to the
autoclaved WPM aseptically at the desired
concentrations. The stock solutions of PEC, YE and CH
were added to the media at the desired concentrations
before autoclaving at 121 °C for 15 min. In the present
study, ALG, CH, PEC or YE at the concentrations of 0.5-
2.0 g/L.and CHI, Me]JA or SA at the concentrations of 50—
100 IM was added individually in semi-solidified WPM as
elicitors

Elicitor Preparation and Treatments

The stock solutions of the two elicitors, CuSO4 5H20
(Panreac) and CdCI2 (Beijing Chemical Works), were
prepared in sterile distilled water and stored in a
refrigerator. After adding elicitor solutions in different
concentrations (10 pM, 25 pM, 50 uM, 75 uM, 100 uM,
150 pM, 200 pM/L) to the MS medium supplemented
with different hormones for shoots and callus
respectively. Treatments of S. rebaudiana plantlets with
elicitors were performed with one month old in vitro
grown plants whereas for calli treatments, one-and-a-
half-month old callus was used. For the control,
elicitors were not added in the medium with growth
regulators. Control plants and treated plants and calli
were then harvested after 40 days of elicitation.

Morphological Characters

At the time of harvest, plant height, number of leaves,
leaf area, internodal length, fresh weight (FW) and dry
weight (DW) of leaves/plant were calculated. For calli
and leaves biomass analysis, fresh weight of leaves and
callus cultures was noted, and the initial weight of callus
and leaves were subtracted from final weight (WC=Wf-
Wi). For dry weight (DW), the pre-weighed leaves and
calli were placed in an oven at 70°C for 2 days to measure
the dry weight.

Biochemical Characters

Estimation of Chlorophyll content

Chlorophyll was extracted by incubating 0.05 g fresh
leaves and calli in 5.0 mL dimethyl sulfoxide (DMSO).
The test tubes were incubated in dark at room
temperature for 72 hrs. The absorbance of chlorophyll
extract was measured at 663 nm and 645 nm with a
spectrophotometer. Total chlorophyll content (mg/g
fresh weight) was calculated from the absorbance at
663nm (D663) and 645nm (D645) using the formula of
Arnon [29]. Blank determination was carried out with
DMSO.

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) Assay
Extracts were prepared by the given procedure. After 40
days, the leaves and calli from culture tubes were
harvested and dried in an oven at 40 °C for 48 hours.
With the help of pestle and mortar, 2.0 g dried leaves and
callus of each concentration of all elicitors were grinded
to fine powder. Then the powder was subjected to
Soxhlet apparatus in which 50 mL methanol was used as
extractant. Methanol was evaporated with rotary
evaporator and after weighing, the extracts were
preserved at -20°C further use [30].

The antioxidant activity of leaves and calli extracts of
Stevia was determined by using the DPPH free radical
scavenging test [31]. All extracts of different
concentrations were further diluted (30, 60, 90, 120,150,
180, 210, 240, 270, 300 pg/mL) and transferred to
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separate test tubes. In each test tube, 1.0 mL of these
doses and 3.0 mL of DPPH (0.1 mM) were added and after
shaking kept for 30 minutes incubation in dark at room
temperature. Blank was prepared with the same
procedure but without any extract. All the stocks and
dilutions were made in high grade methanol. BHT
(Butylated hydroxytoluene) and BHA (Beta hydroxy
acids) were used as standards. Absorbance at 517 nm was
measured with a spectrophotometer (Hitachi). The
percentage of inhibition was calculated by the following
formula:

_ Afcontrol) - Afextract)
Afcontrol)

%oInhibition =100

Statistical Analysis

The treatments were set up in a completely randomized
design with three replicates per treatment. Significant
differences among the treatments were determined by
Analysis of Variance (ANOVA) followed by Duncan’s
Multiple Range test at a significant level of p < 0.05 (n =
3) using IBM SPSS Statistics data editor (V.21).

Results
Multiple Shoot induction
The data of different hormones wused for

micropropagation of S rebaudiana from apical and nodal
explants showed significant (p<0.05) variation in terms
of number of shoots and number of days for shoot
induction (Table 1). The findings revealed that both the
hormones tried for micropropagation gave 100%
response at their lower concentration (0.5 mg/L), the
only difference was seen with respect to number of
induction days and number of proliferated
shoots/culture vessel. It was observed that Kinetin (KN)
at 0.5 mg/L concentration in MS medium induced 100%
shoot induction from both shoot tip and nodal explants
after 14 and 12 days, with an average of 12 and 15 shoots
per culture, respectively (Fig.la, 1b). MS medium
supplemented with BAP at 0.5 mg/L concentration
showed better results with respect to the number of
shoots from both explants. A significantly high number
of shoots from shoot apex (34) and nodal explant (40)
per culture tube respectively, were recorded after 12
days of inoculation (Fig. 2a, 2b).

Figure 1: Multiple shoot formation in MS medium supplemented
with 0.5 mg/L KN from a) shoot tip and b) nodal explant of Stevia.

Figure 2: Multiple shoot formation in MS medium supplemented
with 0.5 mg/L BAP from a) shoot tip and b) nodal explant of Stevia.

Figuf'e 3: Root induction a, b) Control on MS basal medium c)
shoot tip and d) nodal explants on 0.6 mg/L IBA

Root induction

The results of for root induction showed that among
different auxins (NAA, IAA, and IBA) tried, only the IBA
gave better response. Maximum number of roots was
obtained on MS medium supplemented with 0.6 mg/L
IBA. It produced an average of 15 roots/culture shoot
basal part and 17 roots/culture from node derived shoots
with 100% induction response (Fig. 3¢, 3d) as compared
to control which was MS basal medium in all
micropropagation media. Also, 70% of medical students
believe that herbal medicines (medicinal herbs) for
anxiety and depression should be under the supervision
of a physician. 75% of medical students believe that the
use of herbal medicines for anxiety and depression is
only for Iran and 80% of them believe that herbal
medicines for anxiety and depression are effective.
Almost half of the students believe that herbal
medicines for anxiety and depression must be
preparation from pharmacies, and the other half do not
believe in this (Table 4).

Callus induction

For callus induction from leaf explants of Stevia,
different combinations of plant growth regulators
(PGRs) were tried. Callus response percentage, time and
morphological characters are given in Table 2. The most
significant result was observed in MS medium
containing 1.0 mg/L TDZ along with 0.1 mg/L NAA,
which gave 100% response with green and friable,
embryogenic callus induced within 6 to 7 days of
inoculation (Fig. 4c). A decrease in the percentage callus
induction was observed with an increase in the
concentration of TDZ. In another combination of 2, 4-D
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MS + PGRs Treatments (mg/L) No. of cultures Explant Shoot induction % No. of shoots/culture shoot induction days
Control 10 shoot tip 50.00 % 11.54% 1.00 * 0.00° 17£1.15°
0.5 10 shoot tip 100.00 * 0.00° 12.00 + 1.73¢ 14%0.57°
1.0 10 shoot tip 70.00 * 5.77° 7.00 £0.57° 17.66%0.33°
1.5 10 shoot tip 40.00 £ 5.77° 3.00 +0.57¢ 17£1.15°
KN Control 10 node 60.00 * 5.77° 2.00 * 0.00° 18.66+0.88
0.5 10 node 100.00 * 0.00° 15.00+ 1.15¢ 12%0.57¢
1.0 10 node 50.00 % 11.54% 10.00 + 1.00° 172057
1.5 10 node 30.00 * 5.77¢ 2.00 * 0.00° 19.33%0.33¢
Control 10 shoot tip 80.00 * 5.77° 1.00 * 0.00° 200.57*
0.5 10 shoot tip 100.00 * 0.00° 34.00 * 2.30° 12%1.15°
1.0 10 shoot tip 90.00 * 5.77% 9.00 +0.57° 17£1.15°
1.5 10 shoot tip 40.00 £ 5.77° 2.00 +0.57¢ 19.33%1.20°
BAP Control 10 node 70.00 * 10.00° 2.00 * 0.00° 18+0.57¢
0.5 10 node 100.00 * 0.00° 40.00 + 1.52¢ 12.66+0.88¢
1.0 10 node 80.00 + 5.77% 14.00 + 2.00° 15.33%0.66
1.5 10 node 60.00 * 5.77° 4.00* 1.15¢ 1940.57¢

Table 1: Effect of KN and BAP on shoot and root induction from shoot tip and nodal explants of Stevia.

MS+ PGRs Conc. (mg/L) No. of cultures Callus induction (%) No. of days for callus initiation Morphological features

BAP+ Control 10 0.0+0.00° 0.0+0.00¢ | ------

NAA 0.5+1.0 10 90+5.77° 12£0.57% Small, light green, compact, non- proliferating
0.5+1.5 10 83.33+8.81°¢ 12.66+0.88* Small, green, compact, non- proliferating
0.5+2.0 10 86.66%6.66° 11+0.57* Small, green, compact, non- proliferating
0.5+3.0 10 93.33£3.33 13£0.57% Small, green, compact, non- proliferating
0.5+4.0 10 86.66+8.81¢ 12+0.57* Small, green, compact, non- proliferating
0.5+5.0 10 76.66+8.81¢ 14.66+0.33 light green to yellowish, non- proliferating
3.0+1.0 10 90+10.00° 16+0.57¢ light green to yellowish, non- proliferating
3.0+1.5 10 96.66+3.33° 23.66%0.33¢ Light green, non- proliferating
3.0+2.0 10 90+5.77° 18+0.57¢ light green to yellow, non- proliferating

2,4-D+ Control 10 0.0+0.00¢ 0.0x0.00¢ | mmemmeee-

NAA 1.0+1.0 10 70+5.77¢ 14.33+(.33b Light yellow, friable
1.5+1.5 10 83.33+3.33" 14+0.57% Light yellow, friable
2.0+2.0 10 96.66+3.33? 15.66+0.33" Creamy white to light yellow, compact
3.0+3.0 10 16.66%6.66% 17.660.33% Light yellow, friable
4.0+4.0 10 23.33+3,334 18+0.57° Light yellow, friable

TDZ+ Control 10 0.0+0.00° 0.0+0.00¢ | mm-mmoe-

NAA 0.5+0.1 10 3.33+3.33¢ 7+0.57° Dark green, just curling of leaf explant
1.0+0.1 10 100+0.00* 6.66%0.33" Dark green, embryogenic, friable
1.5+0.1 10 83.33+3.33" 8+0.57* Dark green, small, loosely compact
2.0+0.1 10 70%5.77¢ 7.33+0.33" Dark green, small, compact

Table 2: Callus induction and proliferation from leaf explants of Stevia in MS medium supplemented with different PGRS.

Elicitors Concentrations (uUM) Plant length (cm) No. of leaves Leaf area(cm?)
Control 0 13.33 + 0.66™ 15.33 +1.33% 1.50 = 0.50°
10 14.66 * 3.33: 16.00 = 2.00® 1.86 £0.13"
25 15.66 + 1.76% 17.33+0.66* 2.83 £1.01%
50 18.50 * 1.60* 19.33 £ 1.33* 5.33+1.20°
Copper sulphate 75 16.83 +1.58* 16.66 + 1.76* 4.83 +1.58%
100 14.66 * 2.12%* 15.33 + 0.66™ 2.25+0.75%
150 9.83 + 1.85% 12.00 1.15 2.00 = 1.04
200 9.33 £0.88° 10.66 £ 0.66¢ 0.40 = 0.10¢
10 11.33+2.02° 13.33 + 0.66™ 1.58 + 0.50®
25 11.00 + 1.00° 14.66 + 2.90% 1.66 = 0.41%
50 9.83+0.72¢ 16.00  1.15% 2.62 % 0.37%
Cadmi 75 15.16 + 1.64* 17.33+0.66* 3.83 £ 0.66*
100 12.16 = 1.96" 15.33 + 2.40% 1.76 £ 0.86"
150 10.16 = 1.16" 14.00 % 1.15° 1.50 £ 0.50¢
200 9.83 £0.72¢ 12.00 £ 0.00¢ 1.00 £ 0.14¢
Table 3: Effect of elicitors on morphological parameters of in vitro raised plants of Stevia.
Elicitors Conc. (M) FW of Callus(gm) DW of Callus (gm) FW of leaves (gm) DW of leaves (gm)
Control 0 1.79%0.06° 0.195%0.02" 0.54+0.07° 0.213%0.03
10 2.39%0.03* 0.266+0.014* 0.72%0.03* 0.241%0.02
25 2.48%0.16* 0.286+0.004* 0.75+0.03% 0.34%0.03
50 2.77%0.15% 0.295%0.01° 0.82 #0.02* 0.429+0.06*
Copper sulphate 75 2.7£0.19* 0.269+0.03* 0.69%0.04> 0.246%0.01°
100 2.5%0.22° 0.260+0.006* 0.64+0.05% 0.235%0.07°
150 2.43%0.02* 0.259+0.01° 0.28 #0.03¢ 0.102+0.03%
200 1.84+0.14° 0.243+0.03" 0.25 +0.08¢ 0.087£0.01°
10 2.21#0.13% 0.234%0.01* 0.31+0.01* 0.139+0.01
25 2.27%0.13% 0.251*0.01 0.33+0.01% 0.146%0.04*
50 2.3+0.05%® 0.257%0.005* 0.330.01% 0.184%0.01*
Cadmium chloride 75 2.46%0.05° 0.275+0.05° 0.670.14° 0.234+0.01°
100 2.11+0.02° 0.267%0.002* 0.45+0.05" 0.166=0.02
150 2.0£0.02% 0.257%0.02® 0.35%0.00% 0.134+0.03%
200 1.8+0.16° 0.234+0.009* 0.25+0.08¢ 0.115%0.003"

Table 4: Effect of elicitors on FW and DW of callus and leaves of in vitro raised plants of Stevia.
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Elicitors Conc. pM/L | Chlorophyll content of callus mg/g Chlorophyll Content of leaves DPHH assay of leaf DPHH assay of callus
mg/g extract % Inhibition extract % Inhibition
Control 0.25%0.01° 0.53 % 0.08° 43.34+0.38¢ 37.59 % 0.43
10 0.48+0.01° 1.60 * 0.05® 42.28+0.36™ 40.22 % 0.89"
25 0.45%0.01° 1.56 £ 0.14% 41.650.70° 32.63 £ 0.50°
Copper 50 0.27%0.03¢ 1.30 £ 0.05® 41.31%0.33 40.68 % 0.75<
sulphate 75 0.48+0.02° 1.23 008" 44.8+0.38 42.32 % 0.48%
100 0.390.09 2.53 £ 0.08° 45.37+0.59¢ 43.32+0.83¢
150 0.31%0.01% 2.30 £ 0.05 48.38+0.48" 48.16* 1.77°
200 0.24+0.00° 1.40 £ 0.20" 47.3+0.96" 37.67 £ 0.43
Control 0.25%0.01° 0.53 % 0.08 43.34%0.38° 37.59 % 0.43
10 0.23+0.00° 1.03 £ 0.08 69.05+0.21° 20.35 £ 0.62°
) 25 0.27%0.00° 1.23%0.08 62.61%0.32¢ 36.39 % 0.65
Cadmium 50 0.53+0.02° 1.26 £ 0.08 62.81%0.27¢ 86.43 * 0.34°
chloride 75 0.35+0.01° 1.53%0.08 64.3120.12° 87.26 % 0.98°
100 0.350.01° 1.23%0.06 71.26%0.65° 37.86 % 0.74
150 0.35+0.01° 1.36  0.08" 69.18+0.36 24.15 * 0.80°
200 0.23%0.01¢ 1.36 = 0.08 67.120.21% 25.56 * 2.38¢

Table 5: Effect of elicitors on chlorophyll content and antioxidant activity from leaves and calli extract of Stevia.

@

©

Figure 4: Callus induction from leaf explants of Stevia on MS medium containing a) 3.0 mg/L with 1.5 mg/L NAA, (b) 2.0 mg/L 2,4-D with

2.0 mg/L NAA and (c) 1.0 mg/L TDZ with 0.1 mg/L NAA.

with NAA, 96% callus induction response was observed
using 2.0 mg/L of both the PGRs after 15 days of
induction. The callus obtained was creamy to yellow in
color and compact in nature (Fig. 4b).

A combination of BAP and NAA at higher
concentration gave better results as compared to lower
concentrations tried. In MS medium containing 3.0
mg/L BAP with 1.5 mg/L NAA, 96% callus induction rate
after 23 days of inoculation. The callus was light green
and non-proliferating in nature (Fig. 4a). While at a
lower concentration of BAP (0.5 mg/L) with higher
concentration of NAA (3.0 mg/L) produced 93% small,
green, compact callus after 13 days of culture. The
medium with the highest callus response was selected to
sub-culture for the treatment with varying
concentrations of two chemical elicitors.

Effect of elicitors on morphological parameters of plants
and calli

The data given in Table 3 shows the effect on in vitro
grown plants treated with two elicitors, copper sulphate
and cadmium chloride, on different morphological
parameters. In case of plantlets treated with different
concentrations of CuSO4.5H20, an increase in all the
morphological parameters was observed up to 50 uyM
concentration as compared to control and higher
concentrations used. Maximum increase in the height of
the plant was from 13.33 cm (control) to 18.5 cm, the

A similar trend of increase in all the parameters up to
75 pM of CdCI2 was recorded. Maximum increase in all
morphological parameters was observed at 75 uM
concentration of CdCl2 as compared to other
concentrations and control (Table 3). However,
treatment with higher concentrations of both the heavy
metals lead to the decrease in all the parameters studied.
As given in Table 4, the calli treated with different
concentrations of CuSO4.5H20, showed an increase in
the FW and DW up to 50 uM concentration as compared
to control, which decreased with further increase in
elicitor concentration. The FW of callus showed an
increase from 1.79 gm (control) to 2.77 gm. Similarly,
the DW of callus also showed an increase from 0.195 gm
(control) to 0.295 gm at 50 puM concentration of
CuS04.5H20. In case of leaves from elicitor treated
plants, an increase in FW up to 50 uM concentration of
CuS04.5H20 was observed which decreased with further
increase in elicitor concentration. From 0.54 gm in
control, the FW increased to 0.82 gm and the DW
increased from 0.213 gm in control to 0.429 gm at 50 uM
concentration of CuS04.5H20. In case of callus and
leaves obtained after treatment with CdCl2, maximum
increase in FW (2.46 gm) and DW (0.275 gm) of callus
was observed at a lower concentration of 75 uM as
compared to control, which decreased with further
increase in elicitor concentration. Similar results were
recorded for leaves biomass (Table 4).
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Effect of elicitors on chlorophyll content and
antioxidant activity of plants and calli

As given in Table 5, the total chlorophyll content of calli
was highest at 50 uM (48+0.01 mg/g) as well as 75 uM/L
(48+0.02 mg/g) of CuSO4.5H20 in comparison with
control (0.25 mg/g) and other treatments. Leaves gave
increased chlorophyll content as compared to control
(0.53£0.08 mg/g) and other concentrations of the
CuSO4.5H20 at 100 pM/L (2.53+0.08 mg/g) whereas
cadmium chloride treatment exhibited maximum
chlorophyll content at 50uM/L (0.53%0.02 mg/g) which
was more than the copper sulphate highest treated
results. However, the leaf chlorophyll content of CdCI2-
treated plants showed a higher amount at 75 pM/L
(1.53%0.02 mg/g) than other treatments and control
(0.53+0.08 mg/g).

Antioxidant activities of methanolic extracts of
elicitor treated Stevia leaf and callus extracts were
tested at 30, 60, 90, 120, 150, 180, 210, 240, 270 and 300
ug/mL. In case of copper sulphate, 150 pM/L treatment
showed highest DPPH activity with 48.16% for leaf
extract and 48.38% inhibition for calli extract,
respectively. On the other hand, cadmium chloride
treated calli and leaf extracts showed best antioxidant
potential at 75 uM/L (87.26%) and 100 uM/L (71.26%),
respectively.

Discussion

In the present study, culture conditions were optimized
for micropropagation and callogenesis from leaf
explants of Stevia. After the optimization of protocols,
the in vitro raised plants and calli were subjected to
elicitation with two heavy metal salts to increase the
antioxidant potential. Due to the commercial
importance of Stevia, efforts have been made to increase
its production. Conventional methods have not been
very successful owing to the very low seed germination
percentage [32]. The plants produced via seeds are not
homogeneous and show variability in terms of
sweetening levels and composition [33]. In addition,
vegetative propagation methods also do not meet the
demand of individuals required for commercial
cultivation [34]. Therefore, there is a need for a reliable
procedure and in vitro propagation via plant tissue
culture technique is a promising alternative to solve
these issues. Among the tissue culture techniques,
callus culture can be used directly for regeneration of
plantlets and for the extraction of primary and
secondary metabolites. Callus and suspension cultures
are considered as the basic techniques for the
production of desired metabolites from plants [35].

In the present study shoot tip and nodal explants were
used for micropropagation as in general, nodal segments
are known as the best explants source for plant
production under in vitro conditions [26,36,37].

Previous studies reported healthy plantlets of .
rebaudiana obtained through tissue culture using
meristem or shoot tip culture [38] and nodal segments
[39]. In the present work, significant number (34-40) of
shoots were obtained at lower concentration (0.5 mg/L)
of BAP as compared to KN, from both the explants.
According to Yang and Chang [40], about 50-70 shoots
were formed per explant at a higher (2.0 mg/L)
concentration of BAP. While Pandey and Chikara [41]
also reported that MS medium with 0.5 mg/L. BAP
produced highest mean number of shoots (30) in Stevia.
It is generally accepted that auxins have a central role in
root initiation. In our work, MS medium supplemented
with 0.6 mg/L IBA showed 100% rooting from isolated
shoots of Stevia. Previously, it is reported that efficient
rooting response was observed in half MS medium
supplemented with 1.0 mg/L IBA in Stevia [42] which is
higher as compared to our results. Similarly, it also
reported that S. rebaudiana was rooted on MS medium
supplemented with a higher (2.0 mg/ L) concentration of
IBA [43].

In the present work, for callus induction from leaf
explants of stevia, NAA with BAP, 2,4-D with NAA and
TDZ with NAA was tried. Out of the different PGR
combinations tried, the best response (100%) was
obtained in MS medium containing TDZ (1.0 mg/L) with
NAA (0.1 mg/L) from nodal explants of stevia within a
week of culturing. The calli obtained was dark green,
friable, and embryogenic in nature. Other PGRs
combinations tried i.e., NAA with BAP and 2.4-D with
NAA also gave significant (96%) callus induction rate
but the callus produced was compact and non-
proliferating in nature and was initiated after 2-3 weeks
of culturing. The combination of NAA with BAP for
callus induction has been reported by many authors for
Stevia [44-46] while Gupta and his co-authors developed
a protocol for callus induction and multiplication and
obtained 100% callus induction on MS medium fortified
with 0.75 mg/L NAA with 1.0 mg/L 2, 4-D from leaf,
nodal and root explants [47]. In our studies a higher
concentration (2.0 mg/L) of both these PGRs gave 96%
callogenic response, while there is no report about the
use of TDZ with NAA for callus induction in Stevia.

Heavy metal salts act as major abiotic stressors that
can limit plant growth and development. Cadmium is a
toxic heavy metal and once absorbed it causes a negative
effect on plants by disturbing several cellular processes
resulting in the reduction of plant growth and chlorosis
leading to senescence [48]. It causes oxidative stress by
generating reactive oxygen species (ROS) which react
with lipids, proteins, pigments, and nucleic acids and
causes lipid peroxidation, inactivation of enzymes, and
damage to the membrane resulting in growth reduction
[49]. The heavy metal copper is required in minute
quantities by plants as it plays an important role in
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signaling of transcription, movement of proteins in cell,
iron mobilization, oxidative phosphorylation and also
acts as a co-factor for catalytic enzyme activity [50,51].
Excess of copper may result in the disruption of protein
structure and function by binding to sulthydryl groups
due to its redox-active transition metal nature [51].

Differences in morphological and biochemical
parameters were observed when they were treated with
varying concentrations of CuSO4.5H20 and CdCl2. The
effect of abiotic stress on the stevia plant showed that
the physiological traits were more sensitive to salinity
stress than the morphological traits. Application of
CuS04.5H20 and CdCI2 at lower concentrations (50 and
75 uM respectively) showed an increase in shoot length,
number of leaves and leaf area as compared to control,
while a reduction in all these parameters were observed
with further increase in elicitors concentration. A
similar increase in FW and DW was also recorded in both
callus and leaves of treated plant at the same
concentrations. A reduction the shoot length at higher
salt concentrations have also been reported in bean,
wheat, alfalfa and Zea mays [52-55]. Reduction in FW
and DW at higher heavy metal concentrations may be
referred to increased toxicity, thereby resulting in the
breakdown normal physiological mechanisms and
finally having negative influences on biomass [56].

In our study, chlorophyll content showed an increase
at lower concentrations of both the heavy metals but as
the concentration increased a decline was observed. In
case of callus, an increase in chlorophyll content was
observed up to 75 uM while for leaves up to 100 uM of
CuS04.5H20. Similarly, in case of CdCl2, the increase
was up to 50 uM and 75 uM respectively for callus and
leaves. The leaves showed significant increase in
chlorophyll content as compared to callus. In low
concentrations, copper is not toxic but actually
increases cell growth by becoming a cofactor for various
growth enzymes. Copper is an important part of
plastocyanin in the electron transport chain in
photosynthetic reactions [57]. The copper (Cu) toxicity
causes disruption of cell wall function by reducing the
concentration of K+ ions in the cell and disrupt electron
transport. The excess of copper will accumulate on the
cell wall, absorbed into the cell and affect the enzyme by
binding to the sulfhydryl group [58]. Similarly, excess
cadmium disrupts the function of chloroplasts by
damaging their photosynthetic pigments and inhibiting
the photosynthetic activity. Without the photosynthesis
process, the energy required for cell metabolic processes
is disrupted which causes growth inhibition [59,60].

In our experiment, free radical scavenging activity
through DPPH assay was expressed in terms of %
inhibition. The results show that the leaves of stevia
plant had the highest percentage inhibition at 75 uM/L
cadmium chloride and 150 pM concentration for copper

sulphate. In case of calli the higher % inhibition for
copper sulphate was at 150 uyM and at 100 uM for
cadmium chloride, which was not very significantly
different from control. The difference in chemical
behaviors of cadmium and copper may be due to the fact
that cadmium is a non-redox reactive heavy metal and
copper is a transition metal [61]. Our results showed
difference in antioxidant activity of callus and leaves
which may be due to greater tolerance to cadmium stress
as compared to copper in leaves. Previous studies have
shown that intoxication by increased concentrations of
Cd and Cu resulted in a decreased antioxidant capacity.
This may be attributed to the accumulation of H202
resulting in growth reduction [61]. It can be concluded
that the methanolic extract of Stevia plant leaves
possessed strong antioxidant and free radical
scavenging properties as compared to calli, which
possibly may be due to the presence of its natural
antioxidants.
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