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Effect of antioxidant protection system on regeneration potential of different
chemotypes of Withania somnifera (L.) Dunal — A comparative analysis
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Withania somnifera (L.) Dunal, commonly called Indian Ginseng (Ashwagandha), is an important medicinal plant having a
number of chemotypes which vary in their regenerative potentiality. In the present study, regenerative potentiality of four
chemotypes of W. somnifera was compared using leaf explants. The study correlated that the chemotype (NIMTLI-130) with
high total phenolic content (TPC), high H,0, concentration and low proline content was less regenerative, whereas, the
chemotype (NIMTLI-101) with lesser TPC, lower H,O, concentration and high proline content was more regenerative.
NIMTLI-130 showed higher SOD, GPX and APX activity compared to NIMTLI-101, but less CAT activity as well as low
proline content and a weak detoxification effect resulting in lower regeneration. The study revealed that the difference in in
vitro shoot organogenesis of different chemotypes largely depends on the antioxidant protection system of the plant involving

non-enzymatic compounds and activities of antioxidant enzymes.
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Withania somnifera (L.) Dunal (Fam. Solanaceae),
commonly known as Indian Ginseng, locally,
Ashwagandha, is an important medicinal plant
used in Ayurvedic, Siddha and Unani Systems of
medicine'. Leaves and roots of this plant are
widely utilized in the preparations of various herbal
drugs for its biological activities, such as
antibacterial, anti-inflammatory, antioxidative;
and properties viz., adaptogenic, anticonvulsant,
antidiabetic,  antiosteoporotic,  antiproliferative,
antistress, antitumor, cardioprotective, diuretic,
hepatoprotective, hypocholesterolemic, hypoglycemic,
immunomodulatory, radiosensitizing, thyroid
stimulant, etc.””. The medicinal potential of the plant
has been studied extensively against Alzheimer’s
disease and other central nervous system (CNS)
related disorders, such as anxiety, catalepsy,
depression, epilepsy and sleep’. The medicinal value
of W. somnifera could be attributed to different
bioactive molecules synthesized by them via
mevalonate (MVA) (also called isoprenoid) pathway
and non-mevalonate pathway (MEP)’.
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In recent years, there has been a growing interest in
the functional significance of reactive oxygen species
(ROS) and the antioxidant response in growth,
development and differentiation of plant cells’. The
production of ROS has been associated with plant’s
recalcitrance towards regeneration during in vitro
culture. The leaves, fruits and roots of W. somnifera
possess antioxidant properties. Different chemotypes of
W. somnifera differ in their regenerative potential.
Therefore, it was proper to explore and correlate
antioxidant enzyme activity, various compounds of
antioxidant protection system with the regenerative
potential of different chemotypes. Antioxidant
protection involves nonenzymatic compounds such as
carotenoids, ascorbic acid, a-tocopherol, glutathione,
cysteine, phenolics and flavonoids and a number of
enzymes including superoxide dismutase (SOD),
guaiacol peroxidase (GPX) and ascorbate peroxidase
(APX), catalase (CAT) and glutathione reductase
(GR)®. The amino acid proline is also a potent
scavenger and balances the generation and elimination
of ROS’. Proline has a direct positive effect on
antioxidant enzyme system of the plants'’. SOD is
believed to play a crucial role in the antioxidant
systems as it catalyses the dismutation of O, into H,O,
and O,"". The conversion of H,O, into water is carried
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out in cytosol and chloroplasts by ascorbate-
glutathione cycle, which involves APX and GR".
Whereas, GPX participate in a wide range of
physiological processes including detoxification of
H,O,, cell elongation, cell wall construction, plant
responses to various stresses and an important role in
cell growth and plant development'. Catalase enzyme
plays an important role in acquisition of tolerance to
oxidative stress in the adaptive response of cells by
removal of electrons that can lead to the production of
O, free radical'®. The antioxidant enzyme activities
have been used as a parameter to evaluate efficiency of
micropropagation protocol of saffron'>. Reduced
activity of antioxidant machinery has already been
correlated with suppression of totipotency in plant
protoplasts by Papadakis et al.".

Being a member of Solanaceae, regeneration in
W. somnifera is comparatively easy but different
chemotypes differ in their withanolide content and
also the regeneration potential.

An association between withanolide production
and shoot organogenesis by in vitro cultures of
W. somnifera has been reported by Sharada er al.'.
Further, Jain et al.'” have shown a positive correlation
between withanolide synthesis and morphological
differentiation suggesting the synthesis was regulated
in a tissue-specific way and organogenesis was the
key regulatory factor which stimulates production of
withanolides in vitro. The detection of higher content
in differentiated cultures also points out that the
enzymes responsible for biogenesis of withanolides
in vitro might be optimally active under culture
conditions. In the present study, an effort has been
made to correlate the antioxidant enzyme activity,
H,0, concentration, TPC and proline content with the

regeneration potential of four important chemotypes
of W. somnifera.

Materials and Methods

Organogenesis in leaf segments

Four chemotypes of Withania somnifera, namely,
NIMTLI-135, NIMTLI-130, NIMTLI-108 and
NIMTLI-101, being maintained at CSIR-National
Botanical Research Institute, Lucknow, were used for
comparison of regenerative potential. Fully expanded
leaves were excised from in vifro multiple shoots of
all the chemotypes growing in Murashige and
Skoog’s'® basal medium supplemented with 0.5 mg/L
benzyladenine (BA) and 0.25 mg/L indole-3-acetic
acid (IAA). For organogenesis in leaf segments,
kinetin (Kn) or BA (0.5, 1.0, 1.5 and 2.0 mg/L) along

with TAA (1.0 mg/L) were used as the growth
regulators. The pH of all the media was adjusted to
5.8 before adding agar and autoclaved at 121°C for 20
min. All the media were solidified with 0.8% (w/v)
agar. Cultures were incubated at 25 + 2°C under 3 klux
light through fluorescent tubes for 16-h light: 8-h dark
photocycle at a light intensity of 50-60 umol m™s™.

Total phenolics

The contents of total phenolics were measured in
leaf extracts of different chemotypes of W. somnifera
collected from in vitro multiple shoots, according to
Folin-Ciocalteu method'® following the preparation of
the calibration curve, where 24, 75, 105 and 300 mg/L
ethanolic gallic acid solution was mixed with 5 mL
Folin- Ciocalteu reagent (diluted 10 fold) and 4 mL
sodium carbonate (75 g/L). The absorbance at 765 nm
was measured after 1 h at 20°C and the calibration
curve was drawn. To the same reagent (Folin-
Ciocalteu reagent & sodium carbonate) 1 mL of
methanolic plant extract (10 mg/L) was mixed as
described above and after 1 h the absorbance was
measured. All determinations were performed in
triplicates. Total phenolic contents in plant’s
methanolic extracts in Gallic Acid Equivalents (GAE)
were measured by the formula:

C=c.V/m

where, C is total phenolic contents (mg/g of plant
extract) in GAE; c, concentration of gallic acid
deduced from the -calibration curve (mg/L); V,
volume of extract (1 mL); and m, dry weight (DW) of
the plant material.

Measurement of H,O,

In vitro grown leaves of all the four chemotypes of
W. somnifera were collected and used for measuring
hydrogen peroxide content. The H,O, content of the
leaves was measured spectrophotometrically after
reaction with potassium iodide (KI)ZO. The leaves
(500 mg FW) were crushed in 0.5 mL of 10° mg/L
trichloroacetic acid, 0.5 mL of 100 mM potassium
phosphate buffer (pH 7.8) and 2 mL reagent
i.e., 10° mM K1, in fresh double-distilled water. After
1 h of incubation in the dark, the extract was
centrifuged at 5000 rpm for 2 min. The absorbance of
the supernatant was measured at 390 nm from the
spectrophotometer. The blank consisted of 10° mg/L
TCA in the absence of leaf extract. The amount of
hydrogen peroxide was calculated using a standard
curve prepared with known concentrations of H,O,.
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Proline assay

Proline was extracted according to the protocol of
Singh et al’'. Leaf samples (100 mg) of different
chemotypes of W. somnifera were ground in pure
ethanol and placed into water bath at 95°C for
20 min. After incubation, samples were centrifuged at
14000 rpm for 5 min and the supernatant was
collected into fresh tubes containing the soluble
proline. A reaction mixture was prepared with
ninhydrin 1% (w/v), acetic acid 60% (v/v) and ethanol
20% (v/v) protected from light. For proline
estimation, 1 mL of reaction mixture was added with
0.5 mL of ethanol extract, mixed and heated at 95°C
in the water bath for 20 min and centrifuged at
10000 rpm for 1 min. Supernatants were transferred
into fresh tubes and absorbance was measured at
520 nm. For standard curve, proline solutions ranging
from 0.04-1.0 mM were used.

Enzyme extraction

Fresh leaf (500 mg) samples of different
chemotypes of W. somnifera were collected from
in vitro multiple shoots and extracted for enzyme
activity in 10 mM potassium phosphate buffer
(pH 7.8), containing 1% PVP (w/v) and 0.5% triton
X-100 (v/v) and 0.1 mM EDTA. The homogenization
was done in liquid nitrogen in the ratio of 1:2 of leaf
sample and buffer, respectively. The liquid form of
homogenate was centrifuged at 10000 rpm for 30 min
at 4°C (in 2 mL eppendorf). The supernatants was
collected in clear eppendorf tube and stored at —80°C
for subsequent analysis.

Protein determination

The total protein of different chemotypes of
W. somnifera was determined by Bradford”> method
using bovine serum albumin (BSA, Sigma Aldrich,
USA) as a standard. Antioxidant enzyme assays were
performed at room temperature and activity was
measured on PerkinElmer, Lamda 35, UV/VIS
spectrophotometer.

Antioxidant enzyme activity

Superoxide dismutase (SOD, EC 1.15.1.1) activity
was measured by nitrotetrazolium  (NBT)
photochemical assay according to Bayer and
Fridovitch®. The reaction mixture was prepared by
mixing of 100 mM potassium phosphate buffer
(pH 7.8), 10 mM L-methionine, 0.025% (v/v) Triton
X-100 and 0.57 mM NBT. Aliquots (2 mL) of this
mixture were delivered into small glass tubes,

followed by 0.02 mL of enzyme extract and 4.4%
(w/v) riboflavin. Remaining volume was made up by
autoclaved water. The mixture was mixed and then
illuminated for 7 min in an aluminum foil-lined box,
containing two 20 W florescent tubes. A control tube
in which the sample was replaced by 0.02 mL of
buffer was run in parallel and the optical density of all
the tubes was measured at 560 nm on PerkinElmer,
Lamda 35, UV/VIS spectrophotometer.

Ascorbate peroxidase (APX, EC 1.11.1.11) activity
was measured according to Nakano and Asada®. For
the ascorbate activity of the tissue sample, an assay
solution was prepared by mixing 50 mM potassium
phosphate buffer, 5 mM ascorbate and 1 mM EDTA
and 0.1 mL of the sample. At last, ] mM hydrogen
peroxide was added for starting the reaction. Reduction
in ascorbate concentration was recorded by reading the
absorbance at 290 nm continuously for 3 min.

Guaiacol peroxidase (GPX, EC 1.11.1.7) activity was
measured by monitoring the formation of tetraguaiacol
from guaiacol”. The reaction mixture contained 10 mM
sodium phosphate buffer (pH 5.8), 1% guaiacol (v/v)
and 100 mM H,O,. Due to oxidation of guaiacol, the
absorbance increased and this absorbance was recorded
at 470 nm every 10 s for 1 min.

Catalase (CAT, 1.11.1.6) activity was assayed by
measuring the initial rate of H,O, disappearance™.

Catalase assay reaction mixture contained 50 mM
sodium phosphate buffer (pH 7.0), 0.01 mL enzyme
extract and 2 mM H,0,. The decrease in H,0, was

followed by a decline in absorbance at 240 nm.

Statistical analysis

Each tube or flask with 3-5 explants was taken as one
replicate. Each experiment consisted of either 10 tubes
or 5 flasks of each treatment and all experiments were
repeated twice. Only the shoots with distinctly visible
apical meristems were counted and the precociously
sprouting axillary buds (observed in some treatments)
were not taken into account for counting the number of
shoots. At the time of the antioxidant experiment we had
taken three replicate of each chemotype, and during the
calculation, two closest readings of each sample were
considered. Results were subjected to analysis of
variance and significance test. The values of data for
regenerated shoot buds and height of proliferated shoots
are presented as mean + SE of five replicate cultures. All
statistical analyses were done using ANOVA-
INDOSTAT software.
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Results and Discussion
Organogenesis in leaf segments

It was observed that all the uppermost segments of
leaves towards the tip were either less regenerative or
they became yellow and later turned brown. The
lower 2-3 segments were found regenerative and
differentiated shoots within 4-5 weeks of incubation.
The increase in morphogenetic ability of the leaves
from the tip towards the base has already been
reported in Cajanus cajan”’ and Asiatic hybrid lily*®
and explained by the fact that leaves reach maturity
first at the distal part and subsequently basipetally
towards the proximal part. Jain er al.'” have also
observed that the presence of petiolar part along with
lamina was essential for morphogenesis as no
response was observed when lamina without petiolar
part was cultured. Lower part of the leaves is directly
in contact with the petiolar region. Due to which this
part is highly dense with the hormone and other
metabolite, which helps in the regeneration of the
leaves®™.

The regeneration potential of leaf was evaluated in
terms of number of shoots regenerated, percentage of
responding cultures, time taken for shoot
differentiation and condition of the explants in
culture. The results are presented in Table 1. In our

preliminary  studies, we found that shoot
organogenesis in all the four chemotypes of
W. somnifera responded best in the presence of BA as
compared to Kn, therefore, BA was used for further
experiments. Initially during 2™ week of incubation,
compact nodular callus started developing mainly at
the cut ends and margins of leaf lamina. These
nodular callus developed shoot buds during 3™ week
which were visible to the naked eye from 4™ week of
incubation. Shoot bud development was a
nonsynchronous phenomenon, varied largely in
different chemotypes when cultured on the same
medium (Fig. 1 A-D). Lower concentration of BA
(0.5 mg/L) was not at all effective to induce shoot
organogenesis in any of the four chemotypes. The
explants responded better in 1.0-1.5 mg/LL BA but
shoot differentiation was less in 1.0 mg/LL BA as
compared to 1.5 mg/L. Maximum response (85%)
was observed in 1.5 mg/L BA in NMITLI-101, where
a maximum of 18 shoot buds differentiated within
25 days of culture incubation (Table 1). BA and IAA
had already been reported as the most effective
PGR for shoot organogenesis in leaf segments of
W. somnifera™'. On further increasing the concentration
of BA (2.0 mg/L), although shoot organogenesis took
place in all the chemotypes except NMITLI-130, but

Table 1— Chemotypic variation in shoot organogenesis in response to BA (1.0 mg/L IAA was common to all the treatments)

Chemotypes BA 'Responding ~ *Time * Avg. number of #x4Avg. height >General condition of the
(Conc. cultures taken shoot buds/ of shoots+SE explants / regenerated shoots
mg/l) (%) £ SE (days) explant+SE (cm)
NIMTLI-101 0.5 77.67+0.33 - - - Swelling and growth of explants
1.0 76.0+0.58 25 11.90+0.05 5.50+0.05 Shoots were fresh, green and healthy
1.5 85.0+0.58 25 18.03+0.08 5.96+0.03 Shoots were fresh, green and healthy
2.0 78.333+0.8 30 6.93+0.06 5.40+0.05 Shoots were associated with callus
NIMTLI-108 0.5 60.0£1.15 - - - Swelling and growth of explants
1.0 61.0+0.58 28 10.46+0.08 5.43+0.08 Shoots were fresh, green and healthy
1.5 66.67+0.88 28 12.03+0.08 5.7020.05 Shoots were fresh, green and healthy
2.0 64.0+0.58 32 5.30+0.05 5.4020.05 Shoots were associated with callus
NIMTLI-130 0.5 72.0+0.58 - - - Swelling and growth of explants
1.0 81.67+1.22 30 5.86+0.06 5.63x0.08 Shoots were fresh, green and healthy
1.5 89.33+0.67 30 6.46+0.03 5.30+0.05 Shoots were fresh, green and healthy
2.0 90.0£1.15 - - - Large callus was formed
NIMTLI-135 0.5 74.67+0.33 - - - Swelling and growth of explants
1.0 77.0+0.58 32 8.0+0.11 5.63+0.08 Shoots were fresh, green and healthy
1.5 83.0£0.58 32 8.33+0.08 5.30+0.05 Shoots were fresh, green and healthy
2.0 70.0+0.58 35 4.70+0.10 5.4620.03 Shoots were associated with callus

[*CD value at 5% & 1%; 3.022 and 6.924 for 1.0 mg/L BA; 5.731 and 13.219 for 1.5 mg/L BA; 3.351 and 7.726 for 2.0 mg/L. BA; **CD
value at 5% & 1%, 0.179 and 0.413 for 1.0 mg/L BA; 0.363 and 0.838 for 1.5 mg/L BA; 3.050 and 7.036 for 2.0 mg/L BA; 'Response in
the form of swelling, expansion, callus, or shoot organogenesis in leaf explants; *Visibility of shoots with naked eye; *Average of five
explants; “Average height of proliferating shoots after 60 days of culture incubation of leaf explants; *After 5 weeks of culture incubati
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the shoots formed were vitrified and associated with a
large callus, which hindered/restricted their growth
and development. Multiple shoots grew in height
when the whole leaf explant, along with all the
differentiated shoots were subcultured in a medium
having lower concentrations of BA (0.5 mg/L) and
IAA (0.5 mg/L, Fig. 2 A-D), however, the height of
the regenerated shoots remained almost equal in all
the chemotypes (Table 1). The analysis of variance of
different chemotypes showed highly significant
differences (P > 0.01) for number of regenerated
shoot buds at all the three concentrations of BA.
However, it showed nonsignificant differences for
height of regenerated shoots at all the concentrations
except for 1.5 mg/L BA (Tables 1 & 2). Similarly, the
most regenerative (NMITLI-101) and the least
regenerative ~ (NMITLI-130)  chemotypes  on
comparison showed significant differences (P > 0.05)

for number of regenerated shoot buds at all the
concentrations of BA, however, height of regenerated
shoots were significantly different (P > 0.05) only at
1.5 mg/L BA.

Total phenolic contents, H,0, concentration, proline content
and regenerative potential

Among different chemotypes of W. somnifera,
NIMTLI-130 was having the highest TPC (0.248 mg/g),
which decreased from NIMTLI-135 (0.237 mg/g) to
NIMTLI-108 (0.190 mg/g), while NIMTLI-101

contained the lowest (0.079 mg/g) (Fig. 3A). The
pattern of H,O, concentration was also similar to that
of TPC in all the chemotypes (Fig. 3B). On the
contrary, proline content was measured highest in
NMITLI-101 and the lowest in NMITLI-130 (Fig. 3C).
For developing a correlation between regenerative
potentiality and antioxidant system (TPC, proline

“NMiTL-101 |2

Fig. 1—Shoot organogenesis in leaf segments of different chemotypes of W. somnifera after 35 days of culture incubation; (A) NMITLI-

101; (B) NMITLI-108; (C) NMITLI-135; and (D) NMITLI-130

Fig. 2—Proliferating shoots of different chemotypes of W.somnifera after 60 days of culture incubation; (A) NMITLI-101; (B) NMITLI-

108; (C) NMITLI-135; and (D) NMITLI-130

Table 2—Analysis of variance (ANOVA) for the effect of different concentration of BA in shoot organogenesis in different chemotypes
(NIMTLI-101, NIMTLI-108, NIMTLI-130 and NIMTLI-135).

Sources df Avg. number of regenerated shootbuds/explants Avg. height of regenerated shoots
BA Concentration BA Concentration
1.0 mg/L 1.5 mg/L 2.0 mg/L 1.0 mg/L 1.5 mg/L 2.0 mg/L
Replication 2 0.0158 0.0008 0.0108 0.0525 0.0008 0.0108
Treatments 3 21.3658" 78.0100” 4.8678" 0.0033 0.0300 0.3200™
Error 6 0.0236 0.0241 0.0186 0.0091 0.0108 0.0075

*Significant at 1%
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content, and H,O, concentration), the most
regenerative (NMITLI-101) and the least regenerative
(NMITLI-130) chemotypes have been discussed.
It has been observed that NIMTLI-130 with high TPC
and high H,O, concentration was less regenerative,
whereas NMITLI-101 having lower TPC and lower
H,O, concentration showed more regeneration
potential (Table 3). Between the chemotypes
NIMTLI-101 and NIMTLI-130 statistical analysis
were performed according to Fisher’s LSD
at 5% and 1% significance. Highly significant
differences (P > 0.01) were found for TPC, proline
content and H,O, It is well known in the literature
that the higher phenolic compounds hinder growth
and development and also the differentiation in tissue
culture and therefore are inversely proportional to the
regeneration potentiality’>. The phenolic compounds
of Gossypium hirsutum have been reported to attribute

to regeneration potential of the plants”. Higher
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Fig. 3—Measurements of total phenolic contents and H,0,
concentration; (A) TPC; (B) H,0,; and (C) proline content. For
measurement of TPC and H,0, content, NIMTLI-101 was taken
as control, while for proline content, NIMTLI-130 was used as
control. Values are mean * SE where P >0.05 (*) showing
significant difference and P >0.01 (**) highly significant
differences (Fisher’s LSD test).

proline content and its catabolism generates a ROS
signal for the adaptive induction of endogenous stress
defense and extends life span of C. elegans by >2 fold™.
It has been reported that high proline content provides
protection to antioxidant system by scavenging the
ROS produced” and has already been reported to
enhance in vitro regeneration in W. somnifera™
similar to our findings.

Antioxidant enzyme activity

In the present work, antioxidant enzyme activity
was correlated with regenerative potential and further
growth of the regenerated shoots in different
chemotypes of W. somnifera. There were significant
differences among chemotypes for antioxidant enzyme
activity. The results are presented in Fig. 4 A-D. The
SOD, GPX and APX activity was recorded as highest
in NIMTLI-130 > NIMTLI-135 > NIMTLI-108 and
minimum in NIMTLI-101 (Fig. 4 A-C). Only the
most regenerative (NMITLI-101) and the least
regenerative  (NMITLI-130) chemotypes were
discussed in detail. Between the chemotypes
NIMTLI-101 and NIMTLI-130, statistical analysis
was performed according to Fisher’s LSD at 5% and
1% significance, and found highly significant
(P > 0.01) for all antioxidant enzyme activities.
During the study of different enzyme activity of
W. somnifera, it was observed that all the enzyme
activities were correlated to each other and also with
TPC, H,0O, concentration and proline content of the
plant. A significant relationship between SOD activity
and TPC was observed in W. somnifera, which
indicated that phenolic compounds are the major
contributors to the antioxidant properties of the plant
similar to other plants’’. Higher SOD activity in
NIMTLI-130 showed its role in dismutation of
superoxide producing H,O, and O, in the tissue.
However, as this chemotype already has higher TPC
and H,O, concentration, it could not detoxify H,O,
further into water by GPX and APX, even at their
higher activity level. This could create an imbalance

Table 3—Correlation coefficient analysis of four different
chemotypes of W. somnifera for different parameters

H,0, TPC Proline APX CAT GPX SOD
H,0, 1
TPC 0.8638 1
Proline -0.9697-0.7931 1
APX 0.7910 0.6833 -0.9063 1
CAT -0.8246-0.9814 0.7947 -0.7660 1
GPX 0.9609 0.9473 -0.9453 0.8517 -0.9445 1
SOD 0.9902 0.8065 -0.9916 0.8446 -0.7834 0.9446 1
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in generation and metabolism of ROS leading to a
variety of physiological challenges by disrupting
redox homeostasis of cell’>. CAT activity and the
proline concentration was comparatively low in
chemotype NMITLI-130 (Fig. 4D), it could possibly
lead to oxidative damage, which triggers programmed
cell death ultimately leading to shoot browning/
necrosis, a ‘negative’ consequence of it and resulted
in lower regenerative potentiality in tissue culture®.
On the contrary, the maximum regeneration of shoots
in chemotype NMITLI-101 may be explained by the
higher activity of peroxisomal enzyme CAT,
detoxifying the damaging effects of hydrogen
peroxide™ which decomposes H,O, to water and O,
The increased proline content, lower TPC and lower
H,0O, concentration were mainly responsible for
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Fig. 4—Antioxidant enzyme activities in different chemotypes of
W. somnifera (A) SOD; (B) GPX; (C) APX; and (D) CAT. For
APX, GPX and SOD, NIMTLI-101 was taken as control, while
for CAT, NIMTLI-130 was used as control. Values are mean +
SE where P >0.05 (*) showing significant difference and P >0.01
(**) highly significant differences (Fisher’s LSD test).

higher shoot regeneration in NMITLI-101. We have
already discussed that the lower concentration of TPC
promotes growth and differentiation in tissue culture,
and therefore, are inversely proportional to the
regeneration potentiality’>>. There are reports
available in literature where a decrease in SOD
activity has been observed during shoot
organogenesis in Caladium bicolor”® and Gladiolus
hybridus Hort.*'. Decreased SOD activity was
reported after addition of antioxidants in the
regeneration medium of Jatropha curcas which could
alleviate necrosis and increased shoot proliferation®®.
But in contrast to this, reports are available in
literature where increased SOD expression was
supposed to be responsible for increased regenerative
potentiality*’. This is not true in the present case of
W. somnifera, where among the four chemotypes, the
one with lowest SOD, GPX and APX activity was
most regenerative as in NMITLI-101. It has been
reported in chrysanthemum that a decrease in the
activity of a number of antioxidant enzymes that
normally prevent the build-up of free radicals can be
accounted for senescence in plants®. A correlation
coefficient analysis among different parameters of four
chemotypes has been done and presented in Table 3.
The analysis showed that all these parameters depend
on each other to balance the antioxidant protection
system by increasing or decreasing the activity of
different enzymatic or nonenzymatic antioxidants.

In conclusion, the organogenesis was induced in
in vitro leaves of four chemotypes of W. somnifera
and an effort has been made to correlate this
difference with the TPC, H,0O, concentration, proline
content, and their antioxidant enzyme activity. The
activity of four enzymes namely, SOD, GPX, APX
and CAT was analyzed. It has been shown that the
chemotype (NMITLI-130) with high TPC, high H,O,
concentration and low proline content was having
lesser regeneration of shoots despite the higher
activity of SOD, APX and GPX in that chemotype.
In the same chemotype, CAT had a weak
detoxification effect showing lesser activity. On the
contrary, NMITLI-101 having low TPC, low H,O,
concentration and lower activity of SOD, GPX and
APX had a strong detoxification effect with higher
activity of CAT and high proline content.
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