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Abstract
Medicinal plants are a known source of antioxidants and are used for the prevention and treatment of
diseases. Exogenous application of elicitors can be used to improve the antioxidant profiles of medicinal plants
enhancing their therapeutic potential. Present study aimed to study the effect of elicitors such as proline, salicylic acid
and a plant growth promoting rhizobacteria- Azospirillum on antioxidant potential of medicinal plant - Ocimum
sanctum. Semi-quantitative assay- thin layer chromatography (TLC), and quantitative assays such as DPPH (2,2Diphenyl-1-picrylhydrazyl) for free radical scavenging activity, total phenolic content and antioxidant responsive
enzymes SOD (superoxide dismutase) and CAT (catalase) activities were used for the assessment based on standard
protocols. Growth changes like number of leaves, root length, shoot length, total plant height, fresh weight and dry
weight observed in response to the treatments given. Exogenous application of proline, salicylic acid and
Azospirillum enhanced growth and overall antioxidant content of treated plants. Proline showed higher elicitation
with high phenolic content (47.66 GAE/gm. wt.) and number of distinct bands (18) in TLC. The DPPH assay also
showed higher free radical scavenging potential (70.32% reduction) of proline treated plants. Enhanced activity of
antioxidative enzymes CAT and SOD was also observed in all the treated plants. The study confirms the effectivity of
using these elicitors for enhancing antioxidant potential of medicinal plants.
Key Words: Ocimum sanctum, Proline, Salicylic acid, Azospirillum, Antioxidant.
stabilizing enzymes and majorly by acting as a ROS
scavenger (antioxidant) (6). As an osmolyte, proline
help plants to mitigate water stress and balance
turgor pressure (7,8). Exogenous application of
proline in plants is known to increase activity of
antioxidant enzymes such as catalase (CAT),
peroxidase (POX), and superoxide dismutase (SOD)
(9). Salicylic acid, is a phenolic phytohormone that
confers abiotic and biotic stress tolerance in plants
(10). Its exogenous foliar application has been
reported to improve phenolic and flavonoid
compounds (11,12). Exogenous application of
salicylic acid is known to modulate activities of
oxidant enzyme in plants under stress (13).
Azospirillum is a known Plant Growth Promoting
Rhizobacteria (PGPR), which colonizes roots of a
wide range of plants, and is known to promote plant
growth as well as alleviate effects of stress in plants.
It is also capable of inducing biosynthesis of
antioxidant enzymes such as CAT and SOD in plants,
which not only reduce ROS toxicity but also make
use of them as signal transducers for growth,
development, and various cellular response (14, 15).
The present study was aimed to assess the effect of
exogenous application of proline, salicylic acid and
Azospirillum on growth and antioxidant activity of O.
sanctum.

Introduction

Ocimum sanctum, commonly called as basil
(tulsi), is a potent phytomedicine belonging to family
Labiate which has been widely used for the
prevention and cure of a multitude of ailments in the
Indian traditional system of medicine (Ayurveda)
since ages (1). The plant is valued as a rich source of
antioxidants (2). Major antioxidants that occur
naturally in Ocimum are polyphenols, tannins,
saponins and flavonoids (3,4). Production of these
antioxidants can be enhanced by application of
certain compounds termed as elicitors (5). In the
present investigation known elicitors of antioxidants
in plants - proline, salicylic acid and Azospirillum
were exogenously applied on O. sanctum plants and
their effect assessed. Proline is a proteinogenic amino
acid, highly beneficial for plants in various aspects. It
protects plants under stress by acting as an excellent
o s m o l y t e , m a i n t a i n i n g m e m b r a n e i n t e g r i t y,
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Total Phenolic Content (TPC)
The Folin-Ciocalteu reagent (FCR), a mixture
of phosphomolybdate and phosphotungstate was used.
FCR is extremely light-sensitive and initially, yellow in
colour. Under alkaline conditions, the phenolic
compounds reduce FCR to give blue colour. This forms
the basis of the determination of total phenolics (17).
Alkaline conditions are provided using 20% Na2CO3,
which ease the formation of phenolate ions from the
phenols present in the sample.

Material and methods

Growth and Treatment of Plants
Plants of O. sanctum were grown in the Maitreyi
College botanical garden. The plants were authenticated by
Dr Monika Heikrujam, Maitreyi College, Department of
Botany, University of Delhi. One month old plants (in
triplicates) were treated for 3 weeks at regular intervals of
4 days. Foliar mode of application for proline (5mM) and
salicylic acid (1mM) and soil application for Azospirillum
(40 gm/L) was used for the treatment. Growth changes
throughout the period were recorded for each plant.
Extract preparation
The plant materials were air-dried for 48 hrs. The
completely dried material was crushed into a fine powder
using mortar and pestle. Crude extracts were prepared by
dissolving the powder in methanol. Further dilutions were
made based on respective protocols.

Absorbance was recorded at 750nm
spectrophotometrically. 1ml of sample was mixed with
5ml distilled water and 0.5 ml FCR followed by 1.5 ml
of 20% Na2CO3 after 5 minutes. The tubes were
vortexed and incubated in dark for 20 minutes for
colour development. Absorbance was measured at 760
nm and TPC was expressed in terms of gallic acid
equivalent, GAE/gm dry weight).

Preparation of Solutions
• Proline- Proline powder was used to make 25mL of its
100mM stock solution. Further, 500mL of 5mM
working proline solution was prepared using the stock.
• Salicylic Acid- Salicylic acid and ethanol were used to
make 50mL of its 100mM stock solution. The stock was
diluted to make 500 mL of its 1mM working solution.
• Azospirillum- The solution was prepared using 40g of
Azospirillum biofertilizer and 50g of jaggery dissolved in
1 L distilled water.

CAT (Catalase) assay
0.1 gram of fresh leaf tissue of each sample was
separately homogenized in 1ml of extraction buffer in
refrigerated mortar and pestle placed in ice bath.
Homogenized material was transferred into
microcentrifuge tube and centrifuged at 5000 rpm for
20 minutes and the supernatant was collected (18).
Bradford assay (19) was used to determine protein
concentration. 150 ug/ul of each protein extract was
added in 1ml of reaction buffer in separate test tubes.
This was followed by addition of 0.5ml hydrogen
peroxide. After 1 minute, 1ml of 1:3 dichromate
mixture in each sample. As blank, 2ml each of buffer
and dichromate mixture were used and 1ml of buffer
and 0.5 ml of hydrogen peroxide were used as control.
All the samples were heated at 80°C for 10 minutes.
Samples were allowed to cool and absorbance of each
sample was measured at 570 nm. CAT activity was
calculated as:

Thin layer chromatography (TLC)
TLC was performed with methanolic extracts of
control and treated samples to determine the number of
different phenolic compounds present in Ocimum. For
each sample, the TLC plate was loaded with extract using
a fine capillary tube and was placed gently in a presaturated TLC jar containing the mobile phase. Once the
mobile phase reached 2/3 of its total length, the TLC plates
were taken out and the height of the solvent front was
marked. The plate was dried and the sample spots were
observed under visible light. Toluene and acetone in the
9:1 ratio were used as the mobile phase for performing
TLC.

SOD (Superoxidase dismutase) assay
0.1 gram of fresh leaf tissue of each sample was
separately homogenized in 1ml of extraction buffer in
refrigerated mortar and pestle placed in ice bath.
Homogenized material was transferred into
microcentrifuge tube and centrifuged at 5000 rpm for
20 minutes and the supernatant was collected. Bradford
assay was used to quantitate the protein and 100 ug/ul
of each protein sample was added in 3 ml of reaction
buffer in separate test tubes. All the samples were
irradiated under the lamp for 15 minutes. Absorbance of
each sample was noted at 560 nm after 15 minutes.
Absorbance was measured spectrophotometrically at
560nm and percent inhibition of NBT reduction by
SOD was calculated (20).

DPPH Free Radical Scavenging Assay
The assay is based on colour change between
oxidised and reduced form of DPPH (2,2-Diphenyl-1picryl hydrazyl) (16). The degree of discoloration indicates
the scavenging potential of the antioxidant compounds or
extracts in terms of hydrogen donating ability. Dilutions of
working concentrations of extract were prepared and 50 µl
of each concentration was added to 1950 µl of methanol
and 2 ml of DPPH (0.1 mM). The color change was
observed by measuring absorbance at 517 nm. The
percentage inhibition of the DPPH radical by the samples
was calculated using the following equation:

Where, A0 is the absorbance of the control sample and
A1 is the absorbance of the test sample.
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Fig. 3: Comparison of fresh and dry weight in
control and treated plants of O. sanctum

Results and Discussion
Growth of treated and control plants of O.
sanctum in terms of change in number of leaves and
shoot was recorded after 4 weeks of treatment. The
plants were uprooted and growth parameters including
root length, total plant height, fresh weight and dry
weight were considered to determine the overall growth
of treated plants with respect to control (Fig.1 A-D).
The overall plant growth analysis revealed that the
exogenous application of proline, salicylic acid and
Azospirillum resulted in overall better growth of plants
with respect to control in terms all the growth
parameters (Fig.2, 3).
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Thin layer chromatography performed to
determine the phenolic compounds in control and
treated plants of O. sanctum showed maximum no. of
distinct bands (18) in case of proline treatment (Table
1). Also, the Rf values of the several bands in control
and treated samples were found to be similar to
previously reported values for phytochemicals such as
Quercitin (0.38), Eugenol (0.59), Ursolic acid (0.53)
(21,22). The exogenous proline application has been
reported to increase phenolic acids and flavonoids in
plants (23).

Fig. 1: Control and treated plants of O. sanctum- A:
Control plant, B: Salicylic acid treated plant, C:
Azospirillum treated plant and D: Proline treated
plant.

Table 1: Comparison of no. of different bands and
their Rf values obtained in TLC for control and
treated plants
S No. Treatment

No. of
Bands
16

1

Control

2

Proline

18

3

Salicylic
acid

17

4

Azospirillum

16

Fig. 2: Comparison of plant growth in control and
treated plants of O. sanctum.
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DPPH free radical scavenging assay performed
to determine the antioxidant potential in terms of
percentage of radical scavenging activity (% RSA)
showed that the exogenous application of proline,
salicylic acid and Azospirillum increased the antioxidant
potential of treated plants with respect to control. A
maximum percentage of radical scavenging was found
in the case of proline treated plants (70.32%) followed
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by Azospirillum (69.94%), salicylic acid (32.25%) and
control plants (10.68%) as shown in Fig. 4.

Fig. 6. Catalase activity (moles/min. mg) of control
and treated plants
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SOD assay was performed to determine the
activity of enzyme superoxidase dismutase in treated
plants with respect to control. It was found that plants
treated with proline, salicylic acid and Azospirillum
showed higher SOD activity in comparison to the
untreated plants. A maximum SOD activity was
observed in the case of proline treated plants (25.22%),
followed by salicylic acid (16.88%), Azospirillum
(15.39%), and control plants (13.96%) as shown in Fig.
7. The enzymes SOD and catalase belong to the class of
antioxidants that are involved in maintaining the critical
cellular redox homeostasis. Exogenous application of
elicitors is known to increase the antioxidant enzymes
thereby enhancing bioactive profiles of plants (27,28).

Effect of exogenous application of proline,
salicylic acid and Azospirillum on phenolic content of
plants was determined by performing total phenolics
assay in terms of gallic acid equivalent per gram dry
weight (GAE/gm. wt.). The results thus obtained
showed that the treatment increased the total phenolic
content of plants with respect to control. Proline treated
plants showed maximum phenolic content (47.66 GAE/
gm. wt.) followed by salicylic acid (33.63 GAE/gm.
wt.), Azospirillum (31.63 GAE/gm. wt.) and control
plant (30.39 GAE/gm. wt.) as shown in Fig. 5. Use of
elicitors such as salicylic acid and proline are known to
increase the synthesis of secondary metabolites such as
alkaloids, terpenes and phenolic compounds (24).
Exogenous application of salicylic acid triggers the
stress signalling mechanisms and the expression of
genes encoding enzymes of the phenylpropanoid
pathway involved in secondary metabolite synthesis
(25,26).

Fig. 7. SOD activity (moles/min. mg) of control and
treated plants.
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Fig. 4: Comparison of DPPH radical scavenging
activity of control and treated plants
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Based on the experiments performed under the
present study, it was concluded that the exogenous
application of proline, salicylic acid and Azospirillum
was effective in enhancing the antioxidant potential of
O. sanctum plants. Antioxidants are an important plant
resource and a booming market. As more and more
people are turning to plant-based medications, it
becomes imperative to enhance antioxidants of
important medicinal plants to meet the rising demands.
Proline, salicylic acid and PGPR- Azospirillum have
shown a promising effect in enhancing antioxidants of
Ocimum sanctum and similar experiments can be
considered to enhance antioxidant activity in other
medicinal plants too.

Azospirillum

Treatment

CAT assay was performed to determine the
catalase activity in treated plants with respect to control.
It was found that the exogenous application of proline,
salicylic acid and Azospirillum resulted in increased
catalase activity of plants. Salicylic acid treated plants
showed maximum catalase activity (1.18 moles/min.
mg) followed by proline (0.76 moles/min. mg),
Azospirillum (0. 63 moles/min. mg) and control (0.58
moles/min. mg) as shown in Fig. 6.
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