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Introduction
Humans have used plants for various purposes including 

as a medicine since the advent of their history. The infliction 

Abstract
The plants have been a major source of phytomedicines for human 

healthcare and it is prudent to analyse various phytoconstituents 
present in them. The phytochemical analysis of Mimosa pudica 
Linn. (Lajwanti) showed presence of alkaloids, flavonoids, cardiac 
glycosides, phenols and saponins whereas tannins, and terpenoids 
were conspicuous by their absence. The total phenolic contents were 
estimated as gallic acid equivalent in petroleum ether, chloroform, 
ethanol and aqueous extracts of Lajwanti. Total phenolic contents 
increased in a concentration dependent manner in various extracts 
and a maximum amount of phenolic contents were estimated in 
chloroform extract at a concentration of 60µg followed by aqueous 
and petroleum ether extracts, whereas ethanol extract showed 
the least. The free radical scavenging assay of Lajwanti showed a 
concentration dependent rise in the scavenging of DPPH radical 
and a maximum scavenging activity was recorded at 800 µg/ml for 
all extracts except aqueous extract where this concentration was 
900 µg/ml.  Different extracts of Lajwanti scavenged superoxide 
radicals in a concentration dependent manner and a highest 
scavenging activity was observed for 800 µg/ml for chloroform and 
ethanol extracts, whereas 900 and 500 µg/ml for petroleum ether 
and aqueous extracts, respectively. The nitric oxide scavenging also 
showed a concentration dependent inhibition and the petroleum 
extract Lajwanti showed a maximum activity at 1000 µg/ml, 
chloroform extract at 600 µg/ml, whereas for ethanol and aqueous 
extracts this concentration was 500 µg/ml, respectively. The 
determination of reducing power showed that different extracts 
had a potent antioxidant action and a greatest reducing power was 
recorded for 80 µg/ml for all extracts of Lajwanti except petroleum 
ether where it was at 100µg/ml. Our study demonstrates the 
presence of phenols, alkaloids, flavonoids, cardiac glycosides and 
saponins in Lajwanti and its different extracts scavenged various 
free radicals in concentration dependent manner and possess a 
potent antioxidant activity.
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of different diseases led to testing of several plants or natural 
products for their treatment. The medicinal use of plants has 
a long history of experimentation and their curing capacity of 
different diseases through several generations. Medicinal plants 
are found around the globe and they have utility locally as well 
as in other parts, where similar plants are present. The use of 
medicinal plants has led to evolution of traditional system of 
medicine in different cultures. The Indian system of medicine, the 
Ayurveda depends on natural and plant products for treatment 
of different diseases and it has been successfully used to treat 
various chronic ailments, where modern medicine has not been 
very successful [1]. There is no denying the fact that 200 years 
ago the pharmacopeia had a commanding position in the use 
of natural and plant products for healthcare. However, with the 
evolution of modern medicine the interest in the medicinal uses 
of plants and natural products waned [2]. Despite the widespread 
use of modern medicine for treatment World Health Organization 
estimates that 80% of the global population still relies on the 
plants and natural products for treatment of several ailments [3]. 
This may be due to the fact that plant and natural product-based 
systems are time tested and are older than the modern system 
of medicine and have no known adverse side effects despite 
their long-term use [1, 4]. The use of plants and natural products 
based medicinal systems are constantly gaining their acceptance 
even in the USA from a mere 2.5 to 12.1% between 1990 - 1997 
up to 380% indicating the faith reposed in the oldest system of 
healthcare [5]. 

The use of oxygen by aerobic organism is indispensable for 
energy production and their survival. However, it comes with a 
price in the form of oxidative stress, which is produced due to 
use of oxygen for production of chemical energy during electron 
transport [6, 7]. The cells have inbuilt mechanisms to protect from 
the production of oxygen free radicals. However, overproduction 
of oxygen free radicals overwhelms the endogenous system 
causing inflammation and several diseases. Despite the fact that 
oxygen free radicals are injurious they are indispensable for 
several physiological processes required for survival [7, 8]. The 
excess oxidative stress can be combated by use of exogenous 
agents, which are able to neutralize the free radicals efficiently 
[9]. Since plants synthesize several metabolites and secondary 
metabolites in particular may be useful in combating acute and 
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chronic oxidative stress due to their ability to passivate oxygen 
free radicals.

Lajwanti or Mimosa pudica Linn. (Family: fabaceae) is also 
known as Chuimui in Hindi. It is also commonly known as 
sensitive plant, humble plant, shame plant and touch-me-not in 
English. The Mimosa pudica is a weed that grows as a creeping 
annual or perennial herb. The nature of Lajwanti is described 
in Ayurvedic scriptures as sheetha (cold) and its taste as tikta 
(bitter) and kashaya rasa (astringent). According to Ayurveda 
texts it possesses antiasthmatic, stimulant, pain-killing and 
antidepressant activities and balances kapha and pitta. The 
whole crushed plant is used to relieve itchiness and itch related 
diseases. The leaves of Lajwanti are used to treat cuts and bleeds, 
fistulous withers, hemorrhoids, hydrocele, pinkeye and scrofula. 
Lajwanti roots are utilized to cure angiopathy, bronchial asthma, 
dysentery, fevers, leucoderma, metropathy, swellings, jaundice, 
small pox, strangury and ulcers. The Ayurveda prescribes whole 
plant as treatment for dropsy, myodynia, rheumatoid arthritis 
and uterine tumors [10]. Lajwanti has been used clinically to 
treat menstrual disorders in women and long-term use did not 
induce any adverse side effects in this study [11]. Different parts 
of Lajwanti are considered to possess medicinal properties as 
they are used to treat dysentery, asthma, biliousness, burning 
sensation, fatigue, inflammations, leprosy, leukoderma, blood 
diseases vaginal and uterine complaints etc. [12]. It helps to 
cure Amoebic dysentery (raktaatisaara), diarrhea (athisaara), 
bleeding piles, and arrests bleeding [10]. Various extracts 
of Lajwanti have been reported to exert antiandrogenic, 
antibacterial, antinociceptive, anticonvulsant, antidiabetic, 
anti-inflammatory, antidepressant, antifungal, antimalarial, 
antioxidant, antitumor, antiulcerogenic, antihyperglycemic, 
antivenomic,  immunomodulatory, hepatoprotective, antifertility, 
diuretic and wound healing activities [10,13, 14]. Lajwanti leaf 
extracts has been found to reduce pentylentetrazol and strychnine-
induced seizures in mice and it also acts as antagonistic to the 
N-methyl-D-aspartate-induced turning behavior in mice [15]. The 
acute toxicity studies of chloroform and methanol extracts up to 5 g/
kg orally did not cause any toxicity in mice [16]. Our recent study has 
shown that ethanol extract of Lajwanti accelerated wound healing, 
increased glutathione contents, activities of catalase, and superoxide 
dismutase and reduced lipid peroxidation. It also increased the DNA, 
collagen and hexosamine syntheses in the regenerating wounds of 
mice [1]. The presence of various medicinal properties in Mimosa 
pudica (Lajwanti) stimulated us to undertake its phytochemical 
analysis and its ability to scavenge different free radicals in vitro.

Materials and Methods
 Chemicals

Petroleum-ether, chloroform, ethanol, ferric chloride, 
hydrochloric acid, olive oil, ethyl acetate, liquid ammonia., 
sulphuric acid, glacial acetic acid, butanol, Folin Ciocalteau reagent, 
naphthalene diamine dihydrochloride (NDD), Greiss reagent, 
sulfanilamide, H3PO4, EDTA (ethylenediamminetetraacetic 
acid), ferrous ammonium sulphate, ferric chloride, Nash reagent, 
DMSO (dimethylsulfoxide), NaOH, methanol, 1,1-diphenyl-1-

picrylhydrazyl (DPPH), sodium nitroprusside, and trichloroacetic 
acid (TCA) were procured from Merck India, Mumbai. All 
chemicals were of analytical grade.

Preparation of extract

The identification of Mimosa pudica or Lajwanti (family: 
Fabaceae) was carried out by the Department of Horticulture 
Aromatic and Medicinal Plants, Mizoram University, Aizawl, India. 
The whole non-infected plants were collected from the Mizoram 
University campus in the months of September to December, 
they were cleaned, and shade dried. The whole dried plants 
were chopped into small pieces and powdered in an electrical 
grinder. The dried powder of Lajwanti was sequentially extracted 
in petroleum ether, chloroform, ethanol and water using Soxhlet 
apparatus. The extracts of Mimosa pudica from petroleum ether 
(MPPE), chloroform (MPCE), ethanol (MPEE) and distilled water 
(MPAE) were collected and evaporated to dryness for further use.

Phytochemical analysis

The phytochemical analysis of Lajwanti was carried out for 
the presence of different phytochemicals as follows: -

Alkaloids

The alkaloid assay was carried out by mixing 0.1g of the 
Lajwanti powder with 0.5 ml of Mayer’s reagent or Dragendorff’s 
reagent. The formation of a creamy (Mayer’s reagent) or reddish-
brown precipitate (Dragendorff’s reagent) indicated the presence 
of alkaloids [18, 19]. 

Flavonoids 

Three different methods were used to test the presence of 
flavonoids in all the extracts [17-19]. Five ml of dilute ammonia 
solution was added to a portion of the aqueous filtrate of each 
sample followed by the addition of a concentrated H2SO4. 
Appearance of a yellow colour (disappeared on standing) in each 
extract indicated the presence of flavonoids. 

A few drops of 1% aluminum solution were mixed with 
an aliquot of each filtrate. The development of yellow colour 
indicated the presence of flavonoids. 

A small volume of each sample was heated with 10 ml of ethyl 
acetate over a steam bath for 3 min. The mixture was filtered 
and 4 ml of the filtrate was shaken with 1 ml of dilute ammonia 
solution. Appearance of yellow colour indicated the presence of 
flavonoids. 

Saponins 

About 2 g of the powdered sample was boiled in 20 ml of 
distilled water in a water bath for 10 minutes, filtered while hot 
and cooled before conducting the following tests: 

Frothing: 3 ml of filtrate was diluted with distilled water 
to make up the volume up to 10 ml and shaken vigorously for 
2 minutes. The formation of a fairly stable froth indicated the 
presence of Saponins in the filtrate. 

Emulsification: 3 drops of olive oil were added to the solution 
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obtained by diluting 3 ml filtrate to 10 ml distilled water and 
shaken vigorously for a few minutes. The formation of a fairly 
stable emulsion indicated the presence of Saponins [18, 19]. 

Cardiac glycosides (Keller-Killani test) 

The cardiac glycosides assay was carried out by adding 5 ml 
of the sample in 2 ml of glacial acetic acid containing one drop of 
ferric chloride solution and underlaid with 1 ml of concentrated 
sulphuric acid. The appearance of brown ring at the interface 
indicated the presence of deoxysugar, which is characteristic of 
cardenolides [18, 19]. 

Phenols

Generally, 0.2 g of different Lajwanti samples was treated 
with 5% ferric chloride solution. The formation of deep blue color 
indicated the presence of phenols [18, 19].

Tannins 

About 0.5 g of dried powdered samples was boiled in 20 
ml of distilled water in a test tube and filtered. A few drops of 
0.1% ferric chloride was added to the filtrate. The formation of 
brownish green or a blue-black colour indicated the presence of 
tannins [18, 19]. 

Terpenoids 

The presence of terpenoids was detected as follows:

Salkowski test: Five ml of the sample was mixed with 2 ml 
of chloroform and carefully overlaid with 3 ml concentrated 
sulphuric acid. The formation of a reddish-brown precipitate at 
the interface indicated the presence of terpenoids [17, 18]. 

Quantitative determination of total phenols 

Total phenolic contents were estimated by Folin–Ciocalteu 
colorimetric method with minor modifications [20-22]. Different 
extracts of Lajwanti (0.5 ml) were mixed with10% Folin–
Ciocalteu phenol reagent (5ml) and kept for 5 min. Thereafter, 
4ml of 6% sodium carbonate was added and the mixture was left 
for 90 min at room temperature. The absorbance of the mixture 
was measured at 750 nm using a UV-Visible spectrophotometer 
(SW 3.5.1.0. Bio spectrometer, Eppendorf India Ltd., Chennai). 
Standard calibration curve for gallic acid in the range of 0–200μg/
ml was prepared in the same manner and results are expressed as 
mg gallic acid equivalent per100 gram of dried extract.

Assay of free radicals and antioxidant activity

The free radical scavenging and antioxidant activities of 
different extracts of Lajwanti were determined by grouping them 
as follows: -

MPPE: - The free radical scavenging activity was determined 
by using 100, 200, 400, 600, 800 and 1000 µg/ml of petroleum 
extract.

MPCE: - The ability of 100, 200, 400, 600, 800 and 1000 µg/
ml chloroform extract to scavenge various free radicals was 
estimated in cell free system.

MPEE: - The different doses of ethanol extract Viz. 100, 200, 400, 
600, 800 and 1000 µg/ml were utilized to assay the scavenging 
activity of different free radicals.

MPAE:- The free radical scavenging ability of 100, 200, 400, 600, 
800 and 1000 µg/ml aqueous extract was studied in cell free 
system.

The ability of petroleum, chloroform, ethanol and aqueous 
extracts of Lajwanti to scavenge different free radicals was 
determined using the following protocols: -

DPPH free radical scavenging assay

The DPPH free radical scavenging activity of Lajwanti was 
estimated as described earlier [23]. Various concentrations of 
extracts of Lajwanti (0.5 ml each) were mixed thoroughly with 1 
ml methanol solution of 0.1 mm 2, 2-diphenyl-1-picrylhydrazine 
(DPPH). The mixture was allowed to stand for 30 min in the 
dark. The absorbance was recorded at 523 nm using a UV/VIS 
Spectrophotometer. An equal amount of DPPH and methanol 
were used as standard and blank, respectively. The scavenging 
activity was calculated using the following formula: -

Scavenging (%) = (Acontrol- Asample)/ A control X 100

Where Asample is the absorbance of the test sample and 
Acontrol is the absorbance of the control.

Superoxide anion scavenging assay

Superoxide (O2
•-) anion radical scavenging activity of different 

extracts of Lajwanti was estimated as described earlier with 
minor modifications [24]. The reaction mixture contained 0.2 ml 
of NBT (1mg/ml of solution in DMSO), 0.6 ml different extracts, 2 
ml of alkaline DMSO (1 ml DMSO containing 5 mm NaOH in 0.1 ml 
H2O) in a final volume of 2.8 ml. The absorbance was recorded at 
560 nm using a UV-VIS spectrophotometer. The blank consisted 
of pure DMSO instead of alkaline DMSO. 

Nitric oxide scavenging assay

Nitric oxide scavenging activity of various extracts of 
Lajwanti was assayed using a standard protocol [25]. Sodium 
nitroprusside (5 mm) in phosphate buffered saline was mixed 
with different concentrations of the petroleum ether, chloroform, 
ethanol or aqueous extract of Lajwanti and incubated for 150 
minutes at 25°C. The samples were mixed with Greiss reagent 
(1% sulfanilamide, 2% H3PO4 and 0.1% naphthylene diamine 
dihydrochloride). The absorbance of the chromophore formed 
during diazotization of nitrite with sulfanilamide and subsequent 
coupling with napththylenediamine was read at 546 nm using 
a UV-VIS spectrophotometer. The inhibition of nitric oxide 
formation was determined with respect to standard potassium 
nitrite in the same way with Griess reagent. The results have been 
expressed as potassium nitrite equivalent which has been used as 
a standard. 

Reducing Power

The antioxidant potential of different extracts of Lajwanti 
was determined by estimating its ability to reduce ferric ion 
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to ferrous ion. The reducing power of MPPE, MPCE, MPEE and 
MPAE was determined according to the earlier method [26]. 
Briefly, different concentrations (1-100 µg) of various extracts 
in distilled water were mixed with phosphate buffer (2.5 ml, 0.2 
M, pH6.6) and potassium ferricyanide (2.5 ml, 1%); the mixture 
was incubated at 50oC for 20 min followed by the addition of 2.5 
ml of trichloroacetic acid (10%). The mixture was centrifuged 
at 3000 rpm for 10 min. The upper layer of the solution (2.5 
ml) was mixed with distilled water (2.5 ml) and FeCl3 (0.5 ml, 

Table 1: The phytochemical analysis of Mimosa pudica.

Name of the phytochemical Present / Absent

Alkaloids +

Flavonoids +

Phenols +

Cardiac glycosides +

Saponins +

Tannins -

Terpenoids -

(+ indicates presence whereas – indicates absence)

1%). The absorbance was measured at 700 nm with a UV-VIS 
spectrophotometer. Increased absorbance of the reaction mixture 
indicated increased reducing power.

Results
The results of phytochemical analyses and free radical 

scavenging activities of different extracts of Lajwanti are shown 
in (Tables 1-2) and figures 1-5.

Table 2: Total phenolic contents in different extracts of Mimosa pudica.

Concentration (µg/ml)

Phenolic contents as gallic acid equivalent mg/100 g of dry weight

Petroleum ether 
extract

Chloroform extract Ethanol extract Aqueous extract

10 4.32 9.28 6.57 7.32

20 5.62 14.04 11.77 13.86

30 8.53 17.13 12.83 18.24

40 9.5 21.21 12.49 23.34

50 12.31 28.77 13.74 25.98

60 20.09 33.73 14.14 28.98

70 20.74 26.85 17.36 32.34

80 21.92 26.66 19.71 34.92

90 25.06 25.13 22.82 37.44

100 28.76 25.67 23.25 49.26
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Figure 1: Total phenolic contents in the different extracts of Mimosa pudica. Upper left: Petroleum ether extract; Upper right: Chloroform extract; 
Lower left: Ethanol extract and Lower right: Aqueous extract.
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Figure 2: Effect of different extracts of Mimosa pudica on the scavenging of DPPH free radicals in cell free system in vitro. Upper left: Petroleum ether 
extract; Upper right: Chloroform extract; Lower left: Ethanol extract and Lower right: Aqueous extract.
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Figure 3: Effect of different extracts of Mimosa pudica on the scavenging of superoxide anion free radicals in cell free system in vitro. Upper left: Pe-
troleum ether extract; Upper right: Chloroform extract; Lower left: Ethanol extract and Lower right: Aqueous extract.
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Figure 4: Effect of different extracts of Mimosa pudica on the scavenging of nitric oxide anion free radicals in cell free system in vitro. Upper left: Pe-
troleum ether extract; Upper right: Chloroform extract; Lower left: Ethanol extract and Lower right: Aqueous extract.
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Figure 5: Effect of different extracts of Mimosa pudica on the reducing power in cell free system in vitro. Upper left: Petroleum ether extract; Upper 
right: Chloroform extract; Lower left: Ethanol extract and Lower right: Aqueous extract.
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Phytochemical Analysis

The phytochemical analysis of M. pudica showed the presence 
of various phytochemicals including alkaloids, cardiac glycoside, 
flavonoids, phenols and saponins. The tannins, and terpenoids 
were conspicuous by their absence (Table 1). 

Total phenolic contents 

The total phenolic contents of the different extracts 
were measured by Folin Ciocalteau reagent in terms of gallic 
acid equivalent. The total phenolic content increased in a 
concentration dependent manner in MPPE and the maximum 
phenolic contents were observed for 100 µg/ml the highest 
concentration screened (Figure 1). Analysis of MPCE exhibited a 
concentration dependent increase in the total phenolic content, 
where greatest total phenolic contents were observed at 60 µg/ml, 
which declined thereafter (Figure 1). The total phenolic content 
in MPEE increased gradually but in a concentration dependent 
manner and the maximum phenolic contents were observed at 80 
µg/ml, the highest concentration evaluated (Figure 1). The total 
phenolic content increased in a concentration dependent manner 
in aqueous extract up to 100 µg/ml, the highest concentration 
evaluated (Figure 1).

Free radical scavenging and antioxidant activities

DPPH

The MPPE showed a concentration dependent elevation 
in the free radical scavenging activity and a maximum effect 
was observed for a concentration of 800 µg/ml (29.46%) that 
declined thereafter (Figure 2). MPCE inhibited the generation 
of DPPH radicals in a concentration dependent manner with a 
highest radical scavenging activity at a concentration of 800 µg/
ml (55.81%) that gradually declined thereafter (Figure 2). The 
scavenging potential of MPCE was better than MPPE (Figure 
2). The evaluation of DPPH scavenging activity in the MPEE 
increased in concentration dependent manner and a maximum 
scavenging effect was observed at a concentration of 800 µg/ml 
(69.02%). With increase in MPEE concentration the scavenging 
activity declined suddenly at 900 µg/ml and gradually thereafter 
(Figure 2). The DPPH scavenging effect of MPAE elevated in a 
dose dependent fashion and the greatest effect was observed 
at 900 µg/ml (63.94%) and a decline thereafter (Figure 2). The 
scavenging activity of all extracts was highest at 800 µg/ml, 
except MPPE, which was least effective (Figure 2).

Superoxide 

The superoxide radicals showed a concentration dependent 
elevation in the free radical scavenging activity of MPPE and a 
maximum effect was seen at 900 µg/ml (50.65%) and a decline 
thereafter (Figure 3). The pattern of superoxide scavenging 
for MPCE was similar to that of MPPE however, the maximum 
activity of 58.44% was found at 800 µg/ml (Figure 3). The ability 
of MPEE to inhibit the generation of superoxide increased in a 
concentration dependent manner up to 800µg/ml (66.88%) and 
remained almost similar thereafter (Figure 3). Determination 
of superoxide radical scavenging activity of MPAE showed a 

concentration dependent elevation in the free radical scavenging 
activity up to 500µg/ml (57.47%), which declined gradually 
thereafter (Figure 3).

Nitric oxide  

MPPE inhibited the generation of NO radical in a concentration 
dependent manner up to 1000 µg/ml (43.59 %) the maximum 
concentration studied (Figure 4). The MPCE also showed a 
concentration dependent rise in the scavenging of NO radicals 
with a greatest effect for 600µg/ml (63.53%) and a decline 
thereafter (Figure 4). The scavenging activity was greater than 
petroleum ether extract (Figure 4). MPEE inhibited nitric oxide 
radical generation in a concentration dependent fashion and a 
maximum effect was observed at a concentration of 500 µg/ml, 
where approximately 71% scavenging was observed (Figure 
4). The scavenging activity declined thereafter. MPAE exhibited 
a concentration dependent elevation in the scavenging of NO 
radicals and a maximum effect was observed at a concentration 
of 500µg/ml (62.68%) and gradual decline thereafter (Figure 4). 
The ethanol extract was most efficient inhibitor of NO generator 
in vitro (Figure 4).

Reducing Power   

Ferric reducing power showed a concentration dependent 
rise as indicated by a continuous inhibition of ferric radicals after 
treatment with MPPE and a maximum effect was observed at 100 
µg/ml in the MPPE (Figure 5). The pattern of rise in the ferric 
reducing power for MPCE was similar to the petroleum extract 
except that the greatest reducing power was recorded at 80 µg/ml 
MPCE (Figure 5). MPEE also reduced ferric irons to ferrous ions 
in a concentration dependent fashion and a maximum reducing 
power was seen at 80µg/ml that declined marginally thereafter 
(Figure 5). MPAE also exhibited a concentration dependent rise in 
the ferric reducing power and the maximum reducing power was 
observed at 100µg/ml MPAE (Figure 5).

Discussion
Nature has been a major source of medicinal agents for 

humans since the advent of their history [4, 27, and 28]. Various 
medicinal plants have been used for thousands of years in daily 
life to treat various human diseases all over the world [29, 30]. 
Several cultures of the world have a long history of use of folk 
medicines as their ancestors painstakingly created primitive 
medicines from plants and natural products when faced with 
natural calamity and infliction of different diseases. The oldest 
system of medicine, the Ayurveda originated in Vedic times 
and is more than 5000 years old. It uses 2000 medicinal plants 
for the treatment of different ailments and now it has been 
recognized by Western world as a therapeutic paradigm [31]. 
Sequel scientific evaluation of herbal and natural products could 
provide new inputs for the development of new therapies for 
human healthcare. Lajwanti is used in Ayurveda in the conditions 
of leukoderma, angiopathy, metropathy, ulcers, dysentery, 
swellings, jaundice, bronchial asthma, small pox, strangury, 
fevers, hydrocele, hemorrhoids, fistulous withers, scrofula, 
pinkeye, cuts and bleeds, vesical calculi, dropsy, rheumatoid 
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arthritis, myodynia, and uterine tumors, itching and other skin 
infections [10, 12]. Therefore, we were interested to evaluate 
phytochemical constituents and the ability of Mimosa pudica i.e.  
Lajwanti to scavenge free radicals in vitro.

Plants synthesize several phytochemicals including secondary 
metabolites that are used as a weapon of defence against infection, 
predation and environmental stress. These phytochemicals also 
help in pollination, growth and are responsible for myriads 
of colours of flowers and fruits [32]. The secondary plant 
metabolites are of great medicinal value to humans and help to 
treat various ailments [32, 33]. The phytochemical analysis of 
whole Lajwanti plant showed the presence of alkaloids, cardiac 
glycoside, flavonoids, phenols and saponins. Alkaloids, saponins, 
flavonoids and phenoilcs have been reported in the whole 
Lajwanti plant earlier [34]. However, in addition to that these 
authors also reported the presence of tannins, steroids, fixed oils 
and mucilage for which no attempt was made in the present study. 
However, we were unable to detect tannins in the present study. 
A study on methanol extract of Lajwanti leaves has been found 
to contain terpenoids, diterpenes, glycosides, alkaloids, phenols, 
quinines, tannins, saponins and coumarins [35-37]. The ethanol 
extracts of leaves and roots of Lajwanti were found to possess 
tannins and steroids, whereas flavonoids, saponins, alkaloids 
and anthraquinones were absent [38]. The roots of Lajwanti have 
been reported to synthesize flavonoids, alkaloids, phytosterol, 
tannins, glycosides and fatty acids [39]. Our studies on Croton 
caudatus, Oroxylum indicum, Milletia pachycarpa and Helicia 
nilagirica have shown the presence of different phytochemicals 
in these plants [33, 40, and 41].

The use of oxygen is an indispensable part of aerobic life 
however, due to its highly oxidizing (loosing electron) nature it 
causes deleterious effects. During respiration the utilization of 
oxygen in electron transport chain generates free oxygen radicals, 
which if not neutralized produce oxidative stress [6, 7]. The free 
radicals are indicated in several human diseases including aging, 
arthritis, autoimmune disorders, diabetes, rheumatoid arthritis, 
cataract, cardiovascular disorders, neurodegenerative diseases 
and cancer [42]. 

DPPH (2, 2-diphenyl-1-picrylhydrazyl) is a dark-coloured 
crystalline powder made up of stable free-radical molecules. It is 
a most commonly used radical assay to ascertain the antioxidant 
potential of any substance. DPPH radical imparts a deep violet 
colour in solution, which becomes colourless or pale yellow when 
neutralized and converted into DPPH-H [39]. Many plants extracts 
have been reported to scavenge DPPH radical in vitro [43-46].  
The MPPE, MPCE MPEE and MPAE inhibited DPPH free radicals 
in a concentration dependent manner. The ethanol extract of 
Mimosa pudica has been reported to scavenge the DPPH radical 
in a dose dependent manner earlier [47]. A moderate DPPH 
scavenging has also been observed by Lajwanti in an earlier study 
[48]. The hexane leaf extract of Lajwanti has been also reported to 
scavenge DPPH radicals [49]. However, there is no comprehensive 
study of DPPH scavenging as carried out in the present study. The 
different extracts of other plants have been reported to scavenge 
DPPH free radical in a concentration dependent manner earlier 

from this laboratory [45, 46, 50, and 51]. 

The superoxide free radicals are generated during coupling 
of oxygen in the electron transport in mitochondria. As such 
superoxide radical is less toxic however, it is converted in the 
presence of iron into a highly reactive toxic hydroxy radical 
[7]. Furthermore, superoxide radicals generated as a result 
of incomplete metabolism of oxygen damage important                             
biomolecules in the cells directly or indirectly after formation 
of H2O2, hydroxyl radicals, peroxynitrite or singlet oxygen [7, 
52]. Therefore, removal of superoxide is essential in reducing 
oxidative stress-induced injuries. The MPPE, MPCE MPEE and 
MPAE suppressed the generation of superoxide radicals in a 
concentration dependent manner indicating its usefulness as 
an antioxidant agent. The studies regarding the scavenging of 
superoxide radicals by different extracts of Lajwanti are scanty. 
However, ethyl acetate root extract of Lajwanti has been reported 
to scavenge superoxide radicals with an IC50 value of 85.85 ± 0.84 
µg/ml [53]. Various extracts of other plants have been reported to 
scavenge superoxide free radicals in a concentration dependent 
manner earlier [45, 46, and 51]. 

The nitric oxide is an important free radical that is essential 
during wound healing and acts as a signalling molecule for several 
physiological processes of the nervous, renal, gastrointestinal, 
and cardiovascular systems [54]. However, its excess production 
leads to oxidative stress and pathological implications [7, 55]. 
The hypertension, meningitis, excessive bleeding, rheumatoid 
arthritis, systemic sclerosis, hepatopulmonary syndrome, 
severe asthma and septic shock are associated with excess 
NO production, which could be even life threatening in certain 
circumstances [56, 57]. This indicates that excess production 
of NO needs to be suppressed and the agents which can inhibit 
the generation of NO production could act as a useful paradigm 
to treat diseased related to excess NO formation. The MPPE, 
MPCE MPEE and MPAE inhibited NO free radical generation in a 
concentration dependent manner. An earlier study has reported 
scavenging of NO radicals where the ethyl acetate root extract 
of Lajwanti was most effective followed by methanol extract 
whereas the petroleum ether extract was least effective [53]. 
An observation similar to ours in the present study. Similarly, 
chloroform leaf extract of Lajwanti has been reported to scavenge 
NO free radicals in an earlier study [58]. The hexane leaf extract 
of Lajwanti has been also reported to scavenge NO radicals [49]. 
However, systematic reports on the scavenging of NO radical by 
Lajwanti are lacking. Similarly, different plant extracts have been 
shown a concentration dependent nitric oxide scavenging ability 
earlier [45, 46, 51, and 59]. 

The reducing power assay is a convenient and simple method 
to estimate antioxidant potential of any chemical or plant 
extracts. The different extracts of Lajwanti including petroleum, 
ether, chloroform, ethanol and water have been found to increase 
the ferric reducing ability indicating its antioxidant nature. The 
reports regarding the evaluation of reducing power of different 
extracts of Lajwanti are scanty. However, the chloroform root 
extract of Lajwanti has been reported to show reducing power 
[58]. Similarly, it has been found to increase the reducing power 
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of ferric ions in a concentration dependent manner in an earlier 
study [47]. The estimation of reducing power of different extracts 
of Lajwanti showed that the alcohol and water extracts were most 
potent [60].

The exact mechanism of radical scavenging ability is not 
known. However, it may be due to the presence of total phenolic 
contents in all extracts which showed a concentration dependent 
elevation akin to the free radical scavenging. The synthesis of 
flavonoids, phenols, saponins and cardiac glycosides by Lajwanti 
may have also been responsible for the free radical scavenging 
ability of Lajwanti in the present study.

Conclusions
The phytochemical analysis of Lajwanti shows that it consists 

of various phytochemicals such as flavonoids, alkaloids, phenols, 
saponins and cardiac glycosides which may be the reason why 
it is used for the treatment of a variety of diseases in Ayurveda. 
The antioxidant activity of petroleum ether, chloroform, ethanol 
and aqueous extracts seems to be due to the scavenging of DPPH, 
superoxide and nitric oxide radicals and their ability to reduce 
ferric ions in a concentration dependent manner. The present 
study suggests that Lajwanti could be a potential rich source of 
natural antioxidants and it may ward off against aging, cancer, 
immune dysfunction, and other oxidative stress related diseases, 
and accrue health benefits to humans. 
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