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ABSTRACT
Objective: The present study aimed to investigate the antioxidant potential of the methanolic extract of flowers, leaves and seeds of Cassia
auriculata (Linn.) along with the quantification of total phenolics and flavonoids content.
Methods: The antioxidant activity of flowers, leaves and seeds of Cassia auriculata (Linn.) was assessed with the help of various in vitro antioxidant
assay systems as 2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging assay, reducing power assay and Nitric oxide scavenging assay. For the
determination of phenolic content the Folin Ciocalteu method and for flavonoids Aluminium Chloride spectrophotometric method was adopted.

Results: The flowers, leaves and seeds methanolic extracts of Cassia auriculata (Linn.) were screened for different phyto chemicals present and the
major antioxidants polyphenols and flavonoids were quantified. All the extracts showed significant antioxidant activity in all assays with the same
trend as in total phenolics and flavonoids content. Flowers show most antioxidant activity in all assay systems due to higher phenolics and
flavonoids content. That indicated the direct correlation among antioxidant potential, total phenolics and flavonoids content.

Conclusion: The result implies that the Cassia auriculata (Linn.) plant parts especially flowers can be serving as natural sources of antioxidants and
could be used in the treatment of diseases that have free-radical origin and as a substitute for synthetic drugs.

Keywords: Cassia auriculata (Linn.), Antioxidant potential flower, Leaf, Seed extracts.
INTRODUCTION
Free radicals are known to play an important role in the origin of life
and biological evolution implicating their beneficial effects on the
organism. Free radicals are highly reactive chemical species
regularly produced in the human system by normal biological
reactions and by various exogenous factors. Many environmental
pollutants are oxidants or catalyze the production of reactive oxygen
species (ROS) directly or indirectly [1]. The equilibrium between the
production and the scavenging of ROS may be perturbed by various
biotic and abiotic stress factors such as salinity, UV radiation,
drought, heavy metals, temperature extremes, nutrient deficiency,
air pollution, herbicides and pathogen attacks. These disturbances in
equilibrium lead to the sudden increase in intracellular levels of ROS
that can cause significant damage to cell structures [2].

Antioxidants are radical scavengers which protect the human body
against free radicals which may cause pathological conditions such
as cancer, cataract, coronary heart disease, stroke, rheumatoid
arthritis, diabetes, Alzheimer’s disease and ageing process [3].
Recently, there has been a considerable interest in finding the
natural antioxidants from plant materials to replace synthetic ones.
Plant phyto chemicals not only counteract free radical induced
oxidative stress but also overcome the side effects of synthetic
antioxidants [4]. The antioxidant property of plants is due to the
presence of active constituents like phenolics, flavonoids,
terpenoids, carotenoids, phytoestrogens, minerals, anthrocyanins,
coumarins, lignans, catechins and isocatechins. In addition to these
compounds, vitamins C and E, beta carotene and tocopherol are also
known to possess antioxidant potential [5, 6]. With this background
and abundant source of unique active components harbored in
plants, the present study was taken up on medicinal plant namely of
Cassia auriculata Linn
Cassia auriculata (Linn.) is a common Indian medicinal plant
belonging to family Caesalpiniaceae and well known for its
phytochemical compositions [7, 8], pharmacological applications
and therapeutic potential [9]. Each part of this plant has medicinal
value. The leaves are anthelmintic and good for ulcers, skin diseases

and leprosy [10]. The seeds are believed to be refrigerant and
alexipharmic. They are used in chronic purulent ophthalmic and
conjunctivitis, cough, asthma, gout, gonorrhoea, dysentery and
diabetes. The flowers are used in throat troubles, urinary disorders
and as astringent [11]. An aqueous extract of the leaves and flower
possesses hypoglycemic activity. Flowers also showed the
hyperlipidimic activity in Triton induced hyperlipidimic rats [12].
Recently it has been reported as a potent anticancer herb [13].
Cassia species are rich sources of polyphenols, anthraquinone
derivatives, flavonoids and polysaccharides [14]. Many works
already explained the antioxidant properties of the various extracts
of Cassia auriculata [15-19].

With renewing interest, the present study comprises of the
comparative assessment of an antioxidant potential of flowers,
leaves and seeds of Cassia auriculata Linn. along with the
quantification of total phenolics and flavonoids which are the
important carriers of antioxidant activity that can help better on
those Ethnomedicinal and Pharmacological applications, for their
use and most effective new formulation aspects for future research.
MATERIALS AND METHODS
Chemicals and reagents

All the chemicals and solvents used were of analytical grade. Gallic
acid, Sodium Carbonate, Potassium acetate, 2,2-Diphenyl-1picrylhydrazyl (DPPH), Potassium ferricyanide, ferric chloride,
Ascorbic
acid,
Sulphanilamide,
Naphthyl-ethylene-diamine
dichloride and Methanol were purchased from HiMedia, Mumbai,
India. Aluminium chloride and Folin–Ciocalteau reagent purchased
from SD Fine Chemicals limited, Mumbai, India. Trichloroacetic acid
and Phosphoric acid were obtained from Qualigens fine chemicals,
India. Spectrophotometric measurements were carried out using
UV-Vis Spectrophotometer (UV mini-1240, SHIMADZU, India).
Collection and authentication of plant Cassia auriculata

Cassia auriculata was collected from the local medicinal flora of
Amravati district, Maharashtra. The herbarium of the plant was
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prepared, authenticated and the voucher specimen was submitted to
Botanical Survey of India (BSI), Pune. (BSI/WRC/Tech./2013/203).
Preparation of sample

The collected plant was separated into flowers, leaves and seeds.
Each part was cleaned and dried at room temperature. The dried
plant parts were ground separately using an electric grinder to fine
powder. The powder was stored in airtight containers until analysis.
Preparation of extract

The extract was prepared using ultrasound assisted extraction
method as it is an inexpensive, simple, easier and efficient
alternative to conventional extraction techniques. For ultrasoundassisted extraction, 500 mg of the powdered flower sample of Cassia
auriculata was mixed with 15 ml of 80% methanol in a
polypropylene centrifuge tube. An ultra sonicator probe horn was
fitted into the sample tube with its tip immersed into the solvent.
The ultrasonicator used was SONICS Vibracell that has a frequency
of 20 kHz and a maximum power of 130 Watt that was operated at
50% pulse for 20 minutes. The procedure of ultrasonic extraction of
plant material was repeated three times in the same way and extract
was pooled together.
Phytochemical analysis of plant extract

The most effective components responsible for antioxidant potential
seem to be flavonoids and phenolic compounds of many plants raw
materials. Their metal chelating capabilities and radical scavenging
properties have enabled phenolic compounds to be thought of as
effective free radical scavengers and inhibitors of lipid peroxidation [20].

Estimation of total phenolic content

Antioxidant compounds generally contain phenolic group(s) and
hence, the amounts of total phenolic compounds in the extracts of
the flowers, leaves and Seeds were estimated by using Folin–
Ciocalteau reagent with Gallic acid as standard. The total phenolic
content was estimated as previously described by Singh et al. [21].
The aliquot of the extract was taken and made up to the volume of 1
ml with distilled water. Then 0.5 ml of Folin-Ciocalteu reagent (1:1
with water) and 2.5 ml of sodium carbonate solution (20%) was
added sequentially to the test tube. Soon after overtaxing the
reaction mixture, the tubes were placed in the dark for 40 min. and
the absorbance was recorded at 725 nm using UV-Vis
Spectrophotometer against the reagent blank. A standard curve was
prepared using Gallic acid. The linearity obtained was in the range of
1-10 μg/ml. Using the standard curve, the total phenolic content was
calculated and expressed as Gallic acid equivalent in mg/g of extract.
Estimation of total flavonoids content

The antioxidant activity of medicinal plants could be attributed to its
flavonoid content. Flavonoids act as scavengers of various oxidizing
species i.e. superoxide anion, hydroxyl radical or per-oxy-radicals,
they also act as quenchers of singlet oxygen [22]. The Aluminum
chloride colorimetric method was used to determine the total
flavonoids content in Cassia auriculata plant extract using Quercetin
as standard. The total flavonoids content was estimated according to
the method of Chang et al. [23]. Briefly, 0.5 ml solution of extract in
methanol was mixed with 1.5 ml of methanol, 0.1 ml of 10% aluminum
chloride, 0.1 ml of 1 M potassium acetate, and 2.8 ml of distilled water,
and left at room temperature for 30 min. The absorbance of the
reaction mixture was measured at 415 nm with the help of UV-Visible
spectrophotometer. The calibration curve was prepared by preparing
Quercetin solutions at concentrations 10 to 100 µg/ml in methanol.
Antioxidant activity

The antioxidant potential of the plant extract was evaluated with the
help of DPPH radical scavenging assay, Nitric oxide scavenging assay
and reducing power assay.
DPPH radical scavenging assay

The anti-oxidant potential of a compound can be determined on the
basis of its scavenging activity of the stable 2, 2-diphenyl-1picrylhydrazyl (DPPH) free radical. DPPH radical scavenging activity
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of flower, leaves and seeds extracts of Cassia auriculata L. was
determined according to the method reported by Blois [24]. An
aliquot of 0.5 ml of sample solution in methanol was mixed with 2.5
ml of 0.3 mM methanolic solution of DPPH. The mixture was shaken
vigorously and incubated for 37 min in the dark at room
temperature. The absorbance was measured at 517 nm using UV-VIS
spectrophotometer. Ascorbic acid and Quercetin were used as a
positive control.
DPPH free radical scavenging ability (%) was calculated by using the
formula.
% Inhibition =

Absorbance of control–Absorbance of sample

Reducing power assay

Absorbance of control

X 100

The reducing capacity of a compound may serve as a significant
indicator of its potential antioxidant activity. Substances, which have
reduction potential, react with potassium ferricyanide (Fe3+) to
form potassium ferrocyanide (Fe2+), which then reacts with ferric
chloride to form ferric ferrous complex that has an absorption
maximum at 700 nm. The reducing power of plants’ extract of Cassia
auriculata was determined according the method previously
described by Oyaizu [25]. According to this method, the aliquot of
various concentrations of the standard and test plant extracts (10 to
100μg/ml) in 1.0 ml of de ionized water were mixed with 2.5 ml of
(pH 6.6) phosphate buffer and 2.5 ml of (1%) potassium
ferricyanide. The mixture was incubated at 50 °C in the water bath
for 20 min. After cooling, aliquots of 2.5 ml of (10%) trichloroacetic
acid were added to the mixture, which was then centrifuged at 3000
rpm for 10 min. 2.5 ml supernatant of the solution was mixed with
2.5 ml distilled water and a freshly prepared 0.5 ml of (0.1%) ferric
chloride solution. The absorbance was measured at 700 nm in a UVvisible spectrophotometer. A blank was prepared without adding
extract. Ascorbic acid and Gallic acid at various concentrations (10
to100 μg/ml) were used as standards. An increase in absorbance of
the reaction mixture indicates the increase in reducing power.
Nitric oxide scavenging assay

Nitric oxide (NO) was generated from sodium nitroprusside (SNP)
and was measured by the Griess reagent. SNP in aqueous solution at
physiological pH spontaneously generates NO which interacts with
oxygen to produce nitrite ions that can be estimated by the use of
Griess Reagent. Scavengers of NO compete with oxygen leading to
reduced production of NO [26]. SNP (10 mM) in phosphate buffer
saline (PBS) was mixed with different concentration of extracts (20100µg/ml) and incubated at 25 °C for 180 minutes.

The samples from the above were reacted with Griess reagent (1%
sulphanilamide, 0.1% naphthyl-ethylene-diamine dichloride and 3%
phosphoric acid). The absorbance of the chromophores formed
during the diazotization of nitrite with sulphanilamide and
subsequent coupling with naphthyl-ethylene-diamine-dichloride
was read at 546 nm. Inhibition of nitrite formation by the plant
extracts and the standard antioxidant ascorbic acid were calculated
relative to the control.
Nitric Oxide scavenged (%) =

A control − A test
A control

X 100

Where, A control = Absorbance of control reaction and

A test = Absorbance in the presence of the samples of
extracts/Ascorbic acid.
IC 50 value of the extracts

The antioxidant activity of the extract was expressed as IC 50 . The
IC 50 value was defined as the concentration (in) µg/ml of extracts
that inhibits the formation of DPPH radicals by 50%. IC50 was
calculated for all the extracts by plotting the percentage of DPPH
radicals/NO scavenged versus the concentration of extract. Lower
the IC 50 value, higher the radical scavenging effect.
Statistical analysis

The experimental results were expressed as mean±standard
deviation (SD) of three replicates. All statistical calculations and data
382
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analysis were carried out using GraphPad Prism5 software program
(GraphPad Software Inc., La Jolla, CA, USA). One way analysis of
variance (ANOVA) followed by Tuckey’s post-test analysis was used
for comparison of the means. Differences among means were
considered as to be significant at P<0.05.

antioxidant activity of the extract was expressed as IC 50 . All flower,
leaves and seeds methanolic extract along with Ascorbic acid as
positive controls significantly reduced the absorbance caused by
DPPH free radical indicating their antioxidant potential with IC 50
values as shown in table 2.

The significant correlation was observed in many studies between
the phenolics contents and antioxidant activity [27, 28], the present
study was conducted on the determination of antioxidant potential
in flowers, leaves and seeds of Cassia auriculata (Linn.); they were
screened for the quantification of phenolics and flavonoids. For the
determination of antioxidant potential various in vitro assay systems
was used like DPPH radical scavenging assay, Nitric oxide
scavenging assay and reducing power assay since, evaluation of
antioxidant properties of plants cannot be carried out accurately by
single universal method.

Table 2: DPPH radical scavenging activity of methanolic extract
of flower, leaves and seeds of Cassia auriculata (Linn.) with
Ascorbic acid as positive control

RESULTS AND DISCUSSION

Phytochemical analysis

Phenolics and flavonoids are the major constituents in plant extracts
responsible for its antioxidant activity [29]. So, flowers, leaves and
seeds of Cassia auriculata were screened for the quantification of
phenolics and flavonoids. The Folin Ciocalteu method was used to
determine the total phenolics content and Aluminium chloride
colorimetric method was used to determine the total flavonoids
contents in plant extracts. The total phenolics content is expressed
in mg Gallic acid equivalent (GAE)/g dry weight of extract and total
flavonoids contents is expressed in mg Quercetin equivalent (QE)/g
dry weight of plant extracts (table 1).
Table 1: Total phenolics and flavonoids content in methanolic
extract of plant parts of Cassia auriculata (Linn.)
Sample
Flower
Leaves
Seeds

TPC(mg GAE/g extract)
266.01±2.59a
176.91±1.30b
086.93±2.45c

Each value represents mean±SD (n=3)

Name of plant extract
Flower extract
Leaves extract
Seeds extract
Ascorbic acid

Each value represents mean±SD (n=3)

IC 50 (µg/ml)
22.548±0.187a
24.014±0.261b
77.489±2.072c
09.210±0.010d

Different superscripts in the same column represent significant
differences (p<0.05).
The table 2 shows that all flower, leaves and seeds extract shows
significant antioxidant activity in relation of positive controls with IC
values in order of Seeds extract>Leaves extract>Flower
50
extract>Ascorbic acid. Among flowers, leaves and seeds extract
flower methanolic extract has a least IC 50 which shows that
methanolic flower extract is the potent DPPH radical scavenger
(p<0.05).

TFC(mg QE/g extract)
66.060±3.030a
61.363±0.757a
53.787±0.757b

Different superscripts in the same column represent significant
differences (p<0.05).

TPC = total phenolic content; TFC = total flavonoid content; GAE =
Gallic acid equivalent; QE = Quercetin equivalent
The result represented in table 1 indicates the significant statistical
difference in both phenolics and flavonoids content in the
methanolic extract of flowers, leaves and seeds of Cassia auriculata
(Linn.) with p<0.05. The total phenolics content was observed to be
maximum in flowers followed by leaves and least in seeds. The
flavonoids content was found to be more in flowers and leaves and
significantly lower in seeds (p<0.05). Some previous studies [30-32]
independently reported the phytochemical contents of flowers,
leaves and seeds of Cassia auriculata (Linn.).
Antioxidant activity

DPPH radical scavenging assay
The stable DPPH radical model is a widely used, relatively quick and
precise method for the evaluation of free radical scavenging activity.
The DPPH assay is used to predict antioxidant activities by
mechanisms in which antioxidants in a system act to inhibit lipid
oxidation by scavenging of DPPH radical and this gives an idea of the
free radical scavenging capacity of the system/substance being
investigated [33]. Radical scavenging activity of Cassia auriculata
plant extract against stable DPPH• (2,2-diphenyl-2-picrylhydrazyl)
was determined spectrophotometrically. DPPH is a stable free
radical containing an odd electron in its structure with the
absorption maximum at 517 nm. When DPPH reacts with an
antioxidant compound, which can donate hydrogen, it is reduced.
The change in colour that is from deep violet to light yellow was
measured at 517 nm on a UV/visible light spectrophotometer. The

Fig. 1: % DPPH radical scavenging activity of methanolic extract
of flower, leaves and seeds of Cassia auriculata (Linn.) at
various concentrations which are presented as mean±SD of
three observations
Fig. 1 illustrates a significant increase in the percentage inhibition of
DPPH radical due to the scavenging ability of extracts and ascorbic
acid. The scavenging of DPPH by the flowers, leaves and seeds
extract was increased in dose-dependent way and was found to be
highest in flower and leaves methanolic extract as compared to
seeds (P<0.05). The potential of methanolic extracts of flower of
Cassia auriculata (Linn.) as DPPH radical scavenger was also
reported by [34, 35].

Reducing power assay

The reducing power of the plant extracts components may serve as a
significant indicator of its potential antioxidant activity. In this assay,
the yellow colour of the test solution changes to various shades of
green and blue depends upon the reducing power of each
compound. The presence of antioxidants in the extract causes the
conversion of the ferricyanide (Fe3+) complex to the ferrous
ferrocyanide form (Fe2+). Therefore by measuring the formation of
pearls Prussian blue at 700 nm, the (Fe2+) concentration can be
measured. A higher absorbance at 700 nm indicates a higher
reducing power. Observations in table 3 show the reducing power of
flowers, leaves and seeds methanolic extract with reference to
Ascorbic acid.
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Table 3: Reducing ability of flowers, leaves and seeds methanolic extract of Cassia auriculata (Linn.) with Ascorbic acid as positive control
Sample
Concentrations of samples (µg/ml)
Extract
10
30
50
70
Flower
0.421±0.006
0.509±0.013
0.619±0.03
0.681±0.005
Leaves
0.5±0.006
0.548±0.002
0.603±0.0058
0.635±0.01
Seeds
0.484±0.022
0.529±0.002
0.553±0.004
0.57±0.0025
Ascorbic acid
0.46±0.0025
0.483±0.0045
0.498±0.0035
0.537±0.003
Each value represents mean±SD. (n=3) with significant difference at P<0.05.
The reducing power of flower, leaves, seeds extract and Ascorbic
acid is increased with increase in concentration in dose-dependent
manner and was found to be highest at100 µg/ml. The reducing
power was found to be highest in flower extract (P<0.05) as
compared to leaves and seeds methanolic extract at the
concentration of the 100 µg/ml indicated its potential antioxidant
activity with respect to positive control Ascorbic acid. The dose
dependant reducing power activity of flowers of Cassia auriculata
(Linn.) was previously reported [30, 32, 36].
Nitric oxide scavenging assay

Nitric oxide is responsible for the pathogenesis of various disorders.
It also mediates smooth muscle relaxation, neuronal signaling,
inhibition of platelet aggregation and regulation of cell-mediated
cytotoxicity [37] In the present assay, the sodium nitroprusside
spontaneously generates nitric oxide at physiological pH in aqueous
solution. The nitric oxide generated is converted into nitric acid and
nitrous acids on contact with dissolved oxygen and water. The
liberated nitrous acid was estimated using the modified Griess
reagent. The nitrous acid reacts with Griess reagent to form a purple
azo dye. In the presence of antioxidants, the amount of nitrous acid
would be decreased and the degree of decrease in the formation of
purple azo dye would show the extent of scavenging [38].

In order to evaluate the antioxidant potency through NO scavenging
by the plant samples, the change of optical density of NO was
monitored and % NO scavenged are calculated from the
decomposition of SNP in vitro. Fig. 2 illustrates a significant decrease
in the NO radical which results in the increase in percentage
inhibition due to the scavenging ability of extracts and ascorbic acid.

100
0.896±0.016
0.676±0.02
0.595±0.014
0.606±0.015

to leaves, Ascorbic acid and seeds (table 4). In vitro antioxidant
activity of flower extracts and leaves extract of Cassia auriculata
(Linn.) was observed previously using nitric oxide scavenging assay
[34, 35, 39].
Table 4: Nitric oxide scavenging ability of flowers, leaves and
seeds methanolic extract of Cassia auriculata (Linn.) with
Ascorbic acid as positive control
Name of plant extract
Flower extract
Leaves extract
Seeds extract
Ascorbic acid

Each value represents mean±SD (n=3)

IC 50 (µg/ml)
15.869±0.979a
44.653±0.651b
217.18±1.94c
89.956±0.5d

Different superscripts in the same column represent significant
differences (p<0.05).
CONCLUSION
In brief summarizing the above results, it is well cleared that
flowers, leaves and seeds extract of Cassia auriculata (Linn.)
exhibited significant antioxidant potential. Antioxidant potential of
all the three plant parts was investigated with the help of various in
vitro antioxidant assays like DPPH Scavenging assay, Reducing
power assay and Nitric oxide scavenging assay. All the extracts show
significant antioxidant activity in all assays; but results suggest the
greater potential of methanolic flower extracts as compared to
leaves and seeds. The greater antioxidant activity of methanolic
flower extract may be related to the higher content of total phenolics
and flavonoids. It indicates the direct correlation between
antioxidant potential and total phenolics and flavonoids content. So,
Cassia auriculata (Linn.) plant parts especially the flower methanolic
extracts could serve as natural sources of antioxidants and could be
used in the treatment of diseases which have the free radical origin.
Further studies are still needed on the isolation and identification of
bioactive components responsible and to clarify the in vivo potential
of this plant parts in the management of human diseases resulting
from oxidative stress.
ACKNOWLEDGEMENT

Fig. 2: % Nitric oxide scavenging activity of methanolic extract
of flower, leaves and seeds of Cassia auriculata (Linn.) at
various concentrations which are presented as mean±SD of
three observations
The scavenging of Nitric Oxide by the flowers, leaves and seeds
extract was increased in dose dependent manner and was found to
be highest at 100 µg/ml for all extracts. The NO scavenging activity
was observed to be 79.375±0.219 % in flower methanolic extract at
100 µg/ml which is significantly higher (P<0.05) as compared to
leaves (68.535±0.275) and positive control Ascorbic acid
(49.810±0.268) and significantly lower in seeds (22.755±1.619) (fig.
2). Greater Nitric oxide scavenging potential of flower methanolic
extract can also be observed from its lower IC50 value as compared

Ms. P. A. Joshi is grateful to Department of Science and Technology
(DST), New Delhi for the financial support in the form of INSPIRE
Fellowship. The authors also, acknowledge with thanks Department
of Biotechnology (DBT), New Delhi for Bioinformatics Infrastructure
Facility (BIF)
CONFLICTS OF INTERESTS

All authors have none to declare
REFERENCES
1.
2.

Chompoo J, Upadhyay A, Fukuta M, Tawata S. Effect of Alpinia
zerumbet components on antioxidant and skin diseases-related
enzymes. BMC Complement Altern Med 2012;12:106.
Gill SS, Tuteja N. Reactive oxygen species and antioxidant
machinery in abiotic stress tolerance in crop plants. Plant
Physiol Biochem 2010;48:909-30.
384

Joshi et al.

3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

13.
14.
15.
16.
17.
18.
19.
20.

Madkour FF, Abdel-Daim MM. Hepatoprotective and
antioxidant activity of dunaliella salina in paracetamol-induced
acute toxicity in rats. Indian J Pharm Sci 2013;75:642-8.
Subedi L, Timalsena S, Duwadi P, Thapa R, Paudel A, Parajuli K.
Antioxidant activity and phenol and flavonoid contents of eight
medicinal plants from Western Nepal. J Tradit Chin Med
2014;34:584-90.
Tavasalkar SU, Mishra HN, Madhavan S. Evaluation of
antioxidant efficacy of natural plant extracts against synthetic
antioxidants in sunflower oil. Scientific Reports 2012;1:1-5.
Abdel-Daim, Mohamed M, Ghazy EW. Effects of Nigella
Sativa oil and ascorbic acid against oxytetracycline-induced
hepato-renal toxicity in rabbits. Iran J Basic Med Sci
2015;18:221–7.
Soundharajan SR, Ponnusamy RD. Chemical composition and
characterization studies of Cassia auriculata flower extract. Int
J Pharm Pharm Sci 2014;6:327-30.
Anandan A, Eswaran R, Doss A, Sangeetha G, Anand S. Chemical
compounds investigation of Cassia auriculata leaves–a
potential folklore medicinal plant. Bull Environ Pharmacol Life
Sci 2011;1:20-3.
Rajgopal P, Reshmi V, Sreejith K, Kiran S, Aneesha S,
Premaletha K, et al. Cassia auriculata-A phytopharmacological
review. Am J Pharm Health Res 2014;2:1-20.
Kumar RS, Ponmozhi M, Nalini M. Effect of Cassia auriculata
leaf extracts on lipids in rates with alcoholic liver injury. Asia
Pac J Clin Nutr 2002;11:157-63.
Balakrishna RB, Pate JR, Prabhakaran V. Cassia auriculata-a
phytopharmacological review. J Adv Drug Res 2011;1:46-57.
Vijayraj PS, Muthukumar K, Sabarirajan J, Nachiappan V.
Evaluation of antihyperlipidimic activity of ethanolic activity of
flower extract of Cassia auricuata. Indian J Biochem Biophys
2011;48:54-8.
Prasanna R, Harish CC, Pichai R, Sakthisekaran D, Gunasekaran P.
Anticancer effect of Cassia auriculata leaf extract in vitro through
cell cycle arrest and induction of apoptosis in human breast and
larynx cancer cell lines. Cell Biol Int 2009;33:127-34.
Ayo RG, Amupitan JO, Ndukwe IG, Audu OT. Some chemical
constituents of the leaves of Cassia nigricans vahl. Afr J Pure
Appl Chem 2009;3:208-11.
Devi VS, Ushanandhini R, Kuppusamy A, Muthuswamy U,
Andichettiar TS, Puliyath J. Antioxidant activity of Cassia
auriculata Linn flowers. Pharmacologyonline 2011;2:490-8.
Elayarani M, Shanmuganathan P, Muthukumaran P. In vitro
anti-oxidant activity of the various extracts of Cassia auriculata
L. flower by UV spectrophotometer. Asian J Pharm Technol
2011;1:70-2.
Velavan S, Arivoli P, Mahadevan K. Biological reduction of
silver nanoparticles using Cassia auriculata flower extract and
evaluation of their in vitro antioxidant activities. Nanosci
Nanotechnol Int J 2012;2:30-5.
Raghavendra M, Reddy AM, Yadav PR, Raju AS, Kumar LS.
Comparative studies on the in vitro antioxidant properties of
methanolic leafy extracts from six edible leafy vegetables of
India. Asian J Pharm Clin Res 2013;6:96-9.
Kulkarni A, Govindappa M, Channabasava C, Ramachandra Y,
Koka P. Phytochemical analysis of Cassia species and its in-vitro
antimicrobial, antioxidant and anti-Inflammatory activities.
Adv Med Plant Res 2015;3:8-17.
Terao J, Pi skula MK. Flavonoids and membrane lipid
peroxidation inhibition. Nutrition 1999;15:790-1

Int J Pharm Pharm Sci, Vol 7, Issue 9, 381-385

21. Singh T, Kasture SB, Mohanty PK, Jaliwala Y, Karchuli MS. InVitro antioxidative activity of phenolic and flavonoid
compounds extracted from fruit of Garcinia indica. Int J pharma
life sci 2011;2:613-6.
22. Ratty AK, Das NP. Effects of flavonoids on nonenzymatic lipid
peroxidation: structure-activity relationship. Biochem Med
Metab Biol 1988;39:69-79.
23. Chang C, Yang M, Wen H, Chern J. Estimation of total flavonoid
content in Propolis by two complementary colorimetric
methods. J Food Drug Anal 2002;10:178-82.
24. Blois MS. Antioxidant determination by use of stable free
radicals. Nature 2009;181:1199-1200.
25. Oyaizu M. Antioxidative activities of browning reaction
prepared from glucosamine. Jap J Nutri 1986;44:307-15.
26. Balakrishnan N, Panda AB, Raj NR, Shrivastava A, Prathani R.
The evaluation of nitric oxide scavenging activity of Acalypha
indica Linn root. Asi J Res Chem 2009;2:148-50.
27. Anesini C, Ferraro GE, Filip R. Total polyphenol content and
antioxidant capacity of commercially available tea (Camellia
sinensis) in Argentina. J Agri Food Chem 2008;56:9225-9.
28. Zhao X, Zhang W, Yin X, Su M, Sun C, Li X, Chen K. Phenolic
Composition and Antioxidant Properties of Different Peach
[Prunus persica (L.) Batsch] Cultivars in China. Int J Mol Sci
2015;16:5762-78.
29. Juan-Badaturuge M, Habtemariam S, Thomas V. Antioxidant
compounds from a South Asian beverage and medicinal plant,
Cassia auriculata. Food Chem 2011;125:221–5.
30. Priyadarshani S, Sujatha D. Comparative study of antioxidant
activities of Cassia auriculata and Cassia siamea flowers. Int J
Pharm 2011;2:208-12.
31. Yesu RJ, Paul JV, Joy. Chemical compounds investigation of
Cassia auriculata seeds: a potential folklore medicinal plant.
Asian J Plant Sci Res 2012;2:187-92.
32. Radha R, Prasad M, Lakshmi M, Murthy BR, Kumar RM, Sitaram
B, et al. In-vitro antioxidant activity of Cassia auriculata leaves.
Int J Pharm Chem Sci 2013;2:597-602.
33. Eleazu CO, Iroaganachi MA, Eleazu KC, Okoronkwo JO.
Determination of the physico-chemical composition, microbial
quality and free radical scavenging activities of some
commercially sold honey samples in Aba, Nigeria: ‘The effect of
varying colours’. Int J Biomed Res 2013;4:32-41.
34. Gaikwad SA, Kamble GS, Devare S, Deshpande NR, Salvekar
Jyoti P. In vitro evaluation of free radical scavenging potential
of Cassia auriculata L. J Chem Pharm Res 2011:3:766-72.
35. Jyothi SG, Chavan CS, Somashekaraiah BV. In vitro and In vivo
antioxidant and antidiabetic efficacy of Cassia auriculata L.
flowers. Global J Pharmacol 2012;6:33-40.
36. Sumathy R, Sankaranarayanan S, Bama P, Ramachandran J,
Vijayalakshmi M, Deecaraman M. Antibacterial and antioxidant
activity of flavanoid rich fraction from the petals of Cassia
auriculata–an in-vitro study. Int J Pharm Pharm Sci
2012;2:492-7.
37. Moncada A, Palmer RMJ, Higgs EA. Nitric oxide: Physiology,
Pathophysiology and Pharmacology. Pharmacol Rev
1991;43:109‐42.
38. Murali A, Ashok P, Madhavan V. In vitro antioxidant activity and
HPTLC studies on the roots and rhizomes of Smilax zeylanica l.
(smilacaceae). Int J Pharm Pharm Sci 2011;3:192-5.
39. Doshi GM, Shahare MD, Aggarwal GV, Pillai PG, Desai SK.
Evaluation of in-vitro antioxidant methods of Cassia auriculata.
Pharm Lett 2011;3:297-305.

385

