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Abstract: Presence of polyphenolic content in various part of the plant exhibit wide pharmacological activities
including antioxidant activity. The present study was designed to evaluate the phenolic contents
(total phenols, flavonoid and tanning) and antioxidant properties of ethanolic extracts of flower, leaf,
pod, bark and root obtained from Cassia auriculate. Ethanolic extracts of various parts of
C. auriculata obtained by sonication extraction techniques are studied for their phenolic contents and DPPH
(2,2-diphenyl-1-picrylhydrazine) radical scavenging assay as well as total antioxidant assays using UV visible
spectrophotometer. Among the various parts of the plant studied, bark showed significant content of
phenolics, flavonoids and tanmns followed by the root, leaf, flower and pod. Even bark extract extubited lughest
antioxidant capacity in DPPH assay followed by root, leaf, flower and pod with a value of 766.7, 679.3, 644.9,
572.5 and 474.7 mg vitamin C equivalent antioxidant capacity (mg VCEAC)/sample, respectively. In addition,
mg VCEAC wvalues obtained from the total antioxidant assay was in the increasing order of
bark>root>leaf>flower>pod. Moreover, a strong correlation was also found between phenolic contents and
antioxidant values indicating their influence in the found antioxidant activity, hence the bark extract can be
employed as an ideal candidate for herbal based pharmaceutical product. Results of the present study also
emphasize variation in the chemical composition as well as biological activity ensuring the importance of proper

selection of particular part of the plant to evaluate their therapeutic potency.
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INTRODUCTION

Free radicals are produced dumng the normal
metabolism and are neutralised by the endogenous
antioxidant enzymes such as supercxide dismutase,
glutathione peroxidase and catalase. However, during
tissue damage and pathological conditions an increased
production of Reactive Oxygen Species (ROS) creating an
imbalance between their biosynthesis and their removal
by antioxidant systems. This may leads to ageing,
cardiovascular diseases, cancer, atherosclerosis, diabetes
mellitus, hypertension, Alzheimer’s and Parkinson’s
diseases (Finkel and Holbrook, 2000; Gutteridge and
Halliwell, 2000). Use of synthetic antioxidants, such as
butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) are restricted due to their toxic
properties and unwanted side effects (Comnwell et al.,
1998). However, the mnate body antioxidant defence
systems may be supported by the daily consumption of
fruits, vegetables, nutraceuticals and medicines rich in
antioxidative compounds. Most of the authors correlated

the antioxidant properties of the plant materials with the
presence of the phenolic components (Stankovic et af.,
2012). Phenolic compounds such as phenolic acids,
flavonoids, tannins, catechins and anthocyanins are the
secondary plant metabolites serves as natural
antioxidants through their redox properties, radical
scavenging ability and metal ion chelating properties
(Halliwell et al., 2005).

Cassia aurictlata also known as Tanner’s Cassia
was found to be one of the traditionally valued plants
which have also been mcluded in Ayurvedic formulation
used for the management of diabetes (Gogte, 2000). In
addition, many medicinal, nutraceuticals and cosmetic
applications of this plant have been reported throughout
the world. The whole part of this plant 18 valuable in
traditional medicine for the treatment of ulcer, leprosy,
liver diseases, asthma, renal disorders, chronic fever,
herpetic eruptions, rheumatism, gout, leucorrhoea and
skin disorders (Kumar et al., 2002; Vedavathy et al., 1997,
Toshi, 2000; Siva and Krishnamurthy, 2003). The infusion
prepared from the leaves of this plant is used as a cooling
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drink, tea prepared from the flower of this plant is used in
the management of diabetes, seeds are also used n
diabetes and ophthalmia (Kirthikar and Basu, 1965).
Traditionally, roots are used in urinary discharges, skin
diseases, asthma, tumors and diabetes and also as
astringent and cooling alternatives (Samy and
Ignacimuthu, 2000). Scientific investigation of leaves of
C. auriculata revealed the antibacterial, antioxidant
(Anushia et al., 2009, Thulasi and Amsaveni, 2011),
antidiabetic (Gupta et al, 2009a, b, 2010),
hepatoprotective (Kumar et al, 2002), anthelmentic
(Kainsa et af, 2012) and antipyretic activities
(Vedavathy and Rao, 1991). Even flowers were also
reported to possess antibacterial (Doshi et al, 2011a;
Thulasi and Amsaveni, 2011), antioxidant (Kumaran and
Karunakaran, 2007), antidiabetic (Pari and Latha, 2002a, b)
activities along with the inhibition of lipid peroxidation
(Latha and Pari, 2003). However, roots are reported for
their beneficial antibacterial activity (Doshi et al., 2011Db).

Various chemical constituents were reported from
this plant. Phytochemical screening of this plant
revealed the presence of reported the presence of

flavonoids, tannins, saponins, alkaloids, phenols,
proanthocyamdins and [(-sitosterol (Gupta et al., 2009a;
Rastogi and Mehrotra, 1998). Several bioactive

constituents such as oleanolic acid (Senthilkumar and
Reetha, 2011), kaempfercl-3-O-rutinoside, kaempferol,
quercetin, luteolin (Juan-Badaturge et al., 2010) were
reported from leaves. Whereas, quercetin, (1) catechin, (-)
epigallo catechin, (-) epigallocatechin gallate, (-)
epicatechin gallate, (-) gallocatechin gallate, (-) catechin
gallate and caffeine were reported from the flowers
(Tyothi et al., 2012). Even from bark (-)-auriculacacidin
(5,2 4trihydroxyflavan-3,4-diol) has been isolated
(Theresa et al., 1968).

Many author reported the presence of phenolics n
the plant is mainly responsible for the found
wide pharmacological activities. Literatiwe survey of
C. auriculata revealed the extensive study only regarding
flowers and leaves part whereas, studies about other parts
are lacking. Very few data regarding the phenolics content
and antioxidant activity of extracts obtained from different
parts of the C. auriculata are available. Hence, the
present study was designed to evaluate and compare the
phenolics contents as well as antioxidant activities of
extracts from flower, pod, leaf, bark and root.

MATERIALS AND METHODS

Chemicals: The 2,2-diphenyl-1-picrylhydrazyl (DPPH),
Folin-Ciocalteu reagent, vanillin, sodium carbonate,
sodium nitrite, ammoenium molybdate, sodium phosphate,
aluminium chloride hexahydrate, ascorbic acid, gallic acid
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and catechin were purchased from Sigma Chemicals,
Germany. All the other solvents used in this study were
of analytical grade and purchased from Fishcers Scientific.

Plant material: Fresh plant material was collected from
the fields of B.G. Nagara, Mandya, Kamataka, India and
identified by a botanist (Dr. Santhana, Natural Remedies
Pvt Ltd, Bangalore). The collected fresh flowers, leaves,
pods, stem and root were then washed with running water
to remove the dirt and homogenized in a kitchen blender
prior to use it for the extraction.

Preparation of extracts: Twenty-five grams of each parts
of plant are mixed with 250 mL of ethanol (80%, v/v)
separately in a beaker and covered with aluminum foil.
These homogenized plant materials were then somcated
in a sonicator (42 kHz, 135 W; Branson Ultrasonic
Corporation, USA) for 15 min in the dark at room
temperature. The ultrasonic treatment was performed
using a Branson 5510 ultrasomic cleaner. The solvent
swrface in the beaker was kept at the level of the water in
the ultrasomic bath and the water m the sonicator is
circulated and regulated at constant room temperature to
avold a rise mm water temperature caused by the
ultrasonics. After the initial extraction, the sample
residues were then submitted again for 15 min of
sonication twice with 150 mL of 80% ethanol and the
respective liquid extracts were collected. These liquid
extracts were then filtered and final volume is made up to
600 mL with the extracting solvent and kept at 4°C in
air-tight containers until further analysis.

Determination of total phenolics content (TPC): Total
amount of phenolics present in each samples were
determined using the Folin-Ciocalteu method described
by Singleton and Rossi (1965). To an aliquot of sample
(400 L), 2 mL of Folin-Ciocalteureagent (pre-diluted with
water 1:10, v/v) was added followed by the addition of
1.6 mI sodium carbonate (7.5%) after 6 minutes of time
interval. The reaction mixture was vortexed and allowed to
stand for 60 min at room temperature in the dark.
Absorbance of the developed color was measured at
760 nm using UV-visible spectrophotometer (Shimadzu,
UV-1700, Kyoto, Japan). Gallic acid with various
concentrations (10-100 pg mL.™") was used to prepare a
calibration curve and the total phenolic contents were
expressed in terms of mg gallic acid equivalent (mg GAE)
per 400 pL of each sample. All the measurements were
done in triplicates.

Determination of total flavenoids content (TFC): The total
amount of flavonoids present in each extracts was
determined by spectrophotometric method described by
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Sakanaka et al. (2005). Five hundred microlitres of each
plant extract as well as various concentration of
(+)-catechin standard solution {10-140 ug mL™") was mixed
with 2.5 mL of distilled water in a test tube, followed by
addition of 150 pL of sodium mtrite solution (5%). After 6
min of incubation time, 300 pL. of aluminiun chloride
solution (10%) was added and the mixture was allowed to
stand for 5 min before the addition of 1 mL of 1 M sodium
hydroxide. Finally the mixture was brought to a final
volume of 5.0 mL with distilled water and mixed well. The
absorbance of the pink color formed due to the presence
of flavonoid was measured immediately at 510 nm using a
UV-visible spectrophotometer. Flavnoid contents present
i the plant samples were expressed mn terms of mg
catechin equivalent (mg CAE) per 500 pL of each sample.

Determination of total tannins content (TTC): Total
tanmins present n each plant samples were determmed by
vanllin-HCl method (Burns, 1971). Briefly, to a 500 pL of
sample 4.5 mL of vamllin-HCl reagent mixture (4% vamllin
in methanol and 8% concentrated HCI, 1:1) was added
followed by vortexing. After 20 min of incubation,
absorbance of the pink color developed was measured at
500 nm using UV-visible spectrophotometer. Catechin
standards at various concentrations (20-280 pg mL.™") was
used to prepare the calibration curve and the total
tannins content 1 the sample was expressed in terms of
mg catechin equivalents (mg CAE) per 500 pl of each
samples.

Determination of DPPH radical scavenging activity: The
DPPH radical scavenging ability of plant extracts and
gallic acid was assessed using the method described by
Brand-Williams et al. (1995) with slight modifications.
Briefly, to 0.2 mL of plant extract solution 3.8 mL of DPPH
solution (Absorbance intensity of 1.1004£0.20 in methanol)
was added. This solution was further incubated in the
dark for 30 min at room temperature. The decrease in the
mtensity of the colowr in terms of absorbeance was
measured at 517 nm against a blank consisting of 0.2 mL
of ethanol and 3.8 mL of DPPH solution. The vitamin C
calibration curve was prepared by plotting the percentage
mhibition of vitamm C at various concentrations
(20-200 pg mL™"). The percentage inhibition was
calculated using the below formula:

Percentage inhibition =

oA 100
AEI

where, A, is the absorbance of control and A, is the
absorbance of sample.
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All the results were expressed as milligrams Vitamin-C
Equivalent Antioxidant Capacity (VCEAC) per 200 pL of
extract. All the measurements were done 1 triplicate.

Determination of total antioxidant activity (TAO): The
colorimetric method described by Prieto et al. (1999) was
used to measwre the antioxidant capacity of various plant
extracts of C. auriculata. This method is based on the
reduction of Mo(VI) by antioxidants to Mo(V) a green
color complex in acidic condition. Briefly, to a known
aliquot of the sample solution (0.4 ml) taken in a vial, 4mT.
of the freshly prepared reagent solution (0.6 M sulfuric
acid, 28 mM sodium phosphate and 4 mM ammonium
molybdate) was added and incubated in a water bath at
95°C for 90 min. After the samples were cooled to room
temperature (25+1°C), the absorbance was measured at
695 nm against a blank. The blank solution contained 4 mL
of reagent solution and 04 mlL of methanol. The
calibration curve was prepared by using a standard
solution of ascorbic acid (5-100 pg mL™") and the
antioxidant activity was expressed as milligrams
Vitamin C Equivalent Antioxidant Capacity (VCEAC) per
400 pl. of extract.

Statistical analysis: The results of the present study are
presented as Meant+SD (n = 3). Analysis of variance was
performed (one way ANOVA) and the sigmficant
differences between the mean values were determined by
Tukey’s pairwise test, at a level of significance of p<0.05.
Statistical analyses were carried out using SPSS 19 (SPSS
Inc. USA).

RESULTS AND DISCUSSION

Phytoconstituents present in plant samples will be
leached out by using proper solvent as well as the
extraction techniques. In the present study alcohol was
used as an extracting solvent as it was found to be a good
solvent for the extraction of polyphencls with high
penetration ability and also it 18 safe for human
consumption (Metivier et al., 1980). Extraction technique
also influences the amount of phytoconstituents which in
turn nfluences the pharmacological activities. Also, one
more parameter considered during the selection of
extraction technique is the extraction time and solvent
consumption. Recent studies regarding the comparison of
extraction techniques revealed that sonication is one of
the simple and fastest methods of extraction with the
ability to extract and retain maximum amount of
antioxidants in comparison with the other available
conventional extraction techmiques (Wang et al., 2008,
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Amnegowda et al., 2012). Tn addition cavitational effect of
somcation causes efficient tissue disruption and good
penetration of solvent into the solvent matrix of the plant
material (Mason et al, 1996). Hence, we employed
sonication extraction technique in this study to obtain the
solvent extracts from various parts of C. auriculata.

Total phenolic, flavonoid and tannin contents: High
molecular weight compounds such as phenolic and their
related compounds have significant ability to quench free
radicals. Their efficacy mainly depends on the number of
aromatic rings as well as nature of hydroxyl group
substitution (Hagerman et /., 1998). Results of the Total
Phenolic Content (TPC) in different parts of C. auriculata
are represented in Fig. 1. The phenolic content was
ranged between 392.4+8.5 to 636.8+13.3 mg GAE per
400 pl sample. Figure 1 also revealed the presence of
significant amount of phenolic content among various
parts of the plant with bark possessing highest amount of
total phenolic content followed by root, leaf, flower and
pod. Flavonoeids and related polyphenols are found to
exhibit antioxidant activity along with other beneficial
pharmacological activities which necessitates their
determination in the samples. The amount flavonoid in
various parts of C. auriculata determined by alumimium
chloride method 1s shown in Fig. 2. The concentration of
flavonoids in various parts was ranged between
326.9+415.0 to 2675.0424.8 mg CAE per 500 pL sample.
Similar trend of TPC was found with results of total
flavonoid content with bark contaiing significant amount
of TFC followed by root, leaf, flower and pod. In addition,
the found TFC content was significantly different from
each other. Figure 3 indicates the Total Tannin Content
(TTC) present in various parts of C. awriculata. TTC
values were also expressed m terms of catechin
equivalents (mg CAE per 500 pl. sample). Among the
various parts of the plant evaluated, bark extract
possessed significant amount of total content and ped
extract contained least amount. The order of tannin
content present in various parts of the plant was m the
order of bark>root>leaf>flower>pod with TTC values of
615.8+1.9, 810+18.1, 1077.0£2.6, 1146.643.7,
2097.4413.2 mg CAE per 500 ul, sample, respectively.

Results of the evaluation of phenolic content among
flower, pod, leaf, bark and root extracts of C. auriculata
clearly mdicated the presence of sigmficantly higher
amount of phenolics in bark and lesser amount in pods. In
accordance with our results, Khan et al. (2013) reported
the presence of higher amount of total phenolics and
flavonoids m bark followed by root, leaf and fruts of
Morus alba and also in the same study the amount of
flavonol determined was ligher than that of total phenolic
content.
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Fig. 1: Total phenolics content values of extract of
C. auriculata. The results are Mean+SD (n = 3).
Values followed by different alphabets in the
superscript indicate significant (p<0.05) difference
among the samples
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Fig. 2: Total flavonoid content values of extract of
C. auriculata. The results are Mean+SD (n = 3).
Values followed by different alphabets in the
superscript indicate significant (p<<0.05) difference
among the samples
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Fig. 3: Total tannin content values of extract of
C. auriculata. The results are Mean+SD (n = 3).
Values followed by different alphabets in the
superscript indicate significant (p<0.05) difference
among the samples
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Antioxidant activity of various parts of C. auriculata:
Polyphenolic compounds such as phenolic acids,
flavonoids, anthraquinones and tanmins found in the
plant samples are considered to be the major contributors
of the antioxidant activity exhibited by various medicinal
plants. Hence, n the present study all the extracted plant
samples were studied for their antioxidant efficacy using
two different antioxidant activities to assess the free
radical scavenging and reducing properties of the plant
extracts and gallic acid. Antioxidant values of each sample
were expressed in terms of mg VCEAC as vitamin C is
found to be one of the potent natural antioxidant with
good anti-carcinogenic activity and present in our regular
diet (Lee et al., 2002; Amegowda et af., 2010). Hence,
expressing the antioxidant activity in terms of vitamin C
equivalent will be ideal, more meamngful and descriptive
as the final result provides a direct comparison of
antioxidant activity of sample with vitamm C (Kim et al.,
2002).

Numerous antioxidant assays designed to measwure
antioxidant potency of samples among these DPPH radical
scavenging assay is very convenient assay widely used
for screening large number of samples of varying polarity.
DPPH is a stable synthetic radical with purple color which
in the presence of antioxidant get reduced due to the
donation of hydrogen atom to free radical resulting in the
of puple color and thereby mhubiting the
propagation of lipid peroxidation (Lugasi et af., 1999).
DPPH radical scavenging potency of various samples of
C. auriculata 13 summarized in Fig. 4. It 18 evident from
the figure that, among all the samples screened bark
extract significantly inhibited the DPPH radical followed
by root, leaves, flower and pod with the antioxidant value
of 766.7£10.4, 679.3x12.1, 644.9£17.0, 572.5£16.7 and
474.7£19.2 mg VCEAC per 200 uL. of samples, respectively.
Though the entire sample efficiently inhibited DPPH
radicals, the antioxidant values of these samples were

loss

significantly lesser than the pure standard gallic acid
(1350.2+419.4mg VCEAC). It 1s also evident from the
Fig. 4 that extract with ugher phenolic content exhibited
stronger DPPH radical scavenging ability. Correlation
study also revealed a strong correlation between DPPH
assay results and TPC (R = 0.978), TFC (R* = 0.859) as
well as TTC (R® = 0.838) indicating the influence of
phenolics for the displayed antioxidant activity.

The sample which exhibit high activity in one method
may not show similar result in all other methods which
necessitates the use of few other methods to evaluate the
efficacy of the same sample. Hence, phosphomolybdenum
assay was carried out to determine the reducing ability of
plant samples as well as gallic acid and the results of this
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Fig. 4. DPPH radical scavenging values of extract of
C. auriculata. The results are Mean+SD (n = 3).
Values followed by different alphabets in the
superscript indicate significant (p<0.05) difference
among the samples
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Fig. 5: Total antioxidant values of extract of
C. auriculata. The results are Mean+SD (n = 3).
Values followed by different alphabets in the
superscript indicate significant (p<0.05) difference
among the samples

assay were illustrated in Fig. 5. Tt is evident from the figure
that the trend of DPPH assay is also observed in this
assay among the plant samples studied with bark
possessing sigmficant antioxidant value followed by root,
leaf, flower and pod. The antioxidant values were ranged
between 164.948.3 to 336.5+8.6 mg VCEAC per 400 pL. of
sample. A strong correlation was also observed between
total antioxidant value and TPC (R*=0.959), TFC
{(R*=0.830) as well as moderate correlation with TTC
(R* 0.786). In agreement with our results.
Stankovic et al. (2012) reported the similar variation in
phenolic content as well as antioxidant activity in various
parts of Tewcrium poliwm and also mentioned that
extracts with higher phenolic content possess significant

antioxidant activity. Current finding of this study 15 in
consistent with the previous literature reports by
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Khan et al. (2013) who reported the highest antioxidant
activity in the stem bark followed by root bark, fruit and
leaf of Morus alba. But the present results are in contrary
to the findings of Doshi et al. (2011¢) who reported the
highest antioxidant activity n flowers followed by leaves
and roots of Cassia auriculata which might be due to the
use of dry plant materials as well as the soxhlet extraction
method. Hence, the found antioxidant activities of
phenolic rich plant extract might be attributed to phenolic
components redox properties, which allow them to act as
reducing agents, hydrogen donators and free radical
scavengers, as well as due to their metal chelating abilities
(Vladimir-Knezevic et al., 2011).

CONCLUSION

Scientific mvestigation of natural resources for their
therapeutic, nutraceutical and food value 1s gaimng more
unportance. In regards to this, the result of the present
study revealed the variation of phenolic components
among the various parts of the same plant with bark
possessing highest phenclic content among all the
samples of C. auriculata. From the results of antioxidant
activity it was concluded that among the various parts of
C. awriculata, bark found to possess significant
antioxidant efficacy i comparison with other parts. It
might be due to the presence of highest phenolic content
as there 1s a strong correlation found between phenolic
contents and antioxidant values. Simce flower as well
leaves of C. auriculata were only scientifically exploited
by researchers, results of tlus study provide the
opportunity for researchers to utilize the other part of the
plant for their scientific mvestigations. In addition, for the
C. auwriculata pod, root and bark phenolic contents as
well as antioxidant capacities were reported for the first
time.

ACKNOWLEDGMENTS

The authors thank Sr1 Adichunchangiri Trust and Sr1
St Adichunchangin College of Pharmacy, B.G. Nagara,
Kamataka, India for providing laboratory facilities and
chemical.

REFERENCES

Annegowda, H.V., LN Anwar, MN. Mordi,
S. Ramanathan and S.M. Mansor, 2010. Influence of
sonication on the phenolic content and antioxidant
activity of Terminalia catappa L.
Pharmacogn. Res., 2: 368-373.

leaves.

46

Amnegowda, H.V., MN. Mordi, 5. Ramanathan.,
M.R. Hamdan and SM. Mansor, 2012. Effect of
extraction techmiques on phenolic content,
antioxidant and antimicrobial activity of Bauhinia
purpure: HPTLC determination of antioxidants. Food
Anal. Methods, 5: 226-233.

Anushia, C., P. Sampathkumar and L. Ramkumar, 2009.
Antibacterial and antioxidant activities in Cassia
auriculata. Global . Pharmacol., 3: 127-130.

Brand-Williams, W., ML.E. Cuvelier and C. Berset, 1995.
Use of free radical method to evaluate antioxidant
activity. Lebensmittel. Wiss. Technol.,, 28: 25-30.

Bumns, R.R., 1971. Methods for the estimation of tanmns
in grain, Sorghum. Agron. 1., 63: 511-512.

Cormwell, D.G., K.H. Jones, Z. Jiang, LE. Lantry,
P. Southwell-Keely, I. Kohar and D.E. Thornton,
1998. Cytotoxicity of tocopherols and their quinones
in drug-sensitive and multidrug-resistant leukemia
cells. Lipids, 33: 295-301.

Doshi, GM., DX. Sandhya, MD. Shahare,
G.V. Aggarwal and P.G. Pillai, 201 1a. Comparative
antioxidant studies of Cassia auriculata plant part.
Int. J. Applied Biol. Pharma. Nanotechnol., 2: 327-331.

Doshi, GM.,, G.V. Aggarwal and P.G. Pillai, 2011b.
Antibacterial potential of Cassia auriculata roots.
Int. J. Institutional Pharm. Life Sci., 1: 93-100.

Doshi, G.M,, S.8. Shudhaye, G.V. Aggarwal, P.P. Pillai,
A B. Bhalerao and S K. Desai, 201 1¢. Antibacterial
potential of Cassia auriculata flowers. T. Microbiol.
Biotechnol. Res., 1: 15-19.

Finkel, T. and N.J. Holbrook, 2000. Oxidants oxidative
stress and the Tbiology of ageing. Nature,
408: 239-247.

Gogte, V., 2000. Medicinal Plants. In: Ayurvedic
Pharmacology and Therapeutic uses of Medicinal
Plants (Dravyagunavignyan), Ramakrishnan, S. (Ed.).
Bhartiya Vidya Bhavan, Mumbai, India, pp: 840.

Gupta, S., SB. Sharma and K.M. Prabhu, 2009a.
Ameliorative effects of Cassia auriculata L. leaf
extract on glycemic control and atherogenic lipid
status m alloxan-induced diabetic rabbits. Indian
I. Exp. Biol., 47: 974-980.

Gupta, S., 3.B. Sharma, S.K. Bansal and K. M. Prabhu,
2008h. Antihyperglycemic and hypolipidemic activity
of aqueous extract of Cassia auriculata L. leaves in
experimental  diabetes. J.  Ethnopharmacol.,
123: 499-503.

Gupta, S., 3.B. Sharma, U.R. Singh, S.K. Bansal and
K. M. Prabhu, 2010. Elucidation of mechanism of
action of Cassia auriculata leaf extract for its
antidiabetic  activity in  streptozotocin-induced
diabetic rats. J. Med. Food, 13: 528-534.



Pak. J. Biol Sci., 17 (1): 41-48, 2014

Gutteridge, .M. and B. Halliwell, 2000. Free radicals and
antioxidants in the year 2000 a historical look to the
future. Ann. N. Y. Acad. Sci., 899: 136-147.

Hagerman, A E., K M. Riedel, G.A. Jones, K.N. Sovik,
N.T. Ritchard, P.W. Hartzfeld and T.L. Riechel, 1998.
High molecular weight plant polyphenolics (tannins)
as biological antioxidants. J. Agric. Food Chem.,
46: 1887-1892.

Halliwell, B., J. Rafter and A. Jenner, 2005. Health
promotion by flavoneids, tocopherols, tocotrienols
and other phenols: direct or indirect effects?
Antioxidant or not?. Am. J. Clin. Nutr., 81: 2683-27685.

Joshi, S5.G., 2000. Cesalpmmaceae-Cassia auriculata.
Textbook of Medicinal Plants. IBH Publishing,
Oxford, pp: 119.

Juan-Badaturge, M., S. Habtemariam and M.J. K. Thomas,
2010. Antioxidant compounds from a South Asian
beverage and medicinal plant, Cassia auriculata.
Food Cham., 125: 221-225.

Jyothi, 8.G., 5.C.5. Chavan and B.V. Somashekaraiah,
2012. In vitro and in vivo antioxidant and antidiabetic
efficacy of Cassia auriculata 1.. flowers. Global T.
Pharmacol., & 33-40.

Kainsa, S., P. Kumar and R. 5. Dahiya, 201 2. Investigation
of ir vitro anthelmintic activity of Cassia auriculata
leaves. J. Nat. Prod. Plant Resour., 2: 460-464.

Khan, M.A., A A Rahman, S. Islam, P. Khandokhar and
3. Parvin et al., 2013. A comparative study on the
antioxidant activity of methanolic extracts from
different parts of Morus alba L. (Moraceae). BMC
Res. Notes, Vol. 6. 10.1186/1756-0500-6-24

Kim, D.O,KW.Lee, H]. Lee and C.Y. Lee, 2002. Vitamin
C Equvalent Antioxident Capacity (VCEAC) of
phenolic phytochemicals. J. Agric. Food Chem.,
50:3713-3717.

Kirthikar, K.R. and B.D. Basu, 1965. Medicinal Plants of
India. Vol. 1, CSIR, New Delhi, India, pp: 518-520.

Kumar, R.3., M. Ponmozh, P. Viswanathan and N. Nalini,
2002. Effect of Cassia auriculata leaf extract on lipids
1n rats with alcoholic liver injury. Asia Pac. J. Clin.
Nutr,, 11: 157-163.

Kumaran, A. and R.J. Karunakaran, 2007. Antioxidant
activity of Cassia auriculata flowers. Fitoterapia,
78 46-47.

Latha, M. and L. Pari, 2003. Preventive effects of Cassia
auriculata 1.. flowers on brain lipid peroxidation in
rats treated with streptozotocin. Mol. Cell. Biochem.,
243: 23-28.

TLee, KW, HI Lee, K.S. Kang and C.Y. Lee, 2002.
Preventive effects of vitamin C on carcinogenesis.
Lancet, 359: 172-172.

47

Lugasi, A., P. Horvahovich and E. Dworschak, 1999.
Additional information to the in vifro antioxidant
activity of Ginkgo biloba L. Phytother. Res.,
13:160-162.

Masor, T.J., L. Pamwnyk and I.P. Lorimer, 1996. The uses
of ultrasound m food technology. Ultrasonics
Sonochern., 3: 3253-5260.

Metivier, R.P., F.J. Francis and F.M. Clydesdale, 1980.
Solvent extraction of anthocyamns from wine
pomace. J. Food Sci., 45: 1099-1100.

Pari, L. and M. Latha, 2002a. Antidiabetic effect of Cassia
auriculata flowers: Effect on lipid peroxidation in
streptozotocin diabetes rats. Phamm. Biol., 40: 512-517.

Pari, L. and M. Latha, 2002b. Effect of Cassia auriculata
flowers on blood sugar levels, serum and tissue
lipids in streptozotocin diabetic rats. Singapore
Med. 1., 43: 617-621.

Pricto, P, M. Pineda and M. Aguilar, 1999
Spectrophotometric  quantitation of antioxidant
capacity through the formation of

phosphomolybdenum complex: Specific application
to the determination of vitamin E. Anal. Biochem.,
269: 337-341.

Rastogi, R.P. and BN. Mehrotra, 1998. Compendium of
Indian Medicinal Plants. Vol. 2, National Institute of

Science Communication, New Delln, India,
Pages: 147.
Sakanaka, S., Y. Tachibana and Y. Okada, 2005.

Preparation and antioxidant properties of extracts of
Japanese persimmon leaf tea (kakinoha-cha). Food
Chem., 89: 569-575.

Samy, R.P. and S. Ignacimuthu, 2000. Antibacterial
activity of some folklore medicinal plants used by
tribals in Western Ghats of India. I. Ethnopharmacol.,
69: 63-71.

Senthilkumar, P.K. and D. Reetha, 2011. Isolation and
identification of antibacterial compound from the
leaves of Cassia auriculata. Bur. Rev. Med.
Pharmaco. Sci., 15: 1034-1038.

Singletor, V.L. and J.A. Rossi Ir., 1965. Colonmetry of
total phenolics with phosphomolybdic-
phosphotungstic acid reagents. Am. I. Enol. Viticult.,
16: 144-158.

Siva, R. and K. V. Krishnamurthy, 2005. Tsozyme diversity
in Cassia auriculata 1. Afr. . Biotechnol., 4: 772-775.

Stankovie, M.S., N. Niciforovic, V. Mihailovic,
M. Topuzovic and S. Soluyjic, 2012. Antioxidant
activity, total phenolic content and flavonoid
concentrations of different plant parts of Tewcrium
polivm L. subsp. polium  Acta Societatis
Botamcorum Poleniae, 81: 117-122.



Pak. J. Biol Sci., 17 (1): 41-48, 2014

Theresa, Y .M., K.U. Bhanu and Y. Nayudamma, 1968. Vladimir-Knezevic, 5., B. Blazekovic, MB. Stefan,

Studies on the tanmns of avaram (Cassia auriculata) A Alegro, T. Koszegi and J. Petrik, 2011. Antioxidant

bark. Aust. I. Chem., 21: 1633-1637. activities and polyphenolic contents of three selected
Thulasi, G. and V. Amsaveni, 2011. Antibacterial activity Micromeria species from Croatia. Molecules,

of Cassia auriculata agamnst ESBL producing E. coli 16: 1454-1470.

from UTT patients. Int. I. Micr. Res., 2: 267-272. Wang, I, B. Sun, Y. Cao, Y. Tian and X. Li, 2008.
Vedavathy, S. and K.N. Rao, 1991. Antipyretic activity of Optimisation of ultrasound-assisted extraction of

six indigenous medicinal plants of Tirumala hills. phenolic compounds from wheat bran. Food Chem.,

I. Ethanopharmacol., 33: 193-196. 106: 804-810.

Vedavathy, S., A. Sudhakar and V. Mrudula, 1997. Tribal
Medicine of Chittor District, Andhra Pradesh, India.
Herbal Folklore Research Center, Tirupati, Andhra
Pradesh, India, pp: 48-49.

48



	PJBS.pdf
	Page 1


