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ABSTRACT:

OBJECTIVES: The present study was planned to evaluate the antioxidant effects of
standardized Beta vulgaris L. or beetroot.

METHODS: The polyphenols presentin lyophilized water extract of beetroot (BR) were
quantified and standardized by HPLC. Deactivation of free radicals by BR was studied
by in vitro biochemical assays including 1,1-diphenyl-2-picrylhydrazyl (DPPH),
hydrogen peroxide and superoxide radical scavenging activities. Nitrite content of BR
was estimated. Moreover, inhibition of protein denaturation properties of BR was carried
out.

RESULTS: HPLC chromatogram revealed presence of nine bioactive polyphenols in
BR. Further, strong dose-dependent antioxidant properties were noted. ICso (Inhibitory
Concentration) of BR for DPPH, hydrogen peroxide and superoxide radical were
104.44ug/ml, 4.06pg/ml and 71.43ug/ml respectively. BR also showed enriched in
nitrite content 3.359 mM/mg and it inhibited protein denaturation (ICso 594ug/ml).
CONCLUSION: Beetroot was found to possess strongantioxidant property that may be
due to presence of polyphenols.
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INTRODUCTION

It has been reported that beetroot is a nitrate rich vegetable [8].
Researchers have also shown, leaves of Beta vulgaris possess

Beta vulgaris L., also known as beetroot, is a leafy green
vegetable cultivated throughout the world and is widely
consumed. This vegetable is a well-known plant for its high
nutritive and therapeutic value since ancient times [1-2].
Betalains (anthocyanins) and carotenoids are the major active
constituents of beetroot and generally recommended as safe
natural preservative [3-4]. Dietary polyphenols and nitrate has
been demonstrated to have a range of beneficial vascular effects,
including reducing blood pressure, inhibiting platelet
aggregation, preserving or improving endothelial dysfunction,
enhancing exercise performance [5-7].

strong anti-oxidant properties [9-10].

But, till date there is very few information on its chemical and
pharmacological actions.

Present study was aimed to standardize the water-soluble extract
of beetroot and evaluate its anti-oxidant properties related to its

pharmacological action.
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MATERIALS AND METHODS
Chemicals:

Ultra-pure standards like, gallic acid, caffeic acid, chlologenic
acid, syringic acid, p-coumaric acid, sinapic acid, catechin,
quercetin, coumarin, 1, 1-diphenyl-2-picrylhydrazyl (DPPH) has
been procured from Sigma Chemical Co. (St. Louis, MO, USA).
Other chemicals and reagents like bovine serum albumin,
phenazine methosulphate, nitroblue tetrazolium, nicotinamide
adenine  dinulcleotide,  sodium  pyrophosphate, N-1-
naphthylethylenediamine  dihydrochloride,  sulfanilamide,
phosphoric acid, sodium nitroprusside, hydrogen peroxide,
methanol etc. were obtained from Sisco Research Laboratories
Pvt. Ltd. (India). All reagents were of analytical grade.

Plant material and preparation:

Fresh roots of Beta vulgaris L. were obtained from a local market
and identified by Botanical Survey of India, West Bengal
[CNH/2016/Tech 11/69/5]. Fresh roots were cutinto small pieces,
crushed with deionized water (1:2 w/v), filtered and lyophilized
to powder. The powder obtained from the water extract of
beetroot (BR) was standardized by HPLC and studied for
antioxidant properties.

Drug standardization by HPLC:

HPLC analysis was doneusing instrument 1260 Infinity, Agilent
Technologies, USA equipped with binary pump for solvent
delivery, 20ul loop for injection and PDA (Photodiode Array)
detector. Analyses were performed using reverse phase column,
COSMOSIL, 5C18-MS-1I (250mm X 4.6mm, 5um). BR powder
was dissolved in hydro-methanol (80:20) at a concentration of 1
mg/ml and filtered through 0.2 um PDVF (Polyvinylidene
fluoride) filter. Standard polyphenols like, gallic acid, caffeic
acid, chlologenic acid, syringic acid, p-coumaric acid, sinapic
acid, catechin, quercetin and coumarin were prepared in hydro-
methanol (80:20) at concentration 1 mg/ml. Polyphenols were
eluted with some solvents such as 3% acetic acid (solvent A) and
acetonitrile (solvent B) having following gradient: 0-5% B in 5
min, 5-15% B in 17 min, 15-20% B in 40 min, 20-50% B in 60
min, 50% B in 65 min, 50-0% B in 70 min. The solvent was
delivered at a flow rate 0.8 ml/min. 20 ul of each standard and
sample were injected for analysis and calibration. Detection was
done at 320 nm and regression equation was derived from
calibration procedures [11-12].

Determination of hydrogen peroxide scawenging activity:

Hydrogen Peroxide scavenging activity was determined with the
method of Ruch et al. (1989) [13]. 2 ml of different
concentrations of the extract were prepared and added to 0.6 ml
of 40 mM of hydrogen peroxide (H202) solution in phosphate
buffer (50 mM, pH 7.4). Solvent, without extract, mixed with
H.0> solution served as the control. The mixtures were incubated

for 10 min at room temperature.

Then, the absorbance was measured at 230 nm. Percentage
inhibition was calculated with the following formula:

Percentage hydrogen peroxide scavenging activity =

Absorbance of Sample
( ) 100

~ Absorbance of Control

ICso value was obtained from the graph plotted with radical
scavenging activity against concentration.

Determination of 1, 1-diphenyl-2-picrylhydrazyl
free radical scavenging ability:

(DPPH)

DPPH scavenging activity was determined by the method of Sur
et al. (2015) [14]. 1 ml of different concentrations of BR was
added to 1 ml of DPPH solution (0.002% methanol solution).
Solvent, without extract, mixed with DPPH solution served as
the control. After 30 min incubation in dark, absorbance was
measured at 517 nm. ICso value was obtained from the graph
plotted with radical scavenging activity against concentration.

Determination of superoxide radical scavenging activity:

Superoxide radical scavenging activity was determined with the
method of Kakkar et al. (1984) [15]. 0.3 ml of BR was mixed
with 1.2 ml of sodium pyrophosphate buffer (0.052 mM), 0.1 ml
of phenazine methosulphate (186 uM), 0.3ml of nitroblue
tetrazolium (156 uM) and 1 ml water. Reaction was started with
0.2 ml of nicotinamide adenine dinulcleotide (780 pM) and
stopped after 1 min by adding 1 ml of glacial acetic acid. The
amount of chromogen formed was measured by recording color
intensity at 560 nm. ICso value was obtained from the graph
plotted with radical scavenging activity against concentration.

Determination of nitrite content:

Nitrite content of the extract was determined by the method of
Green et al. (1982) [16]. Sodium nitroprusside (5mM) in
standard phosphate buffersaline (0.025M, pH7.4) was incubated
with different concentrations of BR at room temperature for 2.5
h. Griess reagent (1% sulfanilamide, 2% phosphoric acid, and
0.1% N-1-naphthylethylenediamine dihydrochloride) was then
added and incubated for another 30 min. Absorbance was
estimated at 546 nm. Nitrite contentwas estimated with sodium
nitrite as the standard.

Determination of protein denaturation:

The protein denaturation was assessed following the method of
Sur et al. (2003) [17]. In tubes, 0.05 ml of different
concentrations of BR was added to 0.45 ml bovine serum
albumin (5% aqueous solution). pH of the mixture was adjusted
at 6.3 using 1 N HCI. The samples were incubated at 37°C for 20
min and then heated at 57°C for 3 min.

After cooling the samples, 2.5 ml of phosphate buffersaline (pH
6.3) was added to each tube. Turbidity was measured
spectrophotometrically at 660 nm. Control sample comprised of
0.05 ml distilled water instead of BR. Product control contained
0.45 ml distilled water instead of bovine serum albumin.
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Statistical analysis:

Data were expressed as mean + standard error of mean (SE). The
data were analyzed statistically by a one-way analysis of variance
(ANOVA) followed by post-hoc Dunnett’s test for multiple
comparisons, with computerized statistical package (SPSS
version 20).

HPLC chromatogram:

Nine distinguished bioactive polyphenols were identified out of
total twelve peaks of HPLC chromatogram (Fig. 1). The retention
time, % relative area and absolute quantitative values are given
in Table 1. The chromatogram revealed the amount of quercetin
was highest in BR, followed by sinapic acid, p-coumaric acid,
syringic acid, gallic acid, coumarin, caffeic acid, chlorogenic

RESULTS acid and catechin.
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Figure 1: HPLC chromatogram of beet root extract (BR)

Table 1: Integration and quantification of polyphenols present in beetroot extract (BR) by HPLC

Absolute amount

Peak No.  Retention time (min) Relative area (%) (ug/g of BR) Peak Identification

1 8.31 2.40 - Unknown

2 9.098 7.05 389.15+0.73 Gallic acid

3 11.576 143 28.62+0.42 Catechin

4 21.699 2.62 73.44+0.51 Chlologenic acid

5 22.815 4.27 104.20+0.73 Caffeic acid

6 26.387 11.17 495.06+0.48 Syringic acid

7 27.823 11.89 508.53+0.75 p-Coumaric acid

8 37.647 20.63 964.67+0.94 Sinapic acid

9 43.400 5.42 219.14+0.59 Coumarin

10 45.475 3.53 - Unknown

11 55.730 23.61 1038.73+0.88 Quercetin

12 58.672 5.98 = Unknown
Detection wavelength 320 nm; absolute value expressed as mean + SE; N=3 in each test

1 H nna - *
Hydrogen peroxide scavenging activity: o i 7
Hydrogen peroxide scavenging activity of BR was found to
significant as shown in Fig. 2. It was observed that the = & . * .
scavenging activity increased with the increase in the - .
- k= ) 2752 (e 25997 75527

concentration of BR. The ICso value of BR was only 4.06 pg/mi : . N e
in Fig. 3. There was marked increase in the activity with the - . - . - . - e
concentration of the extract. 1Cso value of BR was 104.44 pg/ml Cone.of beetrootextract (rg/mD)

(Table 2).

Figure 2: Hydrogen peroxide scavenging activity

extract (BR)

of beet root
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Superoxide radical scavenging activity:

BR was found to inhibit superoxide radical in a dose-dependent
manner (Fig. 4). The ICso value of BR was noted 71.43 pg/ml
(Table 2).

Nitrite content:

A dose-dependent increase in nitrite concentration was observed
with beetroot extract as shown in Fig. 5. The nitrite content in
BR was 3.359 mM/mg (Table 2).

Protein denaturation:
A dose-dependent inhibition of protein denaturation was

recorded with beetroot extract as shown in Fig. 6. The ICso value
was found to 594 pg/ml (Table 2).

Table 2: Effect of beetroot extract (BR) on antioxidant properties

50% Inhibitory concentration ug/ml)

Nitrite content

Extract . DPPH Superoxide radical Protein
=05 ezt scavenging scavenging denaturation (@1 fii)
Beetroot extract 4.06+0.016* 104.44+8.16* 71.43+539* 504+13.23* 3.350+0.45*

(BR)

All data were expressed as mean+SE; N=6 in each test; Data were analyzed statistically by a one-way analysis of variance (ANOVA)

and exhibited significant (*p<0.001).

Percentage Inhibition (%)
2

20

1 2.5 5 10 20 40 80 100 200 400 800 1000
Cone. of beetroot extract (ug/ml)

Percentage Inhibition
v w - o
=2 2 E=3 =

=

*
60
*
%
*
*
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1000

Conc. of beetroot extract (ug/ml)

Figure 3: DPPH scavenging activity of beet root extract (BR)

Percentage Inhibition (%)
2
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Conc. of beetroot extract (ug/ml)

Figure 4: Superoxide scawenging activity of beet root extract
(BR)

Concentration of Nitrite (mM)
e
=
=

1 10 100 1000
Logarithm of Cenc. of beetroot (ng/mi)

Figure 5: Distribution of nitrite content of beet root extract
(BR)

Figure 6: Protein denature activity of beet root extract (BR)

DISCUSSION

Considerable scientific facts recommended that under situations
of oxidative stress, reactive oxygen species (ROS) such as
superoxide, hydroxyl, peroxyl radicals and reactive nitrogen
species (RNS) such as nitric oxides and peroxynitrite are
generated and the balance between anti-oxidation and oxidation
is believed to play an important role in pathophysiology of
human diseases like diabetes, cardiovascular diseases,
neurodegenerative disorders, inflammation, arthritis and cancer
[18]. Various enzymatic and non-enzymatic antioxidants present
in the body help to scavenge these free radicals and reactive
oxygen species [19]. Plants and foods are composed of an
aggregation of several secondary metabolites, mainly
polyphenols and thereby are rich source of natural antioxidants

[20].

In the present study, HPLC analysis confirmed the presence of
bioactive polyphenols such as quercetin, sinapic acid, p-
coumaric acid, syringic acid, gallic acid, coumarin, caffeic acid,
chlorogenic acid and catechin in beetroot extract.

The antioxidant properties of these polyphenols are mainly due
to their redox properties, which allow them to act as either
reducing agents orhydrogen donors orsinglet oxygen quenchers

[21].
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Earlier it has beenreported that leaves of beetroot have shown to
possess significant antioxidant property [9-10]. Therefore, the
present study was aimed to evaluate the antioxidant property of
beetroot that is consumed as a vegetable in various parts of the
world including India. It is established fact that hydrogen
peroxide (H202) produced by different metabolic processes is
converted into hydroxyl radicals, which damages cell membrane
[22]. Beetroot extract showed significant scavenging of H20..
Similarly, DPPH is a stable free radical, the nitrogen atom of
which accepts hydrogen from antioxidants to produce
diphenylpicryl hydrazine [23]. Thus,DPPH solution was used to
evaluate the antioxidant property of BR extract. Present study
reported BR extract showed 97.63% scavenging activity at 1000
pg/ml. Moreover, superoxide anion radical, the most harmful
ROS, damages cell membrane by peroxidation of lipids [22]
showed maximum superoxide anion radical scavenging activity
90.44% of BR at 1000 pg/ml.

Various leafy vegetables are known to be rich in nitrate and
nitrite content. Dietary nitrate is essential in reducing blood
pressure, inhibition of platelet aggregation and various other
vascular effects [8]. Beetroot is known to be therapeutic source
of dietary nitrate. Clinical trial observed beetroot juice was found
to reduce blood pressure in hypertension patients [6]. Present
study also revealed Beta vulgaris has enriched with nitrite
molecules.

Protein denaturation means loss of biological properties of
protein molecules. Denaturation of proteins is responsible for the
cause of inflammation is conditions like rheumatoid arthritis,
diabetes, canceretc. [17]. Mechanism of denaturation is involved
in alteration of electrostatic force, hydrogen, hydrophobic and
disulphide bonds. Beetroot showed abilities to protect protein
from denaturation indicating its relevant therapeutic properties.

From the above study, it may be concluded that beetroot extract
has found to possess strong antioxidant properties and thus can
be used as a natural antioxidant and may also be helpful in
infllmmation and other related disorders. Further investigations
are necessary to corroborate the relationship of polyphenok
presentin BR with therapeutic applications.

ACKNOWLEDGEMENT

We take immense pleasure in thanking Prof. (Dr.) Anup Kumar
Das, Head of the Department of Pharmacology, R.G. Kar
Medical College, Kolkata and Prof. (Dr.) Suddhodhan Batabyal,
Principal, R.G. Kar Medical College, Kolkata, for permitting us
to conduct this study in this esteemed Institution. We are also
indebted to them for their support and guidance throughout this

study.

REFERENCES

1. Ninfali P and Angelino D. Nutritional and functional
potential of Beta vulgaris. Fitoterapia. 2013; 89:188-
199. [View in PubMed]

2. Sepide M. Chemistry and pharmacological effect of
Beta vulgaris: A systematic review. Der Pharmacia
Lettre. 2016; 8:404-409.

3.

10.

11.

12.

13.

14.

15.

16.

17.

Stintzing FC and Carle R. Functional properties of
anthocyanins and betalains in plants, food and in human
nutrition. Trends Food Sci Technol. 2004; 15:19-38.
Kanner J, Harel S and Granit R. Betalains: A new class
of dietary cationized antioxidants. J Agric Food Chem.
2001; 49:5178-5185. [View in PubMed]

Bors W, Miche C and Stettmaier K. Structure-activity
relationships governing antioxidant capacities of plant
polyphenols. Methods Enzymol. 2001; 335:166-180.
Kapil V, Khambata RS, Robertson A, Caulfield MJand
Ahluwalia A. Dietary nitrate provides sustained blood
pressure lowering in hypertensive patients: a
randomized, phase 2, double-blind, placebo-controlled
study. Hypertension. 2015; 65:320-327.

Andreas Z. The effects of dietary nitrate (beetroot juice)
supplementation on exercise performance: A review.
American J Sports Sci. 2014. 2: 97-110.

Lidder S and Webb AJ. Vascular effects of dietary
nitrate (as found in green leafy vegetables and beetroot)
via the nitrate-nitrite-nitric oxide pathway. British J
Clin Pharmacol. 2012; 75:677-696.

Sulakhiya K, Patel VK, Saxena R, Dashore J, Srivastava
AK and Rathore M. Effect of Betavulgaris Linn. leaves
extract on anxiety and depressive-like behavior and
oxidative stress in mice after acute restraint
stress. Pharmacog Res. 2016; 8:1-7. [View in PubMed]
Jain NK and Singhai AK. Protective role of Beta
vulgarisL. leaves extract and fractions on ethanol-
mediated  hepatic  toxicity. Acta Pol  Pharm.
2012; 69:945-950. [View in PubMed]

Seal T and Choudhury K. Quantitative HPLC analysis
of phenolic acids, flavonoids and ascorbic acid in four
different solvent extracts of Bauhinia purpurea and
Clerodendrum colebrookianum, wild edible plants of
North-Eastern region in India. J Chem Pharma Res.
2015; 7:427-437.

Adhikari A, Hazra AK, Bhattacharya S, Seal T and Sur
TK. Dietary polyphenolics supplementation with
drinking black tea ameliorates gentamicin-induced
nephrotoxicity in mice. Int JPharm Sci Drug Res. 2016;
8:189-194.

Ruch RJ, Cheng SJ and Klaunig JE Prevention of
cytotoxicity and inhibition of intercellular
communication by antioxidant catechins isolated from
Chinese green tea. Carcinogen.1989; 10:1003-1008.
[View in PubMed]

Sur TK, Hazra AK, Bhattacharyya D and Hazra A.
Antiradical and anti-diabetic properties of standardized
extract of Sunderban mangrove Rhizophora mucronata.
Pharmacog Res. 2015; 11: 389-394.

Kakkar P, Das B and Viswanathan PN. A modified
spectrophotometric assay of superoxide dismutase.
Indian J Biochem Biophys. 1984; 21:130-132. [View in
PubMed]

Green LC, Wagner DA and Glogowski J. Analysis of
nitrate, nitrite, and (15N) nitrate in biological fluids.
Anal Biochem. 1982; 126:131-138. [View in PubMed]
Sur TK, Pandit S, Bhattacharyya D, Ashok CK,
Lakshmi SM and Mandal SC. Studies on anti-
infllmmatory  activity of Betula alnoides Burk.
Phytother Res. 2002; 16:669-671. [View in PubMed]

©SRDE Group, All Rights Reserved.

Int. J. Res. Dev. Pharm. L. Sci. 2623


file:///F:/IJRDPL/Vol%206%20issue%203/Vol%206%20iss%203/9.Sulakhiya%20K,%20Patel%20VK,%20Saxena%20R,%20Dashore%20J,%20Srivastava%20AK%20and%20Rathore%20M.%20Effect%20of%20Beta%20vulgaris%20Linn.%20leaves%20extract%20on%20anxiety%20and%20depressive-like%20behavior%20and%20oxidative%20stress%20in%20mice%20after%20acute%20restraint%20stress.%20Pharmacog%20Res.%202016;%208:1-7.
22.%09Gul%20MZ,%20Ahmad%20F,%20Kondapi%20AK,%20Qureshi%20IA%20and%20Ghazi%20IA.%20Antioxidant%20and%20antiproliferative%20activities%20of%20Abrus%20precatorius%20leaf%20extracts%20-%20an%20in%20vitro%20study.%20BMC%20Comp%20Alt%20Med.%202013;%2013:53-57.
23.%09Kedare%20SB%20and%20Singh%20RP.%20Genesis%20and%20development%20of%20DPPH%20method%20of%20antioxidant%20assay.%20J%20Food%20Sci%20Tech.%202011;%2048:412-422.
22.%09Gul%20MZ,%20Ahmad%20F,%20Kondapi%20AK,%20Qureshi%20IA%20and%20Ghazi%20IA.%20Antioxidant%20and%20antiproliferative%20activities%20of%20Abrus%20precatorius%20leaf%20extracts%20-%20an%20in%20vitro%20study.%20BMC%20Comp%20Alt%20Med.%202013;%2013:53-57.
file:///C:/Users/ALOK/Desktop/8.%09Lidder%20S%20and%20Webb%20AJ.%20Vascular%20effects%20of%20dietary%20nitrate%20(as%20found%20in%20green%20leafy%20vegetables%20and%20beetroot)%20via%20the%20nitrate-nitrite-nitric%20oxide%20pathway.%20British%20J%20Clin%20Pharmacol.%202012;%2075:677-696
6.%09Kapil%20V,%20Khambata%20RS,%20Robertson%20A,%20Caulfield%20MJ%20and%20Ahluwalia%20A.%20Dietary%20nitrate%20provides%20sustained%20blood%20pressure%20lowering%20in%20hypertensive%20patients:%20a%20randomized,%20phase%202,%20double-blind,%20placebo-controlled%20study.%20Hypertension.%202015;%2065:320-327.
file:///C:/Users/ALOK/Desktop/17.%09Sur%20TK,%20Pandit%20S,%20Bhattacharyya%20D,%20Ashok%20CK,%20Lakshmi%20SM%20and%20%20Mandal%20SC.%20Studies%20on%20anti-inflammatory%20activity%20of%20Betula%20alnoides%20burk.%20Phytother%20Res.%202002;%2016:669-671
https://www.ncbi.nlm.nih.gov/pubmed/?term=1.%09Ninfali+P+and+Angelino+D.+Nutritional+and+functional+potential+of+Beta+vulgaris.+Fitoterapia.+2013%3B+89%3A188-199.
https://www.ncbi.nlm.nih.gov/pubmed/?term=4.%09Kanner+J%2C+Harel+S+and+Granit+R.+Betalains%3A+A+new+class+of+dietary+cationized+antioxidants.+J+Agric+Food+Chem.+2001%3B+49%3A5178-5185.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sulakhiya+K%2C+Patel+VK%2C+Saxena+R%2C+Dashore+J%2C+Srivastava+AK+and+Rathore+M.+Effect+of+Beta+vulgaris+Linn.+leaves+extract+on+anxiety+and+depressive-like+behavior+and+oxidative+stress+in+mice+after+acute+restraint+stress.+Pharmacog+Res.+2016%3B+8%3A1-7.
https://www.ncbi.nlm.nih.gov/pubmed/?term=10.%09Jain+NK+and+Singhai+AK.+Protective+role+of+Beta+vulgaris+L.+leaves+extract+and+fractions+on+ethanol-mediated+hepatic+toxicity.+Acta+Pol+Pharm.+2012%3B++69%3A945-950.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruch+RJ%2C+Cheng+SJ+and+Klaunig+JE.+Prevention+of+cytotoxicity+and+inhibition+of+intercellular+communication+by+antioxidant+catechins+isolated+from+Chinese+green+tea.+Carcinogen.+1989%3B+10%3A1003-1008.
https://www.ncbi.nlm.nih.gov/pubmed/?term=15.%09Kakkar+P%2C+Das+B+and+Viswanathan+PN.+A+modified+spectrophotometric+assay+of+superoxide+dismutase.+Indian+J+Biochem+Biophys.+1984%3B+21%3A130-132.
https://www.ncbi.nlm.nih.gov/pubmed/?term=15.%09Kakkar+P%2C+Das+B+and+Viswanathan+PN.+A+modified+spectrophotometric+assay+of+superoxide+dismutase.+Indian+J+Biochem+Biophys.+1984%3B+21%3A130-132.
https://www.ncbi.nlm.nih.gov/pubmed/?term=16.%09Green+LC%2C+Wagner+DA+and+Glogowski+J.+Analysis+of+nitrate%2C+nitrite%2C+and+(15N)+nitrate+in+biological+fluids.+Anal+Biochem.+1982%3B+126%3A131-138.
https://www.ncbi.nlm.nih.gov/pubmed/?term=17.%09Sur+TK%2C+Pandit+S%2C+Bhattacharyya+D%2C+Ashok+CK%2C+Lakshmi+SM+and+Mandal+SC.+Studies+on+anti-inflammatory+activity+of+Betula+alnoides+burk.+Phytother+Res.+2002%3B+16%3A669-671.

Indu et al. April - May 2017;6(2): 2619-2624

18.

19.

20.

Suzuki YK, Forman H and Sevanian A. Oxidants as
stimulation of signal transduction. Free Radical Biol
Med. 1997; 22:269-285. [View in PubMed]

Reuter S, Gupta SC, Chaturvedi MM and Aggarwal BB.
Oxidative stress, inflammation and cancer: How are
they linked? Free Radical Biol Med. 2010; 49:1603-
1616. [View in PubMed]

Vinson JA, Hao Y, Su X and Zubik L. Phenol
antioxidant quantity and quality in foods: Vegetables. J
Agri Food Chem. 1998; 46:3630-3634.

How to cite this article

21.

22.

23.

Rice-Evans CA, Miller NJ and Paganga G. Antioxidant
properties of phenolic compounds. Trends in Plant Sci.
1997; 2:152-159.

Gul Mz, Ahmad F, Kondapi AK, Qureshi IA and Ghazi
IA. Antioxidant and antiproliferative activities of Abrus
precatorius leaf extracts - an in vitro study. BMC Comp
Alt Med. 2013; 13:53-57. [View in PubMed]

Kedare SB and Singh RP. Genesis and development of
DPPH method of antioxidant assay.J Food Sci Tech.
2011; 48:412-422. [View in PubMed]

Indu R, Adhikari A, Ray M, Hazra AK, Sur TK and Das AK. Antioxidant properties of poly phenolic rich HPLC standardized extract of Beta vulgaris
L. Roots. Int. J. Res. Dev. Pharm. L. Sci. 2017; 6(3): 2619-2624.doi: 10.13040/1JRDPL.2278-0238.6(3).2619-2624.

This Journal is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

©SRDE Group, All Rights Reserved.

Int. J. Res. Dev. Pharm. L. Sci. 2624


https://www.ncbi.nlm.nih.gov/pubmed/?term=18.%09Suzuki+YK%2C+Forman+H+and+Sevanian+A.+Oxidants+as+stimulation+of+signal+transduction.+Free+Radical+Biol+Med.+1997%3B+22%3A269-285.
https://www.ncbi.nlm.nih.gov/pubmed/?term=19.%09Reuter+S%2C+Gupta+SC%2C+Chaturvedi+MM+and+Aggarwal+BB.+Oxidative+stress%2C+inflammation+and+cancer%3A+How+are+they+linked%3F+Free+Radical+Biol+Med.+2010%3B+49%3A1603-1616.
https://www.ncbi.nlm.nih.gov/pubmed/?term=22.%09Gul+MZ%2C+Ahmad+F%2C+Kondapi+AK%2C+Qureshi+IA+and+Ghazi+IA.+Antioxidant+and+antiproliferative+activities+of+Abrus+precatorius+leaf+extracts+-+an+in+vitro+study.+BMC+Comp+Alt+Med.+2013%3B+13%3A53-57.
https://www.ncbi.nlm.nih.gov/pubmed/?term=23.%09Kedare+SB+and+Singh+RP.+Genesis+and+development+of+DPPH+method+of+antioxidant+assay.+J+Food+Sci+Tech.+2011%3B+48%3A412-422.

