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ABSTRACT

Beta vulgaris root extracts are traditionally used as a folk medicine to treatailments such ashypertension, hypoglycemic, inflammatory, and
hepertocellular disorder. In this study the antioxidant potential of root extract of B. vulgaris were mentored invitroagainst 2, 2-diphenyl-1-pic-
rylhydrazyl (DPPH) and modulatory effect on rat brain enzymes.Total phenolic, flavonoid contents, and antioxidant potential against DPPH of
the root extracts at varying concentrations were evaluatedusing ethyl acetate. Thus concentration of root extracts of B. vulgaris root at100,
200, and 400 mg/kg body weights were administered orally for (7)days to albino rats followed byevaluated of oxidative stress markers such as
thiobarbituric acid reactive substances (TBARS), Superoxide Dismutase (SOD), Catalase (CAT), and Glutathione (GSH) in the animals brain ho-
mogenate.The percentage inhibition and IC50 value ofthe root extracts were significantly (P < 0.01) dose dependent compared to ascorbic acid
standard. Similarly SOD, CAT, and GSHincreased significantly (P < 0.01) in test animals administered200 and 400 mg/kg of ethyl acetate extract
of B. vulgaris root. The results obtained here suggest thatB. vulgaris roots extracts suggests a neuroprotective potential of this plant roots.
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INTRODUCTION

Oxidation is very essential to many living organisms for the production of energy to fuel biological processes and lead to production of both
free radicals and Reaction Oxygen Species (ROS). These ROS and free radicals are byproduct of normal cellular metabolism of the body and are
produced during irradiation (Ultraviolet [UV] light, X-rays, and y-rays), inflammation, pollution, and mitochondria-catalyzed electron transport
reactions [1]. ROS may contribute to oxidative damage resulting to loss of function, cellular death including various numbers of disorders such
as coronary atherosclerosis, ischemia, ageing, diabetes, cancer, immunosuppression, and neurodegenerative disorders [2]. The interruption
of the normal cellular function of lipids, proteins, carbohydrates, enzymes, and nucleic acids is due to an imbalance between pro-oxidants and
antioxidants giving rise to oxidative stress [3]. However, the body can form defense against harmful effect of oxygen and nitrogen reactive
species using exogenous and endogenous antioxidant enzymes such as Catalase (CAT), glutathione peroxidase, and Superoxide Dismutase
(SOD); and Non-enzymatic Systems as Thiol Reduced (Glutathione [GSH]), vitamins, minerals, and polyphenols [4]. Antioxidants are vital
substances that possess the ability to protect the body from damage caused by free radical induced oxidative stress.

Beta vulgaris (beet) is a plant which is included in Betoideae subfamily in the Amaranthaceous family. It is the economically most important
crop of the large order Caryophyllales. It has several cultivar groups such as: the root vegetable known as the beetroot or garden beet; the
leafy vegetables chard, spinach beet; and mangelwurzel, which is a fodder crop [16]. Three subspecies are typically recognized. All cultivars
fall into the subspecies B. vulgaris subsp. vulgaris. The wild ancestor of the cultivated beets is the sea beet (B. vulgaris subsp. maritima). The
claimed therapeutic use of beetroot includes its antitumor, carminative, emmenagogue, and hemostatic and renal protective properties and
is a potential herb used in cardiovascular conditions[8]. The juice of beetroot is also consumed as a natural remedy for sexual weakness
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and to expel kidney and bladder stones. In recent years, beetroot has
gained popularity to be a natural food to boost the energy in athletes
[8]. Recent reports indicate that B. vulgaris extracts (root) possess
antihypertensive, hypoglycemic, antioxidant [9], anti-inflammatory,
and hepatoprotective activities [6]. Previously, red beetroot extract
has been demonstrated to be an effective multiorgan tumor
suppressing agent in laboratory animals [7].

Recent studies have also postulated that renal inflammation,
which is characterized by infiltration of inflammatory cells such
as monocytes/macrophages and subsequent release of pro-
inflammatory cytokines and activation of NF-kB(nuclear factor
kappa-light-chain-enhancer of activated B cells) in response to
oxidative stress, is involved in this process phe. This research is
therefore aim atevaluate the invitro and invivo antioxidant and total
Phenolic, Flavonoidal content estimation of B. vulgaris root.

MATERIALS AND METHODS

Plant Materials and Preparation of Extract

Fresh roots of Beta vulgaris (1 kg) was macerated and soaked
in70% ethanol (1 litre)for three (3)days. The obtained root extract
wasconcentrated using rotary evaporator before complete drying.
The extract was then resuspended in distilled water(1L).

Experimental Animals

Thirty six (36) weaned male albino rats of the same stock were
obtained from the animal farm of Imo StateUniversity Owerri. The
animalswere takentothe laboratorywheretheywerehousedin a
plasticcage,placed on commercial rat and allowed free access to
water ad libitum. The animals were of the same sex, age and weighed
about160 on average. The animals were subsequently allowed to
acclimatize for two (2) weeks before commencement of experiment.

Acute Oral Toxicity Study

Acute toxicity study of B. vulgaris root extract was performed on
the albino rats according Lorke’smethod [15].

Preliminary Phytochemical Screening

The preliminary phytochemical screening were carried out onof
B. vulgaris root as described by[18].

Estimation of total phenolic content [19] and total
flavonoid content [20]

The Total Phenolic Content (TPC) of extracts was measured using
the Folin-Ciocalteu method[20].

In vitro antioxidant by 2, 2-diphenyl-1-picrylhydrazyl
scavenging assay [21]

In vitro antioxidant by 2, 2-diphenyl-1-picrylhydrazyl scavenging
activity assay was monitored using [21] method.

In vivo Antioxidant

In vivo antioxidant activity was determined by [38].

Lipid Peroxidation Assay (Thiobarbituric Acid Reactive
Substances)[22]

Lipid Peroxidation Assaythiobarbituric acid reactive substances
(TBARS)[22].

Superoxide Dismutase Assay[23]

This was estimated by the reaction mixture which contained
0.1 mL of phenazinemethosulfate (186 pL), 1.2 mL of sodium
pyrophosphate buffer (0.052 mL; pH 7.0), 0.3 mL of the supernatant
after centrifugation (1,500 x g for 10 min followed by 10,000 x g for
15 min) of homogenate was added to the reaction mixture. Enzyme
reaction was initiated by adding 0.2 mL of NADH (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. Results were expressed in units/mg protein.

Catalase Assay[24]

It was determined with reaction solution contained 2.5 mL of
0.05 M phosphate buffers (pH 8.3), 0.7 mL of 0.2 M H202 and 0.1 mL
of tissue homogenate. Changes in absorbance of the reaction solution
at 570 nm were determined after 1 min. Results were expressed in
units/mg protein.

Reduced Glutathione Assay[25]

This was estimated by using dithiobisnitro-benzoate as a
substrate. The yellow color developed and read immediately at an
absorbance of 412 nm and expressed as pM GSH/g protein.

Statistical Analysis

The values were expressed in mean * standard error of the
mean. Statistical analysis was done by one-way ANOVA followed by
Dunnett’s multiple comparison test versus control. P < 0.05 and P <
0.01 were considered as significant.

RESULTS

Qualitative Phytochemical Screening

Phytochemical analysis of extracts of B. vulgaris root revealed
the presence of alkaloids, glycosides, flavonoids, coumarins, lignins,
tannins, terpenoids, carbohydrates, protein, fatty acids, and phenolic
compounds.

Estimation of Total Phenolics and Flavonoids Contents

TPC of CEBVR, MEBVR, and EABVR was observed at 8.43 + 1.03
mg, 11.59 # 1.31 mg, and 15.64 * 1.31 mg of GAE/100 g, respectively,
whereas the TFC of CEBVR, MEBVR, and EABVR was observed at
0.75 + 0.10 mg, 1.31 + 0.01 mg, and 1.97 + 0.47 mg of QUE/100 g,
respectively, as shown in Figure 1. The results suggest that EAMP had
a higher level of phenolic and flavonoidal contents as compared to
other extracts of B. vulgaris extracts root.

M Total pheno cont

u flav cont

EBVR MEBVR EABVR

Figure 1: Comparative study of Total Phenolic content and Total
Flavonoid content of various extracts of Beta vulgaris root

The values were expressed as mean #* standard error of mean; *P <
0.05, **P < 0.01 versus control. ns: Not significant

In Vitro Antioxidant Activity against 2, 2-Diphenyl-1-
Picrylhydrazyl

The percentage of scavenging effect of DPPH on different extracts
of Beta vulgaris rootwith a concentration of 1, 5, 10, 25, 50, and
100 pg/mL was compared with ascorbic acid as shown in Figure 2
and found dose-dependent inhibitory antioxidant potential against
DPPH. Positive DPPH test suggests that the samples were free
radical scavengers. The IC50 values of CEBVR, MEBVR, EABVR, and
ascorbic acid in DPPH assay were 85.97, 67.85, 46.06, and 23.74 ng/
mL, respectively, as shown in Figure 3. Among all these extracts, the
ethyl acetate extract was found better DPPH scavenging activity with
aminimum IC50 value of 46.06 ng/mL as compared to other extracts.
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Figure 2: Effect of Beta vulgaris root extracts on percentage of
inhibition against 2, 2-diphenyl-1-picrylhydrazyl.

The values were expressed as mean #* standard error of mean (n =
6). CEBVR, MEBVR, and EABVR were the extracts of chloroform,
methanol, and ethyl acetate extract of Beta vulgaris extracts root
respectively.
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Figure 3: Estimation of IC,, value of various extracts of B.
vulgaris root leaves against 2, 2-diphenyl-1-picrylhydrazyl.

The values were expressed as mean + standard error of mean (n =
3). **P < 0.01 versus standard. CEBVR, MEBVR, and EABVR were
the extracts of chloroform, methanol, and ethyl acetate extract of B.
vulgaris root, respectively.

In Vivo Antioxidant Activity of Beta vulgaris Root
Leaves on Rat

Effect of B. vulgaris root leaves on body weight and brain weight.
No significant changes were observed in body weight of treated and
control rats before, and after the administration of the ethyl acetate
extract of B. vulgaris root for 7 days. Similarly, no considerable
differences in the wet weight of the whole brain between control and
EAMP treated rats as shown in Table 1.

Table 1: Effect of EABVR on Body Weight and Brain Weight in Rats

The oxidative stressmarkers as lipid peroxidation (TBARS), SOD,
CAT, GSH in rat brain homogenate was evaluated. EABVR at 200 and
400 mg/kg showed significantly (P < 0.01) and dose-dependently
increased the level of antioxidant enzymes such as SOD, CAT, and
GSH in brain tissue as compared to control rats as shown in Figure
3. However, EAMP (100 mg/kg) was produced no significant changes
in antioxidant enzymes in rat brain tissue. In addition, EABVR at 400
mg/kg dose was significantly (P < 0.01) reduced the lipid peroxidation
that is TBARS level to 4.85 + 0.76 as compared to control rats of 2.51
+0.45nM/min/mg protein. No significant change in TBBVR level was
observed for EABVR (100 and 200 mg/kg) treated rat.

DISCUSSION

Natural antioxidants that are ubiquitous in fruits, vegetables,
and medicinal plants have received great attention in recent times
since they are effective and lesser toxic than synthetic antioxidants
[26]. Polyphenols and flavonoids act as an antioxidant agent by the
property of hydrogen atom donators, singlet oxygen scavengers, and
free radical scavenger [27,28]. Again, flavonoids have been reported
as inhibitors of lipid peroxidation[29] and prevent oxidative damage
[30]. The present investigation observed that the TPCs of crude
extracts of B. vulgaris root varied from 8.43 + 1.03 to 15.64 + 1.31 mg
GAE/g, whereas the TFCs varied from 0.75 * 0.10 to 1.97 + 0.47 mg
QUE/g. All the extracts of B. vulgaris root have a significant amount
of phenolic and flavonoid components. However, the EABVR extract
possessed the higher amount of phenolic and flavonoid content as
compared to other extracts. They can be ranked as EABVR > MEBVR >
CEBVR. The presence of flavonoids and phenolic components in ethyl
acetate extract of B. vulgaris root substantiate the claim for its free
radical scavenging activity and further attenuate the progression of
oxidative stress induced diseases.

Antioxidants may offer resistance against the oxidative stress by
scavenging the free radicals, inhibiting the lipid peroxidation, and
by many other mechanisms and thus prevent diseases. Antioxidant
activity is expressed in terms of IC50, and a lower IC50 value
corresponds to a larger scavenging activity [31]. DPPH is a compound
consists of a nitrogen free radical, which is easily quenched by a free
radical scavenger. DPPH radicals are reduced into a non-radical form
(DPPH-H) in the presence of a proton radical scavenger or hydrogen
donating antioxidants [32]. In fact, DPPH radical has an absorbance
at 517 nm, which disappears after acceptance of an electron or
hydrogen radical from an antioxidant compound to become a stable
diamagnetic molecule[33]. The effect of free radical scavenging
activity of B. vulgaris root extracts on DPPH radicals is thought to
be due to their hydrogen donation ability of polyphenols. In the
present study, the extracts showed a dose dependent elevation in
DPPH scavenging activity of which EABVR showed lower IC50 than
others. A similar study revealed that the aqueous extract of B. vulgaris

Group Treatment DOSE mg/kg Before Treatment After Treatment Wet Brain Weight (g)
I Control D.W 178.1+3.1 181.1 + 1.0* 1.76 +0.03
11 EABVR 100 180.2 + 2.4* 188.2+1.0* 177 +0.02
111 EABVR 200 181.1 + 3.6* 186 + 1.8* 1.71 + 0.02*
v EABVR 400 182.1 + 3.1* 189.6 + 0.7 1.61 +0.03

All value were expressed as mean + SEM (n = 6), where *P<0.05 versus control. EABVR : Ethyl acetate extract of B.V; SEM: Standard Error of

Mean. DW: Distilled water

Table 2: Effect of Beta vulgaris Root on Oxidative Markers in Rat Brain

Treatment Control 100 (mgml?) 200 (mgml?) 300 (mgml?) 400 (mgml?)
TBARS mol/min/mg protein 2.51+0.45 4.85+0.76 4.81+1.04 446 +1.11 416+ 1.2
SOD U/mg protein 12.3+21 15.1+4.5 23.7 £9.6*" 12.1+29 12.3+0.98
CAT (U/mm) 1.89 + 0.55% 2.54 +0.77 1.67 £0.87 1.2+0.89 2.05+0.98
GSH (Umol/g 2.61+0.92" 154+ 1.6 15.6 2.5 14.3£2.2 154+ 1.6
tissue)
Sci World J Pharm Sci Volume: 1.1
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root showed a significant IC50 value (136 + 0.003) but lower than
ascorbic acid [34].

Lipid peroxidation is a complex process occurring in aerobic
cells which reflects the interaction between molecular oxygen and
polyunsaturated fatty acids. The radicals which are responsible for
lipid peroxidation, that also causes food deterioration, ageing of
organisms, and cancer promotion. These free radicals associated
with other relative species cause the oxidation of biomolecules
(e.g., Protein, amino acids, lipid, and DNA), which leads to cell injury
and death [3]. Lipid peroxidation in biological systems has long
been thought to be a toxicological phenomenon that can lead to
various pathological consequences [35]. The end products of lipid
peroxidation are reactive aldehydes, such as 4-hydroxyl non-enal
and Malondialdehyde(MDA), many of which are highly toxic to cells
[36]. In addition, the MDA can react with biomolecules and exert
cytotoxic, genotoxic, and neurodegenerative disorders. However, the
endogenous antioxidants such as SOD and CAT are susceptible to
oxidative changes. The enzyme SOD removes the superoxide anion,
while CAT,[37] aheme protein catalyses the reduction of H,0, [38] and
protects the tissues from highly reactive hydroxyl radicals that could
be generated from H,0,. Indeed, GSH provides the first line of defense
for the body by scavenging ROS. Oxidative stress readily oxidizes
GSH non-enzymatically to glutathione disulfide by electrophilic
substances such as free radicals and ROS[39] and causes depletion of
GSH level by inhibiting glutamate-cystineantiporter[40]. Our results
showed that inhibition of MDA formation increases with increase in
dose of EAMP that is a reduction in TBARS level. In addition, there is
a significant increase of antioxidant enzymes such as SOD and CAT
and non-enzymatic GSH level in rat brain homogenate, which is due
to the linkage between phenolics and antioxidant enzymatic and non-
enzymatic activity [40,41] Moreover, literature reveals that B. vulgaris
rootshowed the presence of mimosine, terpenoids, flavonoids,
glycosides, alkaloids, quinines, phenols, tannins, saponins, coumarins,
d-xylose and d-glucuronic acid 4-0-(3,5-dihydroxybenzoic acid)-3-D-
glucoronide,[11] might have contributed to the antioxidant activity.
Several studies were demonstrated by in vitro and in situ models
that, certain flavonoids e.g., quercetin and catechins are capable of
penetrate through the blood-brain barrier. Earlier reports found
the presence of phenolics, flavonoids, and tannins were found to
possess the antioxidant property and attenuate cell death induced by
oxidative stress, which supported our present findings [40-48].

In summary, the present study revealed that the EABVR showed
the highest level of total phenolic, as well as flavonoid compounds,
and were capable of initiating, quenching free radicals to terminate
the radical chain reaction, and acting as reducing agents. Moreover,
a significant and linear relationship was found between the
antioxidant activity and phenolic content, indicating that phenolic
compounds could be major contributors to antioxidant activity. In
addition, it has demonstrated that EABVR had a greater potential
of the inhibitory effect on cell lipid peroxidation and improved the
antioxidant enzymes in rat brain homogenate. The antioxidant and
biological activities might be due to the synergistic action of bioactive
compounds present in them. The observation of this current
investigation strongly suggests the potential antioxidant activity of
EABVR leaves potentiates the neuroprotective effect by stimulating
brain enzymes. Hence, it may be used as a weapon in various
neuroinflammatory and neurodegenerative diseases. Furthermore,
studies are warranted for the isolation and the identification of
individual phenolic compounds; and also in vivo studies are needed
for understanding their mechanism of action as an antioxidant better.

BIBLIOGRAPHY

1. Cadenas E. Biochemistry of oxygen toxicity. Annu Rev
Biochem. 1989;58:79-110.

2. Durackova Z. Some current insights into oxidative stress. Physiol
Res. 2010;59:459-69.

3. McCord JM. The evolution of free radicals and oxidative stress. Am
] Med. 2000;108:652-659.

4. Kelly DS, Betim CC, Talita CC, Giovana AG, Laura MM, Rizzato

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

PJ. Antioxidant activity of aqueous extract of passion fruit
(Passifloraedulis) leaves: In vitro and in vivo study. Food Res
Int. 2013;53:882-890.

Ravipati AS, Zhang L, Koyyalamudi SR, Jeong SC, Reddy N, Bartlett
], et al. Antioxidant and anti-inflammatory activities of selected
Chinese medicinal plants and their relation with antioxidant
content. BMC Complement Altern Med. 2012;12:173.

Singh S,Kushwaha BP, Nag SK, Mishra AK, Bhattacharya S, etal., In
vitro methane emission from Indian dry roughages in relation to
chemical composition. Current Science,2011;101(1):57-65

Chakole RD,ZadeS, Charde MS.Antioxidant and anti-inflammatory
activity of ethanolic extract ofBeta vulgarislinn. Roots.
International Journal of Biomedical and Advance Research.
2011;02(04).

Ormsbee M], Demison DT, William KM, Emery GW, Amber WK,
Lynn BP. The effects of pre- and post-exercise consumption of
multi-ingredient performance supplements on cardiovascular
health and body fat in trained men after six weeks of resistance
training: a stratified, randomized, double-blind study. Nutrition &
Metabolism.2013:10:39.

Ninfali P, Angelino D. Nutritional and functional potential of Beta
vulgariscicla and rubra. Fitoterapia. 2013;89:188-199.

Reddy MK, Alexander-Lindo RL, Nair MG. Relative inhibition of
lipid peroxidation, cyclooxygenase enzymes, and human tumor
cell proliferation by natural food colors. ] Agric Food Chem.
2005;53:92689273.

Mistry S, Patidar R, Vyas V, Jena ], Dutt KR. Anti-inflammatory
activity of Mimosa pudica Linn. (Mimosaceae) Leaves: An
ethnpharmacological study. ] Pharm Sci Res. 2012;4:1789-1791.
Sens SL. Alternativas Para a Auto-Sustentabilidade dos Xokleng
da Terra Indigenalbirama, Ms D. Thesis, Universidade Federal de
Santa Catarina, Florianopolis, Brazil. 2002.

Merlin FF, Narsimhan D. Plant names and uses as indicators of
knowledge patterns. Indian ] TraditKnowl. 2009;8:645-648.

Lal SD, Yadav BK. Folk medicines Kurukshetra district (Haryana),
India. Econ Bot. 1983;37:299-305.

Lorke D. A new approach to practical acute toxicity testing. Arch
Toxicol. 1983;54:275-287.
Joy PP, Thomas ], Mathew S, Skaria BP. Medicinal plants. Trop
Hortic. 2001;2:449-632.
Ahmad H, Sehgal S, Mishra A, Gupta R. Mimosa pudica L.
(Laajvanti): An overview. Pharmacogn Rev. 2012;6:115-124.
AyissiMbomo R, Gartside S, Ngo Bum E, Njikam N, Okello E, et al.
Effect of Mimosa pudica(Linn.) extract on anxiety behaviour and
GABAergic regulation of 5-HT neuronal activity in the mouse. ]
Psychopharmacol. 2012;26:575-583.
Yadava RN, Yadav S. A novel bufadiennolide from the seeds
of Mimosa pudica. Asian ] Chem. 2001;13:1157-1160.

Hendra R, Ahmad S, Oskoueian E, Sukari A, Shukor
MY. Antioxidant, anti-inflammatory and  cytotoxicity
of Phaleriamacrocarpa (Boerl.) scheff fruit. BMC Complement
Altern Med. 2011;11:110.

Habib HM, Ibrahim WH. Effect of date seeds on oxidative damage
and antioxidant status in vivo. ] Sci Food Agric. 2011;91:1674-
1679.

Gilgin [. Antioxidant activity of food constituents:
overview. Arch Toxicol. 2012;86:345-391.

OECD Test Guideline 425. Guidelines for Testing of Chemicals.
Guidelines, Acute Oral Toxicity-Up-and-Down Procedure. 2001.
Khandelwal KR. 2"ed. Pune, India: NiraliPrakashan; 2000.
Practical Pharmacognosy Techniques and Experiments; pp. 149-
156.

Chew YL, Lim YY, Omar M, Khoo KS. Antioxidant activity of three
edible seaweeds from two areas in South East Asia. LWT Food Sci

An

Sci World J Pharm Sci

Volume: 1.1



]ournal Home: https://scienceworldpublishing.org/journals/science-world-journal-of-pharmaceutical-sciences /SWJPS

Science

%\?ﬁ World Publishing

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Technol. 2008;41:1067-1072.

Chang CC, Yang MH, Wen HM, Chern JC. Estimation of total
flavonoid content in propolis by two complementary colorimetric
methods. ] Food Drug Anal. 2002;10:178-182.

Khan RA, Khan MR, Sahreen S, Ahmed M. Assessment
of flavonoids contents and in vitro antioxidant activity
ofLaunaeaprocumbens. Chem Cent J. 2012;6:43.

Satoh K. Serum lipid peroxide in
disorders determined by a new
method. ClinChimActa. 1978;90:37-43.

Kakkar P, Das B, Viswanathan PN. A moditometric assay of
superoxide dismutase. Indian ] BiochemBiophys. 1984;21:131-
132.

cerebrovascular
colorimetric

Maehly AC, Chance BI. New York: Interscience.Methods of
Biochemical Analysis. pp. 357-358.1954.
Ellman GL. Tissue sulfhydryl groups. Arch

BiochemBiophys. 1959;82:70-77.

Ratnam DV, Ankola DD, Bhardwaj V, Sahana DK, Kumar MN. Role
of antioxidants in prophylaxis and therapy: A pharmaceutical
perspective. ] Control Release. 2006;113:189-207.

Karaman S, Tutem E, Baskan KS, Apak R. Comparison of
total antioxidant capacity and phenolic composition of some
apple juices with combined HPLC-CUPRAC assay. Food
Chem. 2010;120:1201-1209.

Kahkonen MP, Hopia Al, Vuorela HJ, Rauha JP, Pihlaja K, et
al. Antioxidant activity of plant extracts containing phenolic
compounds. ] Agric Food Chem. 1999;47:3954-3962.

Williams R], Spencer JP, Rice-Evans C. Flavonoids: Antioxidants or
signaling molecules? Free RadicBiol Med. 2004;36:838-849.
Ross JA, Kasum CM. Dietary flavonoids: Bioavailability, metabolic
effects, and safety. Annu Rev Nutr. 2002;22:19-34.

Erukainure OL, Oke OV, Ajiboye AJ, Okafor OY. Nutritional qualities
and phytochemical constituents of Clerodendrumvolubile, a
tropical nonconventional vegetable. Int Food Res].2011;18:1393-
1399.

Prior RL, Wu X, Schaich K. Standardized methods for the

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

determination of antioxidant capacity and phenolics in foods and
dietary supplements. ] Agric Food Chem. 2005;53:4290-4302.

Matthdus B. Antioxidant activity of extracts obtained from
residues of different oilseeds. ] Agric Food Chem. 2002;50:3444-
3452.

Manosroi J, Moses ZZ, Manosroi W, Manosroi A. Hypoglycemic
activity of Thai medicinal plants selected from the
Thai/Lanna medicinal recipe database MANOSROI II. ]
Ethnopharmacol. 2011;138:92-98.

Hochstein P, Atallah AS. The nature of oxidants and antioxidant
systems in the inhibition of mutation and cancer. Mutat
Res. 1988;202:363-375.

Yu BP, Yang R. Critical evaluation of the free radical theory of
aging. A proposal for the oxidative stress hypothesis. Ann N Y
Acad Sci. 1996;786:1-11.

Teixeira HD, Schumacher RI, Meneghini R. Lower intracellular
hydrogen peroxide levelsin cells overexpressing CuZn-superoxide
dismutase. ProcNatlAcad Sci. USA. 1998;95:7872-7875.

Matés JM, Sanchez-Jiménez F. Antioxidant enzymes and
their implications in pathophysiologic processes. Front
Biosci. 1999;4:D339-45.

Wu G, Fang YZ, Yang S, Lupton JR, Turner ND. Glutathione
metabolism and its implications for health. ] Nutr. 2004;134:489-
492,

Sunil AG, Kesavanarayanan KS, Kalaivani P, Sathiya S, Ranju V, et
al. Total oligomeric flavonoids of Cyperusrotundus ameliorates
neurological deficits, excitotoxicity and behavioral alterations
induced by cerebral ischemic-reperfusion injury in rats. Brain
Res Bull. 2011;84:394-405.

Nirmal ], Babu CS, Harisudhan T, Ramanathan M. Evaluation of
behavioural and antioxidant activity of Cytisusscoparius Link
in rats exposed to chronic unpredictable mild stress. BMC
Complement Altern Med. 2008;8:15.

Youdim KA, Joseph JA. A possible emerging role of phytochemicals
inimproving age-related neurological dysfunctions: A multiplicity
of effects. Free RadicBiol Med. 2001;30:583-594.

Sci World J Pharm Sci

Volume: 1.1



