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Abstract

In traditional system of medicine, Matricaria chamomilla L. is an important plant and has been
used as herbal tea for its antioxidative and ROS scavenging property. The free radicals are one of
the fundamental basics for any biochemical processes and are essential moieties governing the
aerobic metabolism. The presence of free radicals implicates various diseases and disorders in-
cluding cancer, diabetes mellitus, atherosclerosis, cardiovascular diseases, cataract, rheumatism,
and other autoimmune diseases, etc. The antioxidants from natural products have gained utmost
importance in treatment of these disastrous diseases and disorders. In our present investigation,
we have analyzed the interaction of M. chamomilla flower extracts with the auto-oxidation of
ascorbate and also determined the auto-oxidative property of the M. chamomilla extracts by
modifying the deoxyribose degradation assay. Our study also envisaged a comparative concentra-
tion-dependent analysis of the aqueous and alcoholic extracts of M. chamomilla for the modified
deoxyribose degradation assay. The assay system provides insight into the specific antioxidative
and pro-oxidative properties of the extracts. In addition, an extensive characterization of the
redox properties of the extracts with iron is possible, if iron ions are added in the free form or
complexed with EDTA. Furthermore, DNA nicking assay was performed as an expedient method
to elucidate DNA damage, through conversion of supercoiled DNA to a nicked DNA, for variants
of Fenton reagents. The ethanolic extract of M. chamomilla flowers proved to be pro-oxidative
in a wider range of milieus than the aqueous extract in both set of experiments. At lower
investigated concentration (10-50 pg/ml), both the ethanolic and aqueous extracts protected the
DNA damage from hydroxyl radicals formed during the Fenton reaction. Whilst, the ethanolic
extract on their higher concentrations (100-250pug/ml), augmented the DNA damage by enhanc-
ing the hydroxyl radical formation. The nicking of the supercoiled DNA in the presence of higher
concentration of extracts, result in release of topological constraints, leading to the formation
of circularized and linear plasmid DNA. This effect of the ethanolic extract could be due to the
presence of flavonoids and their glycosides.
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1. Introduction

Living organism produces energy, essential for life processes by
harnessing oxidation-reduction reaction mechanisms (Valko et al.,
2007). Among redox reactions, formation of free radical occurs as a
part of homeostasis where an electron detaches from a molecule
and then reattaches instantly. Failure of free radicals to reattach to
the redox molecule or an antioxidant can lead to detrimental effect
to the human body, thereby, causing various diseases and disorder
(Aust et al., 1993; Stohs, 1995; Arouma, 1998). During the
evolutionary course of biological processes, multicellular organisms
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develop numerous enzymatic and non-enzymatic antioxidant
ramparts to armor the toxic effects of free radicals encompassing
reactive oxygen species (ROS), reactive nitrogen species (RNS),
superoxide, hydrogen peroxide, hydroxyl, peroxyl and alkoxyl
radicals (Blokhinaetal., 2003; Acker et al., 2006; Bedard and Krause,
2007). Nonetheless, when these cellular antioxidant defences are
feeble to completely inactivate the free radicals, there is a cellular
loss of antioxidant defenses and a plight of oxidative stress, ensuing
oxidative damage to the cell (Halliwell and Gutteridge, 1989).
Usually none of the initiators O,/ H,O, are strong oxidizing agents
and are unable to interact directly with any intracellular target other
than iron or iron-contained molecules. Presence of iron in the redox
reactions of the biological systems leads to the formation of
extremely reactive intermediates through Fenton Chemistry (Galaris
et al., 2008). Although other metals like copper, catalyzes the
synthesis of free radicals even more effectively than iron, due to its
wider availability in biological systems as the main catalyst in the
living cells (Mello-Filho and Meneghini, 1991; Barboutiet al., 2001).
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The repercussion of the oxidative stress has already been observed
and reported as the damage of macromolecules such as nucleic
acids, lipids, and proteins due to their chemical reactivity, changes
in the membrane potential causing mitochondrial permeability
transition and sinking the cellular antioxidants (Cadenas and Davies,
2000; Davies, 2000; Marnett et al., 2003). Thus, severely
compromising cell health and viability, leading to the development
of multiple acute and chronic human ailments, such as
atherosclerosis, neurodegeneration, malaria, influenza, down’s
syndrome, hepatitis, cardiovascular disorders, rheumatoid arthritis,
sickle cell disease, diabetes, obesity, ageing and cancer and eventually
leading to cell death (Wallace, 1999; Reiter et al., 2002; Halliwell
and Gutteridge, 2007; Cohen and Tong, 2010; Galasko and Montine,
2010; Pandey et al., 2010; Ziech et al., 2010). Currently, owing to
the traditional therapeutic approach to these catastrophic
conditions, use of antioxidant supplements, especially those from
natural sources with privileged bioavailability and superior
protective efficacy than synthetic antioxidants have been reported
(Berger, 2005; Fusco et al., 2007; Herrera et al., 2009).

Chamomile (M. chamomilla L., Asteraceae), one of the most
traditionally used medicinal herb often referred to as ‘star among
medicinal species’, has long been recognized in the Ayurvedic and
Unani systems of medicine (Mughal et al., 1999). Two species of
chamomile are generally used in traditional herbalism,
M. chamomilla (Chamomilla recutita; German chamomile;
Hungarian chamomile) and Chamaemelum nobile (Roman
chamomile). Nearly every part of this plant, including root, bark,
gum, leaf, fruit, flowers, seed, and seed oil have been used for
various ailments in the indigenous medicine (Odebiyi and Sofowora,
1999). Chamomile traditionally used as an anti-inflammatory,
antispasmodic, mild astringent and healing medicine, has been very
helpful as an external agent for rapid healing of ulcers and burns
without infection, as well as persistent skin problems such as
eczema and psoriasis (Pazyar et al., 2014; Cvetanovic et al., 2015;
Mehmood et al., 2015). Modern research ascertained the plant for
its antibacterial, antifungal, antiviral, analgesic, antioxidant,
antipyretic and carminative properties (Nwosu and Okafor, 1995;
Ruckmani etal., 1998; Guevaraet al., 1999; Siddhuraju and Becker,
2003; Bajpai et al., 2005; Fahey, 2005; Rao et al., 2008; Selvakumar
and Natarajan, 2008; Mahajan et al., 2009; Saadabi and Abu, 2011;
Muangnoi et al., 2012). The essential oils of chamomile extracted
from dried and fresh flowers are used extensively in cosmetics and
aromatherapy (Srivastava et al., 2010). The chamomile owes its
therapeutic activity to different groups of effective substances,
which make up the complex effect of the drug. The largest group of
its medically important compounds is the essential oils extracted
from the floral buds of the plant, primarily composed of terpenoids
such as chamazulene, -bisabolol, bisabolol oxides, bisabolon oxide A,
farnesene, spathulenol and the cis/ trans-en-in-dicycloethers. The
plant contains a high amount of flavone glycosides (apigenin 7-
glycoside and its 6’-acetylated derivative); flavonols (luteolin
glucosides, quercetin glycosides, and isohamnetin); mucilage
polysaccharides; choline; and coumarins (umbelliferone and its
methyl ether, herniarin); which again impart this plant their medicinal
attributes (McKay and Blumberg, 2006; Farooqg et al., 2012). Adding
to the therapeutic attributes of M. chamomilla, we investigated the
preventive effect of alcoholic and aqueous extract of flower on site
specific and non-site specific degradation of deoxyribose sugar as a
measure of hydroxyl radical formation substantiated by DNA nicking
assay.
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2. Materials and Methods
2.1 Collection of plant material and extract preparation

The flowers of M. chamomilla L. were collected from the research
farm of CSIR-Central Institute of Medicinal and Aromatic Plants,
Lucknow, India. The plant was identified and authenticated by the
taxonomist of the Institute and a voucher specimen was deposited
to the herbarium (9075) for future reference. The collected flowers
of chamomile were shade dried for 7 days and extracted at least
three times with distilled water and/or absolute ethanol (Lugman
and Kumar, 2012a). The prepared extracts (ethanol 3.711% and
aqueous 3.47% wi/w) were filtered through Whatman No.1 filter
paper and then concentrated on a rotary evaporator (Buchi, Flavil,
Switzerland) at 45°C, dried and kept at 4°C till used for the assay.
The extract was dissolved in DMSO (100 mg/ml) and further diluted
with distilled water to obtain the working concentrations.

2.2 Reagents, chemicals and biochemicals used in hydroxyl
radical scavenging (HRS) assay

Potassium dihydrogen phosphate, Disodium hydrogen phosphate,
Thiobarbituric acid (TBA), Trichloroacetic acid (TCA), Dimethyl
sulfoxide (DMSO), Deoxyribose, Ascorbic acid, Ethylenediamine
tetra acetic acid (EDTA), Ferric Chloride (FeCl,) and Hydrogen
peroxide (H,O,) were purchased from Sigma-Aldrich Chemical Co.,
USA.

2.3 Reaction cocktail for deoxyribose degradation assay

Phosphate buffer (20 mM, pH 7.4): 272.2 mg potassium
dihydrogen phosphate and 356 mg disodium hydrogen phosphate
dissolved in 100 ml distilled water and pH was adjusted to 7.4.
Four different types of reaction cocktails were prepared in
phosphate buffer for HRS assay as described previously (Lugman
et al., 2008; Lugman and Kumar, 2011; 2012b):

A. 3.75 mM deoxyribose (50 mg), 1 mM H,0, (10 uL), 100 uM
FeCl, (1.6 mg), 100 uM ascorbic acid (1.761 mg) dissolved in
potassium phosphate buffer. It lacks EDTA in solution.

B. 3.75 mM deoxyribose (50 mg), 1 mM H,O, (10 uL), 100 pM
FeCl, (1.6 mg), 100 uM EDTA (3.7 mg), 100 pM ascorbic
acid (1.761 mg) dissolved in potassium phosphate buffer.

C. 3.75 mM deoxyribose (50 mg), 1 mM H,O, (10 pL), 100 uM
FeCl, (1.6 mg) dissolved in potassium phosphate buffer. It
lacks both EDTA and ascorbic acid in solution.

D. 3.75 mM deoxyribose (50 mg), 1 mM H,O, (10 uL), 100 pM
FeCl, (1.6 mg), 100 uM EDTA (3.7 mg) dissolved in potassium
phosphate buffer. It lacks ascorbic acid in solution.

Thiobarbituric acid (1%) and trichloroacetic acid (2%) solutions
were also prepared in double distilled water.

2.4 DNA nicking assay

DNA nicking assay was performed using genomic DNA by the
method of Lee et al. (2002) with minor modifications. Briefly,
pBR322 plasmid DNA (500 ng) in 20 pl of PBS (pH 7.4) was
incubated with 50 and 100 pg of M. chamomilla flower extract at
room temperature for 15 min. After incubation, the samples were
treated with 10 pl of four variants of reaction cocktail for Fenton
reagents:

: 100 MM H,0

22
ascorbic acid.

Reaction cocktail A 80 pM FeCl, and 50 uM
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Reaction cocktail B : 100 mM H,O,, 80 uM FeCl,, 100 uM

EDTA and 50 uM ascorbic acid.
: 100 mM H,0, and 80 uM FeCl,
: 100 mM H,0,, 80 uM FeCl, and 100

272

uM EDTA.

Reaction cocktail C

Reaction cocktail D

The samples were then incubated for 45 min. at 37°C temperature
in a controlled incubator and analyzed for DNA nicking on 1.0%
agarose gel using ethidium bromide dye.

3. Results and Discussion

The concentration-dependent hydroxyl radical scavenging activity
of aqueous and alcoholic extracts of M. chamomilla flowers was
tested by performing in vitro deoxyribose degradation assay and
observations are presented in Figures (1-4).

OH,, a highly reactive oxygen-centered radical, holds an exclusive
position among ROS because of its utmost reactivity and oxidative
potential towards the physiologically stable compounds. In the
midst of only 10-s of half-life in cells, it begets another radical and
attacks all proteins, DNA, PUFA in membranes (Sies, 1993; Stohs,
1995). The redox state of the cell is fundamentally linked to a
transition metal redox couple such as iron, copper, chromium,
manganese and is maintained inside strict physiological limits. In a
biological system, the concentration of free intracellular iron is
tightly regulated by existing antioxidative systems; however, in
vivo, under stress conditions, an excess of superoxide releases ‘free
iron” from iron-containing molecules such as (4Fe-4S) cluster
(Liochev and Fridovich, 1994). The released Fe?* can participate in
the Fenton reaction, generating highly reactive hydroxyl radical
(Fe** +H,O,” — Fe* + OH" + OH"). Thus, under stress conditions,
0, acts as an oxidant of (4Fe-4S) cluster-containing enzymes and
facilitates OH" production from H,O, by making Fe* available for
the Fenton reaction (Leonard et al., 2004; Valko et al., 2005). The
superoxide radical participates in the Haber-Weiss reaction (O,*”
+H,0,” — O, + *OH+ OH) which combines a Fenton reaction
and the reduction of Fe* by superoxide, yielding Fe?* and oxygen
(Fe** +0,°"— Fe* + O,) (Liochev and Fridovich, 2002)

Deoxyribose degradation assay allows the exposure of interactions
of the test samples (extracts and / or compounds) with the hydroxyl
radicals by following the Fenton Chemistry (Gutteridge, 1984;
Aruoma et al., 1987; Halliwell et al., 1987). The detection molecule
deoxyribose is degraded by hydroxyl radical in Fenton reaction
with a rate constant of 3.1 x 10° M-'s? and leads to the formation of
malonaldehyde, which can be detected spectrophotometrically by
the creation of pink chromogen on reaction with 2-thiobarbituric
acid. The pro-oxidant and antioxidant effect of plant extracts are
due to the balance of two activities: free radical-scavenging activity
and reducing power on iron ions, which may drive the Fenton
reaction via reduction of iron ions (Ling et al., 2010). In our present
experimental analysis, we prepared four different reaction cocktails
to study the effect of aqueous and ethanolic extract in HRS assay
system with original and modified Fenton reactions.

3.1 H,0,/Fe**/ascorbic acid reaction cocktail

In this system, the iron ions are complexed with 2-deoxy-D-ribose
generating hydroxyl radical in close proximity to 2-deoxy-D-ribose
molecule, heading to its degradation. Ascorbic acid initializes the
Fenton reaction by reducing the Fe*** and recyclizes it into the

system (Aruoma, 1994). The molecules having autooxidation prop-
erties compete with the 2-deoxy-D-ribose for Fe*** ions decreasing
its degradation that is caused by the iron catalyzed hydroxyl radi-
cal attack. In this system, the flavonoid group of molecules present
in form of glycosides in the extract chelates the non-bounded Fe***.

Our results are in concomitant to the hypothesis that the aqueous
extract of the chamomile flowers consists mainly of the components
rich in flavones, flavonols, glycosides, mucilage polysaccharides,
ascorbate and minerals like Mn which on lower concentrations of
extract scavenge the hydroxyl radical generated within the Fenton
reaction, but augmentation of the concentration increases the small
molecular weight phenolics such as quercetin, gallic acid and their
glycosides due to their autooxidation in presence of Fe*** aid to the
synthesis of hydroxyl radical, conducive of its scavenging activity
(Liand Trush, 1994; Hsu et al., 2008; Babich et al., 2011). This is
probably due to the different redox properties of flavonoids-iron
complex (Figure 1). As reported earlier, the attachment of methyl,
methoxy and glycosides moieties to the polyphenolic flavones and
flavonoids decreases its antioxidant property; a result comparable
to our observations. The presence of free hydroxyl groups of non-
glycosidic flavonols and flavones, coumarins, tannins, terpene
alcohols and oxides in the alcoholic extract of chamomile flower
shows the similar behavior with the enhancement of hydroxyl radical
formation (Figure 1).

Figure 1 : Concentration-dependent hydroxyl radical scavenging
effect of extracts of M. chamomilla L. in the presence of
ascorbic acid

H,0,/ Fe3 / Ascorbic acid system

—4—Aqueous

250ng
- ——Ethanolic

100ng

Percent scavenging values are Mean + SE of three independent ex-
periments in duplicates at each concentration.

3.2 H,0,/ Fe™*/ascorbic acid/ EDTA reaction cocktail

In this system, the specific site reaction of Fenton’s chemistry in
presence of ascorbate has been explored. When there is presence of
EDTA, it forms a complex with Fe™* which circumvents the
complex formation with the tested substances, 2-deoxy-D-ribose
(Gutteridge, 1984) or ascorbic acid (Buettner, 1988), but does not
prevent the participation of the iron in the Fenton reaction. According
to Gutteridge (1984), redox active scavengers inhibit efficiently 2-
deoxy-D-ribose degradation by hydroxyl radicals that were formed
in the solution; the iron ions were complexed by EDTA.

The alcoholic extract proved to be better than aqueous as the free
hydroxyl moieties of the flavonoids and terpenes are able to check
the pro-oxidative nature of ascorbate at lower concentrations. But



with an enhancement in the concentration, again the pro-oxidative

nature of the molecules present in the alcoholic extract was observed

(Figure 2).

Figure 2: Concentration-dependent hydroxyl radical scavenging
effect of extracts of M. chamomilla L. in the presence of
both EDTA and ascorbic acid

H,0,/ Fe*t3/ Ascorbic acid/ EDTA system

—4— Aqueous

1S0pg
== Ethanolic

100ng

Percent scavenging values are Mean + SE of three independent
experiments in duplicates at each concentration.

3.3 H,0,/ Fe™" reaction cocktail

This system explores if the compound is able to substitute the
function of ascorbic acid and start the generation of hydroxyl radi-
cal through Fenton reaction with the reduction of Fe***. In the
absence of ascorbic acid and EDTA, the components of aqueous
extracts were initially able to scavenge the miniature amount of
hydroxyl/ superoxide radicals formed by the reduction of iron by
H,0,. But later, the flavonoid glycosides present in the aqueous
extract replaces the activity of ascorbate and start with a speeding
activity of hydroxyl radical generation through Fenton chemistry
(Chobot, 2010). Thus, a pro-oxidant activity of extracts was ob-
served in concentration-dependent comportment, but the extract
proves to be better than alcoholic one with free hydroxyl groups on
flavonoid moieties (Figure 3). Apart from occupying free OH
groups necessary for hydrogen abstraction and radical scavenging,
any sugar substituent is capable of (i) diminishing coplanarity of
the B-ring relative to the rest of the flavonoid, and/or (ii) lending
hydrophilicity and altering access to lipid peroxyl and alkoxyl radi-
cals during propagation of lipid peroxidation in membranes (Heim
et al., 2002).

Figure 3: Concentration-dependent hydroxyl radical scavenging
effect of extracts of M. chamomilla L. in the absence of
both EDTA and ascorbic acid

H,0,/ Fe*3 system

10pg
40.00 ¢

== Aqueous
——Ethanolic

150ng

100ng

Percent scavenging values are Mean + SE of three independent
experiments in duplicates at each concentration.
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3.4 H,O,/ Fe™*/EDTA reaction cocktail

The alcoholic extract in this reaction cocktail variant showed better
hydroxyl scavenging property at a concentration of 10 and 50 pg/
mL, but with the increase in the concentration, a strong pro-
oxidative effect was observed, in contrary to the aqueous extract
which showed rise in hydroxyl radical scavenging activity in a
concentration-dependent manner (10-100 pg), while the
concentration of 250 pg/ml showed a weak pro-oxidative effect
(Figure 4).

Figure 4: Concentration-dependent hydroxyl radical scavenging
effect of extracts of M. chamomilla L. in the presence of
EDTA

H,0,/Fe™3/ EDTA system

10ng
12.00 "

8.00 Il

== Aqueous

== Ethanolic

250 pg H—+—+=

Percent scavenging values are Mean = SE of three independent
experiments in duplicates at each concentration.

3.5 DNA nicking assay

In DNA nicking assay, the same 4 reaction cocktails were checked
for the nicking of DNA at concentrations 50 and 100 pg/ mland our
results depict that at lower concentration of the extracts, the DNA
nicking was preserved by the extracts, depicting the antioxidative
property the extracts, whereas at higher concentration of the extracts,
the nicking of DNA supercoiling into relaxed linear form is observed,
showing the pro-oxidative effect of the extracts (Figure 5). The
ethanolic extract of M. chamomilla degraded the DNA content
completely, whereas the aqueous extracts show the pro-oxidative
effect, by linearizing the supercoil form. The extracts contributed
to hydroxyl radical formation in the absence of ascorbate at higher
concentrations. The presence of EDTA, in the reaction cocktail
leads to the specificity of DNA degradation by the extracts. Our
observations were concomitant to the results pragmatic in the case
of deoxyribose degradation assay.

Figure 5 : Effect of extracts of M. chamomilla L. on DNA nicking
among the variants of deoxyribose degradation assay
reaction cocktails

A

Reaction cocktail : H,0, + Fe*® + Ascorbic acid
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B

Reaction cocktail : H,0, + Fe*® + Ascorbic acid + EDTA

D

Reaction cocktail : H,0, + Fe*® + EDTA

Reaction cocktail : H,0,

Lane 1 : pBR322 DNA+ Reaction cocktail;

Lane 2 : pBR322 DNA+ Reaction cocktail + Ethanolic extract of
M. chamomilla flower (50 pg);

Lane 3 : pBR322 DNA+ Reaction cocktail + Ethanolic extract of
M. chamomilla flower (100 pg);

Lane 4 : pBR322 DNA+ Reaction cocktail + Aqueous extract of
M. chamomilla flower (50 pg);

Lane 5 : pBR322 DNA+ Reaction cocktail + Aqueous extract of
M. chamomilla flower (100 pg);

Lane 6 : pBR322 Control DNA Reaction cocktail A: H,0, + Fe*® +
Ascorbic acid; Reaction cocktail B: H,0, + Fe**+ Ascorbic
acid + EDTA; Reaction cocktail C: H,0, + Fe*; Reaction
cocktail D: H,0, + Fe™®+ EDTA, Reaction cocktail E: H,0,

4. Conclusion

Alcoholic and aqueous extracts of M. chamomilla were tested for
hydroxyl radical scavenging activity at different concentrations (10-
250 pg/mL), using various variants of deoxyribose degradation assay
substantiated by DNA nicking assay. Our results suggest that both
the aqueous and alcoholic extracts of M. chamomilla flowers show
antioxidative property at lower concentration but as the
concentration increases the extracts depicts a pro-oxidative effect
which may be due to their high concentration of flavonol glycosides
in the extract. Our findings also infer that the concentration of
polyphenolics and the flavonol glycosides was more in alcoholic
extract.

Acknowledgement

We are thankful to the Director, CSIR-CIMAP, Lucknow for conti-
nuous encouragement, support and rendering essential facilities.
The financial assistance from Council of Scientific and Industrial
Research, New Delhi (BSC 0203 and OLP-17) is duly
acknowledged.

Conflict of interest
We declare that we have no conflict of interest.
References

Acker, T.; Fandrey, J. and Acker, H. (2006). The good, the bad and the ugly in
oxygen-sensing: ROS, cytochromes and prolyl-hydroxylases.
Cardiovas. Res., 71:195-207.

Arouma, O.1. (1998). Free radicals, oxidative stress, and antioxidants in
human health and disease. JAOCS, 75:199-212.

Aruoma, O.l.; Grootveld, M. and Halliwell, B. (1987). The role of iron in
ascorbate- dependent deoxyribose degradation- evidence consistent
with a site-specific hydroxyl radical generation caused by iron ions
bound to deoxyribose molecule. J. Inorg. Biochem., 29:289-299.

Aruoma, O.1. (1994). Deoxyribose assay for detecting hydroxyl radicals.
In: Siels, H.; Abelson, J. and Melvin. S. (Eds.). Oxygen Radicals in
Biological Systems, Part C. Academic Press Inc: San Diego, 233:
57-66.

Aust, S.D.; Chignell, C.F.; Bray, T.M.; Kalyanaraman, B.and Mason, R.P. (1993).
Free radicals in toxicology. Toxicol. Appl. Pharmacol., 120:168-
178.

Babich, H.; Schuck, A.G;; Weisburg, J.H. and Zuckerbraun, H.L. (2011). Research
strategies in the study of the pro-oxidant nature of polyphenol
nutraceuticals. J. Toxicol. Article ID 467305.

Bajpai, M.; Pande, A.; Tewari, S.K. and Prakash, D. (2005). Phenolic contents
and antioxidant activity of some food and medicinal plants. Int J
Food Sci. Nutr., 56:287-291.



Barbouti, A.; Doulias, P.T.; Zhu, B.Z.; Frei, B. and Galaris, D. (2001). Intracellular
iron, but not copper, plays a critical role in hydrogen peroxide-
induced DNA damage. Free Radic. Biol. Med., 31:490-498.

Bedard, K. and Krause, K.H. (2007). The NOX family of ROS-generating
NADPH oxidases: physiology and pathophysiology. Physiol. Rev.,
87:245-313.

Berger, M.M. (2005). Can oxidative damage be treated nutritionally? Clin.
Nutr., 24:172-183.

Blokhina, O.; Virolainen, E. and Fagerstedt, K.V. (2003). Antioxidants,
oxidative damage and oxygen deprivation stress: a review. Ann.
Bot., 91:179-194.

Biradar, D.P. (2015). Medicinal plants and phytomedicines. Ann.
Phytomed., 4:1-5.

Buettner, G.R. (1988). In the absence of catalytic metals ascorbate does
not autoxidize at pH7: ascorbate as a test for catalytic metals. J.
Biochem. Biophys. Methods, 16:27-40.

Cadenas, E. and Davies, K.J. (2000). Mitochondrial free radical generation,
oxidative stress, and aging. Free Radic. Biol. Med., 29: 222-300.

Chobot, V. (2010). Simultaneous detection of pro-and antioxidative effects
in the variants of the deoxyribose degradation assay. J. Agric. Food
Chem., 58:2088-2094.

Cohen. R.A. and Tong, X. (2010). Vascular oxidative stress: the common
link in hypertensive and diabetic vascular disease. J. Cardiovasc.
Pharmacol., 55:308-316.

Cvetanovie, A., Svarc-Gajiz, J., Zekovie, Z., Savie, S., Vulie, J., Maskoviz, P.,
/etkovie, G. (2015). Comparative analysis of antioxidant,
antimicrobiological and cytotoxic activities of native and
fermented chamomile ligulate flower extracts. Planta. 242:721-32

Davies, K.J. (2000). An overview of oxidative stress. IUBMB Life,
50:241-4.

Fahey, J.W. (2005). Moringa oleifera: A review of the medical evidence
for its nutritional, therapeutic, and prophylactic properties. Part
1. Trees Life J., 1:5. (http://www.tfljournal.org/ images/articles/
20051201124931586_3.pdf).

Faroog, F.; Rai, M.; Tiwari, A.; Khan, A.A. and Faroog, S. (2012). Medicinal
properties of Moringa oleifera: An overview of promising healer.
J. Med. Plants Res., 6:4368-4374.

Fusco, D.; Colloca, G.; LoMonaco, M.R. and Cesari, M. (2007). Effects of
antioxidant supplementation on the aging process. Clin. Interv.
Ageing, 2:377-387.

Galaris, D.; Mantzaris, M. and Amorgianiotis, C. (2008). Oxidative stress
and aging: The potential role of iron. Hormones, 7:114-122.

Galasko, D. and Montine, T.J. (2010). Biomarkers of oxidative damage and
inflammation in Alzheimer’s disease. Biomark. Med., 4:27-36.
Guevara, A.P.; Vargas, C.; Sakurai, H.; Fujiwara, Y.; Hashimoto, K.; Maoka, T.;
Kozuka, M.; Ito, Y.; Tokuda, H. and Nishino, H. (1999). An antitumor
promoter from Moringa oleifera Lam. Mutat. Res., 440:181-188.

Gutteridge, J.M.C. (1984). Reactivity of hydroxyl and hydroxyl-like
radicals discriminated by release of thiobarbituric acid-reactive
material from deoxy sugar, nucleosides and benzoate. Biochem. J.,
224:761-767.

Halliwell, B.; Gutteridge, J.M.C. and Aruoma, O.l. (1987). The deoxyribose
method - A simple test-tube assay for determina-tion of rate
constants for reactions of hydroxyl radicals. Anal. Biochem.,
165:215-219.

Halliwell, B. and Gutteridge, J.M.C. (1989). Free Radicals in Biology and
Medicine, Clarendon Press Oxford.

Halliwell, B. and Gutteridge, J.M.C. (2007). Cellular responses to oxidative
stress: Adaptation, damage, repair, senescence and death. In: Free
Radicals in Biology and Medicine. 4th ed. New York: Oxford
University Press, pp:187-267.

57

Heim, K.E.; Tagliaferro, A.R. and Bobilya, D.J. (2002). Flavonoid antioxidants:
Chemistry, metabolism and structure-activity relationships. J. Nutr.
Biochem., 13:572-584.

Herrera, E.; Jiménez, R.; Aruoma, O.1.; Hercberg, S.; Sdnchez-Garcia, I. and Fraga,
C. (2009). Aspects of antioxidant foods and supplements in health
and disease. Nutr. Rev., 67:140-144.

Hsu, H.Y.; Tsang, S.F.; Lin, K.W;; Yang, S.C. and Lin, C.N. (2008). Cell death
induced by flavonoid glycosides with and without copper. Food
Chem. Toxicol., 46:2394-2401.

Lee, J.C.; Kim, H.R.; Kim, J. and Jang, Y.S. (2002). Antioxidant property of
an ethanol extract of the stem of Opuntia ficus-indica var. saboten.
J. Agric. Food Chem., 50:6490-6496.

Leonard, S.S.; Harris, GK. and Shi, X. (2004). Metal-induced oxidative stress
and signal transduction. Free Radic. Biol. Med., 37:1921-1942.
Li, Y. and Trush, M.A. (1994). Reactive oxygen-dependent DNA damage
resulting from the oxidation of phenolic compounds by a copper-
redox cycle mechanism. Cancer Res., 51:1895S-1898S.

Ling, L.T.; Palanisamy, U.D. and Cheng, H.M. (2010). Prooxidant/ Antioxidant
ratio (Proantidex) as a better index of net free radical scavenging
potential. Molecules, 15:7884-7892.

Liochev, S.I. and Fridovich, I. (1994). The role of O, in the production of
HO:: In vitro and in vivo. Free Radic. Biol. Med., 16:29-33.

Liochev, S.I. and Fridovich, 1. (2002). Nitroxyl (NO—): a substrate for
superoxide dismutase. Arch. Biochem. Biophys., 402:166-171.

Lugman, S. and Kumar, R. (2011). Attenuation of hydroxyl radical
formation by extracted constituent of Moringa oleifera Lam. Curr.
Chem. Biol., 5(3):213-218.

Lugman, S. and Kumar, R. (2012a). Correlation between scavenging
property and antioxidant activity in the extracts of Emblica
officinalis Gaertn., Syn. Phyllanthus emblica L. fruit. Ann.
Phytomed., 1: 54-61.

Lugman, S. and Kumar, R. (2012b). Importance of deoxyribose degradation
assay for evaluating hydroxyl radical scavenging activity of Punica
extract. Int. J. Food Prop., 15(5):942-948.

Lugman, S.; Kumar, R.; Srivastava, S.; Darokar, M.P.; Lal, R.K.; Bahl, J.R. and
Khanuja, S.P.S. (2008). Hydroxyl radical scavenging activity of
aromatic grass khus (\etiveria zizanioides). Jour. Med. Arom. PIt.
Sci., 30:320-324.

Mahajan, S.G; Banerjee, A.; Chauhan, B.F.; Padh, H.; Nivsarkar, M. and Mehta,
A.A. (2009). Inhibitory effect of n-butanol fraction of Moringa
oleifera Lam. Seeds on ovalbumin-induced airway inflammation in
a guinea pig model of asthma. Int. J. Toxicol., 280:519-527.

Marnett, L.J.; Riggins, J.N. and West, J.D. (2003). Endogenous generation of
reactive oxidants and electrophiles and their reactions with DNA
and protein. J. Clin. Invest., 111:583-93.

McKay, D.L. and Blumberg, J.B. (2006). A review of the bioactivity and
potential health benefits of Chamomile tea (Matricaria recutita
L.) Phytother. Res., 20:519-530.

Mehmood, M.H.; Munir, S.; Khalid, U.A.; Asrar, M. and Gilani, A.H. (2015).
Antidiarrhoeal, antisecretory and antispasmodic activities of
Matricaria chamomilla are mediated predominantly through K(+)-
channels activation. BMC Complement. Altern. Med., 15:75

Mello-Filho, A.C. and Meneghini, R. (1991). Iron is the intracellular metal
involved in the production of DNA damage by oxygen radicals.
Mutat. Res., 251:109-113.

Muangnoi, C.; Chingsuwanrote, P.; Praengamthanachoti, P.; Svasti, S. and
Tuntipopipat, S. (2012). Moringa oleifera pod inhibits inflammatory
mediator production by lipopolysaccharide-stimulated RAW 264.7
murine macrophage cell lines. Inflamm., 35:445-455.

Mughal, M.H.S.; Ali, G; Srivastava, P.S. and Igbal, M. (1999) Improvement of
drumstick (Moringa pterygosperma Gaertn.) A unique source of
food and medicine through tissue culture. Hamdard Med.,
42:37-42.



58

Nwosu, M.O. and Okafor, J.J. (1995). Preliminary studies of the antifungal
activities of some medicinal plants against Basidiobulus and some
pathogenic fungi. Mycoses, 38:191-195.

Odebiyi, A. and Sofowora, E.A. (1999). Pytochemical screenings of Nigerian
medicinal plants part 11. Lyodia, 44:234-246.

Pandey, K.B.; Mishra, N. and Rizvi, S.I. (2010). Protein oxidation biomarkers
in plasma of type 2 diabetic patients. Clin. Biochem., 43:508-511.

Pazyar, N.; Yaghoobi, R.; Rafiee, E.; Mehrabian, A. and Feily, A. (2014). Skin
wound healing and phytomedicine: A review. Skin Pharmacol.
Physiol., 27:303-10.

Rao, C.H.; Hussain, M.T.; Verma,A.R.; Kumar, N.; Vijayakumar, M. and Reddy,
G.D. (2008). Evaluation of the analgesic and anti-inflammatory
activity of Moringa concanensis tender fruits. Trad. Med., 3:95-
103.

Reiter, C.D.; Wang, X.; Tanus-Santos, J.E.; Hogg, N.; Cannon, R.O.; Schechter,
AN. and Gladwin, M.T. (2002). Cell-free hemoglobin limits nitric oxide
bioavailability in sickle-cell disease. Nat. Med., 8:1383-1389.

Ruckmani, K.; Kavimani, S.; Anandan, R. and Jaykar, B. (1998). Effect of
Moringa oleifera Lam on paracetamol-induced hepatotoxicity. Ind.
J. Pharm. Sci., 60:33-35.

Saadabi, A.M. and Abu, ZA.l. (2011). An in vitro antimicrobial activity of
Moringa oleifera L. seed extracts against different groups of
microorganisms. Asian J. Basic Appl. Sci., 5:129-134.

Selvakumar, D. and Natarajan, P. (2008) Hepato-protective activity of
Moringa oleifera Lam. leaves in carbon tetrachloride induced
hepatotoxicity in albino rats. Pharmacog. Mag., 4:97-98.

Siddhuraju, P. and Becker, K. (2003). Antioxidant properties of various
solvent extracts of total phenolic constituents from three different
agroclimatic origins of drumstick tree (Moringa oleifera Lam.)
leaves. J. Agric. Food Chem., 51:2144-2155.

Sies, H. (1993). Strategies of antioxidant defense. Eur. J. Biochem.,
215:213-219.

Srivastava, J.K.; Shankar, E. and Gupta, S. (2010). Chamomile: Aherbal medicine
of the past with bright future. Mol. Med. Rep., 3: 895-901.

Stohs, S.J. (1995). The role of free radicals in toxicity and disease. J.
Basic Clin. Physiol. Pharmacol., 6:205-228.

Subramoniam, A. (2014).
Phytomed., 3:1-3.
Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.D.; Mazur, M. and Telser, J. (2007).
Free radicals and antioxidants in normal physiological functions

and human disease. Int. J. Biochem. Cell Biol., 39:44-84.

Valko, M.; Morris, H. and Cronin, M.T.D. (2005). Metals, toxicity and
oxidative stress. Curr. Med. Chem., 12:1161-1208.

Wallace, D.C. (1999). Mitochondrial diseases in man and mouse. Science,
283:1482-1488.

Ziech, D.; Franco, R.; Georgakilas, A.G; Georgakila, S.; Malamou-Mitsi, V,;
Schoneveld, O.; Pappa, A. and Panayiotidis, M.I. (2010). The role of reactive
oxygen species and oxidative stress in environmental carcino-
genesis and biomarker development. Chem. Biol. Interact., 188:334-
339.

Phytomedicines for healthcare. Ann.



