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Abstract— In this study, antioxidant activities of
H. fursei were investigated. Different model were
used for assay. ICsy for DPPH radical-scavenging
activity was 7.5+1.2 pg ml™. The 1Cs, value for BHA
was 92.9+4.5 pg ml™. The extract showed very good
reducing power that was comparable with vitamin C
(p> 0.05) but showed weak nitric oxide scavenging
activity and Fe?* chelating ability. Extract showed
good activity in scavenging of H,O,. Inhibition was
99.1% at 800 pg ml™. The 1Cs, values for extract and
BHA were 333.1+14.7 and 52.0+4.5 pg ml™, respec-
tively. Total phenol compounds, by the Folin
Ciocalteu method, was 274+9.6 mg gallic acid equiv-
alent/g of extract and the total flavonoid content, by
AICIl; method was 23.9 £ 1.4 mg quercetin equiva-
lent/g of extract. Antioxidant activity may be at-
tributed to the presence of phenols and flavonoids in
the extract.

Keywords— antioxidant activity, Hypericum
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I. INTRODUCTION
Despite the immense technological advancement in
modern medicine, many people from all over the world
still rely on traditional medicine and medicinal plants
for their daily healthcare needs because they are safe
(Eisenberg et al., 1998). In the recent years, in our la-
boratories, some of the widely used Iranian medicinal
plants used in folk medicine have been selected for the
investigation of their chemical constituents, pharmaco-
logical and biological activities in an attempt to estab-
lish a scientific basis for their ethno medical uses
(Ebrahimzadeh et al., 2006; Dehpour et al., 2009;
Ebrahimzadeh et al., 2009a; Mahmoudi et al., 2009;
Hajizadeh et al., 2010). Free radicals, together with sec-
ondarily formed radicals are known to play an important
role in the pathogenesis of many chronic conditions like
atherosclerosis, arthritis, diabetes, ischemia, reperfusion
injuries, central nervous system injury and cancer
(Halliwell, 1997). Hence, the study of antioxidant status
during a free radical challenge can be used as an index
of protection against the development of these degen-
erative processes in experimental condition for thera-
peutic measures. Cells express several defense mecha-
nisms, including antioxidant enzymes and nonenzymatic
compounds that help prevent the damaging effects of
free radicals. However, these endogenous systems are
often insufficient for complete scavenging of these spe-
cies (Anderson, 1999). Hence, certain amounts of exog-
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enous antioxidants are constantly required to maintain
an adequate level of antioxidants in order to balance the
free radicals in human body. The harmful action of free
radicals can be blocked by antioxidant substances,
which scavenge the free radicals and detoxify the organ-
ism (Dehpour et al., 2009). Recently, interest has con-
siderably increased in finding naturally occurring anti-
oxidant to replace synthetic antioxidants, which were
restricted due to their side effects such as carcinogenesis
(Wichi, 1988). The search for newer natural antioxi-
dants, especially of plant origin, has been increasing
ever since. Plants have been a constant source of drugs
and recently, much emphasis has been placed on finding
new therapeutic agents from medicinal plants.

Hypericum (Hypericaceae) genus which contains
more than 400 species occurs throughout the world and
is well represented in the Mediterranean and the Near
East Areas (Kizil et al., 2004) and grows naturally be-
tween altitudes 750-3200 m in turkey and Iran. Recently
there has been increasing interest in the genus
Hypericum, because it is a source of a variety of com-
pounds (Kizil et al., 2004). Modern studies have been
focused on the activity of extracts of these plants against
certain viruses and bacteria and on their possible appli-
cations as medicines for various diseases (Ceakir et al.,
1997). Antimicrobial, antifungal, antiviral,
antinociceptive and cytotoxic, antioxidant, antihypoxic
and antidepressant and anticonvulsant activity of some
of Hypericum species have been reported (Decosterd et
al., 1991; Yesilada et al., 1993; Erdogrul et al., 2004;
Hosseinzadeh et al., 2005; Kizil et al., 2008; Eslami et
al., 2011). In continuation of our research program, in
order to scientifically evaluation of ethnomedical uses
of Hypericum spp., in vitro antioxidant activity of H.
fursei was evaluated in different model included 1,1-
diphenyl-1-picrylhydrazyl (DPPH), hydrogen peroxide
and nitric oxide radical scavenging activities, iron
chelatory capacity and reducing power. A possible rela-
tionship between total phenol and flavonoids and anti-
oxidant activity was considered. To the best of our
knowledge, the present study is the first report on anti-
oxidant activity of H. fursei.

Il. METHODS
A. Chemicals
Ferrozine, Trichloroacetic acid (TCA), 1,1-diphenyl-2-
picryl hydrazyl (DPPH) and Potassium ferricyanide
were purchased from Sigma Chemicals Co. (St. Louis,
MO, USA). Sodium nitrite, Butylated hydroxyanisole
(BHA), Ascorbic acid, Gallic acid, Sulfanilamide, Ferric
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chloride  and N-(1-naphthyl) ethylenediamine
dihydrochloride, Ethylenediaminetetraacetic ~ acid
(EDTA) were purchased from Merck (Germany). All
other chemicals were of analytical grade or purer.

B. Plant material and preparation of freeze-dried
extract

H. fursei. (Hypericaceae) aerial part was obtained in
summer of 2010 from Veresk, northern of Iran. The
sample was authenticated by Dr. Bahman Eslami and
the voucher specimen was deposited (No. HS139) has
been deposited in the Sari School of Pharmacy herbari-
um. Plant material was dried under dark conditions at
room temperature for 10 days. The dry material was
milled, obtaining 2-5 mm particles and then extracted
by methanol for 24 h at room temperature. The extract
was then separated from the sample residue by filtration
through Whatman No.1 filter paper and repeated three
times. The resulting extracts were concentrated over a
rotary vacuum at 35°C until a crude solid extract was
obtained which then was freeze-dried (MPS-55 Freeze-
drier, Cperon, Korea) for complete solvent removal
(23%).

C. DPPH radical-scavenging activity

The stable 1,1-diphenyl-2-picryl hydrazyl radical
(DPPH) was used for determination of free radical scav-
enging activity of the extracts (Dehpour et al., 2009).
Two ml of different concentrations of extract (6.25-200
mg ml?) in methanol were added to two ml of
methanolic solution of DPPH (100 uM). After 15 min at
room temperature, in the dark, the absorbance was rec-
orded at 517 nm. The experiment was repeated three
times. The percentage of inhibition was calculated as
follows: % inhibition = [(A, —Ay)/A,] x 100 where A,
was the absorbance of the control and A; was the ab-
sorbance in the presence of extract or standard. Vitamin
C, BHA and quercetin were used as standard controls.
ICs, values denote the concentration of sample, which is
required to scavenge 50% of DPPH free radicals.

D. Reducing power determination

Fe (I11) reduction is often used as an indicator of elec-
tron donating activity, which is an important mechanism
of phenolic antioxidant action. The reducing power of
the extract was determined according to the method
described by Yen and Chen (2005). Different concentra-
tions of the extract (1 ml) were mixed with 1 ml phos-
phate buffer (0.2 M, pH 6.6) and 1 ml potassium
hexacyanoferrate (1%), followed by incubation at 50 °C
in a water bath for 20 min. After incubation, 1 ml of
TCA (10%) was added to terminate the reaction. The
mixture was then centrifuged at 3000 rpm for 10 min.
The upper portion of the solution (1 ml) was mixed with
1 ml distilled water and then 0.2 ml of FeCl; solution
(0.1% in water) was added. The absorbance was meas-
ured at 700 nm against an appropriate blank. Increased
absorbance of the reaction mixture indicated increased
reducing power. Vitamin C was used as positive control.

E. Iron chelating activity
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The ability of extract to chelate ferrous ions was esti-
mated by method of Dinis et al. (1994). Briefly, differ-
ent concentrations of extract were added to a solution of
2 mM FeCl; (0.05 ml). The reaction was initiated by the
addition of 5 mM ferrozine (0.2 ml), and the mixture
was then shaken vigorously and left to stand at room
temperature for 10 min. Absorbance of the solution was
measured at 562 nm. The percentage inhibition of
ferrozine-Fe®* complex formation was calculated as [(A,
-A)/A] x 100, where A, was the absorbance of the
control, and A; was absorbance of mixture containing
extract or standard. EDTA was used as a standard.

F. Assay of nitric oxide-scavenging activity

The procedure was performed based on the method by
Sreejayan and Rao (1997). Scavengers of nitric oxide
compete with oxygen, leading to reduced production of
nitrite ions. For the experiment, sodium nitroprusside
(10 mM), in phosphate-buffered saline, was mixed with
different concentrations of extract dissolved in water
and incubated at room temperature for 150 min. The
same reaction mixture, without the extracts but with an
equivalent amount of water, served as control. After the
incubation period, 0.5 ml of Griess reagent (1% sul-
fanilamide and 0.1% N-(1-naphthyl) ethylenediamine
dihydrochloride in HsPO, 2%) was added. The absorb-
ance of the chromophore formed was read at 546 nm.
Quercetin was used as positive control (Ebrahimzadeh
et al., 2010).

G. Scavenging of hydrogen peroxide

The ability of the extract to scavenge hydrogen peroxide
was determined according to the method of Ruch
(Elmastas et al., 2006). Extract (0.1-3.2 mg ml™) in dis-
tilled water were added to a hydrogen peroxide solution
(0.6 ml, 40 mM in phosphate buffer, pH 7.4). The ab-
sorbance of H,O, at 230 nm was determined after 10
minutes against a blank solution containing phosphate
buffer without H,0,. The percentage of H,0, scaveng-
ing was calculated as follows: % Scavenged [H,0,] =
[(As—A1)/A.] x 100 where A, was the absorbance of the
control and A; was the absorbance in the presence of
extract or standard.

H. Determination of total phenolic compounds and
flavonoid contents

Total phenol contents were determined by Folin-
Ciocalteau reagent (McDonald et al., 2001). The extract
sample (0.5 ml) was mixed with 2.5 ml of 0.2 N Folin-
Ciocalteau reagent for 5 min and 2.0 ml of 75 g I sodi-
um carbonate was then added. The absorbance of reac-
tion was measured at 760 nm after 2 h of incubation at
room temperature. The standard curve was prepared by
0, 50, 100, 150, 200, and 250 mg ml™ solutions of gallic
acid in methanol: water (50:50, v/v). Total phenol val-
ues are expressed in terms of gallic acid equivalent (mg
g of dry mass), which is a common reference com-
pound. Colorimetric aluminum chloride method was
used for flavonoid determination (Chang et al., 2002).
Briefly, 0.5 ml solution of extract in methanol was
mixed with 1.5 ml of methanol, 0.1 ml of 10% alumi-
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num chloride, 0.1 ml of 1 M potassium acetate, and 2.8
ml of distilled water and left at room temperature for 30
minutes. The absorbance of the reaction mixture was
measured at 415. Total flavonoid contents were calcu-
lated as quercetin from a calibration curve. The calibra-
tion curve was prepared by preparing quercetin solu-
tions at concentrations 12.5 to 100 mg ml-1 in metha-
nol.

I. Statistical analysis

Experimental results are expressed as means + SD. All
measurements were replicated three times. The ICs
values were calculated from linear regression analysis.

11l. RESULTS AND DISCUSSION

A. Total phenol and flavonoid contents

Plants have been used traditionally for the treatment and
prophylaxis of different disorders. This protection has
been attributed to their antioxidant components such as
polyphenols (Prior et al., 2003). Polyphenols are im-
portant components in fruit tissues. These compounds
are thought to be instrumental in combating oxidative
stress. They can prevent some oxidation-related diseases
such as atherosclerosis, cardiovascular and neurodegen-
erative diseases and cancer (Sun et al., 2009). Phenolic
compounds are a class of antioxidant compounds which
act as free radical terminators (Shahidi and
Wanasundara, 1992). Total phenol compounds, as de-
termined by Folin Ciocalteu method, are reported as
gallic acid equivalents by reference to standard curve (y
= 0.0054x + 0.0628, r? = 0.987). The total phenolic con-
tent of extract was 274 + 9.6 mg gallic acid equivalent/g
of extract. This plant was a good source of phenols and
contains very high amount of total phenolics. The total
flavonoid content was 23.9 £ 1.4 mg quercetin equiva-
lent/g of extract powder, respectively, by reference to
standard curve (y= 0.0063x, r> = 0.999). Flavonoids
form a ubiquitous group of polyphenolic substances
typically produced by plants. Flavonoids are of great
interest for their bioactivities, which are basically relat-
ed to their anti-oxidative properties (Cote et al., 2010).
It has been recognized that flavonoids show antioxidant
activity and their effects on human nutrition and health
are considerable. Flavonoids may slow the pathogenesis
of atherosclerosis and cardiovascular 60 diseases by
their ROS scavenging effects. The mechanisms of ac-
tion of flavonoids are through scavenging or chelating
process (Cook and Samman, 1996).

B. DPPH radical-scavenging activity

DPPH stable free radical method is an easy, rapid and
sensitive way to survey the antioxidant activity of a spe-
cific compound or plant extracts (Koleva et al., 2002).
The capacity of extract to scavenge DPPH was meas-
ured and the results are shown in Fig. 1. The antioxi-
dants react with DPPH radical, a purple colored stable
free radical and convert it into a yellow colored
diphenyl-picryl hydrazine. The amount of DPPH re-
duced could be quantified by measuring a decrease in
absorbance at 517 nm. Extract reduced DPPH radicals
in a dose dependent manner. ICsy of extract and stand-
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ard compound, BHA were 7.5+1.2 and 92.9+4.5 ug ml’
! The extract showed higher activity than control in this
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Figure 1. DPPH radical-scavenging activity of H. fursei. BHA
used as standard.
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study. So the DPPH scavenging ability of the extracts
may be attributed to its hydrogen donating ability that
probably shows the role of phenols and flavonoids exist-
ing in the extract.

C. Metal chelating activity

Iron chelators mobilize tissue iron by forming soluble,
stable complexes that are then excreted in the feces
and/or urine. Chelation therapy reduces iron-related
complications in humans and thereby improves quality
of life and overall survival in some diseases such as
Thalassemia (Van Acker et al., 1996). Clinically useful
iron chelators have some adverse effects which remain
urgent need to identify other chelators with an accepta-
ble degree of tolerability. Therefore, much research has
focused on natural product (Ebrahimzadeh et al., 2008).
Ferrozine can quantitatively form complexes with iron.
In this assay, both the extract and EDTA interfered with
the complexation of iron with ferrozine, although the
iron chelating activity of the extract was weak. Activity
in the metal chelating test indicated that some com-
pounds in the extract are electron donors and can react
with free radicals to convert them into more stable
products and terminate radical chain reactions. The ab-
sorbance of Fe?*-ferrozine complex was decreased dose
dependently, i.e. the activity was increased on increas-
ing concentrations from 0.2 to 0.8 mg ml™. It was re-
ported that chelating agents are effective as secondary
antioxidants because they reduce the redox potential,
thereby stabilizing the oxidized form of the metal ion
(Ebrahimzadeh et al., 2008). H. fursei extract showed
very weak Fe”" chelating ability. It showed only 18.5%
inhibition at 0.2 mg ml™. EDTA showed very strong
activity (ICso = 18 pg ml™).

D. Nitric oxide-scavenging activity

The scavenging of NO is based on the principle that,
sodium nitroprusside in aqueous solution at physiologi-
cal pH spontaneously generates nitric oxide which in-
teracts with oxygen to produce nitrite ions that can be
estimated using Griess reagent. Scavengers of NO com-
pete with oxygen, leading to reduced production of ni-
trite ions. The extract showed 42% inhibition at 0.2 mg
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ml™. The % inhibition was increased with increasing
concentrations of the extract. ICsy for quercetin, as
standard, was 17.01 + 0.03 mg ml™. Scavenging activity
may help to arrest the chain of reactions initiated by
excess generation of NO that are detrimental to human
health. In addition to reactive oxygen species, nitric
oxide is also implicated in inflammation and other
pathological conditions (Moncada et al., 1991). NO has
been associated with a variety of physiologic processes
in the human body since it was identified as a novel
signal molecule. It plays an important role in vital phys-
iologic functions many systems. In the CNS, NO works
as an atypical neural modulator that is involved in neu-
rotransmitter release, neuronal excitability, and learning
and memory (Aliev et al., 2009). Scavenging of NO
explains good antinociceptive and CNS activities in
Hypericum genus (Eslami et al., 2011; Ozturk, 1997;
Ozturk and Ozturk, 2001; Hosseinzadeh, et al., 2005).
There are some evidences that strongly suggest in-
volvement of NO signaling pathway in CNS disorders
(Wegener and Volke, 2010; Aggarwal et al., 2010).

E. Scavenging of hydrogen peroxide

This effect may be attributed to its phenolics, which can
donate electrons to H,0, thus neutralizing it to water.
Extract was capable of scavenging H,O, in a concentra-
tion dependent manner. Extract showed good activity.
Inhibition was 99.1% at 800 pug ml™. The ICs, values for
extract, ascorbic acid and BHA were 333.1 + 14.7, 21.4
+ 1.9 and 52.0 £ 4.5 pug ml™, respectively. Although
hydrogen peroxide itself is not very reactive, it can
sometimes cause cytotoxicity by giving rise to hydroxyl
radicals in the cell. Thus, removing H,0, is very im-
portant throughout food systems (Ebrahimzadeh et al.,
2009b).

F. Reducing power

In this assay, the presence of antioxidants in the samples
would result in the reducing of Fe®" to Fe?* by donating
an electron. Amount of Fe?* complex can be then be
monitored by measuring the formation of Perl's Prussian
blue at 700 nm (Ebrahimzadeh et al., 2009b). Increas-
ing absorbance at 700 nm indicates an increase in reduc-
tive ability. Figure 2 shows the dose-response curves for
the reducing power of the extract. Reducing power of
extract increased with the increase of its concentrations.
It showed strong reducing power which was comparable
with vitamin C which used as standard (p>0.05).

111. CONCLUSIONS
The methanolic extract of H. fursei exhibited high levels
of antioxidant activity in three models studied (DPPH
and hydrogen peroxide radical scavenging activities and
reducing power). Further investigation of individual
compounds, with their invivo antioxidant activities and
different antioxidant mechanisms is needed.
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Figure 2. Reducing power of H. fursei extract.

REFERENCES

Aggarwal, A., V. Gaur and A. Kumar, “Nitric oxide
mechanism in the protective effect of naringin
against post-stroke depression (PSD) in mice,” Life
Sci., 86, 928-935 (2010).

Aliev, G., H.H. Palacios, A.E. Lipsitt, K. Fischbach,
B.T. Lamb, M.E. Obrenovich, L. Morales, E.
Gasimov and V. Bragin, “Nitric Oxide as an initia-
tor of brain lesions during the development of Alz-
heimer disease,” Neurotox. Res., 16, 293-305
(2009).

Anderson, D., “Antioxidant defenses against reactive
oXygen species causing genetic and other damage,”
Mutat. Res., 350, 103-108 (1999).

Ceakir, A., M.E. Duru, M. Harmandar, R. Ciriminna, S.
Passannanti and F. Piozzi, “Comparison of the vol-
atile oils of Hypericum scabrum L. and Hypericum
perforatum L. from Turkey, ” Flavour Frag. J., 12,
285-287 (1997).

Chang, C., M. Yang, H. Wen and J. Chern, “Estimation
of total flavonoid content in propolis by two com-
plementary colorimetric methods,” J. Food Drug
Anal., 10, 178-182 (2002).

Cook, N.C. and S. Samman, “Flavonoids- chemistry,
metabolism, cardioprotective effects, and dietary
sources,” J. Nutr. Biochem., 7, 66-76 (1996).

Cote, J., S. Caillet, G. Doyon, J.F. Sylvain and M.
Lacroix, “Bioactive compounds in cranberries and
their biological properties,” Crit. Rev. Food Sci.,
50, 666-679 (2010).

Decosterd, A.L., E. Hoffman and R. Kyburz, “A new
phloroglucinol  derivative  from  Hypericum
calycinum with antifungal and in vitro antimalarial
activity,” Planta Med., 57, 548-551(1991).

Dehpour, A.A., M.A. Ebrahimzadeh, S.F. Nabavi and
S.M. Nabavi, “Antioxidant activity of methanol
extract of Ferula assafoetida and its Essential oil
composition,” Grasas Aceites, 60, 405-412 (2009).

Dinis, T.C.P., V.M.C. Madeira and L.M. Almeida,
“Action of phenolic derivates (acetoaminophen,
salycilate and 5-aminosalycilate) as inhibitors of
membrane lipid peroxidation and as peroxyl

400 800



B. S. ALIPOUR, M. A. EBRAHIMZADEH, B. ESLAMI, Z. RAHMANI

radical scavengers, ”Arch Biochem Biophys, 315,
161-169 (1994).

Ebrahimzadeh, M.A., M. Mahmoudi and E. Salimi,
“Antiinflammatory activity of sambucus ebulus
hexane extracts,” Fitoterapia, 77, 146-148 (2006).

Ebrahimzadeh, M.A., F. Pourmorad and A.R.
Bekhradnia, “Iron chelating activity screening,
phenol and flavonoid content of some medicinal
plants from Iran,” Afr. J. Biotechnol., 7, 3188-3192
(2008).

Ebrahimzadeh, M.A., S.F. Nabavi and S.M. Nabavi,
“Antihemolytic and antioxidant activity of Hibis-
cus esculenus leaves,” Pharmacologyonline, 2,
1097-1105 (2009a).

Ebrahimzadeh, M.A., S.F. Nabavi and S.M. Nabavi,
“Essential oil composition and antioxidant activity
of Pterocarya fraxinifolia, ” Pak. J. Biol. Sci., 12,
957-963 (2009b).

Ebrahimzadeh, M.A., S.F. Nabavi, S.M. Nabavi and F.
Pourmorad, “Nitric oxide radical scavenging po-
tential of some Elburz medicinal plants,” Afr. J.
Biotech., 9, 5212-5217 (2010).

Eisenberg, D., R.B. David and S.L. Ettner, “Trends in
alternative medicine use in the United States 1990-
97,” JAMA, 280, 1569-1575 (1998).

Elmastas, M., 1. Giil¢inb, O. Isildaka, O.1. Kiifrevioglub,
K. Ibaoglua and H.Y. Aboul-Enein, “Radical scav-
enging activity and antioxidant capacity of Bay
leaf extracts,” J. Iran. Chem. Soc., 3, 258-266
(2006).

Erdogrul, O., S. Azirak and C. Tosyali, “Antimicrobial
activities of Hypericum scabrum L. extracts,” KSU
J. Sci. Eng., 7, 38-42 (2004).

Eslami, B., S.F. Nabavi, S.M. Nabavi, M.A.
Ebrahimzadeh and M. Mahmoudi, “Pharmacologi-
cal activities of Hypericum scabrum L,” Eur. Rev.
Med. Pharmacol. Sci., 15, 532-537 (2011).

Hajizadeh Moghaddam, A., M. Javaheri, S.F. Nabavi,
M.R. Mahdavi, S.M. Nabavi and M.A.
Ebrahimzadeh, “Protective role of Pleurotus
porrigens (Angel’s wings) against gentamicin-
induced nephrotoxicty in mice,” Eur. Rev. Med.
Pharmacol. Sci., 14, 1011-1014 (2010).

Halliwell, B., “Antioxidants and human diseases: a gen-
eral introduction,” Nutr. Rev., 55, S44-S52 (1997).

Hosseinzadeh, H., G.R. Karimi and M. Rakhshanizadeh,
“Anticonvulsant effect of Hypericum perforatum:
role of nitric oxide,” J. Ethnopharmacol., 98, 207-
208 (2005).

Kizil, G., Z. Toker, H.C. Ozen and C. Aytekin, “The
Antimicrobial activity of essential oils of
Hypericum scabrum, Hypericum scabroides and
Hypericum triquetrifolium,” Phytother. Res., 18,
339-341 (2004).

Kizil, G., M. Kizil , M. Yavuz, S. Emen and F.
Hakimoglu, “Antioxidant activities of ethanol ex-
tracts of Hypericum triquetrifolium and Hypericum
scabroides,” Pharm. Biol., 46, 231-242 (2008).

23

Koleva, I.I., T.A. Van Beek, J.P.H. Linssen and A. de
Groot, “Screening of plant extracts for antioxidant
activity: a comparative study on three testing
methods,” Phytochem. Anal., 13, 8-12 (2002).

Mahmoudi, M, M.A. Ebrahimzadeh, F. Ansaroudi, S.F.
Nabavi and S.M. Nabavi, “Antidepressant and an-
tioxidant activities of Artemisia absinthium L. at
flowering stage,” Afr. J. Biotech., 8, 7170-7175
(2009).

McDonald, S., P.D. Prenzler, M. Autolovich and K.
Robards, “Phenolic content and antioxidant activity
of olive extracts,” Food Chem., 73, 73-84 (2001).

Moncada, A., RM.J. Palmer and E.A. Higgs, “Nitric
oxide: physiology, pathophysiology and pharmaco-
logy,” Pharmacol. Rev., 43, 109-142 (1991).

Ozturk, Y, “Testing antidepresant effects of Hypericum
species on animal models,” Pharmacopsychiatry,
30, 125-128 (1997).

Ozturk, Y. and N. Ozturk, “Possible mechanism of the
analgesic effect of St.-John’s Wort,” Fund. Clin.
Pharmcol., 15, 138 (2001).

Prior, R., “Fruits and vegetables in the prevention of
cellular oxidative damage,” Am. J. Clin. Nutr., 78,
572S-578S (2003).

Shahidi, F. and P.K.J.P.D. Wanasundara, ‘“Phenolic an-
tioxidants,” Crit. Rev. Food Sci., 32, 67-103
(1992).

Sreejayan N. and M.N.A. Rao, “Nitric oxide scavenging
by curcuminoids,” J. Pharm. Pharmacol. 49, 105-
107 (1997).

Sun J., J. Yao, S. Huang, X. Long, J. Wang and E. Gar-
cia-Garcia, “Antioxidant activity of polyphenol and
anthocyanin extracts from fruits of Kadsura
coccinea (Lem.) A.C. Smith,” Food Chem., 117,
276-281 (2009).

Van Acker, S.A., D.J. van Den Berg, M.N. Tromp, D.H.
Griffioen, W.P. Van Bennekom et al., “Structural
aspects of antioxidant activity of flavonoids,” Free
Radic. Biol. Med., 20, 331-342 (1996).

Wegener, G. and V. Volke, “Nitric oxide synthase in-
hibitors as antidepressants,” Pharmaceuticals, 3,
273-299 (2010).

Wichi, H.P., “Enhanced tumor development by
butylated hydroxyanisole (BHA) from the prospec-
tive of effect on forestomach and oesophageal
aquamous epithelium.” Food Chem. Toxicol., 26,
717-723 (1988).

Yen, G.C. and H.Y. Chen, “Antioxidant activity of vari-

ous tea extracts in relation to their
antimutagenicity,” J. Agri. Food Chem., 43, 27-32
(1995).

Yesilada, E., E. Sezik and T. Fujita, “Screening of some
Turkish medicinal plants antiulcerogenic activi-
ties,” Phytother. Res., 7, 263-265 (1993).

Received: July 19, 2012
Accepted: December 30, 2012
Recommended by Subject Editor: Maria Lujan Ferreira



