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Summary. Objectives: During past two decades, much attention has been paid to antioxidant activity of diffe-
rent edible parts of medicinal plants. Present study aimed to evaluate antioxidant activity of hydro-alcoholic
extract of flowers of Citrus aurantium, Citrus nobilis, Citrus limon and Citrus sinensis. Methods: Biological
activities of hydro-alcoholic extract of Citrus aurantium, Citrus nobilis, Citrus limon and Citrus sinensis flowers
were investigated employing different in wivo and in vitro assay systems including DPPH, nitric oxide and
H,O, scavenging models, Fe** chelating, reducing power model, linoleic acid system test, as well as H,O,-
induced hemolysis test. Results: Citrus limon extract showed best activity in DPPH and nitric oxide radicals
scavenging activity and Fe? chelating activity than others. Cizrus nobilis extract exhibited better H,O, scav-
enging. Extracts exhibited good antioxidant activity in linoleic acid system test that were comparable with
vitamin C (p>0.05). The extracts showed weak reducing power activity. Citrus sinensis showed better antihe-
molytic activity against H,O, induced hemolysis. Conclusion: Combining data showed that hydro-alcoholic

extract of flowers of 4 Citrus species possess antioxidant activity in different assay systems.
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Introduction

Free radicals have been found to play an impor-
tant role in the initiation and/ or progression of various
diseases such as atherosclerosis, inflammatory injury,
cancer, and cardiovascular disease (1-4). Recent stud-
ies have investigated the potential of natural originated
antioxidants against various diseases induced by free
radicals (5-7). However, synthetic antioxidants, such
as butylated hydroxyanisole (BHA) and butylated hy-
droxyltoluene (BHT), have restricted use in foods as
they are suspected to be carcinogenic (8, 9). Therefore,
natural originated compounds with medicinal proper-
ties are being sought (10-12). Several species of cizrus
genus have been shown to have radical scavenging ac-
tivity (13, 14), immonutoxicity and TNF- o inhibitory

(15), anti-platelet activity (16), cholesterol lowering
(17) and antiproliferative (18). Also different class of
phenols including hydroxycinnamates, flavonoid gly-
cosides, and polymethoxylated flavones was reported
from different part cizrus (18). To best of our knowl-
edge, nothing has been reported about the antioxidant
activity of extract of Citrus aurantium, Citrus nobilis,
Citrus limon and Citrus sinensis flowers.

Methods
Chemicals

Ferrozine, Linoleic acid, Trichloroacetic acid

(TCA), 1, 1-Diphenyl-2-picryl hydrazyl (DPPH),
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Potassium ferricyanide, Hydrogen peroxide were pur-
chased from Sigma Chemicals Co. (USA). Gallic acid,
Quercetin, Butylated hydroxyanisole (BHA), Vitamin
C, Sulfanilamide, N-(1-naphthyl) ethylenediamine
dihydrochloride, EDTA and Ferric chloride were pur-
chased from Merck (Germany). All other chemicals

were of analytical grade or purer.
Sample preparation

Citrus flowers were collected from Panbeh chu-
leh, near the Caspian Sea, Sari, Mazandaran, Iran. A
voucher specimen (No 700-703) was deposited in the
school of pharmacy herbarium. Flowers were trans-
ported to the laboratory and kept at < 4°C within 24 h
prior to sample preparation.

Preparation of extract

The materials were oven dried at 38°C, for 5 days.
Dried materials were coarsely ground (2-3 mm) be-
fore extraction. Materials were extracted by percola-
tion method using ethanol/distilled water (70/30) for
24 h at room temperature. Extracts were filtered and
concentrated under reduced pressure at 40°C using a
rotary evaporator.

Determination of total phenolic compounds and flavonoid
content

Total phenolic compound contents were deter-
mined by the Folin-Ciocalteau method (19). The ex-
tracts samples (0.5 ml) were mixed with 2.5 ml of
0.2 N Folin-Ciocalteau reagent for 5 min and 2.0 ml
of 75 g I"" sodium carbonate were then added. The
absorbance of reaction was measured at 760 nm after
2 h of incubation at room temperature. Result was
expressed as gallic acid equivalents. Total flavonoids
content were estimated as previously described (20).
Briefly, 0.5 ml solution of extracts in methanol were
separately mixed with 1.5 ml of methanol, 0.1 ml of
10% aluminum 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 nm with a
double beam spectrophotometer (Perkin Elmer). To-

tal flavonoid content was calculated as quercetin from
a calibration curve.

Antioxidant activity
DPPH radical-scavenging activity

The stable 1, 1-diphenyl-2-picryl hydrazyl radical
(DPPH) was used for determination of free radical-
scavenging activity of the sample (21). Different con-
centrations of samples were added, at an equal volume,
to ethanolic solution of DPPH (100 uM). After 15
min at room temperature, the absorbance was record-
ed at 517 nm. The experiment was repeated for three
times. Vitamin C, BHA and quercetin were used as
standard controls. ICs, values denote the concentra-
tion of sample, which is required to scavenge 50% of
DPPH free radicals.

Metal chelating activity

The chelating of ferrous ions by the extract was esti-
mated by the method of Dinis et al. (22). Briefly, the
samples (0.2-3.2 mg ml") 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), the mixture was
shaken vigorously and left standing at room tempera-
ture for 10 min. Absorbance of the solution was then
measured spectrophotometrically at 562 nm. The per-
centage inhibition of ferrozine-Fe* complex formation
was calculated as [(A,- A,)/Aq] x 100, where A, was the
absorbance of the control, and A, was the absorbance
of the extract/standard. Na,EDTA was used as positive
control.

Assay of nitric oxide-scavenging activity

For the experiment, sodium nitroprusside (10
mM), in phosphate-buffered saline, was mixed with dif-
ferent concentrations of samples dissolved in water and
incubated at room temperature for 150 min. The same
reaction mixture, without extract, but with an equivalent
amount of water, served as control. After the incubation
period, 0.5 ml of griess reagent was added. The absor-
bance of the chromophore formed was read at 546 nm.
Quercetin was used as positive control (19).
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Scavenging of hydrogen peroxide

The ability of the extract to scavenge hydrogen
peroxide was determined according to our recently
publisher paper (23). A solution of hydrogen peroxide
(40 mM) was prepared in phosphate buffer (pH 7.4).
Samples (0.1-1 mg ml”) in distilled water were added
to a hydrogen peroxide solution (0.6 ml, 40 mM). The
absorbance of sample at 230 nm was determined after
ten minutes against a blank solution containing phos-
phate buffer without hydrogen peroxide. The percent-
age of hydrogen peroxide scavenging by the extract
and standard was calculated as follows: % Scavenged
[H,O.,] = [(A,— A))/A,] x 100 where A, was the absor-
bance of the control and A; was the absorbance in the
presence of the sample of extract and standard.

Reducing power determination

Fe (ITI) reduction is often used as an indicator
of electron- donating activity, which is an important
mechanism of phenolic antioxidant action (19). The
reducing power of extracts was determined according
to our recently publish paper (19). Different amounts
of each extracts (25-800 ug ml") in water were mixed
with phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and
potassium ferricyanide [KsFe(CN)] (2.5 ml, 1%). The
mixture was incubated at 50°C for 20 min. A portion
(2.5 ml) of trichloroacetic acid (10%) was added to
the mixture to stop the reaction, which was then cen-
trifuged at 3000 rpm for 10 min. The upper layer of
solution (2.5 ml) was mixed with distilled water (2.5
ml) and FeCl; (0.5 ml, 0.1%), and the absorbance was
measured at 700 nm. Increased absorbance of the reac-
tion mixture indicated increased reducing power. Vita-
min C was used as positive control.

Antioxidant activity in a hemoglobin-induced linoleic
acid system

The antioxidant activities of extracts were deter-
mined by a modified photometry assay (24). Reaction
mixtures (200 ul) containing 50 ul of extracts (125—
1000 mg), 1 mmol I of linoleic acid emulsion, 40
mmol 1" of phosphate buffer (pH 6.5), and 0.0016%
hemoglobin, were incubated at 37 © C for 45 min. Af-

ter the incubation, 2.5 ml of 0.6% HCI in ethanol was
added to stop the lipid peroxidation. The amount of
peroxide value was measured in triplicate using the
thiocyanate method by reading the absorbance at 480
nm after colouring with 100 ml of 0.02 mol I"* of FeCl,
and 50 ml of ammonium thiocyanate (0.3 g ml?). Vi-
tamin C was used as positive control.

Antihemolytic activity of extract

Preparation of rat erythrocytes

All the animal experiments were carried out with
the approval of institutional animal ethical commit-
tee. Male rats in the body weight range of 180-220
g were housed in individual polypropylene cages and
had free access to food and water. The animals were
fed with standard diet. The animals were sacrificed
under anesthesia and blood was collected by heart
puncture in heparinized tubes. Erythrocytes were iso-
lated and stored according to the method described by
Yuan et al. (24). Briefly blood samples collected were
centrifuged (1500 rpm, 10 min) at 4°C, erythrocytes
were separated from the plasma and Buffy coat and
were washed three times by centrifugation (1500 rpm
5 min) in 10 volumes of 10 mM phosphate buffered
saline (pH 7.4). The supernatant and Buffy coats of
white cells were carefully removed with each wash.
Washed erythrocytes stored at 4°C and used within 6
h for further studies.

Antihemolytic activity of extract against H,0, induced
hemolysis

Briefly, erythrocytes from male rat blood were
separated by centrifugation and washed with phos-
phate buffer (pH 7.4). Erythrocytes were then diluted
with phosphate buffered saline to give 4% suspension.
1g of samples/ml of saline buffer was added to 2 ml
of erythrocyte suspension and the volume was made
up to 5 ml with saline buffer. The mixture was incu-
bated for 5 min at room temperature and then 0.5 ml
of H,O, solution in saline buffer was added to induce
the oxidative degradation of the membrane lipids. The
concentration of H,O, in the reaction mixture was
adjusted to bring about 90% hemolysis of blood cells

after 240 min. After incubation the reaction mixture
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was centrifuged at 1500 rpm for 10 min and the ex-
tend of hemolysis was determined by measuring the
absorbance at 540 nm corresponding to hemoglobin

liberation (25).
Statistical analysis

The values are presented as means + SEM. Dif-
ferences between group means were estimated using
a one-way ANOVA followed by Duncan’s multiple
range test. Results were considered statistically signifi-

cant when p<0.05.

Results and Discussion

The yield percent and total phenolic content of
extracts obtained from cizrus species flowers are shown
in Table 1. The maximum of extractable polypheno-
lic content was recorded in Citrus aurantium extract
with 78.76 + 2.21 mg gallic acid equivalent/g of ex-
tract, by reference to standard curve (y = 0.0063x, r*
= 0.987). Also maximum flavonoid content recorded
in Citrus limon extract with 18.55 + 0.54 mg querce-
tin equivalent/g of extract, by reference to standard
curve (y = 0.0067x + 0.0132, r* = 0.999). Polyphenolic

compounds, such as flavonoids, were widely found in

naturally originated food products, and they have been
shown to possess significant Biological activities (26).
DPPH is a stable nitrogen-centered free radical. Any
Substances which can donate hydrogen or electron and
can change it color of which changes from violet to
yellow so can be considered as antioxidants and there-
fore radical scavengers (27). ICs, for DPPH radical-
scavenging activity exist in Table 1. The ICs, values for
Ascorbic acid, quercetin and BHA were 5.05 + 0.1,
5.28 + 0.2 and 53.96 + 3.1ug ml", respectively. Flavo-
noid contents of Citrus limon flower seem to have di-
rect roles for its good DPPH-scavenging activity (23).
Chelation therapy reduces iron-related complications
in human and thereby improves quality of life and
overall survival in some diseases such as thalassemia
major, cancer, HIV or wilson’s disease (28). For exam-
ple In addition, brain iron dysregulation and its associ-
ation with amyloid precursor protein plaque formation
are implicated in alzheimer’s disease (AD) pathology
and so iron chelation could be considered a rational
therapeutic strategy for AD (29). Recently, many of
researches focused on some natural product especially
flavonoids that possess direct influence on iron (II) ions
level within tissues ferrozine can quantitatively form
complexes with Fe*. In the presence of other chelating
agents, the complex formation is disrupted with the
result that the red color of the complexes decreases.

Table 1. Phenol and flavonoid contents and antioxidant activities of Citrus genus

Sample name Extraction Total Total DPPH Nitric oxide H,0, Antihemolytic ~ Fe* chelating
yield phenol flavonoid free radical scavenging, scavenging activity ability (%)
contents Contents scavenging, 1C* (ngml™) activity, (pg/ml)
(mg/g) (mg/g) ICs, (pg/ml) IC* (pg/ml)
Citrus aurantium 12% 78.76 £ 2.21 1211+041 7231+ 23.67 30%at800 pg/ml  902.3+29.78  757.5+24.75 6.3%
var. amara
Citrus nobilis 11.6% 6210+ 1.86  11.55+ 040 122313827 9429z 3195 191.1+£6.11  781.25+22.12 15.8%
var. unshiu
Citrus limon 9.8% 6001+ 1.92  1855x054 65405+ 2351  3354:10.39 604.2+22.73 9259 +30.39 24%
Citrus sinensis var. 11% 78.47 + 2.05 9.87+0.29 8352+2549  43%at800 pg/ml 1001.1+34.59  746.2 +20.88 8.3%
thompson novel
BHA - - - 53.96 +3.1 - - - -
Vit C - - - 5.05+0.1 - 21411 235+9 -
Quercetin - - - 5.28+0.2 20+0.01 52+26 - -

b

“mg gallic acid equivalent/g of extract powder
(ICs, =18 1.5 ug ml”).

mg quercetin equivalent/g of extract powder © Inhibition at 800 mg ml”’. EDTA used as control
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In this assay, extract and EDTA interfered with the
formation of ferrous and ferrozine complex, suggesting
that it has chelating activity and captures ferrous ion
before ferrozine. Although, all of the extract showed
weak metal chelating activity, EDTA showed better
activity (ICs, = 18 pg ml™). The nitric oxide assay is
based on the principle that sodium nitroprusside in
aqueous solution at physiological pH spontaneously
generates nitric oxide which interacts with oxygen to
produce nitrite ions that can be estimated using griess
reagent. Scavengers of nitric oxide compete with oxy-
gen, leading to reduced production of nitrite ions. The
% inhibition increased by increasing concentration of
the extracts. In addition to reactive oxygen species, ni-
tric oxide is also implicated in inflammation, cancer
and other pathological conditions (30). A number of
disease states including sepsis and hepatic failure are
characterized by abnormally high NO production and
removing the excess NO could have salutary effects
(31). The plant/plant products may have the property
to counteract the effect of NO formation and in turn
may be of considerable interest in preventing the ill
effects of excessive NO generation in the human body.
Further, the scavenging activity may also help to arrest
the chain of reactions initiated by excess generation of
NO that are detrimental to human health. Citrus /i-
mon extract showed better activity than others (ICs =
335.4 + 10.39 pg ml"vs. quercetin 20 + 0.01 pg ml™).
Although quercetin showed very potent NO radical
scavenging, but its carcinogenic activity has been re-
ported (32). Scavenging of H,O, by extracts may be
attributed to their phenolics, and other active compo-
nents which can donate electrons to H,O,, thus neu-
tralizing it to water (33). The extracts were capable of
scavenging hydrogen peroxide in a concentration de-
pendent manner. Results exist in Table 1. Cizrus nobilis
showed better activity than others (IC5= 191.1 + 6.11
pg ml?). 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.O, is very important throughout food systems. In
the reducing power 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 (20). Increasing ab-

sorbance at 700 nm indicates an increase in reductive
ability. Figure 1 shows the dose response curves for
the reducing powers of the extracts. It was found that
the reducing powers of all the extracts also increased
with the increase of their concentrations. There were
no significant differences (p> 0.05) among the extracts
in reducing power that were not comparable with Vi-
tamin C (p < 0.001). Polyphenolic contents of all the
sample extracts appear to function as good electron
and hydrogen atom donors and therefore should be
able to terminate radical chain reaction by convert-
ing free radicals and reactive oxygen species to more
stable products. Similar observation between the poly-
phenolic constituents in terms of dose dependent and
reducing power activity have been reported for several
plant extracts (20). Membrane lipids are rich in un-
saturated fatty acids that are most susceptible to oxida-
tive processes. Specially, linoleic acid and arachidonic
acid are targets of lipid peroxidation (34). Erythrocytes
are considered as prime targets for free radical attack
owing to the presence of both high membrane concen-
tration of polyunsaturated fatty acids (PUFA) and the
O, transport associated with redox active hemoglobin
molecules, which are potent promoters of reactive O,
species. Specially, linoleic acid and arachidonic acid
are targets of lipid peroxidation (34). The inhibition of
lipid peroxidation by antioxidants may be due to their
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Figure 1. Reducing power activity of cizrus species. Each value
is expressed as mean 3 standard deviation positive control (vi-
tamin C).* Significant difference from baseline within group

(p < 0.05)
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Figure 2. Antioxidant activities of citrus extracts against lin-
oleic acid peroxidation induced by hemoglobin. Each value is
expressed as mean 3 standard deviation positive control (vita-

min C).

free radical-scavenging activities. Superoxide indirect-
ly initiates lipid peroxidation because superoxide an-
ion acts as a precursor of singlet oxygen and hydroxyl
radical (9). Hydroxyl radicals eliminate hydrogen at-
oms from the membrane lipids, which results in lipid
peroxidation. Tested extracts show good activity in he-
moglobin-induced linoleic acid system that There were
significant differences between extracts and vit C (p <
0.001) (Fig. 2). Effect of extract was tested and found
that they did not show any harmful effects on eryth-
rocytes. Results have been showed in table 1. Citrus
sinensis extract showed potent antihemolytic activity
(ICs, was 746.2 + 20.88 vs. 235 + 9.1 pg ml" for vita-
min C). Antihemolytic activity of quercetin and other
flavonoid have previously reported and good activity of
extracts maybe result of high flavonoid content espe-
cially quercetin (35).

Conclusion

Present study indicate that the hydroalcoholic
extract of Citrus species show different level of anti-
oxidant and antihemolytic effect that maybe results of
high phenol and flavonoid content. These results can
be useful as a starting point of view for further applica-
tions of this plant or its constituents in pharmaceutical
preparations after performing clinical researches.

References

1. Nabavi SM, Nabavi SF, Eslami S, Moghaddam AH. In vivo
protective effects of quercetin against sodium fluoride-induced
oxidative stress in the hepatic tissue. Food Chem. 2012; 132(2):
931-5.

2. Nabavi SE, Nabavi SM, Habtemariam S, Moghaddam AH,
Sureda A, Jafari M, et al. Hepatoprotective effect of gallic acid
isolated from Peltiphyllum peltatum against sodium fluoride-
induced oxidative stress. Ind Crops Prod. 2013; 44: 50-5.

3. Sugamura K, Keaney JF. Reactive oxygen species in cardiovas-
cular disease. Free Rad Biol Med. 2011; 51(5): 978-92.

4. Hulsmans M, Van Dooren E, Holvoet P. Mitochondrial reac-
tive oxygen species and risk of atherosclerosis. Curr Atheros
Rep. 2012; 14(3): 264-76.

5. Nabavi SF, Russo GL, Daglia M, Nabavi SM. Role of querce-
tin as an alternative for obesity treatment: You are what you eat!
Food Chem. 2015; 179: 305-10.

6. Nabavi SE, Daglia M, Moghaddam AH, Habtemariam S, Na-
bavi SM. Curcumin and liver disease: from chemistry to medi-
cine. Compr Rev Food Sci Food Saf. 2014;13(1):62-77.

7. Nabavi SF, Nabavi SM, Mirzaei M, Moghaddam AH. Protec-
tive effect of quercetin against sodium fluoride induced oxida-
tive stress in rat’s heart. Food Funct. 2012; 3(4): 437-41.

8. Jayakumar T, Thomas P, Geraldine P. In-vitro antioxidant activ-
ities of an ethanolic extract of the oyster mushroom, Pleurotus
ostreatus. Innov Food Sci Emerg Technol. 2009; 10(2): 228-34.

9. Nabavi SF, Nabavi SM, Ebrahimzadeh MA, Eslami B, Jafari
N. In vitro antioxidant and antihemolytic activities of hydroal-
coholic extracts of Allium scabriscapum Boiss. & Ky. aerial
parts and bulbs. Int ] Food Prop. 2013; 16(4): 713-22.

10. Curti V, Capelli E, Boschi F, Nabavi SF, Bongiorno Al,
Habtemariam S, et al. Modulation of human miR 17-3p ex-
pression by methyl 3 O methyl gallate as explanation of its in
vivo protective activities. Mol Nutr Food Res. 2014; 58(9):
1776-84.

11. Nabavi SM, Marchese A, Izadi M, Curti V, Daglia M, Na-
bavi SF. Plants belonging to the genus Thymus as antibacte-
rial agents: From farm to pharmacy. Food Chem. 2015; 173:
339-47.

12. Nabavi SF, Nabavi SM, Moghaddam AH, Naqinezhad A,
Bigdellou R, Mohammadzadeh S. Protective effects of Al-
lium paradoxum against gentamicin-induced nephrotoxicity in
mice. Food Funct. 2012; 3(1): 28-9.

13. Anagnostopoulou MA, Kefalas P, Papageorgiou VP, Assimo-
poulou AN, Boskou D. Radical scavenging activity of various
extracts and fractions of sweet orange peel (Citrus sinensis).
Food Chem. 2006; 94(1): 19-25.

14. Choi H-S, Song HS, Ukeda H, Sawamura M. Radical-scav-
enging activities of citrus essential oils and their components:
detection using 1, 1-diphenyl-2-picrylhydrazyl. ] Agric and
Food Chem. 2000; 48(9): 4156-61.

15. Delaney B, Phillips K, Buswell D, Mowry B, Nickels D, Cox
D, et al. Immunotoxicity of a standardized citrus polymeth-
oxylated flavone extract. Food Chem Toxicol. 2001; 39(11):
1087-94.



80

S. F. Nabavi, S. M.. Nabavi, M. A. Ebrahimzadeh

16. Nogata Y, Yoza K-I, Kusumoto K-I, Kohyama N, Sekiya K,
Ohta H. Screening for inhibitory activity of citrus fruit extracts
against platelet cyclooxygenase and lipoxygenase. ] Agric Food
Chem. 1996; 44(3): 725-9.

17. Bok S-H, Lee S-H, Park Y-B, Bae K-H, Son K-H, Jeong T-S,
et al. Plasma and hepatic cholesterol and hepatic activities of
3-hydroxy-3-methyl-glutaryl-CoA reductase and acyl CoA:
cholesterol transferase are lower in rats fed citrus peel extract or
a mixture of citrus bioflavonoids. ] Nutr. 1999; 129(6): 1182-5.

18. Manthey JA, Guthrie N. Antiproliferative activities of citrus
flavonoids against six human cancer cell lines. J Agric Food
Chem. 2002; 50(21): 5837-43.

19. Alinezhad H, Azimi R, Zare M, Ebrahimzadeh MA, Eslami
S, Nabavi SF, et al. Antioxidant and antihemolytic activities of
ethanolic extract of flowers, leaves, and stems of Hyssopus offici-
nalis L. Var. angustifolius. Int ] Food Prop. 2013; 16(5): 1169-78.

20. Kuda T, Tsunekawa M, Goto H, Araki Y. Antioxidant proper-
ties of four edible algae harvested in the Noto Peninsula, Japan.
J Food Comp Anal. 2005; 18(7): 625-33.

21. Nabavi SF, Nabavi SM, N Setzer W, Nabavi SA, Nabavi SA,
Ebrahimzadeh MA. Antioxidant and antihemolytic activity
of lipid-soluble bioactive substances in avocado fruits. Fruits.
2013; 68(03): 185-93.

22. Dinis TC, Madeira VM, Almeida LM. Action of phenolic de-
rivatives (acetaminophen, salicylate, and 5-aminosalicylate) as
inhibitors of membrane lipid peroxidation and as peroxyl radi-
cal scavengers. Arch Biochem Biophys. 1994; 315(1): 161-9.

23. Elmasta M, GiilginI, I ildak O, Kiifrevio Iu O, bao lu K, Aboul-
Enein H. Radical scavenging activity and antioxidant capacity of
bay leaf extracts. ] Iran Chem Soc. 2006; 3(3): 258-66.

24.Yuan X, Wang J, Yao H, Chen F. Free radical-scavenging ca-
pacity and inhibitory activity on rat erythrocyte hemolysis of
feruloyl oligosaccharides from wheat bran insoluble dietary
fiber. LWT-Food Sci Technol. 2005; 38(8): 877-83.

25. Ajila C, Rao UP. Protection against hydrogen peroxide induced
oxidative damage in rat erythrocytes by Mangifera indica L.
peel extract. Food Chem Toxicol. 2008; 46(1): 303-9.

26. Van Acker SA, Tromp MN, Griffioen DH, Van Bennekom
WP, Van Der Vijgh WJ, Bast A. Structural aspects of antioxi-
dant activity of flavonoids. Free Rad Biol Med. 1996; 20(3):

331-42.

27. Sharma OP, Bhat TK. DPPH antioxidant assay revisited. Food
Chem. 2009; 113(4): 1202-5.

28. Grazul M, Budzisz E. Biological activity of metal ions com-
plexes of chromones, coumarins and flavones. Coordin Chem
Rev. 2009; 253(21): 2588-98.

29. Ward R], Zucca FA, Duyn JH, Crichton RR, Zecca L. The role
of iron in brain ageing and neurodegenerative disorders. Lancet
Neurol. 2014; 13(10): 1045-60.

30. Moncada S, Palmer R, Higgs E. Nitric oxide: physiology,
pathophysiology, and pharmacology. Pharmacol Rev. 1991;
43(2): 109-42.

31. Shah V, Lyford G, Gores G, Farrugia G. Nitric oxide in gastro-
intestinal health and disease. Gastroenterology. 2004; 126(3):
903-13.

32. Dunnick JK, Hailey JR. Toxicity and carcinogenicity studies
of quercetin, a natural component of foods. Toxicol Sci. 1992;
19(3): 423-31.

33. Halliwell B, Gutteridge J. Role of free radicals and catalytic
metal ions in human disease: an overview. Method Enzymol.
1990; 186: 1.

34. Yu L. Free radical scavenging properties of conjugated linoleic
acids. J Agric Food Chem. 2001;49(7):3452-6.

35. Chaudhuri S, Banerjee A, Basu K, Sengupta B, Sengupta PK.
Interaction of flavonoids with red blood cell membrane lipids
and proteins: antioxidant and antihemolytic effects. Int J Biol
Macromol. 2007; 41(1): 42-8.

Correspondence:

Seyed Mohammad Nabavi

Applied Biotechnology Research Center, Baqgiyatallah University
of Medical Sciences, Tehran, Iran

E-mail: Nabavi208@gmail.com

Mohammad Ali Ebrahimzadeh
Pharmaceutical Sciences Research Center, Mazandaran University

of Medical Sciences, Sari, Iran

E-mail: Zadeh20@yahoo.com



