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Summary
The antioxidative and antihemolytic potentials of hydroalcoholic extract of
Physospermum cornobiense was evaluated using 1,1-diphenyl-2-picrylhydrazyl
(DPPH), nitric oxide, hydrogen peroxide, ferrous ion chelating, reducing power,
hemoglobin induced linoleic acid and hydrogen peroxide induced hemolysis assays.
The hydroalcoholic extract showed good activity in all antioxidant assays and
contained a high level of total phenolic and flavonoid contents. IC50 values were 665.9
± 33, 157.5 ± 6 and 156.4 ± 5.31 µg ml-1 in DPPH, hydrogen peroxide and nitric
oxide radical inhibition, respectively. The extract also exhibited significant activity in
nitric oxide scavenging, attributed to the high amount of phenolics. Moreover,
Physospermum cornobiense extract showed strong reducing power and a notable
capacity to suppress hemolysis.
Key words: Antioxidant activity, Physospermum cornobiense, DPPH, phenol

Introduction
Reactive oxygen species (ROS), which consist of free radicals such as superoxide
anion (O2·-) and hydroxyl (HO·) radicals and non-free radical species such as H2O2
and singled oxygen (·O2), are different forms of activated oxygen [1, 2, 3, 4]. ROS are
produced by all aerobic organisms and can easily react with most biological
molecules including proteins, lipids, lipoproteins and DNA. Thus, ample generation
of ROS proceed to a variety of pathophysiological disorders such as arthritis, diabetes,
inflammation, cancer and genotoxicity [5]. Therefore, living organisms possess a
number of protective mechanisms against the oxidative stress and toxic effects of
ROS. Antioxidants regulate various oxidative reactions naturally occurring in tissues
and are evaluated as potential anti-aging agents. Hence, antioxidants can terminate or
retard the oxidation process by scavenging free radicals, chelating free catalytic
metals and also by acting as electron donors. Antioxidants have been widely used as
food additives to provide protection from oxidative degradation of foods and oils.
Hence, antioxidants are used to protect food quality mainly by the prevention of
oxidative deterioration of constituents of lipids.
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The most extensively used synthetic antioxidants are propylgallate (PG), butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tert-butylhydroquinone
(TBHQ). However BHT and BHA have been suspected of being responsible for liver
damage and carcinogenesis [7, 8]. Natural antioxidants are able to protect from ROS
as well as other free radicals and retard the progress of many chronic diseases and
lipid oxidative rancidity in foods [9, 10, 11 and 12]. Polyphenols are widely
distributed in plants and phenolic antioxidants have been found to act as free radical
scavengers as well as metal chelators [13, 14, and 15]. Physospermum genus is
member of umbelliferae family and has only one species in Iran [16]. Cytotoxic
activity and inhibitory effect on nitric oxide production of triterpene saponins from
Physospermum verticillatum reported previously [17]. To best of our knowledge only
essential oil composition of Physospermum cornobiense reported [18] and its
biological activity is obscure.

Materials and methods
Chemicals: Ferrozine, Linoleic acid, trichloroacetic acid (TCA), 1,1-diphenyl-2picryl hydrazyl (DPPH), potassium ferricyanide, H2O2 were purchased from Sigma
Chemicals Co. (USA). Butylated hydroxyanisole (BHA), ascorbic acid, sulfanilamide,
N-(1-naphthyl) ethylenediamine dihydrochloride, ethylenediaminetetraacetic acid
(EDTA) and ferric chloride were purchased from Merck (Germany). All other
chemicals were of analytical grade or purer.
Plant material and preparation of freeze-dried extract: Aerial parts of
Physospermum cornobiense were collected from Bashm area, Iran, in spring 2008.
After identification of the plant by Dr. Bahman Eslami (Assistance Professor of plant
systematic, Islamic azad university of ghaemshahr, Iran) a voucher (No. 203) has
been deposited in the Faculty of Pharmacy herbarium. Aerial parts were dried at room
temperature and coarsely ground before extraction. A known amount of each part was
extracted at room temperature by percolation method using ethanol/water (70/30 v/v).
The resulting extract was concentrated over a rotary vacuum until a crude solid
extract was obtained, which was then freeze-dried for complete solvent removal.
Determination of total phenolic compounds and flavonoid content
Total phenol contents were determined by Folin Ciocalteu reagent [19]. The extract
sample (0.5 ml of different dilutions) or gallic acid (standard phenolic compound) was
mixed with 2.5 ml of 0.2 N Folin-Ciocalteau reagent (Sigma–Aldrich) for 5 min and
2.0 ml of 75 g l-1 sodium carbonate were then added. The absorbance of reaction 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-1 solutions of gallic acid in
methanol: water (50:50, v/v). Results were expressed in terms of gallic acid
equivalents which is a common reference compound. Colorimetric aluminum chloride
method was used for flavonoid determination [19]. 0.5 ml of sample in methanol was
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. The extract remained at room
temperature for 30 min; the absorbance of the reaction mixture was measured at 415
nm with a double beam Perkin Elmer UV/Visible spectrophotometer (USA). The
calibration curve was prepared by preparing quercetin solutions at concentrations 12.5
to 100 mg ml-1 in methanol.
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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 extract [20]. Different concentrations of each
extracts were added, at an equal volume, to methanolic solution of DPPH (100 µM).
After 15 min at room temperature, the absorbance was recorded at 517 nm. The
experiment was repeated for three times. Vitamine C, BHA and quercetin were used
as standard controls. IC50 values denote the concentration of sample, which is required
to scavenge 50% of DPPH free radicals.
Reducing power determination
Fe (III) reduction is often used as an indicator of electron- donating activity, which is
an important mechanism of phenolic antioxidant action [21]. The reducing power of
Physospermum cornobiense was determined according to the method of
ebrahimzadeh et al. [22]. 2.5 ml of extract (25-800 µg ml-1) in water were mixed with
phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and potassium ferricyanide [K3Fe(CN)6] (2.5
ml, 1%). The mixture was incubated at 50oC for 20 min. A portion (2.5 ml) of
trichloroacetic acid (10%) was added to the mixture to stop the reaction, which was
then centrifuged at 3000 rpm for 10 min. The upper layer of solution (2.5 ml) was
mixed with distilled water (2.5 ml) and FeCl3 (0.5 ml, 0.1%), and the absorbance was
measured at 700 nm. Increased absorbance of the reaction mixture indicated increased
reducing power. Vitamin C was used as positive control.
Assay of nitric oxide-scavenging activity
The procedure 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 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 each extracts 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 (1% sulfanilamide, 2% H3PO4 and 0.1% N-(1-naphthyl)
ethylenediamine dihydrochloride) was added. The absorbance of the chromophore
formed was read at 546 nm. Quercetin was used as positive control [22].
Metal chelating activity
Foods are often contaminated with transition metal ions which may be introduced by
processing methods. Bivalent transition metal ions play an important role as catalysts
of oxidative processes, leading to the formation of hydroxyl radicals and
hydroperoxide decomposition reactions via Fenton chemistry [23]. These processes
can be delayed by iron chelation and deactivation .The chelating of ferrous ions by
Physospermum cornobiense Extract was estimated by the method of our recent paper.
(20). briefly, the extract (0.2–3.2 mg/ml) was added to a solution of 2 mM FeCl2 (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 temperature for 10 min.
Absorbance of the solution was then measured spectrophotometrically at 562 nm. The
percentage inhibition of ferrozine-Fe2+ complex formation was calculated as [(A0As)/As] × 100, where A0 was the absorbance of the control, and As was the absorbance
of the extract/ standard. Na2EDTA was used as positive control [21].

396

Pharmacologyonline 3: 394-403 (2009)

Ebrahimzadeh et al.

Scavenging of hydrogen peroxide
The ability of the extract to scavenge hydrogen peroxide was determined according to
the method adapted from our recently published paper [22]. A solution of hydrogen
peroxide (40 mM) was prepared in phosphate buffer (pH 7.4). Extract (0.1-1 mg ml-1)
in distilled water were added to a hydrogen peroxide solution (0.6 ml, 40 mM). The
absorbance of hydrogen peroxide at 230 nm was determined after ten minutes against
a blank solution containing phosphate buffer without hydrogen peroxide. The
percentage of hydrogen peroxide scavenging by the extracts and standard compounds
was calculated as follows: % Scavenged [H2O2] = [(Ao − A1)/Ao] × 100 where Ao was
the absorbance of the control and A1 was the absorbance in the presence of the sample
of extract and standard [22].
Antioxidant activity in a hemoglobin-induced linoleic acid system
The antioxidant activity of extract was determined by a modified photometry assay
[24]. Reaction mixtures (200 ml) containing 10 ml extract (10-400 mg), 1 mmol l-1 of
linoleic acid emulsion, 40 mmol l-1 of phosphate buffer (pH 6.5), and 0.0016%
hemoglobin, were incubated at 37ºC for 45 min. After the incubation, 2.5 ml of 0.6%
HCl 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 480nm after coloring with 100 ml of 0.02 mol l-1 of FeCl2 and 50 ml of
ammonium thiocyanate (30 g/100 ml). Vitamin C was used as positive control.
Antihemolytic activity
Preparation of rat erythrocytes
All the animal experiments were carried out with the approval of institutional animal
ethical committee. Male Wistar rats in the body weight range of 180–220g 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
isolated and stored according to the method described by Ebrahimzadeh et al. [25].
Briefly blood samples collected were centrifuged (1500×g, 10 min) at 4 ºC,
erythrocytes were separated from the plasma and buffy coat and were washed three
times by centrifugation (1500×g, 5 min) in 10 volumes of 10 mM phosphate buffered
saline (pH 7.4; PBS). The supernatant and Buffy coats of white cells were carefully
removed with each wash. Washed erythrocytes stored at 4 ºC and used within 6 h for
further studies.
In vitro assay inhibition of rat erythrocyte hemolysis
The inhibition of rat erythrocyte hemolysis by the extract was evaluated according to
the procedure described by Ebrahimzadeh et al. [25]. The rat erythrocyte hemolysis
was performed with H2O2 as free radical initiator. To 100 µl of 5% (v/v) suspension
of erythrocytes in PBS, 50 µl of extract with different concentrations (5–25 µg in PBS
pH 7.4), which corresponds to 100– 3200 µg of fresh extract, was added. To this, 100
µl of 100 lM H2O2 (in PBS pH 7.4) was added. The reaction mixture was shaken
gently while being incubated at 37 ºC for 3 h. The reaction mixture was diluted with 8
ml of PBS and centrifuged at 2000×g for 10 min. The absorbance of the resulting
supernatant was measured at 540 nm by spectrophotometer to determine the
hemolysis. Likewise, the erythrocytes were treated with 100 µM H2O2 and without
inhibitors (Physospermum cornobiense Extract) to obtain a complete hemolysis. The
absorbance of the supernatant was measured at the same condition.
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The inhibitory effect of the extract was compared with standard antioxidant Vitamin
C. To evaluate the hemolysis induced by leaves extract, erythrocytes were
preincubated with 50 µl of extract corresponding to 25 µg extract for 1 h and the
hemolysis was determined. Percentage of hemolysis was calculated by taking
hemolysis caused by 100 µM H2O2 as 100%. The IC50 values were calculated from
the plots as the antioxidant concentration required for the inhibition of 50%
hemolysis.
Statistical analysis
Experimental results are expressed as means ± SD. All measurements were replicated
three times. The data were analyzed by an analysis of variance (p < 0.05) and the
means separated by Duncan's multiple range tests. The EC50 values were calculated
from linear regression analysis.
Results and discussion
Total phenol and flavonoid contents
Total phenol compounds, as determined by Folin Ciocalteu method, are reported as
gallic acid equivalents by reference to standard curve (y = 0.0054x + 0.0628, r2 =
0.987). The total phenolic contents of Physospermum cornobiense was 36.17 ± 1.44
mg gallic acid equivalent g-1 of extract. The total flavonoid contents of
Physospermum cornobiense was 16.56 ± 0.62 mg quercetin equivalent g-1 of extract
powder, by reference to standard curve (y = 0.0063x, r2 = 0.999). Phenols and
polyphenolic compounds, such as flavonoids, are widely found in food products
derived from plant sources, and they have been shown to possess significant
antioxidant activities [26]. Studies have shown that increasing levels of flavonoids in
the diet could decrease certain human diseases [27].
DPPH radical-scavenging activity
The model of scavenging the stable DPPH radical is a widely used method to evaluate
the free radical scavenging ability of various samples [28]. DPPH is a stable nitrogencentered free radical the color of which changes from violet to yellow upon reduction
by either the process of hydrogen- or electron- donation. Substances which are able to
perform this reaction can be considered as antioxidants and therefore radical
scavengers [29]. IC50 for DPPH radical-scavenging activity was 665.9 ± 33 µg ml-1.
The IC50 values for Ascorbic acid, quercetin and BHA were 1.26 ± 0.11, 1.32 ± 0.07
and 13.49 ± 1.04 µg ml-1, respectively.
Reducing power
In the reducing power assay, the presence of reductants (antioxidants) in the samples
would result in the reducing of Fe3+ to Fe2+ by donating an electron. Amount of Fe2+
complex can be then be monitored by measuring the formation of Perl's Prussian blue
at 700 nm. Increasing absorbance at 700 nm indicates an increase in reductive ability.
Fig. 1 shows the dose– response curves for the reducing powers of the extract. The
extract show moderate reducing power that was not comparable with Vit C (p< 0.01).
Because the reductive ability of extract was significantly comparable to Vit C, it was
evident that Physospermum cornobiense did show reductive potential and could serve
as electron donors, terminating the radical chain reaction.
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Assay of nitric oxide-scavenging activity
The extract also showed good nitric oxide-scavenging activity between 0.1 and 1.6
mg ml-1. The % inhibition was increased with increasing concentration of the extract.
The extract show good nitric oxide scavenging (IC50 were 156.4 ± 5.31 µg ml-1 vs
0.20 ± 0.01 µg ml-1 for quercetin). In addition to reactive oxygen species, nitric oxide
is also implicated in inflammation, cancer and other pathological conditions [30, 31,
32]. 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.
Fe2+ chelating activity
The transition metal, iron, is capable of generating free radicals from peroxides by
Fenton reactions and may be implicated in human cardiovascular disease [27, 28].
Because Fe2+ also has been shown to cause the production of oxyradicals and lipid
peroxidation, minimizing Fe2+ concentration in Fenton reactions affords protection
against oxidative damage. The chelating of ferrous ions by the extract was estimated
by the method of ebrahimzadeh et al., [33]. Ferrozine can quantitatively form
complexes with Fe2+. In the presence of other chelating agents, the complex formation
is disrupted with the result that the red color of the complexes decreases. In this assay,
both extract and EDTA interfered with the formation of ferrous and ferrozine
complex, suggesting that it has chelating activity and captures ferrous ion before
ferrozine.
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The absorbance of Fe2+– ferrozine complex was decreased dose-dependently, i.e. the
activity was increased on increasing concentration from 0.2 to 3.2 mg ml-1. Metal
chelating capacity was significant since the extract reduced the concentration of the
catalyzing transition metal in lipid peroxidation. It was reported that chelating agents
are effective as secondary antioxidants because they reduce the redox potential,
thereby stabilizing the oxidized form of the metal ion [29]. The extract showed weak
Fe2+ chelating ability (IC50 was 1.123 ± 0.047 mg ml-1). EDTA showed very strong
activity (IC50 = 18 µg ml-1).
Scavenging H2O2
Scavenging of H2O2 by extract may be attributed to their phenolics, which can donate
electrons to H2O2, thus neutralizing it to water [14]. The differences in H2O2
scavenging capacity between the extract may be attributed to the structural features of
their active components, which determine their electron donating abilities [14]. The
extract was capable of scavenging hydrogen peroxide in a concentration dependent
manner (IC50 = 157.5 ± 6 µg ml-1). The IC50 values for Ascorbic acid and BHA were
21.4 and 52.0 µg ml-1, 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 H2O2 is very important throughout food systems[34].
Antioxidant activity in a hemoglobin-induced linoleic acid system
The extract showed moderate inhibitory ability on lipid oxidation (49%) at 250 µg
ml-1 and high inhibitory ability (71%) at 1000 µg ml-1 (Fig. 2). extract show moderate
activity in hemoglobin-induced linoleic acid system that was not comparable with
vitamin C (p < 0.001) (Fig. 2).
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Inhibition of rat erythrocyte hemolysis
Initially, the effect of extract was tested and found that it did not show any harmful
effect on erythrocytes. The extract inhibited the hemolysis of rat erythrocytes in a
dose dependent manner with 88% as maximum inhibition of erythrocyte hemolysis at
3.2 mg ml-1. The extract showed 50% hemolysis inhibition at concentrations ranging
from 100 to 3200 µg of extract (IC50= 347.3 ± 13.2µg ml-1). The Vitamin C exhibited
with an IC50value of 235 ± 9 µg ml-1 that is comparable to that of extract.
Conclusions
The extract of Physospermum cornobiense exhibited good but different levels of
antioxidant activity in all the models studied. The extract had good reducing power
and nitric oxide scavenging activity. Further investigation of individual compounds,
their in vivo antioxidant activities and in different antioxidant mechanisms is needed.
Such identified potential and natural constituents could be exploited as cost effective
food/feed additives for human health.

Acknowledgements
The authors wish to thank Pharmaceutical sciences research center of Mazandaran
University of Medical Sciences (sari, Iran) for the sanction of research grants to
conduct the present study. This paper dedicated to Mrs. Seyed Maryam Nabavi and
Seyed Ali Asghar Nabavi.
References
1. Halliwell B and Gutteridge JM . Free Radicals in Biology and Medicine. Oxford:
Oxford University Press 1999.
2. Nabavi SM, Ebrahimzadeh MA, Nabavi SF, Hamidinia A and Bekhradnia AR.
Determination of Antioxidant Activity , Phenol And Flavonoid Content of Parrotia
persica MEY . Pharmacologyonline 2008; 2: 560-567.
3. Yildirim A, Mavi A, Oktay M, Kara AA, Algur OF and Bilaloglu V. Comparison
of antioxidant and antimicrobial activities of tilia (Tilia argenta Desf Ex DC), sage
(Salvia triloba L.) and black tea (Camellia sinensis) extracts. Journal of Agricultural
and Food Chemistry 2000;48: 5030–5034.
4. Gulcin I, Oktay MO, Kufrevioglu OI and Aslan A. Determination of antioxidant
activity of lichen Cetraria islandica (L.) Ach. Journal of Ethnopharmacology 2002;
79: 325–329.
5. Kourounakis AP, Galanakis D and Tsiakitzis K. Synthesis and pharmacological
evaluation of novel derivatives of anti-inflammatory drugs with increased antioxidant
and anti-inflammatory activities. Drug Development Research 1999; 47: 9-16.
6. Grice HC. Safety evaluation of butylated hydroxytoluene (BHT) in the liver, lung
and gastrointestinal tract. Food and Chemical Toxicology 1986 24:1127-1130.
7. Wichi HP. Enhanced tumor development by butylated hydroxyanisole (BHA) from
the prospective of effect on forestomach and oesophageal aquamous epithelium. Food
and Chemical Toxicology 1988; 26: 717-723.

401

Pharmacologyonline 3: 394-403 (2009)

Ebrahimzadeh et al.

8. Hettiarachchy NS, Glenn KC, Gnanasambandam R and Johnson MG. Natural
antioxidant extract from fenugreek (Trigonella foenumgraecum) for ground beef
patties. Journal Food Science 1996; 61: 516-519.
9. Ebrahimzadeh MA, Nabavi SF, Nabavi SM. Antioxidant activities of methanol
extract of sambucus ebulus L. flower. Pakistan Journal of Biological Sciences 2009;
12(5): 447-450.
10. Pryor WA. The antioxidant nutrient and disease prevention – what do we know
and what do we need to find out? American Journal of Clinical Nutrition 1991; 53:
391-393.
11. Kinsella JE, Frankel E, German B and Kanner J. Possible mechanism for the
protective role of the antioxidant in wine and plant foods. Food Technology1993;47:
58-89.
12. Lai LS, Chou ST and Chao WW. Studies on the antioxidative activities of Hsiantsao (Mesona procumbens Hemsl) leaf gum. Journal of Agricultural and Food
Chemistry 2001; 49: 963-968.
13. Sanchez-Moreno C, Larrauri JA and Saura-Calixto F. Free radical scavenging
capacity and inhibition of lipid oxidation of wines, grape juices and related
polyphenolic constituents. Food Research International 1999; 32: 407-412.
14. Ebrahimzadeh MA, Nabavi SF, Nabavi SM, Eslami B. Antihypoxic and
antioxidant activity of Hibiscus esculentus seeds. Grasas Y Aceites 2009; doi:
10.3989/gya.053809, 2010
15. Nabavi SM, Ebrahimzadeh MA, Nabavi SF and Jafari M. Free radical scavenging
activity and antioxidant capacity of Eryngium caucasicum Trautv and Froripia
subpinata. Pharmacologyonline 2008; 3: 19-25.
16. Mozaffarian V. editor. In: A dictionary of Iranian plant names. Tehran. Farhang
Moaser. 2006.
17. Tundis R., Bonesi M., Deguin B., Loizzo M. R., Menichini F., Conforti F.,
Tillequin F., Menichini F.Cytotoxic activity and inhibitory effect on nitric oxide
production of triterpene saponins from the roots of Physospermum verticillatum
(Waldst & Kit) (Apiaceae) Bioorganic & Medicinal Chemistry 2009; 17(13):45424547.
18. Khalilzadeh M. A. , Tajbakhsh M. , Gholami F. A., Hosseinzadeh M. ,
Dastoorani P. ,Norouzi M., Dabiri H.A Composition of the essential oils of
Hippomarathrum microcarpum ( M. Bieb.) b. fedtsch. and Physospermum
cornubiense ( L.) DC. from Iran The Journal of essential oil research 2007; 19(
6): 567-568
19. Nabavi SM , Ebrahimzadeh MA , Nabavi SF and Bahramian F . In Vitro
Antioxidant activity of Phytolacca Americana Berries. Pharmacologyonline 2009; 1:
81-88.
20. Nabavi SM, Ebrahimzadeh MA, Nabavi SF, Fazelian M, Eslami B, In vitro
Antioxidant and Free Radical Scavenging Activity of Diospyros lotus and Pyrus
boissieriana growing in Iran. Pharmacognosy Magazine 2009; 4(18): 123-127.
21. Dehpour AA, Ebrahimzadeh MA, Nabavi SF and Nabavi SM. Antioxidant
activity of the methanol extract of Ferula assafoetida and its essential oil
composition. Grasas Y Aceites 2009; 60 (4): 405-412.
22. Ebrahimzadeh MA, Pourmorad F, Bekhradnia AR. Iron chelating activity, phenol
and flavonoid content of some medicinal plants from Iran. African Journal of
Biotechnology 2008; 7 (18): 17, 3188-3192.

402

Pharmacologyonline 3: 394-403 (2009)

Ebrahimzadeh et al.

23. Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Eslami B, free radical scavenging
ability of methanolic extract of hyoscyamus squarrosus leaves. Pharmacologyonline
2009; 2: 796-802.
24. Song-Hwan B., Hyung-Joo S., Antioxidant activities of five different mulberry
cultivars in Korea, LWT-Food Science and Technology 2007; 40: 955-962
25. Ebrahimzadeh MA, Nabavi SF, Nabavi SM, antihemolytic and antioxidant
activity of hibiscus esculentus leaves. Pharmacologyonline 2009; 2: 1097-1105
30. Ebrahimzadeh MA, Ehsanifar S, Eslami B. Sambucus ebulus elburensis fruits: A
good source for antioxidants. Pharmacognosy magazine 2009; 4(19): 213-218.
27. Ebrahimzadeh MA and Bahramian F. Antioxidant activity of Crataegus
pentagina subsp . elbursis Fruits extracts used in traditional medicine in Iran.
Pakistan journal of biological sciences 2009; 12(5): 413-419.
28. Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Eslami B. Antioxidant Activity of
Aqueous Extract Of Pyrus boissieriana Fruit. Pharmacologyonline 2009; 1: 13181323.
29. Brand-Williams W, Cuvelier M, Berset C. Use of a free radical method to
evaluate antioxidant activity. Lebensmittel- Wissenschaft und –Technologie 1995; 28:
25-30.
30. Moncada A, Palmer RMJ, Higgs EA. Nitric oxide: physiology, pathophysiology
and pharmacology. Pharmacological Reviews 1991; 43: 109-142.
31. Ebrahimzadeh MA, Nabavi SF, Nabavi SM. Essential oil composition and
antioxidant activity of Pterocarya fraxinifolia . Pakistan Journal of Biological
Sciences 2009; 12(13): 957-963.
32. Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Eslami B and Ehsanifar S.
Antioxidant activity of Hyoscyamus squarrosus Fruits. Pharmacologyonline 2009;
2: 644-650
33. Ebrahimzadeh MA, Nabavi SM, Nabavi SF. Correlation between the in vitro iron
chelating activity and poly phenol and flavonoid contents of some medicinal plants.
Pakistan Journal of Biological Sciences 2009; 12(12): 934-938.
34. Nabavi SF, Nabavi SM, Eslami Sh and Ebrahimzadeh MA. antioxidant activity of
some B complex vitamins; A Preliminary study. Pharmacologyonline 2009; 2: 225229

403

