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ABSTRACT 
Extracts of 4 medicinal and aromatic plants were investigated for their antioxidant potency employing six 
various established in vitro system: H. officinalis L. var. angustifolius aerial parts, C. speciosum flowers, V. 
odorata and B. hyrcana leaves.With regard to IC50 values (µg/ ml), the order in DPPH radical-scavenging were 
CS (585.6) > HO (311) > VO (245.1) > and BH (113.1). Effectiveness in reducing powers were high and in a 
descending order of HO > CS > BH > VO (at the concentrations of 25-800 µg/ ml). IC50 for Fe2+ chelating 
ability were 188, 750 and 980 µg/ ml for VO, CS and HO, respectively. BH extract has shown only 38% 
inhibition at 800 µg/ ml. The extracts showed weak nitric oxide-scavenging activity. All extracts exhibited very 
low and moderate concentration-dependent antioxidant activity in FTC methods. IC50 for scavenging of H2O2 
were 169 for BH, 175 for CS, 640 for VO and 663 µg/ ml for HO. The content of total phenolic compounds and 
flavonoids were measured in plant extracts. The data obtained in the in vitro models clearly establish the 
antioxidant potency of all extracts. 
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INTRODUCTION  
 
Free radicals are created when cells use oxygen to 
generate energy. These by-products are generally reactive 
oxygen species (ROS) such as super oxide anion, 
hydroxyl radical and hydrogen peroxide that result from 
the cellular redox process. At low or moderate 
concentrations, ROS exert beneficial effects on cellular 
responses and immune function but at high levels, free 
radicals and oxidants generate oxidative stress, a 
deleterious process that can damage cell structures, 
including lipids, proteins, and DNA (Pham-Huy et al., 
2008). Oxidative stress plays a major part in the 
development of chronic and degenerative ailments such as 
cancer, autoimmune disorders, rheumatoid arthritis, 
cataract, aging, cardiovascular and neurodegenerative 
diseases, (Willcox et al., 2004; Pham-Huy et al., 2008). 
The human body has several mechanisms to counteract 
oxidative stress by producing antioxidants, which are 
either naturally produced in situ, or externally supplied 
through foods and/or supplements. These antioxidants act 
as free radical scavengers by preventing and repairing 
damages caused by ROS, and therefore can enhance the 
immune defense and lower the risk of cancer and 
degenerative diseases (Pham-Huy et al., 2008). In recent 
years, there is an increasing interest in finding antioxidant 
phytochemicals, because they can inhibit the propagation 
of free radical reactions, protect the human body from 

diseases (Terao and Piskula, 1997). The most effective 
components seem to be flavonoids and phenolic 
compounds of many plant raw materials, particularly in 
herbs, seeds, and fruits. Their metal-chelating capabilities 
and radical- scavenging properties have enabled phenolic 
compounds to be thought of as effective free radical 
scavengers and inhibitors of lipid peroxidation (Terao and 
Piskula, 1997).  
 
Hyssop, Hyssopus officinalis (Lamiaceae) is one of the 
most important pharmaceutical herbs that extensively 
cultivated in central and south European countries such as 
Russia, Spain, France and Italy (Omidbaigi, 2000). 
Despite having a bitter taste, it is used as a food flavor 
and in sauce formulations (Kazazi et al., 2007). It is used 
in tea blends for cough relief, for antispasmodic effects, 
and to relieve catarrh (Khazaie et al., 2008). Hyssop 
possesses antifungal and anti-bacterial properties 
(Omidbaigi, 2000), insecticidal (Pavela, 2004), 
antiplatelet (Tognolini et al., 2006) and α-Glucosidase 
inhibitory activities (Matsuura et al., 2004). Chemical 
composition of essential oil of hyssop has been reported 
(Kerrola et al., 1994). Viola odorata L. (Violaceae) is 
used in alternative medicine mainly for respiratory 
ailments. Flowers are edible and used as food additives. 
Root contains violine which is emetic. Also, it is used as a 
laxative and to treat digestive disorders. It is used 
externally to reduce swelling (www.altnature). Also 
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antifungal (Amin et al., 2002) and antipyretic activities 
have been reported (Khattak et al., 1985). Some 
compounds were separated and identified from volatile 
components of violet leaves (Cu et al., 1992). Some 
Cyclotide also identified (Ireland et al., 2006). Previous 
chemical studies on various species of genus Buxus have 
resulted in the isolation of over 80 new steroidal alkaloids 
(Meshkatalsadat et al., 2006) Buxus hyrcana is abundant 
in Iran and previously, over 10 new steroidal alkaloids 
have been reported from this plant (Choudhary et al., 
2006; Meshkatalsadat et al., 2006; Babar et al., 2006). 
Buxus alkaloids exhibit various biological activities such 
as anti-HIV and acetylcholinesterase inhibitory activities 
(Atta-ur-Rahman et al., 1998; Durant et al., 1998; Atta-
ur-Rahman and Choudhary, 1999; Babar et al., 2006). 
Antioxidative activity has been reported by thiobarbituric 
acid in B. hyrcana (Souri et al., 2004). Colchicum 
speciosum (Colchicaceae) is used for its cholinergic 
activity (Basova et al., 2006) and  antileukemia (Kupchan 
et al., 1973). Determination of colchicine has been 
reported in Colchicum species by many researchers 
(Churadze et al., 1976; Alali et al., 2007). Yet very little 
information is available about antioxidative activity of 
these plants.  
 
In this study, we examined the antioxidant activity of 
Hyssopus officinalis, Viola odorata, Buxus hyrcana and 
Colchicum speciosum employing six in vitro assay 
systems, i.e., DPPH and nitric oxide radical scavenging, 
reducing power, scavenging of hydrogen peroxide, 
linoleic acid and iron ion chelating power, in order to 
understand the usefulness of this plant as a foodstuff as 
well as in medicine. 
 
MATERIALS AND METHODS 
 
Chemicals 
Ferrozine, Linoleic acid, trichloroacetic acid (TCA), 1,1-
diphenyl-2-picryl hydrazyl (DPPH), potassium 
ferricyanide were purchased from Sigma Chemicals Co. 
(USA). Gallic acid, quercetin, Butylated hydroxyanisole 
(BHA), Vitamin C, sulfanilamide, N-(1-naphthyl) 
ethylenediamine dihydrochloride, EDTA and ferric 
chloride were purchased from Merck (Germany). All 
other chemicals were of analytical grade or purer. 
 
Plant material 
H. officinalis L. var. angustifolius aerial parts, C. 
speciosum flowers, V. odorata and B. hyrcana leaves and 
were collected from Mazandaran forest and identified by 
Dr. Bahman Eslami. A voucher (No. 975-979) has been 
deposited in the Sari School of Pharmacy herbarium. 
Materials dried at room temperature and coarsely ground 
before extraction. Each part was extracted at room 
temperature by percolation method using methanol. 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 flavonoid content 
Colorimetric aluminum chloride method was used for 
flavonoid determination (Nabavi et al., 2008a; 
Ebrahimzaded et al., 2009a, b). Briefly, 0.5 ml solution of 
each plant 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 Perkin Elmer 
UV/Visible spectrophotometer (USA). Total flavonoid 
contents were calculated as quercetin from a calibration 
curve. The calibration curve was prepared by preparing 
quercetin solutions at concentrations 12.5 to 100 mg/ ml 
in methanol. 
 
Determination of total phenol content  
Total phenolic compound contents were determined by 
the Folin-Ciocalteau method (Ebrahimzaded et al., 2008a, 
b; Nabavi et al., 2008a).The extract samples (0.5 ml of 
different dilutions) were mixed with Folin Ciocalteu 
reagent (5 ml, 1:10 diluted with distilled water) for 5 min 
and aqueous Na2CO3 (4 ml, 1 M) were then added. The 
mixture was allowed to stand for 15 min and the phenols 
were determined by colorimetric method at 765 nm. 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 values are expressed in terms of 
Gallic acid equivalent (mg/ g of dry mass), which is a 
common reference compound. 
 
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 extracts (Ebrahimzadeh et al., 2009a,b; 
Ghasemi et al., 2009). 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 
The reducing power of extracts was determined according 
to the method of Yen and Chen (1995). Different amounts 
of each extracts (25-800 µg/ ml) 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 
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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. Vitamine 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. After the 
incubation period, 0.5 ml of Griess reagent was added. 
The absorbance of the chromophore formed was read at 
546 nm. Quercetin was used as positive control 
(Ebrahimzadeh et al., 2009d). 
 
Metal chelating activity 
The chelating of ferrous ions by extracts was estimated by 
our recently published paper (Ebrahimzadeh et al., 
2008a). 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:  

[(A0- As)/As] × 100 
Where A0 was the absorbance of the control, and As was 
the absorbance of the extract or Na2EDTA (positive 
control). 
 
Determination of Antioxidant Activity by the FTC 
(Ferric thiocyanate) Method 
The inhibitory capacity of extracts was tested against 
oxidation of linoleic acid by FTC method (Ebrahimzadeh 
et al., 2009b,c). Twenty mg/ ml of samples dissolved in 4 

ml of 95% (w/v) ethanol were mixed with linoleic acid 
(2.51%, v/v) in 99.5% (w/v) ethanol (4.1 ml), 0.05 M 
phosphate buffer pH 7.0 (8 ml), and distilled water (3.9 
ml) and kept in screw cap containers at 40°C in the dark. 
To 0.1 ml of this solution was then added 9.7 ml of 75% 
(v/v) ethanol and 0.1 ml of 30% (w/v) ammonium 
thiocyanate. Precisely 3 min after the addition of 0.1 ml of 
20 mM ferrous chloride in 3.5% (v/v) hydrochloric acid to 
the reaction mixture, the absorbance at 500 nm of the 
resulting red solution was measured, and it was measured 
again every 24 h until the day when the absorbance of the 
control reached the maximum value. The percent 
inhibition of linoleic acid peroxidation was calculated as:  
(%) inhibition = 100 - [(absorbance increase of 
sample/absorbance increase of control) × 100].  
 
All tests were run in duplicate, and analyses of all 
samples were run in triplicate and averaged. Vitamin C 
and BHA used as positive control. 
 
Scavenging of hydrogen peroxide 
The ability of the extracts to scavenge hydrogen peroxide 
was determined according to our recently published 
papers (Nabavi et al., 2008a and 2009a). A solution of 
hydrogen peroxide (40 mM) was prepared in phosphate 
buffer (pH 7.4). The concentration of hydrogen peroxide 
was determined by absorption at 230 nm using a 
spectrophotometer. Extracts (0.1-1 mg/ ml) 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 (Nabavi et al., 2008a,b). 
 
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 

Table 1: Total phenol and flavonoids contents, DPPH and NO scavenging activities of H. officinalis L. var. 
angustifolius, V. odorata, B. hyrcana and C. speciosum. 
 

Sample 
Total phenol 

contents 
(mg/ g) 

Flavonoid 
contents 
(mg/ g) 

DPPH radical 
scavenging, 

IC50 (µg/ ml)a 

NO-scavenging 
IC50 (µg/ ml)b 

H. officinalis L. var. angustifolius  aerial parts  90.0 ± 1.2 30.6 ± 2.1 311 ± 14.5 275 
V. odorata leaves 35.4 ± 0.9 22.8 ± 1.0 245.1 ± 9.6 34c (%) 
B. hyrcana leaves 55.8 ± 2.3 48.2 ± 2.4 113.1 ± 8.9 27 c (%) 
C. speciosum flowers 48.4 ± 2.1 39.0 ± 1.6 585.6 ± 21.2 248 

 

a IC50 for  BHA, Vitamin C and Quercetin  were 53.96 ± 3.1, 5.05 ± 0.1 and 5.28 ± 0.2 µg ml-1, respectively. 
b IC50 for Quercetin  was 17 ± 0.9 µg/ ml, c Percentage of inhibition at 800 µg/ ml 
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means separated by Duncan's multiple range tests (by 
InStat3 software). The IC50 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 = 0.0063x, r2 = 0.987). 
The total flavonoid contents are reported as mg quercetin 
equivalent/g of extract powder, by reference to standard 
curve (y = 0.0067x + 0.0132, r2 = 0.999) (table 1). It was 
noted that H. officinalis aerial parts and B. hyrcana leaves 
extracts had significant higher total phenol and flavonoids 
contents than did other extracts, respectively. 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 (Nabavi et al., 2009a). The high amount of 
phenols and flavonoids in extracts may explain their high 
antioxidative activities. 
 

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 (Ebrahimzadeh et 
al., 2008b). DPPH is a stable nitrogen-centered 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 (Dehpour et al., 2009). It was 
found that the radical-scavenging activities of all the 
extracts increased with increasing concentration. IC50 for 
DPPH radical-scavenging activity were reported in Table 
1. Usually, higher total phenol and flavonoids contents 
lead to better DPPH-scavenging activity (Ebrahimzadeh 
et al., 2009a-c). B. hyrcana leaves with high level of 
phenolic contents and highest amount of flavonoids 
showed the best activity (113.1 ± 8.9) µg/ ml.  
 
Reducing power 
Fe (III) reduction is often used as an indicator of electron- 
donating activity, which is an important mechanism of 
phenolic antioxidant action (Nabavi et al., 2009a). In the 
reducing power assay, the presence of 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 
dose-response curves for the reducing powers of the 
extract. It was found that the reducing powers of all the 
extracts also increased with the increase of their 
concentrations. All extracts had shown good reducing 
power that was comparable with Vitamin C (p>0.05). The 

H. officinalis aerial parts had shown better reducing 
power than Vitamin C (p< 0.05). 
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Fig. 1: Reducing power of H. officinalis L. var. 
angustifolius aerial parts, C. speciosum flowers, V. 
odorata and B. hyrcana leaves. Vitamin C used as 
control. 
 
Assay of nitric oxide-scavenging activity 
The extracts showed weak nitric oxide-scavenging 
activity between 0.1 and 800 µg/ ml. The % inhibition 
was increased with increasing concentration of the 
extract. The C. speciosum flowers extract had shown 
better reducing power than other extracts (table 1). 
However, activity of quercetin was very more pronounced 
than that of our extracts. In addition to reactive oxygen 
species, nitric oxide is also implicated in inflammation, 
cancer and other pathological conditions (Nabavi et al., 
2008a,b). 
 
Fe2+ chelating ability 
Bivalent transition metal ions play an important role as 
catalysts of oxidative processes, leading to the formation 
of hydroxyl radicals and hydro peroxide decomposition 
reactions via Fenton chemistry (Halliwell, 1997). The 
transition metal, iron, is capable of generating free 
radicals from peroxides and may be implicated in human 
cardiovascular disease (Halliwell and Gutteridge, 1990). 
Because Fe2+ causes the production of oxyradicals and 
lipid peroxidation, minimizing its concentration affords 
protection against oxidative damage. The chelating of 
ferrous ions by the extract was estimated by our recently 
published paper (Ebrahimzadeh et al., 2008a). In the 
presence of other chelating agents, the Ferrozine complex 
formation is disrupted with the result that the red color of 
the complexes decreases. The absorbance of Fe2+-
ferrozine complex was decreased dose-dependently, i.e. 
the activity was increased on increasing concentration 
from 50 to 1600 µg/ml. 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 (Gordon, 1990). IC50 for 
Fe2+ chelating ability were 188, 750 and 980 µg/ ml for V. 
odorata, C. speciosum and H. officinalis, respectively. B. 
hyrcana extract has shown only 38% inhibition at 800 
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µg/ml. EDTA showed very strong activity (IC50 = 18 µg/ 
ml). 
 
FTC method 
Membrane lipids are rich in unsaturated fatty acids that 
are most susceptible to oxidative processes. Specially, 
linoleic acid and arachidonic acid are targets of lipid per 
oxidation (Nabavi et al., 2009a). Fig. 2 shows the time-
course plots for the antioxidative activity of the plants 
extract using the FTC method. All extracts exhibited very 
low and moderate concentration-dependent antioxidant 
activity. There were significant differences (p< 0.001) 
among plants extracts and Vitamin C or BHA at different 
incubation times. It suggests that peroxidation inhibition 
have not any role in antioxidant activity of our four 
extracts and other mechanism may evolve. 
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Fig. 2: Antioxidant activity of H. officinalis L. var. 
angustifolius aerial parts, C. speciosum flowers, V. 
odorata and B. hyrcana leaves in FTC method at different 
incubation times (0.2 mg/ ml). Vitamin C and BHA used 
as controls (0.1 mg/ ml). 
 
Hydrogen Peroxide Scavenging 
Scavenging of H2O2 by extracts may be attributed to their 
phenolics, which can donate electrons to H2O2, thus 
neutralizing it to water (Nabavi et al., 2008b; 
Ebrahimzadeh et al., 2009d).The ability of the extracts to 
effectively scavenge hydrogen peroxide, determined 
according to the method of Ruch (Nabavi et al., 2008), 
where they are compared with that of Quercetin as 
standard. The extracts were capable of scavenging 
hydrogen peroxide in a concentration-dependent manner. 
IC50 for scavenging of H2O2 were 169 ± 7.25 for B. 
hyrcana leaves, 175 ± 6.95 for C. speciosum, 640 ± 11.67 
for V. odorata leaves and 663 ± 9.38 µg/ ml for H. 
officinalis aerial parts, respectively. The IC50 values for 
vitamin C and quercetin were 21.4 ± 0.12 and 52.0 ± 3.11 
(g/ 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 H2O2 is very important throughout food systems 
(Nabavi et al., 2008a). 
 
In conclusion, all extracts exhibited different levels of 
antioxidant activities in all the models studied. Further 

investigation of individual compounds, their in vivo 
antioxidant activities and in different antioxidant 
mechanisms is needed. 
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