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Fringe tree (Chionanthus virginicus L.) is used as a raw material by pharmaceutical industries for the 
preparation of homeopathy tinctures. In this study, antioxidant activity of methanol extract (MEFT) and 
ethylacetate extract (EEFT) from root bark of fringe tree (C. virginicus L.) were evaluated. 2,2-Azino-
bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical scavenging, 1,1-diphenyl-2-picryl-hydrazyl free 
radical (DPPH·) scavenging, superoxide anion (O2

•-) radical scavenging, total antioxidant activity, 
reducing activity, hydrogen peroxide (H2O2) scavenging and ferrous metal chelating activities were for 
used antioxidant evaluation of MEFT and EEFT. The both extracts neutralized the activities of radicals 
and inhibited the peroxidation reactions of linoleic acid emulsion. Total antioxidant activity was 
measured according to ferric thiocyanate method. Butylated hydroxyanisole (BHA), butylated hydroxy-
toluene (BHT), α-tocopherol and trolox, a water-soluble analogue of tocopherol, were used as the 
reference antioxidant compounds. MEFT and EEFT showed 69.4, 79.3, 72.3 and 83.7% inhibition on lipid 
peroxidation of linoleic acid emulsion, respectively, at the 10 and 20 µg/mL concentrations. On the other 
hand, 20 µg/mL of α-tocopherol, trolox, BHA and BHT exhibited 54.7, 20.1, 74.4 and 71.2% inhibition on 
peroxidation of linoleic acid emulsion, respectively. Also, MEFT and EEFT have effective DPPH•, ABTS•+ 
and superoxide anion radicals scavenging, hydrogen peroxide scavenging, total reducing power and 
metal chelating on ferrous ions activities.  
 
Key words: Chionanthus virginicus; oleaceae; antioxidant activity; fringe tree; radical scavenging, metal chelating. 

 
 
INTRODUCTION 
 
Oxidation processes are very important for living orga-
nism. The uncontrolled production of reactive oxygen 
species (ROS) and the unbalanced mechanism of anti-
oxidant protection result in the onset of many diseases 
and accelerate ageing. Oxidative stress occurs, when an 
imbalance occurs, leading to potentially serious health 
consequences. ROS include free radicals such as super-
oxide anion radicals (O2•-), hydroxyl radicals (OH•) and 
non free-radical species such as H2O2 and singlet oxygen 
(1O2) (Halliwell 
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and Gutteridge, 1989; Gülçin et al., 2002a; Gülçin et al., 
2002b). There is a balance between the generation of 
ROS and inactivation of ROS by the antioxidant system 
in organisms. In case of the imbalance between ROS and 
antioxidant defence mechanisms, ROS leads to oxidative 
modification in cellular membrane or intracellular mole-
cules (Duh et al., 1999; Büyükokuroğlu et al., 2001; Gül-
çin et al., 2003). In addition, under pathological conditions 
or oxidative stress, ROS are overproduced and result 
peroxidation of membrane lipids, leading to the accumu-
lation of lipid peroxides. However, they are removed by 
antioxidant defence mechanisms. Antioxidants are consi-
dered as possible protection agents reducing oxidative 
damage of human body from ROS and retard the pro-
gress of many chronic diseases as well as lipid pero-
xidation (Pryor, 1991; Kinsella et al., 1993; Lai et al., 
2001;  Gülçin et al., 2003a). Therefore, there is a growing 



 
 
 
 
interest in the substances exhibiting antioxidant proper-
ties that are supplied to human and animal organisms as 
food components or as specific pharmaceutics. Butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 
propyl gallate and tert-butylhydroquinone are the most 
commonly used antioxidants at the present time. How-
ever, they have suspected of being responsible for liver 
damage and carcinogenesis (Wichi, 1988; Sherwin, 
1990). Hence, in recent years, the restriction in the use of 
synthetic antioxidants, such as BHA and BHT, has 
caused an increased interest towards natural antioxidant 
substances (Baardseth, 1989; Gülçin et al., 2005a).  

Novadays, natural antioxidants have become one of 
the major areas of scientific research (Demo et al., 1998; 
Sanchez-Moreno et al., 1999). Therefore the importance 
of searching for and exploiting natural antioxidants, espe-
cially of plant origin, has increased greatly in recent 
years. There is a growing interest in natural additives as 
potential antioxidants (Grice, 1986; Moure et al., 2001; 
Oktay et al., 2003; Gülçin et al., 2005b).  

Chionanthus virginicus L., fringe tree, is a shrub of the 
eastern of America. This Oleaceae is used in folk medi-
cine as cholagogue, diuretic and tonic (Duke and Wain, 
1981). The leaves contain flavonoids, as rutin, kaemp-
ferol-3-glucoside, kaempferol-3-rutinoside, quercetin tri-
glycosides (Harborne and Green, 1980) and triterpenoid 
compound as ursolic acid (Pourra et al., 1954). Stem and 
root barks contain a lignin, phillyrin (Steinegger and 
Jacober, 1959). Nowadays, root bark is used in homeo-
pathy for hepatitis and icterus (Guermonprez and Pinkas, 
1997). There is no found any information about in vitro 
antioxidant and antiradical activities of MEFT and EEFT. 
The main objectives of the present study were to assess 
the antioxidant potential of MEFT and EEFT in different in 
vitro antioxidant assays including 1, 1-diphenyl-2-picryl-
hydrazyl free radical scavenging, ABTS radical scaven-
ging, total antioxidant activity by ferric thiocyanate met-
hod, reducing power, superoxide anion radical scaveng-
ing, hydrogen peroxide scavenging and metal chelating 
activities. 
 
 
MATERIALS and METHODS 
 
Chemicals 
 
2,2´-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), nico-
tinamide adenine dinucleotide (NADH), butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), nitroblue tetrazolium 
(NBT), phenazine methosulphate (PMS), the stable free radical 1,1-
diphenyl-2-picryl-hydrazyl (DPPH•), linoleic acid, 3-(2-Pyridyl)-5,6-
bis (4-phenyl-sulfonic acid)-1,2,4-triazine (Ferrozine), 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), ethylenedia-
minetetraacetice acide (EDTA), α-tocopherol, polyoxyethylene-
sorbitan monolaurate (Tween-20), and trichloroacetic acid (TCA) 
were obtained from Sigma (Sigma-Aldrich GmbH, Sternheim, Ger-
many). Ammonium thiocyanate was purchased from Merck. All 
other chemicals used were analytical grade and obtained from 
either Sigma-Aldrich or Merck. 
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Plant materials 
 
Samples of dried root bark of C. virginicus were provided by 
laboratories BOIRON (No: 97070214). They were collected in 
south-east of USA and dried naturally on site. Root bark was 
powdered and stored in a dry place, protected from light until used. 
 
 
Extraction procedure 
 
Powdered root bark of C. virginicus (100 g) were extracted with 300 
ml of MeOH twice under reflux during 30 min. The extract was 
concentrated in rotary evaporator. The residue was dissolved in 
300 mL of distilled water and was successively extracted with 
4x100 mL of AcOEt. Organic phase was evaporated in rotary 
evaporator to give residues of 4.4 g.  
 
 
Total antioxidant activity-ferric thiocyanate method 
 
The antioxidant activity of MEFT and EEFT was determined 
according to the ferric thiocyanate method in linoleic acid emulasion 
(Mitsuda et al., 1996). For stock solutions, 10 mg of MEFT and 
EEFT was dissolved in 10 mL deionized water. Then, the solution, 
which contains different concentration of stock MEFT and EEFT 
solution samples (10-20 µg/mL) in 2.5 mL of potassium phosphate 
buffer (0.04 M, pH 7.0), was added to 2.5 mL of linoleic acid 
emulsion in potassium phosphate buffer (0.04 M, pH 7.0). The 
mixed solution (5 mL) was incubated at 37oC in glass flask. At 
regular intervals during incubation, a 0.1 ml aliquot of the mixture 
was diluted with 3.7 ml of ethanol, followed by the addition of 0.1 ml 
of 30% ammonium thiocyanate and 0.1 ml of 20 mM ferrous 
chloride in 3.5% hydrochloric acid. The peroxide level was 
determined by reading the absorbance at 500 nm in a 
spectrophotometer (CHEBIOS s.r.l. UV-VIS Spectrophotometer). 
During the linoleic acid oxidation, peroxides are formed, which 
oxidize Fe+2 to Fe+3. The latter ions form a complex with thiocyanate 

and this complex has a maximum absorbance at 500 nm. These 
steps were repeated every 12 h until the control reached its 
maximum absorbance value. Therefore, high absorbance indicates 
high linoleic acid emulsion oxidation. Solutions without added 
samples were used as blanks. All data on total antioxidant activity 
are the average of duplicate experimetns. The percentage inhibition 
of lipid peroxidation in linoleleic acid emulsion was calculated by 
following equation: 
 
Inhibition of lipid peroxidation (%) =100 −[(ASample/AControl) ×100 
 
where AControl is the absorbance of the control reaction and ASample is 
the absorbance in the presence of the sample of MEFT, EEFT or 
standard compounds (Gülçin et al., 2004a). 
 
 
Total reduction ability by Fe3+- Fe2+ transformation 
 
The samples prepared for ferric thiocyanate method was used for 
this and the other antioxidant assays. The reducing activity of MEFT 
and EEFT was determined by the method of Oyaizu (1986). The 
capacity of MEFT and EEFT to reduce the ferric-ferricyanide com-
plex to the ferrous-ferricyande complex of Prussian blue was 
determined by recording the absorbance at 700 nm after incu-
bation. For this purose, different concentrations of MEFT and EEFT 
(10-20 µg/mL) in 1 mL of distilled 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. Aliquots (2.5 mL) of trichloroacetic acid (10%) were added 
to the mixture. The upper layer of solution (2.5 mL) was mixed with 
distilled water (2.5 mL) and FeCl3 (0.5 mL, 0.1%).  The  absorbance  
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was measured at 700 nm in a spectrophotometer. Increased absor-
bance of the reaction mixture indicates increased reduction capa-
bility. 
 
 
Metal chelating activity on ferrous ions (Fe2+) 
 
Ferrous ion (Fe2+) chelation by MEFT and EEFT was estimated by 
the Ferrozine assay (Dinis et al., 1994). Briefly, MEFT and EEFT 
(10 µg/mL) in 0.4 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) and total volume was adjusted to 4 mL ethanol. Then, the 
mixture was shaken vigorously and left standing at room tempera-
ture for ten minutes. After the mixture had reached equilibrium, the 
absorbance of the solution was then measured spectrophoto-
metrically at 562 nm. The results were expressed as percentage of 
inhibition of the Ferrozine-Fe2+complex formation. The percentage 
of inhibition of ferrozine-Fe2+ complex formation was calculated 
using the formula given below: 
 
Bound Fe2+(%) = [(AControl−ASample)/AControl] × 100 
 
where AControl is the absorbance of the ferrozine–Fe2+ complex and 
ASample is the absorbance in the presence of the sample of MEFT 
and EEFT (Gülçin et al., 2004b).  
 
 
H2O2 scavenging activity  
 
H2O2 scavenging ability of MEFT and EEFT was determined 
according to the method of Ruch et al. (1989). A solution of H2O2 
(40 mM) was prepared in phosphate buffer (pH 7.4). MEFT and 
EEFT at the 30 µg/mL concentration in 3.4 mL phosphate buffer 
were added to a H2O2 solution (0.6 mL, 40 mM). The absorbance 
value of the reaction mixture was recorded at 230 nm. Blank 
solution was containing the phosphate buffer without H2O2. The 
percentage of H2O2 scavenging of MEFT and EEFT and standard 
compounds was calculated as: 
 
% Scavenged [H2O2] = [(AControl−ASample) /AControl] × 100 
 
where AControl is the absorbance of the control, and ASample is the 
absorbance in the presence of the sample of MEFT and EEFT 
(Elmastaş et al., 2005; Gülçin, 2005c). 
 
 
ABTS radical cation decolorization assay 
 
The spectrophotometric analysis of ABTS•+ radical scavenging 
activity was determined according to Re et al. (1999). The ABTS•+ 
cation radical was produced by the reaction between 7 mM ABTS in 
H2O and 2.45 mM potassium persulfate, stored in the dark at room 
temperature for 12 h. Before usage, the ABTS•+ solution was diluted 
to get an absorbance of 0.700 ± 0.025 at 734 nm with phosphate 
buffer (0.1 M, pH 7.4). For stock solutions of 10 mg of MEFT and 
EEFT was dissolved in 10 ml distillated water. Then, 1 ml of ABTS•+ 
solution was added 3 mL of MEFT and EEFT solution in ethanol at 
different concentrations (10-20 µg/mL). After thirty minutes later, the 
percentage inhibition of absorbance at 734 nm was calculated for 
each concentration relative to a blank absorbance (ethanol). All 
determinations were carried out at least three times, and in 
triplicate. The ABTS•+ concentration (mM) in the reaction medium 
was calculated from the following calibration curve, determined by 
linear regression (R2: 0.9922): 
 
Absorbance = 0.0116 x [ABTS•+] + 0.0479 
 
The capability to scavenge the ABTS•+ radical was calculated using 
the following equation: 

 
 
 
 
ABTS•+ scavenging effect (%)= [(AControl − ASample / AControl) ×100]  
 
where in AControl is the initial concentration of the ABTS•+ and ASample 
is ansorbence of the remaining concentration of  ABTS•+ in the 
presence of ligustroside and oleuropein. 
 
 
1,1-Diphenyl-2-picryl-hydrazil (DPPH) free radical scavenging 
activity 
 
The hydrogen atoms or electrons donation ability of MEFT and 
EEFT was measured from the bleaching of purple coloured 
methanol solution of DPPH, following the methodology described 
by Blois (1958). The capacity of MEFT and EEFT to scavenge the 
lipid-soluble DPPH radical, which results in the bleaching of the 
purple colour exhibited by the stable DPPH radical, is monitored at 
an absorbance of 517 nm. Basically, a 0.1 mM ethanolic solution of 
DPPH· was prepared daily. Then, 1 mL of this solution was added 3 
mL of MEFT and EEFT solution in ethanol at different 
concentrations (10-20 µg/mL). Thirty minutes later, the absorbance 
was measured at 517 nm. Lower absorbance of the reaction 
mixture indicates higher free radical scavenging activity. The DPPH· 
concentration (mM) in the reaction medium was calculated from the 
following calibration curve, determined by linear regression 
(R2:0.9974): 
 
Absorbance = 0.5869x10-4[DPPH·] + 0.0134 
 
The capability to scavenge the DPPH· radical was calculated using 
the following equation: 
 
DPPH· Scavenging effect (%)= [(AControl − ASample / AControl) ×100]  
 
where in AControl is the initial concentration of the stable DPPH 
radical without the test compound and ASample is ansorbence of the 
remaining concentration of  DPPH· in the presence of MEFT and 
EEFT (Gülçin et al., 2004c; Cristiane de Souza et al., 2004). 
 
 
Superoxide anion radical (O2

•-) scavenging activity in PMS-
NADH/ NBT systems  
 
Measurement of O2

•- scavenging activity of MEFT and EEFT was 
based on the method described by Liu (1991). O2

•- are generated in 
PMS-NADH systems by oxidation of NADH and assayed by the 
reduction of NBT. In these experiments, the O2

•- were generated in 
3 mL of Tris-HCl buffer (16 mM, pH 8.0) containing 1 mL of NBT (50 
μM) solution, 1 mL NADH (78 μM) solution and sample solution of 
MEFT and EEFT (30 μg/mL) in water. The reaction was started by 
adding 1 mL of PMS solution (10 μM) to the mixture. The reaction 
mixture was incubated at 25oC for 5 min, and the absorbance at 
560 nm was measured against blank samples. L-Ascorbic acid was 
used as a positive control. Decreased absorbance of the reaction 
mixture indicates increased O2

•- scavenging activity. The 
percentage inhibition of O2

•- generation was calculated using the 
following formula: 
 
% Inhibition = 100-[ (ASample /AControl)×100] 
 
where AControl is the absorbance of the L-ascorbic acid, and ASample 
is the absorbance of MEFT and EEFT (Gülçin et al., 2004d).  
 
 
Statistical analysis 
 
All the analyses on total antioxidant activity were done in duplicate 
sets. The  other  analyses  were  performed  in  triplicate.  The  data  
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Figure 1. Total antioxidant activities of MEFT at different con-
centrations (10-20 µg/mL), α-tocopherol and trolox (20 µg/mL) 
by ferric thiocyanate methods [MEFT: Methanol extract from root 
bark of fringe tree (Chionanthus virginicus L.)]. 
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Figure 2. Total antioxidant activities of EEFT at different con-
centrations (10-20 µg/mL), α-tocopherol and trolox (20 µg/mL) 
by ferric thiocyanate methods [EEFT: Ethyl acetate extract from 
root bark of fringe tree (Chionanthus virginicus L.)]. 

 
 
were recorded as mean ± standard deviation and analysed by 
SPSS (version 11.5 for Windows 98, SPSS Inc.). One-way analysis 
of variance was performed by ANOVA procedures. Significant 
differences between means were determined by LSD tests. P 
values < 0.05 were regarded as significant and p values < 0.01 very 
significant. 
 
 
RESULTS AND DISCUSSION 
 
Antioxidants are a chemical that reduces the rate of 
particular oxidation reactions in a specific context, where 
oxidation reactions are chemical reactions that involve 
the transfer of electrons from a substance to an oxidising 
agent. Antioxidants are particularly important in the con-
text of organic chemistry and biology, all living cells 
contain complex systems of antioxidant chemicals and/or  
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enzymes to prevent chemical damage to the cells' com-
ponents by oxidation. Also, they can interfere with the 
oxidation process by reacting with the free radicals, che-
lating free catalytic metals and also by acting as oxygen 
scavengers (Larrauri et al., 1999). The antioxidant pro-
perties of plants could be correlated with oxidative stress 
defense in different human diseases including cancer, 
atherosclerosis, Alzheimer’s and the ageing processes 
(Stajner et al., 1998; Malencic et al., 2000).  

Natural antioxidants have biofunctionalities such as the 
reduction of chronic diseases like DNA damage, mutage-
nesis, carcinogenesis, etc. and inhibitions of pathogenic 
bacteria growth, which are often associated with the ter-
mination of free radical propagation in biological systems 
(Covacci et al., 2001; Zhu et al., 2002). In this study, the 
antioxidant activity of the MEFT and EEFT were com-
pared to BHA, BHT, α-tocopherol and its water-soluble 
analogue trolox. The antioxidant activity of the MEFT, 
EEFT, α-tocopherol, trolox, BHA and BHT has been eva-
luated in a series of in vitro tests including DPPH free 
radical, ABTS radical and superoxide anion radicals sca-
venging, total antioxidant activity by ferric thiocyanate 
method, reducing activity, hydrogen peroxide scavenging 
activity and metal chelating activitiy. 
 
 
Total antioxidant activity determination in linoleic 
acid emulsion by ferric thiocyanate method 
 
The ferric thiocyanate method measures the amount of 
peroxide produced during the initial stages of oxidation 
which are the primary products of oxidation. Total anti-
oxidant activity of MEFT, EEFT and standard compounds 
was determined by the ferric thiocyanate method in the 
linoleic acid system. MEFT and EEFT had effective anti-
oxidant activity. The effects of various concentrations of 
MEFT and EEFT (from 10-20 μg/mL) on lipid peroxidation 
of linoleic acid emulsion are shown in Figure 1 and 2, 
were found to be 69.4, 79.3, 72.3 and 83.7% respect-
tively. On the other hand, α-tocopherol, trolox, BHA and 
BHT exhibited 54.7, 20.1, 74.4 and 71.2% inhibition on 
peroxidation of linoleic acid emulsion, respectively at the 
20 μg/mL concentration. The results clearly showed that 
MEFT, especially EEFT had stronger total antioxidant 
activity than α-tocopherol, trolox, BHA and BHT at the 
same concentration (20 μg/mL). 
 
 
Total reductive capability using the potassium 
ferricyanide reduction method 
 
Reductants provide electrons to the reduced species. 
The presence of reductants such as antioxidant substan-
ces in the antioxidant samples causes the reduction of 
the Fe3+/ferricyanide complex to the ferrous form. The 
yellow colour of the test solution changes to various 
shades of  green  and  blue  depending  on  the  reducing  
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Figure 3. Total reductive potential of different concentrations 
(10-20 µg/mL) of MEFT, EEFT, α-tocopherol and trolox by 
Fe+3-Fe+2 transformation [MEFT: Methanol extract from root 
bark of fringe tree (Chionanthus virginicus L.), EEFT: Ethyl 
acetate extract from root bark of fringe tree (C. virginicus L.)]. 

 
 
 
power of antioxidant samples. Therefore, Fe2+ can be 
monitored by measuring the formation of Perl’s Prussian 
blue at 700 nm (Chung et al., 2002). 

Figure 3 depicts the reducing activity of the MEFT, 
EEFT and standards (BHA, BHT, α-tocopherol and trolox) 
using the potassium ferricyanide reduction method. For 
the measurements of the reductive activity, the Fe3+-Fe2+ 

transformation was investigated in the presence of MEFT 
and EEFT by the method of Oyaizu (1986). The reducing 
activity of MEFT, EEFT, BHA, BHT, α-tocopherol and 
trolox increased with increasing concentration of sam-
ples. As can be seen in Figure 3, MEFT and EEFT 
demonstrate an effective reducing activity than control, at 
different concentrations. These differences were statisti-
cally significant (p<0.01). Reducing power of MEFT, 
EEFT and standard compo-unds exhibited the following 
order: α-tocopherol ≅EEFT> MEFT > trolox. MEFT and α-
tocopherol statiscally have similar reductive ability (p< 
0.05). 
 
 
Ferrous ions chelating capacity  
 
Transition metal ions have a great importance in the 
generation of oxygen free radicals in living organisms. 
Iron exists in two distinct oxidation states; ferrous ion 
(Fe2+) and ferric ion (Fe3+). The ferric ion (Fe3+) is the 
relatively biologically inactive form of iron. However, it 
can be reduced to the active Fe2+, depending on the con-
ditions, particularly pH (Strlic et al., 2002), and oxidized 
back through Fenton type reactions, with production of 
hydroxyl radicals; or Haber-Weiss reactions with supero-
xide anions (Kehrer, 2000; Wong and Kitts, 2001). The 
production of these radicals can lead to lipid peroxidation, 
protein modification and DNA damage. Chelating agents  

 
 
 
 
may inactivate metal ions and potentially inhibit the metal 
-dependent processes (Finefrock et al., 2003). 

Also, the production of highly ROS such as superoxide 
anion radicals, hydrogen peroxide, and hydroxyl radicals 
is also catalysed by free iron through Haber-Weiss 
reaction (O2

•- + H2O2 → O2 + OH¯ + OH·) (Haber and 
Weiss, 1934). Free iron is known to have low solubility 
and a chelated iron (i.e., iron-ligand) complex, such as 
EDTA–Fe, has greater solubility in solution, which can be 
contributed solely from the ligand. Furthermore, chelated 
iron, such as EDTA-Fe, is also known to be active, since 
it can participate in iron-catalyzed reactions (Wong and 
Kitts, 2001). Among the transition metals, iron is known 
as the most important lipid oxidation pro-oxidant due to 
its high reactivity. The ferrous state of iron accelerates 
lipid oxidation by breaking down hydrogen and lipid 
peroxides to reactive free radicals via the Fenton reaction 
(Fe2+ + H2O2 → Fe3+ + OH¯ + OH·). Fe3+ ion also produ-
ces radicals from peroxides, although the rate is tenfold 
less than that of Fe2+ ion (Miller, 1996). Fe2+ ion is the 
most powerful pro-oxidant among various species of me-
tal ions (Halliwell and Gutteridge, 1984). 

Ferrous ion chelating activities of MEFT, EEFT, BHA, 
BHT, α-toco-pherol and trolox are shown in Figure 4. The 
chelating of ferrous ions by MEFT and EEFT was esti-
mated by the ferrozine assay. Ferrozine can quantita-
tively form com-plexes with Fe2+. In the presence of 
chelating agents, the complex formation is inhibited and 
the red colour of the complex fades. Measuring of the 
colour reduction, there-fore, it is possible to estimate of 
the chelating activity of the co-existing chelator (Yama-
guchi et al., 2000). In this assay, the natural compound 
interfered with the formation of the ferrozine–Fe2+ 
complex, suggesting that it has chelating activity and 
captures ferrous ions before ferrozine. 

In fact, as shown in Figure 4, MEFT and EEFT disrup-
ted the Fe2+-ferrozine complex at 10 μg/mL concentra-
tion. The difference amoung all MEFT and EEFT concen-
trations and the control was statistically significant 
(p<0.01). In additon, MEFT and EEFT exhibited 94.5 and 
88.6% chelation of ferrous ion at the above concen-
tration. On the other hand, the percentages of metal 
chelating capacity of same concentration of BHA, BHT, α-
tocopherol and trolox were found as 72.1, 64.3 and 21.6 
and 48.5%, respectively. The metal scavenging effect of 
those samples decreased in the order of MEFT > EEFT > 
BHA > BHT > trolox > α-tocopherol. 

Metal chelating capacity was significant, since it redu-
ced the concentration of the catalysing 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. The data obtained from Figure 4 
reveal that MEFT and EEFT demonstrates a marked ca-
pacity for iron binding, suggesting that their main action 
as peroxidation protector may be related to its iron bin-
ding capacity. 
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Figure 4. Comparison of hydrogen peroxide scavenging, superoxide anion radical 
scavenging and ferrous ions chelating activity of MEFT, EEFT, BHA, BHT, α-tocopherol and 
trolox at the same concentration (10 µg/mL) (MEFT: Methanol extract from root bark of fringe 
tree (Chionanthus virginicus L.), EEFT: Ethyl acetate extract from root bark of fringe tree (C. 
virginicus L.), BHA: Butylated hydroxyanisole, BHT: butylated hydroxytoluene). 
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Figure 5. Scavenging effect of MEFT, EEFT, α-tocopherol 
and trolox on the ABTS•+ at different concentrations (10-20 
µg/ml) [MEFT: Methanol extract from root bark of fringe tree 
(Chionanthus virginicus L.), EEFT: Ethyl acetate extract from 
root bark of fringe tree (C. virginicus L.), ABTS•+: 2,2’-azino-
bis (3-ethylbenzothiazoline-6-sulfonate) radicals). 

 
 
 
H2O2 scavenging activity  
 
H2O2 can cross membranes and may slowly oxidize a 
number of compounds. It can be formed in vivo by many 
oxidizing enzymes such as superoxide dismutase. The 
ability of MEFT and EEFT to scavenge H2O2 was deter-
mined according to the method of Ruch et al. (1989) was 
shown in Figure 4 and compared with that of BHA, BHT, 
α-tocopherol and trolox as standards. MEFT and EEFT 
exhibited 74.3 and 64.6% scavenging effect of hydrogen 
peroxide, at the 10 μg/mL concentration. On the other 

hand, BHA, BHT, α-tocopherol and trolox exhibited 70.7, 
67.1, 69.8 and 51.1% hydrogen peroxide scavenging 
activity at the same concentration. These results showed 
that MEFT and EEFT have an effective hydrogen 
peroxide scaven-ging activity. At the above 
concentration, the hydrogen peroxide scavenging effect 
of MEFT and EEFT and four standards decreased in the 
order of MEFT > BHA > α-tocopherol>BHT>EEHT>trolox. 
H2O2 itself is not very rea-ctive; however it can sometimes 
be toxic to cell because it may give rise to hydroxyl 
radical in the cells. Addition of H2O2 to cells in culture can 
lead to transition metal ion-dependent OH radicals 
mediated oxidative DNA damage. Levels of H2O2 at or 
below about 20-50 mg seem to have limited cytotoxicity 
to many cell types. Thus, removing H2O2 as well as 
superoxide anion is very important for protection of 
farmaceutical and food systems. 
 
 

ABTS•+ Radical scavenging activity  
 

Excessive formation of free radicals accelerates the oxi-
dation of lipids in foods and decreases food quality and 
consumer acceptance (Min, 1998). Hence, radical scav-
enging activities are very important due to the delete-
rious role of free radicals in foods and in biological sys-
tems. 

Generation of the ABTS radical cation forms the basis 
of one of the spectrophotometric methods that have been 
applied to the measurement of the total antioxidant 
activity of solutions of pure substances, aqueous mixt-
ures and beverages (Wolfenden and Willson 1982; Miller 
et al., 1996). A more appropriate format for the assay is a 
decolorization technique in that the radical is generated 
directly in a  stable  form  prior  to  reaction  with  putative  
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Figure 6. Scavenging effect of MEFT, EEFT, BHA, BHT, α-
tocopherol and trolox on the stable DPPH· at different concen-
trations (10-20 µg/ml) [MEFT: Methanol extract from root bark 
of fringe tree (Chionanthus virginicus L.), EEFT: Ethyl acetate 
extract from root bark of fringe tree (C. virginicus L.), 
DPPH·:1, 1-Diphenyl-2-picrylhydrazyl radicals, BHA: Buty-
lated hydroxyanisole, BHT: Butylated hydroxytoluene). 

 
 
 
antioxidants. The improved technique for the generation 
of ABTS•+ described here involves the direct production of 
the blue/green ABTS•+ chromophore through the reaction 
between ABTS and potassium persulfate. 
As seen in Figure 5, MEFT and EEFT had ABTS•+ radi-
cal scavenging activity in a concentration-dependent 
manner (10-20 μg/mL). There is a significant decrease 
(p<0.01) in the concentration of ABTS•+ due to the sca-
venging capacity of MEFT, EEFT and standards. In 
addition, the scavenging effect of MEFT, EEFT and stan-
dards on the ABTS•+ decreased in that order: EEFT > 
trolox > α-tocopherol >MEFT, which were 99.9, 95.2, 93.3 
and 57.8%, at the 20 μg/mL concentration, respectively.  
 
 
DPPH• radical scavenging activity  
 
Antioxidants react with DPPH•, which is a stable free 
radical, and convert it to 1,1-diphenyl-2-picryl hydrazine. 
The degree of discolouration indicates the radical-
scavenging potential of the antioxidant (Singh et al., 
2002). The stable free radical DPPH has been widely 
used to test the free radical-scavenging ability of various 
dietary antioxidants (Brand-Williams et al., 1995). In this 
study, antioxidant activities of MEFT, EEFT and standard 
antioxidants such as α-tocopherol and trolox were 
determined using a DPPH• method. Since the DPPH• 
assay can accomodate a large number of samples in a 
short period and is sensitive enough to detect natural 
compounds at low concentrations, it was used in the 
present study for a primary screening  of  the  MEFT  and  

 
 
 
 
EEFT free radical-scavenging activity. This assay pro-
vides information on the reactivity of test compounds with 
a stable free radical. Because of its odd electron, DPPH• 
gives a strong absorption band at 517 nm in visible 
spectroscopy. As this electron becomes paired off in the 
presence of a free radical scavenger, the absorp-tion 
vanishes, and the resulting decolorization is stoichio-
metric with respect to the number of electrons taken up. 
MEFT and EEFT exhibited marked DPPH free radical 
scavenging activity in a concentration-dependent man-
ner. Figure 6 illustrates a significant decrease (p<0.05) in 
the concentration of DPPH radical due to the scavenging 
ability of MEFT, EEFT and standards. The scavenging ef-
fect of MEFT, EEFT and standards on the DPPH radical 
decreased in that order: BHT > BHA > α-tocopherol > 
EEFT >MEFT > trolox, which were 99.7, 86.2, 85.2, 83.6, 
39.2 and 14.3%, at the 20 μg/mL concentration, respec-
tively.  
 
 
O2

•- radical scavenging activity 
 
Superoxide ion, had one unpaired electron, is a free 
radical and therefore paramagnetic. O2

•- is formed in 
almost all aerobic cells and is a major agent in the 
mechanism of oxygen toxicity (Sun et al., 2004). Also, 
they- are produced in vivo by electron leakage from the 
mitochondrial electron transport chain, by activated 
phagocytes (Halliwell, 1991). O2

•- are a precursor to 
active free radicals that have potential of reacting with 
biological macromolecules and thereby inducing tissue 
damage (Halliwell and Gutteridge, 1984). It related close-
ly to the biological course of apolexis, tumor, and inflam-
mation etc. Compared with other oxygen radicals, O2

•- 
has a longer lifetime, can move to an aim at a longer dis-
tance, and thus has more dangerous. Therefore, it is very 
important to study the scavenging of superoxide anion 
(Sun et al., 2004). Also, it has been implicated in several 
pathophysiological processes, due to its transformation 
into more reactive species such as hydroxyl radical that 
initiate lipid peroxidation. O2

•- has also been observed to 
directly initiate lipid peroxidation (Wickens, 2001). It has 
also been reported that antioxidant properties of some 
flavonoids are effective mainly via scavenging of O2

•- 
(Yen and Duh, 1994). Also, O2

•- plays an important role in 
formation of other ROS such as H2O2, OH·, and singlet 
oxygen, which induce oxidative damage in lipids, prot-
eins, and DNA (Pietta, 2000). Also, O2

•- is an oxygen-
centred radical with selective reactivity. This species is 
produced by a number of enzyme systems in autooxi-
dation reactions and by nonenzymatic electron transfers 
that univalently reduce molecular oxygen. It can also 
reduce certain iron complex such as cytochrome C. 

In this method, O2
•-derived from dissolved oxygen by 

PMS-NADH coupling reaction reduces the yellow dye 
(NBT2+) to produce the blue formazan, which is measured 
spectrophotometrically at 560 nm. Antioxidants are able 
to inhibit the blue NBT formation (Cos et al., 1998; Parejo  



 
 
 
 
et al., 2002). The decrease of absorbance at 560 nm with 
antioxidants indicates the consumption of O2

•-in the 
reaction mixture. Figure 4 shows the percentage inhibit-
tion of O2

•-generation by 10 μg/mL concentration of 
MEFT, EEFT and standards were found similar statistica-
ally. As can see in Figure 4, the percentage inhibition of 
O2

•- generation by 10 μg/mL concentration of MEFT and 
EEFT was found as 78.9 and 83.2%. On the other hand, 
at the same concentration, BHA, BHT, α-tocophe-rol and 
trolox exhibited 76.0, 47.3, 71.4 and 78.2% superoxide 
anion radical scavenging activity, respectively.  
 
 
Conclusion 
 
According to data obtained from the present study, MEFT 
and EEFT were found to be an effective antioxidant in 
different in vitro assay including ferric thiocyanate met-
hod, reducing power, DPPH• scavenging, ABTS•+ sca-
venging and superoxide anion radical scavenging, hydro-
gen peroxide scavenging and metal chelating activities 
when compared to standard antioxidant compounds such 
as seynthetic antioxidants (BHA, BHT), α-tocopherol, a 
natural antioxidant, and trolox which is a water-soluble 
analogue of tocopherol. 
 
 
REFERENCES 
 
Baardseth P (1989). Effect of selected antioxidants on the stability of 

dehydrated mashed potatoes. Food. Addit. Contam. 6: 201–207. 
Blois MS, (1958). Antioxidant determinations by the use of a stable free 

radical. Nature 26: 1199-1200.  
Brand-Williams W, Cuvelier ME, Berset C, (1995). Use of a free radical 

method to evaluate antioxidant activity. Lebensm Wiss.Techonol. 28: 
25-30. 

Büyükokuroğlu ME, Gülçin İ, Oktay M, Küfrevioğlu Öİ (2001). In vitro 
antioxidant properties of dantrolene sodium. Pharmacol. Res. 44: 
491-495. 

Chung YC, Chang CT, Chao WW, Lin CF, Chou ST (2002). 
Antioxidative activity and safety of the 50% ethanolic extract from red 
bean fermented by Bacillus subtilis IMR-NK1. J. Agric. Food Chem. 
50: 2454-2458. 

Cos P, Ying LY, Calomme M, Hu JH, Cimanga Van Poel KB, Pieters L, 
Vlietinck AJ, Berghe DV (1998). Structure activity relationships and 
classification of flavonoids as inhibitors of xanthine oxidase and 
superoxide scavengers. J. Nat. Prod. 61: 71-76. 

Covacci V, Torsello A, Palozza P, Sgambato A, Romano G, Boninsegna 
A, Cittadini A, Wolf FI (2001). DNA oxidative damage during 
differentiation of HL-60 human promyelocytic leukemia cells. Chem. 
Res. Toxicol. 14: 1492-1497. 

Cristiane de Souza L, Soares de Araujo SM, Imbroisi DO (2004). 
Determination of the free radical scavenging activity of dihydropyran-
2,4-diones. Bioorg. Med. Chem. Lett 14: 5859–5861. 

Demo A, Kefalas P, Boskou D (1998). Nutrient antioxidants in some 
herbs and Mediterranean plant leaves. Food Res. Int. 32: 351–354. 

Dinis TCP, Madeira VMC, Almeida LM (1994). Action of phenolic 
derivates (acetoaminophen, salycilate, and 5-aminosalycilate) as 
inhibitors of membrane lipid peroxidation and as peroxyl radical 
scavengers. Arch. Biochem. Biophys. 315: 161-169. 

Duh PD, Tu YY, Yen GC (1999). Antioxidant activity of water extract of 
harng jyur (Chrysanthemum morifolium Ramat). Lebensm. Wiss. 
Technol.  32:269-277. 

Duke JA, Wain KK (1981). In medicinal plants of world. Computer index 
with more than 85000 entires.  3: 1654. 

Elmastaş M, Gülçin İ, Öztürk L, Gökçe İ (2005).  Investigation  of  antio- 

Gülçin et al.        417 
 
 
 

xidant properties of spearmint (Mentha spicata L.). Asian J. Chem. 
17: 137-148. 

Finefrock AE, Bush, AI, Doraiswamy PM (2003). Current status of 
metals as therapeutic targets in Alzheimer’s disease. J. Am. Geriatr. 
Soc. 51: 1143–1148. 

Grice HC, (1986). Safety evaluation of butylated hydroxytoluene (BHT) 
in  the  liver,  lung  and gastrointestinal tract. Food Chem. Toxicol. 24: 
1127-1130. 

Guermonprez M, Pinkas M, Tork M (1997). Chionanthus virginiana. In 
Matiere Medicale Homeopathique, edition 2: 144-145. 

Gülçin İ (2005c). Antioxidant and antiradical activities of L-carnitine. 
Life Sci. 78: 803–811. 

Gülçin İ, Berashvili D, Gepdiremen A (2005a). Antiradical and 
antioxidant activity of total anthocyanins from Perilla pankinensis 
decne. J. Ethnopharmacol. 101: 287-293. 

Gülçin İ, Beydemir Ş, Alici HA, Elmastaş M, Büyükokuroğlu ME (2004c). 
In vitro antioxidant properties of morphine. Pharmacol. Res. 49: 59-
66. 

Gülçin İ, Büyükokuroğlu ME, Oktay M, Küfrevioğlu Öİ (2003a). 
Antioxidant and analgesic activities of turpentine of Pinus nigra Arn. 
Subsp. pallsiana (Lamb.) Holmboe. J. Ethnopharmacol. 86: 51-58. 

Gülçin İ, Büyükokuroğlu ME, Oktay M, Küfrevioğlu Öİ (2002a). On the in 
vitro antioxidant properties of melatonin. J. Pineal Res. 33: 167-171. 

Gülçin İ, Küfrevioğlu Öİ, Oktay M, Büyükokuroğlu ME (2004d). 
Antioxidant, antimicrobial, antiulcer and analgesic activities of nettle 
(Urtica dioica L.). J. Ethnopharmacol. 90: 205-215. 

Gülçin İ, Mshvildadze V, Gepdiremen A, Elias R (2005b). Screening of 
antioxidant and antiradical activity of monodesmosides and crude 
extract from Leontice Smirnowii Tuber, Phytomedicine. 13: 343-351. 

Gülçin İ, Oktay M, Kireçci E, Küfrevioğlu Öİ (2003). Screening of 
antioxidant and antimicrobial activities of anise (Pimpinella anisum L.) 
seed extracts. Food Chem. 83: 371-382. 

Gülçin İ, Oktay M, Küfrevioğlu Öİ, Aslan A (2002b). Determination of 
antioxidant activity of lichen Cetraria islandica (L) Ach. J. 
Ethnopharmacol. 79: 325-329. 

Gülçin İ, Şat İG, Beydemir Ş, Elmastaş M, Küfrevioğlu Öİ (2004a). 
Comparison of antioxidant activity of clove (Eugenia caryophylata 
Thunb) buds and lavender (Lavandula stoechas L.). Food Chem. 87: 
393-400. 

Gülçin İ, Şat İG, Beydemir Ş, Küfrevioğlu Öİ (2004b). Evaluation of the 
in vitro antioxidant properties of extracts of broccoli (Brassica 
oleracea L.). Ital. J. Food Sci. 16: 17-30. 

Haber F, Weiss J (1934). The catalytic decomposition of hydrogen 
peroxide by iron salts. Proc. Roy. Soc. London, Ser A 147: 332-351. 

Halliwell B (1991). Reactive oxygen species in living systems: source, 
biochemistry and role in human disease. Am. J. Med. 91: 14–22. 

Halliwell B, Gutteridge JM (1989). Free radicals in biology and 
medicine. Clarendon Press: Oxford: pp. 23-30.  

Halliwell B, Gutteridge JMC (1984). Oxygen toxicology, oxygen radicals, 
transition metals and disease. Biochem. J. 219: 1-4. 

Harborne JB, Green PS (1980). A chemotaxonomic survey of flavonoids 
in leaves of the Oleaceae. Bot. J. Linn. Soc. 81: 155-167. 

Kehrer JP (2000). The Haber–Weiss reaction and mechanisms of 
toxicity. Toxicol. 149: 43–50. 

Kinsella JE, Frankel E, German B, Kanner J, (1993). Possible 
mechanism for the protective role of the antioxidant in wine and plant 
foods. Food Technol. 47: 85-89. 

Lai LS, Chou ST, Chao WW (2001). Studies on the antioxidative 
activities of Hsian-tsao (Mesona procumbens Hemsl) leaf gum. J. 
Agric. Food Chem. 49: 963-968. 

Larrauri JA, Sanchez-Moreno C, Ruperez P, Saura-Calixto F (1999). 
Free radical scavenging capacity in the aging of selected red Spanish 
wines. J. Agric. Food Chem. 47: 1603–1606. 

Liu Q, Zhu G, Huang P (1991). Anti-inflammatory, analgesic and 
sedative effects of Leontice kiangnanensis. Zhongguo Zhong Yao Za 
Zhi. 161: 50-65. 

Malencic D, Gasic O, Popovic M, Boza P (2000). Screening for 
antioxidant properties of Salvia reflexa Hornem. Phytother. Res. 14: 
546–548. 

Miller NJ, Sampson J, Candeias LP, Bramley PM, Rice-Evans CA 
(1996). Antioxidant activities of carotenes and xanthophylls. FEBS  



418           Afr. J. Biotechnol. 
 
 
 

Lett. 384: 240–242. 
Min DB (1998). Lipid oxidation of edible oil. In Food Lipids chemistry, 

nutrition, and biotechnology, C.C., Akoh, D.B., Min. (Eds), Marcel 
Dekker, New York, pp. 283-296. 

Mitsuda H, Yuasumoto K, Iwami K (1996). Antioxidation action of indole 
compounds during the autoxidation of linoleic acid. Eiyo to Shokuryo 
19: 210-214. 

Oktay M, Gülçin İ, Küfrevioğlu Öİ (2003). Determination of in vitro 
antioxidant activity of fennel (Foeniculum vulgare) seed extracts. 
Lebensm. Wiss. Technol. 36: 263-271.  

Oyaizu M, (1986). Studies on product of browning reaction prepared 
from glucose amine. Jpn. J. Nutr. 44: 307-315. 

Parejo I, Viladomat F, Bastida J, Rosas-Romero A, Flerlage N, Burillo J, 
Codına C (2002). Comparison between the radical scavenging 
activity and antioxidant activity of six distilled and nondistilled 
Mediterranean herbs and aromatic plants. J. Agric. Food Chem. 50: 
6882-6890. 

Pietta PG (2000). Flavonoids as antioxidants. J. Nat. Prod. 63: 1035-
1042. 

Pourra H, Le J, Boustany MN (1954). Ursolic acid; disturbtion of ursolic 
acid in Oleaceae. Annals Pharm. Fr. 12: 59-62. 

Pryor WA (1991). The antioxidant nutrient and disease prevention-What 
do we know and what do we need to find out? Am. J. Clin. Nutr. 53: 
391-393. 

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C 
(1999). Antioxidant activity applying an improved ABTS radical cation 
decolorization assay. Free Radic. Biol. Med. 26: 1231–1237. 

Ruch RJ, Cheng SJ, Klaunig JE (1989). Prevention of cytotoxicity and 
inhibition of intracellular communication by antioxidant catechins 
isolated from Chinese green tea. Carcinogenesis 10: 1003-1008. 

Sanchez-Moreno C, Larrauri JA, Saura-Calixto F (1999). Free radical 
scavenging capacity and inhibition of lipid oxidation of wines, grape 
juices and related polyphenolic constituents. Food Res. Int. 32: 407–
412. 

Sherwin ER (1990). Food additives. Branen AL, Davidson PM, 
Salminen S, Marvel Dekker Inc, New York, pp. 139-193. 

Singh RP, Murthy KNC, Jayaprakasha GK (2002). Studies on the 
antioxidant activity of pomegranate (Punica granatum) peel and seed 
extracts using in vitro models J. Agric. Food Chem. 50: 81–86. 

Stajner D, Milic N, Lazic B, Mimica-Dukic N (1998). Study on antioxidant 
enzymes in Allium cepa L. and Allium fistulosum L. Phytother. Res. 
12: 15–17. 

Steinegger E, Jacober. H (1959). Presence of phillyrin in the Oleaceae. 
Structure of chionanthins. Pharm. Acta Helvet. 34: 585-592. 

Strlic M, Radovic T, Kolar J, Pihlar B (2002). Anti- and prooxidative 
properties of gallic acid in Fenton-type systems. J. Agric. Food Chem. 
50: 6313–6317. 

Sun T, Xie W, Xu P (2004). Superoxide anion scavenging activity of 
graft chitosan derivatives. Carbohyd. Polym. 58: 379-382. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Wichi HP (1988). Enhanced tumor development by butylated 

hydroxyanisole (BHA) from the prospective of effect on forestomach 
and oesophageal squamous epithelium. Food Chem. Toxicol. 26: 
717-723.  

Wickens AP (2001). Aging and the free radical theory. Resp. Physiol. 
128: 379-391. 

Wolfenden BS, Wilson RL (1982). Radical-cations as reference 
chromogens in kinetic studies of one-electron transfer reactions: 
pulse radiolysis studies of 2,29-azinobis-(3-ethylbenzthiazoline-6-
sulphonate). J. Chem. Soc. Perk. T 2: 805–812.  

Wong PYY, Kitts DD, (2001). An iron binding assay to measure activity 
of known food sequestering agents: studies with buttermilk solids. 
Food Chem. 72: 245–254. 

Wong PYY, Kitts DD (2003). Chemistry of buttermilk solid antioxidant 
activity. J. Dairy Sci. 86: 1541–1547. 

Yamaguchi F, Ariga T, Yoshimira Y, Nakazawa H (2000). Antioxidant 
and anti-glycation of carcinol from Garcinia indica fruit rind. J. Agric. 
Food Chem. 48: 180–185. 

Yen GC, Duh PD (1994). Scavenging effect of methanolic extract of 
peanut hulls on free radical and active oxygen species. J. Agric. Food 
Chem. 42: 629-632. 

Zhu QY, Hackman RM, Ensunsa JL, Holt RR, Keen CL (2002). 
Antioxidative activities of oolong tea. J. Agric. Food Chem. 50: 6929-
6934. 

 
 


