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ABSTRACT
The protective activity of methanolic (Met E) and aqueous (Aq E) extracts of Globularia alypum L. (G. alypum)
against DNA, lipid and protein oxidative damage was investigated. Moreover, the scavenging, chelating, and
reducing power activities of the extracts were also evaluated. Phytochemical analysis was performed to determine
phenolic compounds. Results showed that Met E and Aq E were rich in phenolic compounds, and were able to
scavenge DPPH˙ with IC50 values of 48.61 µg/mL and 51.97 µg/mL, respectively. In addition, both extracts were
able to chelate ferrous ions. At 300 μg/mL, the chelating activity was 97.53% and 91.02%, respectively. The
reducing power of these extracts was also remarkable and concentration dependent. At 100 µg/mL, both extracts
inhibited lipid peroxidatin by only 42.45% and 4.03%. However, the DNA oxidation damage was inhibited dosedependently in the presence of G. alypum extracts. At 1 mg/mL, both extracts suppressed DNA cleavage by 83%84%. The protein oxidation was also inhibited by G. alypum extracts. At 1 mg/mL, Aq E and Met E protected BSA
fragmentation by 77%-99%. The overall results suggest that G. alypum extracts exerted antioxidant activity and
protect biomolecules against oxidative damage; hence it may serve as a potential source of natural antioxidants.
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INTRODUCTION
Reactive oxygen species (ROS) generation, results from a number of endogenous
metabolic pathways, as well as from exposure to chemical and physical factors in the
ambient environment. In small amounts, ROS play important roles in a number of
biological processes and regulate cell physiology and functions. They act as signal
transducers1,2, growth factor regulators 3,4, second messengers and regulators of
vascular homeostasis 5. However, the overproduction of ROS leads to several cell
damaging effects. Cells have a variety of defense mechanisms that intercept ROS to
prevent or limit intracellular damages and ameliorate their harmful effects. When the
equilibrium between pro-oxidant and antioxidant systems within the cell is failed,
the overproduced ROS, which could not be fully neutralized can cause oxidative
damage to a broad range of cell components, leading to many diseases6. ROS can
interact and modify different classes of biological macromolecules including DNA,
lipids and proteins.
ROS can react with the polyunsaturated fatty acids of lipid membranes and induce
lipid peroxidation. Lipid peroxidation is a source of secondary free radicals, which
can directly react with other biomolecule, enhancing biochemical lesions 7. Increased
formation of oxidized lipid products contribute to several pathologies such as
atherosclerosis, ischemia-reperfusion, heart failure, Alzheimer’s disease, rheumatic
arthritis, cancer, and other immunological disorders 8. Moreover, lipid peroxidation
is one of the major factors causing deterioration of foods during storage and
processing, and could have harmful effects on human health 9.
DNA is continually attacked by ROS that can affect its structure and function
severely. Excess oxidative stress results in DNA base modifications, single- and
double-strand breaks, and the formation of apurinic/apyrimidinic lesions, which may
be toxic and/or mutagenic 10. Mutagenic lesions are a critical contributor to the
development of aging, some degenerative diseases 11, 12, and many cancers 13,14
Proteins are also major targets for ROS attacks in biological systems due to their
abundance and high rate constants for reaction. During oxidation, several amino acid
residues irreversibly form carbonyl products, which can further lead to the formation
of high-molecular-mass aggregates 15. Protein aggregates can be highly cytotoxic,
altering cell functions and leading to cell necrosis or apoptosis 16. The accumulation
of oxidized proteins was observed in several pathological states such as diabetes,
neurodegenerative diseases and aging 12,17,18.
Medicinal plants constitute one of the main sources of safe antioxidants, healthcare
supplements and phytochemicals that assist in maintaining good health and
combating diseases. Globularia alypum L. is an aromatic medicinal plant belongs to
Globulariaceae family, found throughout the Mediterranean area and largely used in
Algerian folk medicine to treat some inflammatory disorders. The leaves of the plant
are reported to be used in the treatment of diabetes, renal disorders and
cardiovascular diseases 19,20. However, few studies are reported on the phytochemical
constituents and the biological activities of this plant. Moreover, the literature survey
did not reveal any reference to previous work comparing the antioxidant activities of
this plant by reducing biomacromolecule oxidative damages. Therefore, this study is
aimed to investigate the antioxidant activity and the potential role of methanolic and
aqueous extracts of G. alypum L. to prevent lipid, DNA and proteins against
oxidative damages.

MATERIALS AND METHODS
Chemicals
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Ascorbic acid, bovine serum albumin (BSA), 1,1-Diphenyl-2-picrylhydrazyl
(DPPH), ethidium bromide, FeCl2, FeCl3, FeSO4, folin-ciocalteu reagent, gallic acid,
H2O2, linoleic acid, sodium carbonate (Na2CO3), thiobarbituric acid (TBA),
trichloroacetic acid(TCA), tween-20, potassium ferricyanide (K3FeCN6) and
quercetin, were purchased from Sigma chemical (St. Louis, MO). Plasmid miniprep
kit was obtained from Quiagen (Valencia, CA). All other chemicals and solvents
were of analytic grade and are from Panreac (Spain), Fluka (French), Riedel-de Haén
(Germany).
Plant Material
Globularia alypum L. was collected in June 2010 from Sétif, in Eastern Algeria. The
plant was identified and authenticated taxonomically by Dr. N. Boulaacheb,
Univesity of Sétif 1, Algeria. A voucher specimen (No. G.A. 2010-1) was preserved
at the local Herbarium of Botany, Department of Botany, University of Sétif,
Algeria. Leaves were air-dried at room temperature and then reduced to powder.
Preparation of the Plant Extracts
Globularia alypum methanolic extract (Met E) was prepared by maceration of 100 g
of powdered aerial part of the plant material twice with 80% methanol and then with
methanol 50% at room temperature for 48 h with frequent agitation. After filtration,
the filtrate was concentrated under reduced pressure at 40 °C. The residue was
lyophilized to give a brown powder (yield: 37.8%) which was stored at -32 °C until
use.
Aqueous extract (Aq E) was prepared by boiling 50 g of powdered plant in 500 mL
of distillated water for 20 min. After filtration, the filtrate was lyophilized to give a
brown powder (yield: 30%).
Determination of Total Polyphenols
The content of total polyphenolic compounds in the extracts was determined using
Folin-Ciocalteu’s reagent according to Li et al. 21. Sample of 40 μL of crude extract
(1 mg/ml) were mixed with 200 μL of Folin-Ciocalteu reagent and 1160 μL of
distilled water, followed by the addition of 600 μL of 7.5% Na2CO3. The mixtures
were shaken for 2 h at room temperature and the absorbance was measured at 765
nm. Gallic acid was used as a standard. The concentration of total polyphenol
compounds was determined as mg of Gallic acid equivalents per 1 g of extract
(GAE/mg extract).
Determination of Total Flavonoids
The method of Bahorun et al. 22 was used to determine the total flavonoid content of
G. alypum extracts. Briefly, 1 mL of 2% AlCl3 (in ethanol) was added to 1 mL of
each extract (1 mg/mL). After 10 min of incubation at room temperature, the
absorbance was measured at 430 nm. Quercetin was used as a standard. Total
flavonoid content was expressed as mg quercetin equivalent per g of extract (QAE/g
extract).
Determination of Total Condensed Tannins
Tannin content of the extracts was determined using the hemoglobin precipitation
assay according to Bate-Smith 23, using tannic acid as standard. An aliquot of 0.5 mL
of each extract is mixed with 0.5 mL of hemolysis bovine blood to reach a final
concentration of 1 mg/mL, then the mixture was centrifuged at 480 g for 20 min and
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the absorbance was measured at 578 nm. Tannin content was expressed as mg tannic
acid equivalent per g of extract (TAE/g extract).
HPLC-TOF/MS Analysis
Phenolic acids and flavonoids in the extracts were analyzed by e HPLC-TOF/MS
using Agilent Technology of 1260 Infinity HPLC System coupled with 6210 Time
Of Flight (TOF) LC/MS detector and ZORBAX SB-C18 (4.6 x 100 mm, 3.5 μm)
column as described by Abay et al. 24. Mobile phases A and B were ultra-pure water
with 0.1% formic acid and acetonitrile, respectively. Flow rate was 0.6 mL min-1 and
column temperature was 35 °C. Injection volume was 10 μL. The solvent program
was as follow: 0-1 min 10% B; 1-20 min 50% B; 20-23 min 80% B; 23-25 min 10%
B; 25-30 min 10% B. Ionization mode of HPLC-TOF/MS instrument was negative
and operated with a nitrogen gas temperature of 325°C, nitrogen gas flow of 10.0 L
min-1, nebulizer of 40 psi, capillary voltage of 4000 V and finally, fragmentor
voltage of 175 V. For sample analysis, dried crude extracts (200 ppm) were
dissolved in methanol at room temperature. Samples were filtered through a PTFE
(0.45 μm) filter by an injector to remove particulates.
Free Radical Scavenging Activity
Free radical scavenging activity of the extracts was measured according to the
method of Que et al. 25. The solution of the free DPPH radical in ethanol (0.1 mM)
was prepared and 0.5 mL of aqueous or methanolic extracts at different
concentrations (10 - 400 µg/mL) was added. The mixture was shaken vigorously and
left standing at room temperature for 30 min. before measuring the absorbance at
517 nm. Butylated hydroxytoluene (BHT) was used as a standard antioxidant. The
antiradical activity was expressed as IC50 (mg.mL−1). A lower IC50 value corresponds
to a higher antioxidant activity of extracts. The ability to scavenge the DPPH
radicals was calculated using the following equation:
DPPH˙ scavenging activity (%) = [(A0− A1) / A0] × 100
Where A0 is the absorbance of the control and A1 is the absorbance of the sample at
30 min.
Ferrous Ions Chelating Activity
The chelating of ferrous ions by the methanolic and aqueous extracts was estimated
by the method of Le et al. 26. Briefly the extract samples (20 – 300 µg/mL) were
added to 50 µl of 0.6 mmol/l FeCl2. The reaction was initiated by the addition of 50
µL of ferrozine (5 mM) and the mixture was shaken vigorously and left standing at
room temperature for 10 min before measuring the absorbance at 562 nm. EDTA
was used as a standard chelator. The percentage of inhibition of ferrozine–Fe2+
complex formation was calculated using the following formula:
Ferrous ions chelating activity (%) = [(A0 − A1) / A0] × 100
Where A0 is the absorbance of the control (contained complex formation molecules;
FeCl2 and ferrozine) and A1 is the absorbance of the test compound.
Reducing Power
The reducing power of G. alypum extracts was determined according to the method
of Oyaizu 27. A volume of 2,5 mL of each each extract at different concentration (20
– 350 µg/mL) was mixed with 2.5 mL of 200 mM sodium phosphate buffer (pH 6.6)
and 2.5 mL of 1% potassium ferricyanide. After the incubation of the mixture at
50°C for 20 min, 2.5 mL of 10% TCA were added and the mixture was centrifuged
at 200 × g for 10 min. The upper layer (2.5 mL) was mixed with 2.5 mL of deionized
water and 0.5 mL of 0.1% FeCl3 and the absorbance was measured at 700 nm.
Higher absorbance indicates higher reducing power. The assays were carried out in
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triplicate and the results are expressed as mean values ± standard deviations. BHT
was used as a standard antioxidant.
Linoleic Acid Peroxidation Assay
The protective effect of G. alypum extracts against lipid peroxidation was tested by
assessing the peroxidation of linoleic acid in an oxidation system catalysed by Fe+2ascorbate 28. Different concentrations (50 – 500 μg/mL) of extracts were mixed with
linoleic acid solution (0.28 mg linoleic acid and 0.28 mg tween-20) in 500 mL of
100 μM of phosphate buffer ( pH 7.4) and 150 μL of 10 μM ascorbic acid solution.
The mixture was mixed and sonicated to obtain a homogeneous emulsion. The
linoleic acid peroxidation was initiated by the addition of 0.1 mL FeSO4 (10 μM).
After incubation at 37Co for 60 min, the mixture was cooled and 1.5 mL of TCA
(10% in 0.5% HCl) was added, followed by the addition of 3 mL of TBA (1%, in 50
mM NaOH). The mixture was then heated in a water bath at 90 Co for 60 min. After
cooling, aliquots of 2 mL were taken from each sample and mixed with 2 mL of
butanol and centrifuged at 1000 x g for 30 min. The upper layer solution was
separated for measuring the absorbance at 532 nm. The percentage of linoleic acid
peroxidation inhibition was calculated according to the following equation:
Linoleic acid peroxidation inhibition (%) = [(Ao-A1)/Ao] x 100
Where Ao is the absorbance of control reaction (containing all reagents except the
extracts) and A1 is the absorbance of the sample with extracts or standard.
DNA Oxidation Assay
Protective activity of methanolic and aqueous extracts of G. alypum against DNA
damage was tested by photolysing H2O2 with UV radiation in the presence of
pBluescript M13+ plasmid DNA. Plasmid DNA was isolated by Qiagene plasmid
miniprep (and oxidized with H2O2+UV treatment in presence of different
concentrations of G. alypum extracts (100, 250, 350 and 500 µg/mL) and checked on
1% agarose gel electrophoresis according to a modified method 29. Briefly, the
experiments were performed in a volume of 10 µL in a microcentrifuge tube
containing 200 ng of plasmid DNA in phospate buffer (7.14 mmol phospate and
14.29 mmol NaCl, pH 7.4) and H2O2 was added at a final concentration of 2.5
mmol/L with or without 1μL of extracts. The reactions were initiated by UV
irradiation and continued for 5 min on the surface of a UV transilluminator with
intensity 8000 μW/cm2 at 300 nm under room temperature. After irradiation, the
reaction mixture (10 μL) with gel loading dye was placed on 1% agarose gel for
electrophoresis. Electrophoresis was performed at 40 V for 3 h in the presence of
ethidium bromide (10 mg/mL). Untreated pBluescript M13+ plasmid DNA was used
as a control in each run of gel electrophoresis along with partial treatments (i.e. only
UV treatment and only H2O2). Percent inhibition of the DNA strand scission was
calculated as follows:
Inhibition (%) = I − (Sm+a − Sc)/(Sm− Sc).
Where Sm+a is percentage remaining supercoiled DNA after treatment with UV +
H2O2 in the presence of the extracts, Sc is percentage remaining supercoiled DNA in
the control untreated plasmid, and Sm is percent remaining supercoiled DNA with
UV + H2O2 without extracts.
Treated and untreated pBluescript M13+ plasmid DNA gel was scanned using Gel
Documentation System (Gel-Doc-XR; BioRad, Hercules, CA, USA). Bands on the
gels were quantified by discovery series Quantity One programme (version 4.5.2,
BioRad Co.).
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Protein Oxidation Assay
The protective ability of methanolic and aqueous extracts of G. alypum against
protein oxidation was evaluated according to Kizil et al. 29. BSA (1 mg/mL), used as
a model protein, was dissolved in 20 mM potassium phosphate buffer (pH 7.4) and
then 50 μM FeCl3, 1 mM H2O2, and 100 μM ascorbic acid were added in the reaction
mixture. This mixture was incubated in the presence or absence of methanol and
aqueous extracts of G. alypum (50 − 1000 μg/mL) in a final volume of 1.2 mL for 3
h at 37 oC, and then the reaction mixture was analyzed by electrophoresis in 10%
SDS polyacrylamide gel (SDS-PAGE) according to Laemmli (1970). Samples were
mixed with equal volumes of sample buffer (Tris HCl pH 6.8, 2% SDS, 5% of 2mercaptoethanol, 10% sucrose, and 0.002% bromophenol blue). The mixture was
then boiled for 5 min, and then 5 μL of each sample was electrophoresed by SDSPAGE. The gel was run in a BioRad tank in running buffer (25 mM Tris pH 8.3, 190
mM glycine, and 0.1% SDS) at a maximum voltage and a constant current of 25 mA
for a mini gel, using a BioRad 1000/500 power supply. Gels were stained with
0.15% Coomassie Brillant Blue R-250 for 2 h and then distained and digitally
photographed.
The density of each band, corresponding to the protein fragments was estimated
using the Gel Documentation System (Gel-Doc-XR; BioRad, Hercules, CA, USA).
Bands on the gels were quantified by Discovery Series Quantity One program
(version 4. 5. 2, BioRad Co.).
Statistical Analysis
Data were analyzed by analysis of variance (ANOVA). IC50 values were calculated
by regression analysis. Results were expressed as the mean ± standard deviation
(SD). Difference was considered significant when P < 0.05.
RESULS
Total Polyphenol, Flavonoid and Tannin Content
Total content of phenolic compounds of G. alypum extracts are presented in Table 1.
Methanolic extract contains the highest amount of polyphenols, flavonoids and
tannins compared to aqueous one.
Table 1. Polyphenol, tannin and flavonoid content of methanolic extract (Met E) and aqueous extract (Aq E) of G.
alypum.
Extract
Polyphenols
(mg
GAE/g
Flavonoids
(mg
Q/g
Tannins (mg TAE/g extract)
extract)
extract)
Met E
185.05 ± 0.01
10.86 ± 0.04
31.87 ± 0.01
Aq E
173.12 ± 0.02
9.31 ± 0.04
13.43 ± 0.01
Values are mean of triplicate determination (n=3) ± SD.

HPLC-TOF/MS Analysis
The HPLC-TOF/MS analysis revealed the presence of phenolic acids and flavonoids
in G. alypum methanolic and aqueous extracts (Table 2 and Fig. 1). Both extracts
contain high quantity of glycoside flavonoids such as diosmin, rutin and scutellarin.
A highest amount of naringin and quercetin-3-β-D-glucoside was observed in
aqueous extract, while the quantity of all other flavonoids (catechin, rutin,
scutellarin, diosmin, neohesperidin and morin) was higher in methanolic extract than
that in aqueous extract. Hesperidin was present in a small quantity in aqueous extract
and as trace in methanolic extract. Moreover, among the determined phenolic acids,
the concentration of cinnamic acid was high in both extracts, whereas protocatechuic
acid was only detected in the aqueous extract.
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Table 2. Phenolic compounds identified by HPLC-TOF/MS analysis in methanolic extract (Met E) and aqueous
extract (Aq E) of G. alypum.
RT
Met E
Aq E
(min)
mg phenolic/kg plant
mg phenolic/kg plant
Compounds
Gentisic acid

4.42

21.39

23.31

Catechin

5.23

30.99

25.67

4-hydroxybenzoic acid

6.82

3.46

14.64

Protocatechuic acid

6.98

Nd

39.53

Vanillic acid

8.51

25.26

19.00

Cinnamic acid

15.78

137.77

213.16

Rutin

9.02

275.24

234.43

Scutellarin

9.21

221.77

7.96

Quercetin-3-β-D-glucoside

10.06

39.07

347.38

Naringin

10.30

17.54

177.74

Diosmin

10.90

381.42

233.97

Hesperidin

10.90

0.64

2.87

Neohesperidin

11.84

38.09

1.54

P-coumaric acid

11.94

8.33

13.74

13.14

32.11

25.33

Morin
RT: retention time; Nd: not determined

Figure 1 Free Radical Scavenging Activity
Globularia alypum extracts showed a concentration-dependent scavenging activity
of DPPH free radicals (Fig. 2). However, methanolic extract was more potent than
the aqueous one. The recorded IC50 were 48.61 µg/mL and 51.97 µg/mL,
respectively. The activity of methanolic extract was close to that of the standard
antioxidant BHT (IC50 = 44.35 µg/mL).
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Figure 2 -

Ferrous Ions Chelating Activity
The methanolic and aqueous extracts of G. alypum were able to chelate ferrous ions
in a concentration-dependent manner (Fig. 3). However, the aqueous extract showed
more activity than the methanolic extract. The IC50 values were 52.69 μg/mL and
148.15 μg/mL, respectively. This activity was less important than that obtained with
the standard chelator, EDTA, which gave an IC50 value of 5.97μg/mL.

Figure 3 -

Reducing Power
The reductive activity of both extracts of G. alypum compared with BHT have been
illustrate in Figure 4. The methanolic extract exerted a remarkable reducing power
with IC50 of 50.4 μg/mL, followed by the aqueous extract with an IC50 of 61 μg/mL.
This reductive activity is significant but less than that observed with BHT which
showed an IC50 value of 17 μg/mL.

Figure 4 -

Protective Effect of G. alypum Extracts Against Lipid Peroxidation
Both extracts of G. alypum exerted a weak inhibition on linoleic acid peroxidation
(Fig. 5). Indeed, at 100 µg/mL, the methanolic extract showed only 42.45% of
inhibition. Beyond this concentration, this inhibition was decreased. The aqueous
extract was less efficient (4.03%).
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Figure 5 -

Protective Effect of G. alypum Extracts Against DNA Damage
Electrophoretic patterns of DNA after UV-photolysis of H2O2 in the presence or
absence of G. alypum methanolic and aqueous extracts on agarose gel
electrophoresis is shown in Figure 6. The conversion of supercoiled circular DNA
(sc-DNA) to open circular (oc-DNA) derived from pBluescript M13+ DNA plasmid
showed two bands on agarose gel electrophoresis (lane 1); the faster moving band
corresponds to the native form of supercoiled circular DNA and the slower moving
band corresponds to the open circular form. The UV irradiation of DNA in the
presence of H2O2 (lane 2) resulted in the cleavage of sc-DNA to oc-DNA form and
linear form (lin-DNA). It was noted that only UV treatment (lane 3), only H2O2
treatment (lane 4) and only UV treatment with 250 of extract (lane 5) could not
induce damage to DNA, as observed with the mixture treatment; UV + DNA + H2O2
(lane 2). The addition of the extracts (lanes 6 - 9) to this reaction mixture induced a
partial recovery of sc-DNA. In fact, the intensity of sc-DNA bands scanned from the
agarose gel electrophoretic patterns at 100, 250, 350 and 500 µg/mL of G. alypum
Met E and Aq E was 45.88%, 53.77%, 70.91%, and 84.24% and 37.75%, 70.88%,
72.79% and 83.08%, respectively compared with the untreated plasmid DNA.

Figure 6 -

Protective Effect of G. alypum Extracts Against Protein Oxidation
Electrophoretic patterns of BSA after incubation for 3 h with Fe3+/H2O2/ascorbic
acid system in the absence or presence of different concentrations of methanolic and
aqueous extracts of G. alypum, and the density of the corresponding bands were
presented in Figure 7. The density of BSA band of the control induced by
Fe3+/H2O2/ascorbic acid decreased to 49.59%. The treatment by G. alypum extracts
exerted protective effect on BSA degradation induced by Fe3+/H2O2/ascorbic acid
system. Indeed, methanolic and aqueous extracts of G. alypums showed a
concentration-dependent inhibition of protein oxidation. At 50, 100, 250, 500 and
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1000 μg/mL, the aqueous extract protected BSA very efficiently and restored the
protein band intensity by 78.06%, 80.75, 85.41%, 98.16% and 98.83% compared to
the control level, respectively. At the same concentrations, the methanolic extract
restored the BSA band intensity by 53.18%, 56.2%, 57.9%, 74.29 and 76.97%,
respectively.

Figure 7 -

DISCUSSION
The identification of new natural products, which can provide protection against the
generation of oxidative stress, may have important human health implications. In this
study, we investigated whether G. alypum methanolic and aqueous extracts prevent
ROS mediated damages to lipids, DNA and proteins, employing a variety of in vitro
methods. Firstly, free radical scavenging activity, metal ion chelating, and reducing
power of the extracts were tested. Results showed that both extracts were able to
quench DPPH free radicals, and this activity is highly related to the amount of
phenolic compounds (polyphenols, flavonoids and tannins). These compounds are
electron donors and can react with DPPH free radicals to convert them to more
stable products 30, 31. In addition, G. alypum extracts showed metal chelating activity
and may serve as secondary antioxidants, by reducing the redox potential, thereby
stabilizing the oxidized form of the ferrous ions. Ferrous ions are the most effective
pro-oxidants, which lead to the hydroxyl ions (HO˙) production via Fenton reaction.
Hydroxyl radicals are highly toxic and react with all kinds of biological
macromolecules. Furthermore, both extracts exerted a remarkable reducing capacity,
indicating that these extracts contain bioactive compounds that exhibit electrondonating capacity. The reducing capacity may serve as a significant indicator of the
potent antioxidant activity of phenolics and flavonoids 32.
Since both studied extracts showed significant anti-radical, chelating and reducing
activities, so their protective activity against lipid, DNA and protein oxidation was
evaluated in the current study.
Lipid peroxidation is preceded by radical mediated abstraction of the hydrogen atom
from a methylene carbon on a polyunsaturated fatty acid side chain and it further
proceeds with radical chain reaction. During this process, a number of compounds
are formed such as malanoaldehyde (MDA), which used as a marker in the lipid
peroxidation assay 7. In this study, the lipid peroxidation was conducted using
linoleic acid catalyzed by Fe2+-ascorbate. The transition of ferrous ions can stimulate
lipid oxidation via Fenton reaction, and accelerate the reaction by decomposing the
lipid hydroperoxides into peroxyl and alkoxyl radicals that can propagate the chain
of lipid peroxidation 33. Thus, minimizing ferrous ions may afford protection against
oxidative damage by inhibiting the production of hydroxyl radicals (·OH), which is
able to initiate free radical chain reactions 30. This study showed that despite both
studied extracts exerted significant scavenging, chelating and reducing activities they
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were less effective on lipid peroxidation. This result may be due to the experimental
conditions, in particular the time of measuring of MDA, since this assay is time
consuming and therefore may not give accurate results due to degradation of the
hydroperoxides before they converted to MDA in vitro during sample preparation 34.
Indeed, in another study, aqueous and methanolic extracts of G. alypum showed a
significant potential to protect the unsaturated β-carotene molecules (data not shown)
against free radicals attacks, by inhibiting strongly the linoleic acid peroxidation and
then neutralizing free radicals formed in the system.
Similarly, the generation of oxidative damaged DNA is hypothesized to occur via
production of ROS. The UV irradiation photolysis of H2O2 generates OH radicals,
which attack DNA and resulting in the cleavage of the DNA strand, which is clearly
visible in the control DNA (treated with UV + H2O2). The scission of DNA strand
was assessed by measuring the conversion of supercoiled circular DNA to open
circular DNA and further to linear form derived. The OH radicals can damage all
components of DNA molecules such as purine and pyrimidine bases and also the
deoxyribose 35, inhibiting the normal functions of the cell. Among different types of
damages, DNA double strand breaks are the most deleterious, since they can lead to
the loss of genetic material 36. The treatment with G. alypum extracts protected the
supercoiled double strand DNA from hydroxyl radical-induced strand scission.
Indeed, in the presence of increasing concentration of these extracts, the proportion
of both open circular DNA and linear DNA were significantly decreased, while the
amount of the residual supercoiled DNA was recovered. This protective activity
against DNA damage could be assigned to the presence of potent antioxidants in the
extracts. It has been reported that the oxidative damage caused by exposure to H 2O2
can be prevented by metal sequestering agents via chain-breaking antioxidants that
scavenge the free radicals generated by metal ion-catalyzed decomposition of H2O2
30
. In fact, the studied extracts were found to be rich in phenolic acids and
flavonoids, which are potent antioxidants. Phenolic compounds possess ideal
chemical structure for reducing free radicals because they have phenolic hydroxyl
groups that are prone to donate a hydrogen atom or an electron to a free radical, and
extended conjugated aromatic system to delocalize an unpaired electron 30. Sevgi et
al.37 reported that phenolic acids possessed protective effects on pBR322 plasmid
DNA against the mutagenic and toxic effects of UV and H2O2.
The most common mechanism for inducing protein oxidation is metal-catalysed
reaction. Metal ions react with H2O2 in the so called Fenton reaction and produces
hydroxyl radicals that attack neighboring amino acid residues 38. ROS induce the
cleavage of peptide bonds and then leads to different peptide fragmentation or
protein-protein cross-linkages 39. Moreover, amino acids can be modified directly via
side chain reaction with ROS, methionine and cysteine are the most susceptible to
oxidative changes due to high reaction susceptibility of the sulfur group in those
amino acids 39. In the present study, the metal-catalysed protein oxidation caused
different peptide fragmentations. This oxidative damage was assessed using a
common method (SDS-PAGE) for determination of protein fragments.
Densitometric analysis of each protein band showed clearly that both aqueous and
methanolic extracts of G. alypum protected significantly BSA against ROS attack
and restored the protein band intensity. This ability to protect protein fragmentations
is mainly due to the strong antioxidant activities exerted by both extracts. Generally,
phenolic compounds are responsible for the antioxidant activities of plant extracts,
and they have been reported as scavengers of ROS and chelators of metal cations
that participate in hydroxyl radical formation 30. Therefore, these compounds are
viewed as promising therapeutic drugs for ROS inducing pathologies40,41,42.
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CONCLUSION
The overall results revealed that G. alypum possess high antioxidant activity. The
presence of bioactive compounds such as polyphenols and flavonoids might be
responsible for this activity. So, this plant can be considered as a good source of
natural products that may be used in the treatment of different diseases associated to
the oxidative stress.
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Erratum
In Article “Phenolic Content and Biomolecule Oxidation Protective Activity of Globularia
alypum Extracts”, with DOI number: http://dx.doi.org/10.1590/1678-4324-2017160409,
published in journal Brazilian Archives of Biology and Technology, vol. 60, the 01 page.
That read:
“http://dx.doi.org/10.190/1678-4324-2017160409”

Read:
“http://dx.doi.org/10.1590/1678-4324-2017160409”
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