
Abstract. – Background: Many changes
can occur in proteins, including amino acid
modification, fragmentation, changes in absorp-
tion and fluorescence spectra and others. All
these modifications can be used as markers of
protein damage by free radicals.

Aim of the Work: The aim of the present
study was to investigate the antioxidant activi-
ties of the aqueous extracts of dry green of pods
Phaseolus vulgaris, leaves of Olea europaea, un-
ripe fruits of Bitter melon and leaves of Morus
nigra. The pro-oxidant activities of the aqueous
extracts of the above plants towards protein and
estimation of some markers of the protein oxida-
tion were also investigated.

Methods: The antioxidant activities of the
above plants extracts, such as superoxide dis-
mutase (SOD)- like and scavenging of diphenyl
picrylhydrazyl (DPPH) radicals were observed. A
soluble protein (bovine serum albumin: BSA)
was incubated with different concentrations of
the aqueous extracts of the plants of the present
study. An aliquot from this mixture was used for
sodium dodecyl sulphate/polyacrylamide gel
electrophoresis (SDS-PAGE). Oxidative protein
damage was assessed as tryptophan oxidation,
carbonyl, quenone and advanced oxidation pro-
tein products (AOPP) generation in BSA in sepa-
rate aliquots of the mixture.

Results: All the plant extracts of this study
had an antioxidant activity, but the aqueous ex-
tracts of both Olea europaea and Morus nigra
leaves showed the highest antioxidant activities.
In addition only the extracts of the Olea eu-
ropaea and Morus nigra leaves showed highly
oxidative fragmentation on BSA, but not the oth-
er plant extracts, which was evaluated by sodi-
um dodecyl sulphate/polyacrylamide gel elec-
trophoresis (SDS-PAGE) technique. The increase
in protein oxidation products was in concentra-
tion dependent manner. The carbonyl, quenone
and AOPP contents were highly significantly ele-
vated in Olea europaea and Morus nigra leaves-
treated protein when compared to the control
protein. The tryptophan fluorescence was also
significantly decreased in Olea europaea and
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Morus nigra leaves-treated protein when com-
pared to the control sample.

Conclusion: These data demonstrate the an-
tioxidant and pro-oxidant activities of the aque-
ous extracts of the plants examined, while the
highly effective are Olea europaea and Morus ni-
gra leaves. The pro-oxidant activity of these
plant extracts may be attributed to the unstable
state of their phenoxyl radicals.
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Introduction

Reactive intermediates of oxygen are pro-
duced in many conditions of cellular metabolism
and they are called reactive oxygen species
(ROS). In some conditions, ROS are beneficial to
life1. However, ROS can also be harmful and in-
volved in many pathological conditions such as
chronic inflammation2 and carcinogenesis3. ROS
can eventually lead to other types of cell damage
such as oxidative damage to proteins, lipids and
nucleic acids4.

Proteins are distributed in all cellular com-
partments as well as forming key components
of the extracellular matrix and maintaining the
osmotic pressure of plasma which are sensitive
to the noxious effect of the reactive oxygen
species5. Oxidative damage to protein functions
may affect the activity of enzymes, receptors
and membrane transporters6,7. The oxidation of
amino acid residues in proteins causes modifi-
cation such as deamination, carbonyl group for-
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mation and cleavage of peptide bonds. These
damages produce conformational and function-
al alterations in proteins that lead to the frag-
mentation, aggregation and enhanced proteolyt-
ic digestion8.

Plant polyphenols are known to have multi-
functional properties such as reducing agents,
hydrogen donating antioxidants and singlet oxy-
gen quenchers and flavonoids and their deriva-
tives are the largest group of polyphenols9. The
most important property is their capacity to act as
antioxidants protecting the body against ROS and
may have an additive effect to the endogenous
scavenging compounds10,11.

Phaseolus vulgaris is largely consumed in
view of their high protein content, and recent
studies have pointed out that they supply the diet
with, in addition to complex carbohydrates, solu-
ble fibers, essential vitamins and metals as well
as polyphenols12 such as flavonoids, isoflavones
and lignans13.

The objectives of this study were to investigate
the antioxidant and pro-oxidant action of aque-
ous extracts of some plants such as Phaseolus
vulgaris (dry and green); Olea europaea and
Morus alba leaves and Bitter melon on bovine
serum albumin (BSA) as a protein model.

Materials and Methods

Bovine serum albumin (BSA), nitroblue tetra-
zolium (NBT), chloramine T and guanidine hy-
drochloride were purchased from Sigma (St.
Louis, MO, USA). 2,4-dinitrophenylhydrazine
(DNPH) and 2,2 diphenyl-1-picrylhydrazyl
(DPPH) were from Fluka (Bushs, Swizterland).
Glassware was cleaned by soaking in concentrat-
ed nitric acid for 6-7 h, washing in purified water
and drying. All other chemicals were of high pu-
rity grade.

Aqueous Extracts of Plants

A total 100 g of dry, green of pods Phaseo-
lus vulgaris (A, B); leaves of Oleo europaea
(C) and Morus nigra (D) and unripe fruits of
Bitter melon (E) were extracted with 1.5 liters
water by the method of continuous hot extrac-
tion. The extract was evaporated to dryness in
a wide container over a boiling water bath in
front of an air current. A semisolid residual ex-

tract was obtained (3.7 g). It was stored at 0-
4°C until used. When needed, the residual ex-
tract was dissolved in distilled water and used
in the study14.

SOD-like Activity of Plant Extracts
Superoxide dismutase (SOD)-like activity of

extracts was assayed according to Nishikimi et
al15, which is based on the inhibition of nitroblue
tetrazolium (NBT) reduction to formazan.

Bleaching of the free Radical
2,2diphenyl-l-picrylhydrazyl(DPPH)

The antiradical activity of plant extracts were
determined by using the stable 2,2 diphenyl-1-
picrylhydrazyl radical (DPPH˙)16. In its radical
form, DPPH˙ has an absorption band at 515 nm
which disappears upon reduction by an antiradi-
cal compound. Inhibition of DPPH free radicals
in percent (I%) was calculated in the following
way:

I% = (Ablank – Asample/Ablank) × 100
where Ablank is the absorbance of the control

reaction and Asample is the absorbance of
the test plant extract

SDS/PAGE Electrophoresis of
BSA Treated with Extracts

Firstly, BSA was incubated with different
concentrations of plant extracts in 40 µl total
volume including: 0.5 mg BSA, 10 mM Tris
buffer pH 7.0 and 10, 15 mg from each extract
consequently. After the incubation for 1 and 3
hrs consequently at 37°C, the reaction was
stopped by the addition of 4 × sodium dodecyl
sulphate (SDS) sample buffer followed by
analysis of oxidative fragments of BSA by
SDS/PAGE (polyacrylamide gel electrophore-
sis)17. The gel was stained with coomasie bril-
liant blue R 250.

Protein Oxidation Markers

Protein-Catechol (DOPA)/Quenone Content
Quenones were detected by nitroblue tetrazoli-

um (NBT) reduction as described by Paz et al18.
The protein-extracts mixture was incubated with
NBT/glycine in the dark for 1 h before the ab-
sorbance at 530 nm was measured.
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Protein-Carbonyl Content
Protein carbonyl content was measured by reac-

tion with 2,4-dinitrophenyl hydrazine(DNPH) as
described by Reznik and Packer19. The difference in
absorbance between the DNPH treated samples vs
the HCl blank was determined at 390 nm. The re-
sults are expressed as nmoles of carbonyl
groups/mg protein using a molar extinction coeffi-
cient of 22, 000 Cm-1 for the DNPH derivatives.

Advanced Oxidation Protein Products
(AOPP)

The protein content of AOPP was determined
according to the method described by Abou-Seif
and Youssef20. 200 µl of extracts treated protein
diluted 1: 5 with phasphate buffered saline (PBS)
(pH 7.4), 200 µl of PBS as blank were applied.
10 µl of 1.16 M KI and 20 µl of acetic acid were
added and absorbance was measured immediate-
ly. Concentration of AOPP was expressed in
chloramin unit (µmole/l).

Tryptophan Fluorescence
Protein damage was assessed by measuring the

decrease in tryptophan fluorescence at 355 nm
emission and 280 nm excitation as described by
Wolff and Dean21.

Statistical Analysis
The results are expressed as means ± SD. Sta-

tistical analysis was performed according to the
method of Murray22. Data were analyzed using
unpaired Student,s t-test. P values of <0.05 were
considered to be statistically significant.
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Results

As shown in Table I the reduction of nitroblue
tetrazolium (NBT) by the effect of studied plant
extracts was detected at 530 nm. The reduction
of NBT had the highest value using Oleo eu-
ropaea (C) and Morus nigra (D) leaves extracts.
In addition, the scavenging of 2,2 Diphenyl-1-
picryhydrazyl (DPPH·) radical activity of the
studied plants was demonstrated. Oleo europaea
leaves (C) extract has the strongest DPPH·-
scavenging capacity among the five plant ex-
tracts, followed by Morus nigra leaves (D) ex-
tract. SDS-PAGE of the treated protein with
studied plant extracts reveals the disappearing of
the bands of the control protein treated with
Oleo europaea (C) leaves extract after 1 and 3
hrs from the treatments (Figure 1). Moreover,
generation of specific fragments were formed by
the treatment of protein with extract of Morus
nigra (D)leaves for 3 hrs. Conversely, extracts of
dry and green Phaseolus vulgaris pods (A, B)
and unripe fruits of Bitter melon (E) have no ef-
fect on the protein band. Figure 2 shows that
BSA treated with Oleo europaea (C) and Morus
nigra (D) leaves extracts were able to reduce
high significantly more NBT than the control
sample. However, the highest effect was related
to Oleo europaea (C) leaves extract. This data is
consistent with the presence of catechol
(DOPA)/ quenone compounds on oxidized pro-
tein. The generation of carbonyl during incuba-
tion of protein with Oleo europaea (C) and
Morus nigra (D) leaves extracts were observed

Parameters
Plant extract (mg/ml) SOD-like (% inhibition) DPPH (% inhibition)

Extract A 1 8.0 ± 0.08 9.11 ± 0.13
5 29.0 ± 0.27 14.4 ± 1.95

Extract B 1 2.0 ± 0.4 10.5 ± 0.13
5 44.0 ± 3.11 16.4 ± 0.32

Extract C 1 69.0 ± 4.01 33.7 ± 3.5
5 91.0 ± 3.93 49.3 ± 2.15

Extract D 1 35.0 ± 1.8 12.3 ± 2.23
5 87.0 ± 2.96 19.5 ± 3.78

Extract E 1 4.0 ± 0.84 4.12 ± 0.27
5 47.0 ± 1.45 7.84 ± 0.25

Table I. Superoxide dismutase-like and DPPH radical scavenging activities of dry, green of pods Phaseolus vulgaris (A, B);
leaves of Oleo europaea (C) and Morus nigra (D) and unripe fruits of Bitter melon (E) extracts.

Mean ± SD for five experiments for each item.
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in Figure 3. The carbonyl groups increased pro-
gressively with increasing Oleo europaea (C)
leaves and Morus nigra (D) extract concentra-
tions. The mean concentration values of ad-
vanced oxidation protein products (AOPP) were
highly significantly elevated in protein incubated
with Oleo europaea (C) leaves and Morus nigra
(D) extract concentrations in comparison to the
control protein sample (Figure 4). As shown in
Figure 5 when BSA was incubated with Oleo
europaea (C) leaves and Morus nigra (D) ex-
tracts, a highly rapid loss of tryptophan fluores-
cence, reflecting radical damage to the protein,
was detected when compared with the control
sample.

Discussion

Flavonoids are important part of the human di-
ets and they present an active principle of some
medicinal plants23. There is continuing interest on
the screening of medicinal plants with a view to
determine new sources of natural antioxidants24.
Although several screening approaches have been
proposed, an estimation of the antioxidant poten-
tial by using the trolox equivalent antioxidant ca-
pacity (TEAC), ferric reducing antioxidant power
(FRAP), oxygen radical absorption assay
(ORAC), the DPPH assay, total oxyradical scav-
enging capacity (TOSC), the deoxyribose assay,
assays involving oxidative DNA damage and as-
says involving reactive nitrogen intermediates
(e.g. ONOO-) can provide preliminary informa-
tion, giving a basis for further characterization
procedures25,26. The present study reveals that the
antioxidant capacities of the antioxidant proper-
ties of dry, green of pods Phaseolus vulgaris (A,
B); leaves of Oleo europaea (C); Morus nigra (D)
and unripe fruits of Bitter melon (E) extracts to-
ward O2̇

– and ·OH radicals as well as its ability
for DPPH radical scavenging activity. The plant
extracts studied had varied antioxidant potencies
which was of the order Oleo europaea (C) >
Morus nigra (D) > dry of pods Phaseolus vul-
garis (A) > unripe fruits of Bitter melon (E) >
green of pods Phaseolus vulgaris (B). The differ-
ences in antioxidant activities of plants extracts
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Figure 1. Bovine serum albumin (BSA) electrophoresis
treated with 10 and 15 mg from each studied extracts after
incubation 1 hrs (I) and 3 hrs (II). Lane 1: control; Lanes 2-
3: extract A; Lanes 4-5: extract C; Lanes 6-7: extract B;
Lanes 8-9: Extract E and Lane 10: 15 mg of extract D.

Figure 2. Detection of protein-bound catecho/quenone in BSA after its incubation with different concentrations of extracts.
Data are means ±SD of five experiments.
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were suggested to be due to different structures of
plant extracts from phenolic acids and flavonoids
as well as their derivatives which agree with the
findings of Gulcum et al27 and Kerget et al28.

Oxidative stress is now recognized to be asso-
ciated with more than 100 diseases, as well as
with the normal aging process29. It has been re-
ported that the flavonoid radicals (antioxidant
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Figure 3. Protein carbonyl content in BSA-treated with different concentrations of extract. Data are means ±SD of five exper-
iments.
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Figure 4. Estimation of advanced oxidation protein products (AOPP) in BSA-treated with different concentration of extracts.
Data are means ±SD of five experiments.
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derived radicals) formed after scavenging of pri-
mary radicals should be sufficiently stable to
support an efficient antioxidant activity. The
lack of stability and low redox potential of some
antioxidant derived radicals may be the basis of
their pro-oxidant effects toward biomole-
cules30,31. Some confirmatory experiments were
performed in the present work to support the
pro-oxidant effects of the extracts of leaves of
Oleo europaea (C) and Morus nigra (D) toward
BSA after treatments for 1 and 3 hrs. (I)
SDS/PAGE of BSA reveals the generation of
specific fragments from ·OH radicals attack to
BSA which were similar to those shown by
Wolff and Dean21, who proposed that radiolyti-
cally generated ·OH radicals fragmentized BSA
into specific fragments detected by SDS/PAGE.
(II) The process of protein oxidation by ·OH
radicals attack frequently introduces new func-
tional groups such as carbonyls and hydroxyls,
producing conformational and functional alter-
ations in proteins, which have been used as bio-
markers of protein oxidation32,33.

Phenolic antioxidants can induce damage to
carbohydrates, proteins and DNA in vitro as-

says34, but the reactions can be inhibited if pro-
teins such as albumin are included in the reaction
mixture35,36.

The present results show that the extracts of
leaves of Oleo europaea (C) and Morus nigra
(D) have the ability to reduce nitroblue tetrazoli-
um (NBT) (Figure 2). This effect was stimulated
BSA damage at the highest concentrations used.
The protein-bound catechol/quenone compound,
which might be produced on proteins damaged
by ·OH radicals attacks to tyrosine residue in
BSA37. The results presented here (Figure 3)
show that carbonyl groups increased progressive-
ly with increasing the studied plant extracts con-
centrations, confirming that the pro-oxidant ef-
fects of these plants may be mainly attributed to
the generation of ·OH radicals38. The elevation of
carbonyls in the studied extract-treated BSA may
be also attributed to the oxidation of amino acid
residues in BSA39. The results presented in Fig-
ure 4 show that the levels of AOPP in BSA in-
creased with increasing plant extract concentra-
tions. The elevation of AOPP in plant extract-
treated BSA may be attributed to the following
reasons:
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Figure 5. Dependence of BSA-tryptophan oxidation upon concentration of extract. Data are means ±SD of five experiments.
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1. The oxidative action of ·OH radicals generated
by plant extract. This argument is strengthened
by the finding that AOPP, as terminal products
of protein exposure to free radicals, have been
considered as reliable markers of the degree of
oxidative protein damage by ·OH radicals40.

2. The increased AOPP levels may be due to the
increased oxidation products of aromatic
amino acid residues such as quenone and car-
bonyl contents as well as tryptophan oxidation
into formylkyurenine and kunurenine in BSA
via the action of ·OH radicals generated by
plant extract which is the actual case (Figures
2, 3, 4). This argument may be supported by
the finding that the spectroscopic analysis of
AOPP-HAS (human serum albumin)-produced
in vitro by treating HSA with oxidants gener-
ated ·OH radicals -confirmed that AOPP-HSA
contains high dityrosine, quenones and car-
bonyl contents33,41. Aromatic amino acid
residues are among the preferred targets for
·OH radical attack42. The diminution of fluo-
rescence in BSA-treated with the studied plant
extracts we have observed may be due to ei-
ther tryptophan oxidation into formylkynure-
nine and kynurenine or tryptophan loss lead-
ing to protein damage by the effect of ·OH
radicals (Figure 5)21.

In conclusion, Our results clearly indicate that
the aqueous extracts of leaves of Oleo europaea
(C) and Morus nigra (D), which are important in
the human diet, have antioxidant properties in the
absence of protein. The elevation of oxidative
biomarkers, such as quinones, carbonyl and pro-
tein oxidation products as well decreased trypto-
phan fluorescence after incubation of protein
with these extracts, demonstrate that they possess
also pro-oxidant activities. The present results
demonstrate also that plasma proteins, play a
very important role in scavenging free radicals
generated either in vitro or/ in vivo. Thus, the op-
posite effects of the extracts of leaves of Oleo eu-
ropaea (C) and Morus nigra (D) add a new di-
mension to the complex interactions between an-
tioxidants and proteins.
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