
Inhibition of Photohemolysis Induced by
m-Chloroperbenzoic Acid by Metal Complexes with
SOD-mimetic Activity

ABDEL EL-AZIZ F. ABDEL EL-AZIZa and IBRAHIM H. EL-SAYEDb,*

aBiochemistry Division, Chemistry Department, Faculty of Science, Mansoura University, Egypt; bMolecular Biology Department, Genetic
Engineering and Biotechnology Research Institute, Minofya University, Sadat City, Egypt

Accepted by Professor M.A. Marletta

(Received 15 June 2002; In revised form 29 November 2002)

Red blood cells (RBCs) are probably the most common
target through the damaging action of reactive oxygen
species on the cells. The photohemolysis activity of
m-chloroperbenzoic acid (CPBA) was concentration- and
exposure time-dependent. Twenty minutes photo
exposure time and 200mm of CPBA concentration were
optimum to study the effect of generated superoxide ðO2

2 Þ
and hydroxyl (†OH) radicals on RBCs. RBCs lysis
photosensitized by CPBA was investigated in the presence
of [(VL2O)(VL2H2O)]Cl6, [MnL2O]2Cl42H2O, [FeL2Cl2]Cl
H2O, [CoL2Cl2]4H2O or [ZnL2Cl2]H2O respectively, where
L is 2-methylaminopyridine, with SOD-mimetic activities
with the aim of ascertaining their protective activity
towards the photo induced cell damage. The decrease of
photolytic activity caused by these complexes was
concentration-dependent and the maximum percentage
of protective activity was 75, 70, 68, 57 or 24% for
[(VL2O)(VL2H2O)]Cl6, [MnL2O]2Cl4 2H2O, [FeL2Cl2]Cl
H2O, [CoL2Cl2]4H2O or [ZnL2Cl2]H2O complex respect-
ively, against the cell irradiated without addition of metal
complexes. The comparison between the decrease of
photolytic activity caused by these complexes and their
SOD-mimetic activity of these metal complexes showed an
appreciable correlation.
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INTRODUCTION

Reactive oxygen species (ROS) are well known to be
involved in some human diseases. ROS such as

superoxideðO†2
2 Þ and hydroxyl radicals (†OH)

formed continuously as a result of biochemical
reactions and can cause a significant oxidative
damage.[1,2] The significance of O†2

2 has been
demonstrated to be crucial in paraquat toxicity,[3]

reperfusion injury in organ transplantation[4] and
hyperoxygenation pulmonary toxicity in animals.[5]

O†2†
2 and †OH can induce single-strand breaks in

DNA and its involvement has been implicated in
tumor promotion.[6] Oxidative damage of DNA,
lipids and proteins in the human body is generally
considered to be an important factor in carcinogene-
sis and may also play a role in cutaneous
photosensitization.[7]

Biological membranes, particularly in mitochon-
dria and erythrocytes are considered a critical target
for cell damage by photosensitization.[8] Erythro-
cytes belong to be the most common target in
studying damaging action of oxygen radicals. The
role of oxygen free radicals in erythrocyte lysis has
been suggested for some time.[9] It has been
postulated that either membrane oxidation or
hemoglobin denaturation occurs in the destruction
of red blood cells. In addition, vascular damage and
subsequent tumor cell anoxia are the indirect
mechanisms leading to tumor necrosis by photo-
sensitization.[10] Some evidence indicated that the
ROS plays an important role in the photolysis of
human erythrocytes sensitized by photosensitization
with protoporphrin IX and ketoporfen.[11]
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The postulated defense role of antioxidants against
the activities of free radicals in the body has become
an area of much recent interest to both medical
professionals and the general public alike. Super-
oxide dismutase (SOD) is one of the enzymes which
protects aerobic organisms from oxygen toxicity so,
when erythrocytes are loaded with SOD, catalase
and glutathione peroxidase they were shown to be
more resistance to photohemolysis.[9] A major
problem with the use of SOD is its high molecular
weight, which limits its diffusibility into cells. The
use of low molecular weight complexes which
exhibit SOD-mimetic activity avoids some of the
practical limitations of using the enzyme itself. The
primary advantage of complexes of this type
concerns diffusability into the cell and cell orga-
nelles. One such compound, copper(II) complexes of
diisopropylasalicylate [(Cu)2(disps)4] has SOD-
mimetic and was reported it to protect against
oxidative damage.[12] Also, the manganese (IV)
complex of desferioxamine (MnDf) has been
reported to be a very efficient SOD-mimetic.[13]

In the present study, we studied the behavior of
CPBA as a photosensitizer in the photolysis of
human red blood cells. Furthermore, this work was
extended to test the protective effect of some metal
complexes of 2-methylaminopyridine such as [(VL2-

O)(VL2H2O)]Cl6, [MnL2O]2Cl4 2H2O, [FeL2Cl2]Cl
H2O, [CoL2Cl2]4H2O or [ZnL2Cl2]H2O, where L is
2-methylaminopyridine showed SOD-mimetic
activity against RBCs lysis photosensitized by CPBA.

MATERIALS AND METHODS

Chemicals

m-Chloroperbenzoic acid was supplied by Merck.
All other chemicals of analytical grade were pur-
chased from Sigma. Metal complexes of 2-methyl-
aminopyridine such as [(VL2O)(VL2H2O)Cl6,
[MnL2O]2Cl4 2H2O, [FeL2Cl2]Cl H2O, [CoL2Cl2]4H2O
and [ZnL2Cl2]H2O were synthesized as mentioned in
our previous work.[14]

Determination of SOD-mimetic Activity

SOD-mimetic activity of the investigated com-
plexes were examined according to the method of
Nihiskimi et al.[15] The assay relies on the ability of
the enzyme to inhibit the phenazine methosulphase
(PMS) mediated reduction or nitroblue tetrazolium
(NBT) dye to blue formazan. The reaction mixture
was contained in a final volume of 3.0 ml. It was
composed of 0.5 ml of 0.3 mM NBT, 0.5 ml of NADH,
1.8 ml of 0.1 mM sodium pyrophosphate buffer pH
8.3, 0.1 ml of 16.6, 33.3, 66.6 or 100mM of [VL2-

O)(VL2H2O)]Cl6, [MnL2O]2Cl4 2H2O, [FeL2Cl2]Cl

H2O, [CoL2Cl2]4H2O or [ZnL2Cl2]H2O complex and
0.1 ml of 0.093 mM PMS and the increase in
absorbance at 560 nm was recorded using spectro-
photometer for five minutes.

Irradiation Conditions

Red blood cells were irradiated using a photoche-
mical reactor equipped with a 1000 W tungsten
halogen lamp (Lohuis R 75) with a 500–550 nm
emission range which was supported in an ethanol
cooled quartz tube at 208C in 3 ml quartz of 1 cm light
path and photohemolysis followed.

Photohemolysis Assay

Human erythrocytes were obtained from healthy
volunteers by centrifugation at 3000 rpm of freshly
drawn, heparinzed blood. The erythrocytes
were washed three times with 0.01 M phosphate-
buffered saline (PBS), pH 7.4. The packed red
blood cells were suspended in PBS at concentration
1 £ 106 cells=ml:

The photohemolysis experiment was carried out
in a total volume of 3.0 ml 0.01 M PBS pH 7.4
containing 106 RBC cells/ml and 20, 50, 100 or 200
CPBA as photosensitizer. The photohemolysis
was carried out again by irradiated the tubes for
5, 10 and 20 min, samples containing a total
volume 3.0 ml 0.01 M PBS pH 7.4 containing
106 RBC cells/ml and 200mM CPBA as photosensi-
tizer. The hemolysis data were recorded by
measuring the increase of absorbance of released
hemoglobin at 540 nm.

Inhibition of Photohemolysis by SOD-mimetic
Complexes

RBC cells (106 ml) were suspended in 3 ml total
volume 0.01 M PBS (pH 7.4) containing 200mM
m-chloroperbenzoic acid. Before irradiation, the
samples were incubated with 5, 25, 50 or 100mM
[(VL2O)(VL2H2O)]Cl6, [MnL2O]2Cl4 2H2O, [FeL2-

Cl2]Cl H2O, [CoL2Cl2]4H2O, or [ZnL2Cl2]H2O com-
plexes and then all sample tubes were irradiated for
20 min and hemoglobin released was measured at
540 nm.

Data Analysis

Data were expressed as mean ^ SD and analyzed
statistically using unpaired independent student’s
t-test. To compare experimental groups against the
control group, a one-way ANOVA was performed.
The 0.05 level of probability was used as a measure of
the statistical significance.
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RESULTS

It is noticed from Table I that the hemolytic activities
of CPBA were 32, 37, 48 or 94% in samples incubated
with 20, 50, 100 or 200mM CPBA respectively,
compared with untreated control samples.

Time course-dependent manner of the photo-
hemolysis induced by 200mM CPBA is shown in
Table II. The samples irradiated for 5, 10 and
20 min produced 25, 56 and 97% photohemolysis
respectively, compared with unirradiated control.

Thus, the photohemolysis activity of CPBA
oxidative products was concentration- and exposure
time-dependent. Twenty minutes photo exposure
time and 200mM CPBA concentration were optimum
to study the effect of generated superoxide ðO2

2 Þ and
hydroxyl ð†OHÞ radicals on RBCs.

Figure 1 shows the percentage of inhibition of
NBT reduction at different concentrations of [(VL2O)
(VL2H2O)]Cl6, [MnL2O]2Cl4 2H2O, [FeL2Cl2]Cl H2O,
[CoL2Cl2]4H2O and [ZnL2Cl2]H2O. Comparison
between these data clearly shows that the vanadium
and manganese complexes are the highest SOD-
mimetic activities while zinc complex have relatively
less activity.

Figure 2 shows the photoprotective action
of [(VL2O)(VL2H2O)]Cl6, [MnL2O]2Cl4 2H2O,
[FeL2Cl2]Cl H2O, [CoL2Cl2]4H2O and [ZnL2Cl2]H2O
complexes against the cell damage induced by
CPBA. The investigated complexes protect RBCs
integrity in a dose dependent way (Fig. 2). The
comparison between the decrease of photolytic
activity caused by these complexes and their
SOD-mimetic activity of these metal complexes
showed an appreciable correlation.

DISCUSSION

The oxidation of membrane lipids has been
implicated as the primary events in oxidative

damage, the inhibition of oxidative hemolysis of
RBCs induced by free radicals has been studied
previously.[16,17] Different efforts have been made to
increase the protection of RBCs against photohemo-
lysis by enrichment of RBCs with SOD. It has been
found that water-soluble chain breaking antioxidant
such as ascorbic acid, uric acid and chromanol
suppressed the hemolysis in a dose dependent
mode.[9] However, no lysis was observed when RBCs
were incubated in the dark either with CPBA alone
or irradiated without addition of CPBA, and this
confirms the role of oxygen radicals, generated in the
presence of CPBA, which seem to play a significant
role in photohemolytic activity. The photohemolysis
induced by CPBA may be attributed to the activity of
the generated oxygen radicals ð†OH or O2

2 Þ through
the photosensitization reaction.[18,19] The production
of †OH in vitro through a photosensitization process
occurred by interaction of O2

2 and H2O2 to yield the
potent hydroxyl radical oxidant:

O2
2 þ H2O2 ! O2 þ

† OH þ2 OH

It is now known that this reaction does not occur
spontaneously but must be catalyzed by the action of
transition metals (Me) such as copper or iron:[20]

O2
2 þ Me2þ ! Me1þ þ O2

H2O2 þ Me1þ ! Me2þ þ† OH þ2 OH

The photogeneration of free radicals by CPBA
during photosensitization processes produces not
only O†2

2 or †OH but also singlet oxygen. Singlet

TABLE I Photohemolysis of RBC’s induced by different concentrations of CPBA and irradiated for 20 min

Concentrations of CPBA (mM)

20 50 100 200

Mean ^ SD* 0.095 ^ 0.001 0.153 ^ 0.007 0.201 ^ 0.013 0.415 ^ 0.20
% Hemolysis 23% 37% 48% 94%

* Six tubes photohemolysis assay for each concentration of CPBA. % Hemolysis ¼ (Mean of O.D. test/Mean of O.D. control) £ 100.

TABLE II Time course-dependent manner of the photohemolysis
of RBCs induced by 200mM CPBA

5 min 10 min 20 min

*Mean ^ SD 0.105 ^ 0.005 0.231 ^ 0.15 0.429 ^ 0.20
% Hemolysis 25% 56% 97%

* Six tubes of photohemolysis assay at each time. % Hemolysis ¼ (Mean of
O.D. test/Mean of O.D. control) £ 100.

FIGURE 1 SOD-mimetic activity of different metal complexes of
2-methylaminopyridine.
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oxygen was produced from H2O2 and O2 through
electron transfer in aqueous solution in presence of
iron (produced in excess with hemolysis
of RBCs)[21,22] or as a secondary production due to
the superoxide anion production.[12]

Two different approaches have been employed to
inhibit RBC’s hemolysis, one reinforcing the protec-
tive systems within, the other protecting the outer
part of RBCs by the inhibition of membrane
damage.[9] Free radicals are involved in normal
biochemical process like oxidation-reduction and
cellular metabolism; however, they also mediate
many disease processes.[23] The participation of
oxygen free radicals in the lysis of red cells is
important in situations of some intravascular
hemolysis.[24] To increase the antioxidant properties
of erythrocytes different efforts have been made to
enrich RBCs with SOD.[9]

The addition of external SOD may be incapable of
significant protection against O†2

2 owing to its
molecular characteristics which reduced its avail-
ability at the site of superoxide generation,[7,25] from
the point of view these results were suggested that
these metal complexes may have scavenging
activities toward oxygen radicals generated through
photodegradation of CPBA. These metal complexes
with SOD-mimetic activity have a highly protective
effort on RBC’s hemolysis and are highly effective
compared to natural SOD since they are inexpensive,
stable at room temperature and not changed with
time. Our metal complexes with SOD-mimetic
activity protect the RBCs against photohemolysis at
a concentration range lower than that employed in
the toxicity studies.[14]

In conclusion, our results suggest that [(VL2O)
(VL2H2O)]Cl6, [MnL2O]2Cl4 2H2O, [FeL2Cl2]Cl H2O,
[CoL2Cl2]4H2O, or [ZnL2Cl2]H2O mimicking SOD
complexes may be useful in preventive or therapeutic

interventions where biological compartments are
subjected to oxidative stress.
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