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ABSTRACT
Background: The aim of the present investigation was to study the in vitro effect of lycopene on oxidative stress by measuring the MDA level which
is the marker of oxidative stress in thalassemia major patients. This study also meant for measuring the enzymatic and non enzymatic antioxidant
level in thalassemic blood sample incubated with lycopene.

Methods: Blood samples of thalassemic patients after two months of blood transfusion were taken and incubated with lycopene at concentration
1.5µmol/l, 5µmol/l, and 10µmol/l .Then analysed for effect of lycopene on oxidative stress as well as for antioxidant levels.
Results: From the obtained result it was cleared that plasma MDA levels was higher whereas erythrocyte SOD, GPx, Catalase and vitamin C levels
were decreased in thalassemic patients as compared to the normal one. With increasing the concentration, lycopene restored antioxidant level of
SOD, Catalase, GPx and Vitamin C significantly and decreased the MDA level also.

Conclusion: Lycopene might have quenched the superoxide and other free radical anions which are released in thalassemia major patients due to
iron overload caused by regular blood transfusion. It leads to increase in concentration of SOD, GPx and CAT and decrease in concentration of MDA.
Therefore, lycopene reverses the disturbed balance to the antioxidant enzyme side, and decreases the oxidative stress.
Keywords: Oxidative Stress, Lycopene, Antioxidant, Free radical.
INTRODUCTION
Thalassemia, a common genetic disorder characterized by impaired
biosynthesis of the globin chain, resulting in ineffective erythropoesis
and premature hemolysis1. β-Thalassaemia is characterized by reduction
or absence of β-globin production2 . The disorder affects about 150
million people in the Mediterranean, West Africa, and large parts of Asia3.
Although there are now more than 180 known β-thalassaemia mutations
worldwide4, a smaller collection of alleles accounts for the inactivation of
most β-globin genes in each population or ethnic group. In addition to
the direct effects of reduced β-globin synthesis, many of the symptoms of
this disorder appear to be consequences of the cytotoxic build up of free
α-globin. Free α-globin is highly unstable and readily precipitates, and
release iron in reactive form.5,6 In addition to this, repeated blood
transfusions and increased gastrointestinal iron absorption lead to iron
overload in the body7. Humans are unable to eliminate the iron, and the
excess iron is deposited as hemosiderin and ferritin in the liver, spleen,
endocrine organs and myocardium. The deposited iron are responsible
for the formation of reactive oxygen species such as superoxide anion
(O 2 –), hydroxyl radical (OH·), singlet oxygen and hydrogen peroxide
(H 2 O 2 ). If the production of ROS exceeds the capacity of enzymatic and
non-enzymatic antioxidants systems to scavenge these species, then
oxidative stress occurs.7,8 This oxidative stress may contribute to
shortened life span of erythrocytes, primary or secondary amenorrhoea,
hypogonadism, osteoporosis, heart failure, endocrine abnormalities like
diabetes, hypothyroidism, liver failure and ultimately early death9,12
Biomarkers of oxidative stress included plasma malondialdehyde (a
marker of lipid peroxidation)13,16

Antioxidants are protective agents that inactivate ROS and play an
essential role in protection of the cells from oxidative damage17.
They include several agents such as enzymes (glutathione
peroxidase, superoxide dismutase, catalase), large molecules
(ferritin, albumin), and small molecules (uric acid, glutathione,
bilirubin, ascorbic acid, α-tocopherol, and vitamin E). Their defense
mechanism in biological system involves chain breaking (SOD) and
preventive (Vitamin E) mechanisms.18,21

Lycopene is a natural pigment synthesized by plants and
microorganisms but not by animals. It is carotenoids, an acyclic
isomer of β-carotene. It is a highly unsaturated, straight chain
hydrocarbon containing 11 conjugated and two non-conjugated
double bonds. Recent interest in lycopene has focused on its
antioxidant properties22,24

The aim of the present investigation was to study the in vitro effect
of lycopene on oxidative stress by measuring the MDA level which is
the marker of oxidative stress in thalassemia major patients. This
study also measures the enzymatic and non enzymatic antioxidant
level in thalassemic blood sample which is incubated with lycopene
to observe its possible antioxidants properties.

MATERIALS

Blood sample
Blood samples were obtained from 16 β-thalassemia major patients
(10 male and 6 female subjects, age 5–18). The patients selected
were undergo blood transfusion therapy two months before. 5 ml of
venous blood was taken in heparinized tubes (Li Heparin 500 U/10
ml) after taking informed consent. Blood from healthy individual
was used as normal control for this study. In these patients average
hemoglobin concentration ranges from 4.3 to 6.8 g/dL.
Lycopene solution

Lycopene powder (Sigma-Aldrich, USA) was purchased and kept at –
70°C. Lycopene (1mmol/L) stock was prepared in tetrahydrofuran
(THF) in the dark room just before use.
Chemicals

Thiobarbituric acid, Phenazine methosulphate, Nitroblue
tetrazolium, NADH, 5, 5-Dithiobisnitro benzoic acid, Ascorbic acid
purchased from Himedia and all other chemicals used were obtained
from Merck and Himedia were of analytical grade.
METHODS

Lycopene Treatment
Heparinized blood sample of thalassemic patients were incubated
with lycopene at concentration of 1.5µmol/L, 5µmol/L and
10µmol/L. The mixtures were incubated at 370C for 1 hrs.
Preparation of Hemolysate

Incubated blood and blood of healthy person was centrifuged for 10minutes at 3000 rpm. The plasma thus obtained was used for lipid
peroxide estimation which is the marker of oxidative stress.
Remaining packed RBCs were washed thrice with normal saline to
remove the buffy coat. Hemolysis was performed by pipetting out 1
ml of washed red blood suspension in ice cold distilled water.
Erythrocyte ghosts were sedimented in a high speed refrigerated
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centrifuge at 12000 rpm for 40-minutes. The cell content was
separated out carefully and used for estimation of superoxide
dismutase, catalase, and glutathione peroxidase25.
Estimation of lipid peroxidation

Plasma MDA levels were estimated by the method of Beuge et al.,26
using thiobarbituric acid (TBA).The acid reacts with MDA to form a
stable pink color with maximum absorption at 535 nm. Plasma MDA
concentration was expressed as nmol/ml.
Estimation of Superoxide dismutase activity

The activity of Superoxide Dismutase (SOD) in hemolysate was
estimated using the method of Kakkar et al.,27. A single unit of
enzyme was expressed as 50% inhibition of NBT (Nitroblue
tetrazolium) reduction min/ mg/Hb.
Estimation of Catalase activity

CAT was assayed colorimetrically at 620 nm and expressed as μmol
of H 2 O 2 consumed min-1 mg-1 Hb as described by Sinha28.
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Estimation of Glutathione peroxidase activity
The activity of Glutathione Peroxidase (Gpx) was estimated using
the method of Rotruck et al.,29. The activity of Gpx was expressed in
nmoles of GSH oxidised/min/g protein.
Estimation of Vitamin C

The activity of Vitamin C in plasma was estimated using the method
of Omaye et al.,30. The activity was expressed in g dL-1.
STATISTICAL ANALYSIS

All data are expressed as mean ± standard deviation. Result were
analysed by student t test.
RESULTS AND DISCUSSION

The level of oxidative stress and antioxidant status in the healthy
control, thalassemic control and the thalassemic blood sample
incubated with lycopene shown in Table 1.

Table 1: Effect of Lycopene on Oxidative Stress and on Antioxidant level
Parameters

Thalassemic Control
4.18±1.19

Lycopene concentration
1.5µmol/L
5µmol/L
3.75±0.76
3.07±0.53

10µmol/L
2.94±0.52

MDA
(nmol/ml)
SOD
(U/mg Hb)
Catalase
(U/mg Hb)
Gpx
(U/g Hb)
Vitamin C
(g/dL of plasma)

3.28±0.76

3.16±0.82

3.89±0.92

2.75±0.81
24.81±4.43
0.89±0.22

2.85±1.31

3.19±1.27

25.73±5.56

26.62±7.01

0.93±0.21

MDA is a good indicator of oxidative damage. The extent of lipid
peroxidation denotes the amount of free oxygen radicals generated,
which have not been scavenged by the defense mechanism. In
present study, the increased plasma MDA levels in thalassemia
patients (4.18±1.19) were found as compared to the normal
asymptomatic controls (2.08±.71). The effect of different
concentration of lycopene1.5µmol/L, 5µmol/L and 10µmol/L on
MDA content was studied in the thalassemic blood sample after one
hour’s incubation. The results (concentration wise) in the
thalassemic blood sample showed significant decrease from
4.18±1.19 to 2.94±0.52 at 10µmol/L. In one of the previous studies,
free and total MDA were found to be higher in regularly transfused
thalassemia major patients [31-33]. There are increasing evidences
suggesting that oxidative stress is a major damaging factor. This is
due to the effect of continuous blood transfusions in these patients
which leads to peroxidative tissue injury by the secondary iron
overload. The extent of lipid peroxidation denotes the amount of
free oxygen radicals generated, which have not been scavenged by
the defense mechanism. Similarly, it was found that after six months
of combined three vitamins (A, C & E) treatment, patients with βthalassemia major exhibited a significant decrease in the levels of
MDA34. Also it was found that malondialdehyde concentration in
erythrocytes membranes of the patients who were treated with
vitamin and β-carotene for 4 weeks, showed a significant decrease in
MDA level as compared to the thalassemic control33.
Erythrocytes are protected from oxidative stress by intracellular
enzymes such as superoxide dismutase and several other
constituents such as vitamin E35. Erythrocyte SOD is a preventive
antioxidant. SOD activity is an indirect method for registration of the
content of primary ROS (O 2 .radicals).

SOD activity in patients with β-thalassemia major is decreased
(2.75±0.81) as compared to normal healthy control (3.39±0.89).The
effects of different concentration of Lycopene results showed
maximum increase in SOD activity from 2.75±0.81 to 3.22±1.18 at
concentration of 10µmol/L as compare to thalassemic control. SOD

3.83±0.81
1.04±0.25

3.22±1.18

28.36±7.22
0.91±0.23

Healthy control
2.08±.71

3.39±0.89
4.8±0.93

36.48±7.88
1.23±0.27

activity in patients with β-thalassemia major is decreased by more
than 30% resulting in pronounced inhibition of the blood antioxidant
capacity36. The activity of SOD was inhibited by 69% in rotenone
treated animals and on lycopene supplementation; the activity
increased by 12% when compared to controls. This was accompanied
by cognitive and motor deficits in rotenone administered animals,
which were reversed on lycopene treatment37.

CAT, widely distributed in all cells, is present in high amounts in
erythrocytes38 which protect the cell from H 2 O 2 generated by
various reactions. In present study, the enzymatic antioxidants CAT
in the hemolysate were significantly lower in thalassemia patients
(3.28±0.76) as compared with healthy controls (4.8±0.93). The
maximum significant increase in CAT activity was found (3.89±0.92)
at 10µmol/L lycopene concentration as compared to thalassemic
control (3.28±0.76), also similar results were found (3.83±0.81) at
5µmol/L lycopene treated blood sample. Decrease in the activity of
CAT could be due to increase in the lipid peroxidation product,
malondialdehyde which can form cross links, thereby inactivating
several membrane bound enzymes.39,40 It was showed significantly
raised CAT activity in presence of lycopene which offers additional
protection not only by efficient removal of hydrogen peroxide
formed in situ41.

The present study demonstrates significant reduction in red cell GPx in
thalassemic control patients (24.81±4.43), as compared with healthy
volunteers (36.48±7.88). Again the concentration wise analysis of
lycopene treatment, results show no significant change in GPx activity
from thalassemic control (24.81±4.43) to lycopene treated patient’s
blood sample (25.73±5.56, 26.62±7.01, 28.36±7.22 respectively). It
was showed decreased GPx levels is due to inactivation by the
increased superoxide anion production leading to an increase in
oxidative stress.42 The activity of GPX was not restored after lycopene
treatment of cataract lenses of mice in vitro41.
Lycopene, having good free radical scavenging capacity because of
its high number of conjugated double bonds, might have quenched
697
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the superoxide and other free radical anions which are highly
released in β-thalassemia major patients thereby significantly
restore the activity of SOD, CAT and non-significant at GPx levels.
Thus this restoration of enzyme activity reverses the disturbed
balance to the antioxidant enzyme side and hence decreases the
oxidative stress in thalassemia patients.

Vitamin C, a hydrophilic vitamin, is an important radical scavenger
antioxidant, present in all cells which can also act as a reducing
agent. Vitamin C was significantly lower in thalassemic control
(0.89±0.22) as compared to healthy volunteers (1.23±0.27). The
maximum increase in the concentrations of vitamin C was found at
concentration of 5µmol/L, from 0.89±0.22 (thalassemic control) to
1.04±0.25 (treated blood sample).

Ray et al.43 showed that vitamin C has a particular role in vitamin E
recycling and suggested that the vitamin C deficiency is found in
thalassemic patient. In present study, decreased levels of plasma
vitamin C may be due to their scavenging lipid peroxides. It was
demonstrated that after the period of treatment, vitamin C and
vitamin E increased significantly but could not be normalized. This
was due to critically excessive oxidative stress44. The decrease in the
concentration of vitamins C in thalassemic patients is accompanied
with a high level of lipid peroxidation product (MDA) and
consequently can account for the high percentage of hemolysis of
erythrocytes in β-thalassemic patients. The increase in the
concentrations of Vitamins C in lycopene treated blood sample can
account for the decrease in the level of lipid peroxidation product
and membrane damage.
CONCLUSION

From the obtained result it was cleared that plasma MDA levels was
higher whereas erythrocyte SOD, GPx, catalase and vitamin C levels
were decreased in thalassemic patients as compared to the normal
one. With increasing the concentration of lycopene restored
antioxidant level of SOD, Catalase and Vitamin C significantly but
non-significantly in case of GPx.

The findings clearly suggested that lycopene posses good free radical
scavenging capacity due to the presence of high number of
conjugated double bonds. Lycopene might have quenched the
superoxide and other free radical anions which are released in
thalassemia major patients due to iron overload caused by regular
blood transfusion, thereby increasing the concentration of SOD, GPx
and CAT (the most important cytosolic enzymes involved in
antioxidant activities). Therefore, lycopene reverses the disturbed
balance to the antioxidant enzyme side, and decreases the oxidative
stress.
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