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Antioxidant Status in Children With Homozygous βββββ-Thalassemia
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The status of enzymatic and non-enzymatic anti-oxidants was evaluated in 41patients with
transfusion dependent β−thalassemia. An additional 20 age-matched children, with non-hemolytic
anemia, served as controls. Fresh blood samples, obtained in the morning, were processed
immediately. Plasma was stored at –80ºC. Levels of vitamins A and E were assayed simultaneously
by HPLC. RBC vitamin A was not measurable in 29 (70. 7%) thalassemics and in all the controls.
Plasma vitamin A levels were lower in thalassemics than in controls (p<0. 05). Vitamin E in RBCs
was not measurable in 13 (31. 7%) cases. The mean level of RBC vitamin E was 3 times lower in
thalassemics. Similarly, SOD enzyme activity in thalassemics, was at least 1.5 lower in comparison
to the activity documented in controls (p<0. 05). The observations indicate that thalassemics have
enhanced oxidative stress. Administration of selective antioxidants and a balanced diet may
preclude oxidative damage.

Key words: β-thalassemia, Red blood cells, Superoxide dismutase,Vitamin A, Vitamin E.

INCREASED susceptibility to oxidative
stress is a major factor in the etiopathogenesis

of hemolysis of red blood cells (RBCs) in
thalassemics(1,2). Auto-oxidation of globin
chains, iron overload and low levels of adult he-
moglobin (HbA) enhance the oxidative dam-
age(3,4). Deficiency of vitamin E in
thalassemics and enhanced resistance to oxida-
tive insult, after supplements of vitamin E, have
been documented(5-8). In contrast, other inves-
tigators have reported that hemolysis, secondary
to oxidative stress, is not prevented inspite of
administering large doses of vitamin E. The di-
vergent observations suggest that other antioxi-
dants, e.g., Superoxide dismutase (SOD), neu-
tralize oxidative stress. In this communication,
we report the salient observations in a study de-
signed to determine the status of enzymatic and
non-enzymatic antioxidants in transfusion de-
pendent β-thalassemics.

Subjects and Methods

Forty one thalassemic children were
enrolled as study subjects. An additional 20 age-
matched children, with non-hemolytic anemia,
served as controls. Administration of vitamin
A or E supplements in the preceding 4 weeks or
a recent febrile illness precluded recruitment. A
written informed consent was obtained.

The enzymatic (SOD activity) and non-
enzymatic status (assay of vitamin A and E),
were determined in cases and the controls.
Fresh blood samples were collected in EDTA
vacutainers and transported, protected from
light. RBCs and plasma were separated
immediately. Plasma was stored at –80ºC.

Levels of vitamins A and E were
simultaneously assayed by high performance
liquid chromatography (HPLC), using the
method of Bieri, et al.(9). Vitamin A was
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measured at absorbance 325 nm whereas
vitamin E was measured at absorbance 292 nm.
The results in red blood cells and in plasma were
expressed as µg/mL of RBC or µg/dL of
plasma, respectively. Superoxide dismutase
(SOD) activity was assayed in red blood cells
(RBCs), by the method described by Flohe and
Otting(10). SOD activity in the RBCs was
expressed as enzyme units/mg of protein.

Descriptive data was analyzed by
percentage, mean and standard deviation.
Group comparisons involved analysis of
variance (ANOVA) followed by appropriate
tests for significance. For discrete variables,
Chi-square test followed by pair wise Chi-
square test was employed. Relationship
between variables has been assessed by means of
Pearson’s product moment correlation
coefficient.

Results

Some salient features observed in children
with thalassemia were: (i) gender bias with a
M:F ratio of 2. 4:1 (ii) mean age at initial
diagnosis was 4 ± 12 months and (iii) the mean
number of transfusions in the preceding year
was 17. 7 ± 3. 9 units.

Levels of vitamin A and E in plasma and red
blood cell of thalassemics and control are

depicted in Table I. SOD enzyme activity was
measurable in all the cases and in controls. In
thalassemics, SOD activity ranged between
0.42 to 2.59 with a mean ± S.D. of 1.71 ± 0.47
units/mg protein. In comparison, the range and
mean ± SD in controls, were 1.54 to 3.57 and
2.64 ± 0.57 units/mg protein, respectively. The
mean SOD enzyme activity was 1.5 times lower
than in controls. The difference was statistically
significant (P <0.001).

SOD enzyme activity was correlated with
hemoglobin concentration and RBC vitamin E
levels. A negative correlation was observed
between enzyme activity and the levels of
erythrocytic vitamin E (γ = –0.22) and hemo-
globin (γ  = –0.02), respectively.

Discussion

Red blood cells in thalassemics have
morphologic abnormalities which result in
increased susceptibility of thalassemic red cells
to exogenous perioxidant threat(1,11-13).
Formation of oxygen radicals in β-thalassemia
and consequent formation of hemichromes lead
to hemolysis of RBCs(1). The two mechanisms
for inadequate perioxidant defence, in
thalassemics, are insufficient vitamin E levels in
RBCs and in plasma and decreased activity of
several enzymes including superoxide

TABLE I–Vitamin A and E Levels in Plasma and Red Blood Cells.

Parameter Patients (n = 41) Controls (n = 19) P value
(Mean +SD) (Mean + SD)

RBC vitamin A* (µg/mL)  RBC 147. 92 + 99. 95 Not detected <0. 01
Range 3. 66 to 329. 98

Plasma vitamin A (µg/dL)   RBC 57. 37 + 53. 37† 115. 03 + 69. 83‡ <0. 01
Range 3. 07 to 203. 40 13. 80 to 219. 4

RBC vitamin E# (µg/mL)  RBC 68. 81 + 48. 31 213. 46 + 181. 84 <0. 01
Range 1. 13 to 201. 80 19. 10 to 642. 60

Plasma vitamin E (µg/mL)   RBC Not detected 52. 56 + 3. 0 <0. 01
Range

*n=12; RBC vitamin A was not detected in 29 patients, †n=39; ‡ n=18, #n=28
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dismutase(5-8).

In a study population of 23 and 56
thalassemics, respectively, low levels of plasma
vitamin E were observed in 4 (17.4%) and 26
(46.4%) patients. On the basis of their
observations, Stocks, et al. concluded that
vitamin E was, by no means, the only factor for
protection against anti-oxidant stresses(13).

In our study, RBC vitamin E was not
detected in nearly 1/3rd of the thalassemics
whilst all the controls had measurable vitamin
E. The mean level of RBC vitamin E was atleast
3 times lower in thalassemics than in the
controls. Decreased levels of RBC vitamin E in
thalassemics have been reported by
several investigators(9,13-15). Bieri, et al.(9)
observed that the normal ratio between RBC and
plasma vitamin E was 0.2:1.0. The low levels
of RBC vitamin E, in thalassemics, are a
surrogate indicator of low plasma levels of
vitamin A as well.

SOD enzymes are the first line of defence
against oxidant stress. Low levels of SOD
activity with high free oxygen radicals consume
vitamin E in the process of lipid
peroxidation(11). The enhanced consumption
with consequent reduced levels of vitamin E
suggests that supplements of vitamin E
may improve pre-transfusion hemoglobin.
Rachmilevitz, et al.(14) documented a 3-6 fold
increase in RBC vitamin E levels after
supplements without a concomitant beneficial
impact on interval between transfusions. In
contrast, other investigations(8,16) have
reported an increase in hemoglobin levels and
in the interval between transfusions. These
somewhat divergent findings suggest that
vitamin E is not the only antioxidant factor
which protects RBCs against hemolysis(13).

In normal circumstances, vitamin A is not
measurable inside RBCs(9). In our study, RBC
vitamin A was not detected in any of the

controls and in 29 thalassemics. In addition,
the mean plasma vitamin A levels were
significantly lower in thalassemics than in the
controls (P <0.05). The mean plasma level of
vitamin A, in our patients was 57. 37 µg/dL. An
almost identical mean value of 53. 8 µg/dL was
observed by Bieri, et al.(9) whilst Jagdeesan
and Reddy(17) reported a mean value of 21. 0
µg/dL. The factors implicated in the
etiopathogenesis of low levels of plasma
vitamin A were (i) increased consumption
whilst mounting a defence against oxidative
stress (ii) poor dietary intake of vitamins A and
E and (iii) low levels of serum lipids with
secondary decrease in plasma levels of vitamin
A (18).

In comparison to controls, the mean SOD
enzyme activity was at least 1.5 times lower in
the thalassemics evaluated in our study. The
findings, pertaining to erythrocytic SOD
enzyme activity, reported by other
investigators are varied. They range from high
SOD activity (19,20) to no difference in
patients and controls(21,22). Vanella,
et al.(23) studied the effect of polyamines on
autohemolysis in normal and thalassemic
children and observed significant differences in
SOD activity.

In conclusion, our observations indicate
that thalassemics are in a state of enhanced
oxidative stress. The administration of selective
antioxidants, along with an appropriate,
nutritionally balanced diet would represent a
promising approach towards counteracting
oxidative damage and its deleterious effects on
the disease status.
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Key Messages
• Thalasemics are in a state of enhanced oxidative stresss.
• Oxidative stress is enhanced in transfusion dependent thalasemics.
• Plasma vitamin A levels were significantly lower in thalasemics.
• Erythrocytics vitamin E was not measurable in one-third of the thalasemics. The mean level

of the RBC vitamin E was 3 times lower in thalasemics.
• Similarly, super-oxide dismutase activity was atleast 1,5 times lower than the mean documented

in the controls.
• There is a need for a multicentric study to determine the benefit of administering the selective

anti-oxidants.
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