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Original article

Background: The accumulation of unpaired α-globin chains 
in patients with β-thalassemia major may clinically create 
ineffective erythropoiesis, hemolysis, and chronic anemia. Mul-
tiple blood transfusions and iron overload cause cellular oxida-
tive damage. However, α-tocopherol, an antioxidant, is a potent 
scavenger of lipid radicals in the membranes of red blood cells 
(RBCs) of patients with β-thalassemia major.
Purpose: To evaluate the effects of α-tocopherol on hemolysis 
and oxidative stress markers on the RBC membranes of patients 
with β-thalassemia major.
Methods: Forty subjects included in this randomized con-
trolled trial were allocated to the placebo and α-tocopherol 
groups. Doses of α-tocopherol were based on Institute of Me-
dicine recommendations: 4–8 years old, 200 mg/day; 9–13 
years old, 400 mg/day; 14–18 years old, 600 mg/day. Hemoly-
sis, oxidative stress, and antioxidant variables were evaluated 
before and after 4-week α-tocopherol or placebo treatment, 
performed before blood transfusions.
Results: Significant enhancements in plasma haptoglobin 
were noted in the α-tocopherol group (3.01 mg/dL; range, 
0.60–42.42 mg/dL; P=0.021). However, there was no signifi-
cant intergroup difference in osmotic fragility test results; 
hemopexin, malondialdehyde, reduced glutathione (GSH), or 
oxidized glutathione (GSSG) levels; or GSH/GSSG ratio. 
Conclusion: Use of α-tocopherol could indirectly improve 
hemolysis and haptoglobin levels. However, it played no signi-
ficant role in oxidative stress or as an endogen antioxidant 
marker in β-thalassemia major. 

Key words: α-Tocopherol, Hemolysis, Oxidative stress, β- 
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Key message

Questions: Is the α-tocopherol as an exogenous antioxidant 
supplementation effective in improving hemolysis and oxida -

   tive stress on β-thalassemia major?
Finding: We found significant enhancements in plasma hapto-

globin were noted in the α-tocopherol group (3.01 mg/dL; 
range, 0.60–42.42 mg/dL; P=0.021).

Meaning: The α-tocopherol can improve hemolysis by in-
creasing the haptoglobin level as hemolysis marker.

Introduction

Thalassemia is a genetic disease in the form of a disordered 
synthesis of the globin chain. The number of patients with 
thalassemia major throughout Indonesia in 2019 was 10.531, 
and 666 were registered at the Thalassemia Center of the De-
part ment of Pediatrics, Faculty of Medicine, University of 
Indonesia/Cipto Mangunkusumo Hospital (CMH), Jakarta, in 
2018, and the number of new patients was around 51 patients. 
Beta thalassemia major is chronic hemolytic anemia and an 
autosomal recessive hereditary due to the complete deficiency in 
the synthesis of β-globin chains. Beta thalassemia major typically 
requires lifelong blood transfusions.1,2) The α-chain aggregates 
could produce reactive oxygen species, leading to oxidative stress-
induced red blood cell (RBC) senescence.3) 

The basic clinical symptom of β-thalassemia major is chronic 
anemia, which reduces the number of RBCs and hemoglobin 
(Hb) content, resulted from hemolysis and a deficiency in Hb 
production When RBCs are destroyed within the vascular com-
partment, Hb escapes into the plasma, dimerizes, and is rapidly 
bound by the serum protein haptoglobin (Hp). Depending on 
the extent and frequency of hemolysis, Hp may deplete, and 
free Hb leads to heme synthesis in plasma. Heme is rapidly 
transferred to hemopexin (Hx), the plasma protein with the 
highest binding affinity for heme.4,5) The measurements of 
Hp and Hx serum are used as hemolysis markers.6,7) Osmotic 
fragility tests can also measure the lysis of RBC as a function of 
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osmotic stress.8) 
Data have shown that the indicated lipid of membrane pe-

roxidation in the RBCs of patients with β-thalassemia major is 
induced by oxidative stress.9) Reduced glutathione (GSH) is 
one of the most effective endogenous antioxidant mechanism, 
turning oxidized to oxidized glutathione (GSSG) and recycling it 
to its reduced form by glutathione reductase (GR).10,11) 

Consuming vitamin E (α-tocopherol) as an antioxidant can 
prevent some of the damage in the thalassemia RBC membrane. 
9,12) It has been postulated that the low serum of α-toco pherol can 
be caused by the secondary consumption of the antioxidant in 
β-thalassemia major patients.13) There are different guidelines 
on antioxidant supplementation for the β-thalassemia major in 
children. The Thalassemia International Federation (TIF), did 
not recommend, supplementation of α-tocopherol for children 
with β-thalassemia major.14) The standard care of thalassemia 
from Oakland Hospital for the α-tocopherol antioxidant supple-
ment suggested an evaluation of annual nutritional laboratory 
testing of α-tocopherol.15) The Indonesian Pediatric Society 
Coordination work unit from the Hematology Oncology Divi-
sion recommended α-tocopherol with the doses of 200 mg 
daily for children below 5 years old, and 200 mg twice daily for 
children aged 5 years old as the antioxidant supplementation in 
children with β-thalassemia major.16) This study, evaluated the 
efficacy of the α-tocopherol on hemolysis and oxidative stress in 
RBCs membrane of β-thalassemia major patients.

Methods

This study was a double-blind, randomized clinical trial. The 
subjects were β-thalassemia major patients hospitalized in thalas-
semia ward at CMH between December 2016 and July 2017.

1. Study participants

The inclusion criteria were the children aged 5−18 years old 
who received transfusions in once a month and iron chelation, 
with no other hematologic disorders, and do not consume any 
other antioxidants or herbal supplements. Exclusion criteria 
were β-thalassemia major patients with the acute or chronic 
infection including hepatitis B or hepatitis C, splenectomy, liver 
failure and abnormality level of lipid test. 

2. Study groups and randomization

The sample size was determined by independent sample t test 
for examining a difference between two means. Subjects were 
selected by the consecutive sampling of β-thalassemia major 
patients and were randomized using block allocation. The pati-
ents were randomized into two groups, the placebo and the 
α-tocopherol group. 

3. Intervention

The α-tocopherol dosage age groups were adjusted by the body 
weight, as suggested based on tolerable upper supplementary 
intake level by the Institute of Medicine. The range of dosage for 
children aged 5−8 years old is 200 mg/day, 9−13 years old is 
400 mg/day and 14−18 years old is 600 mg/day for four weeks. 
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The supplementation of the α-tocopherol and placebo were pre-
pared by CMH Pharmacy division. The α-tocopherol supple-
ment therapy started immediately after the subjects had finished 
the regular blood transfusion. Informed consent was obtained 
from all parents/participants, and this study was ap proved by 
the Ethical Committee of the Medical Research, University of 
Indonesia (No 1050/UN2.F1/Ethic/2015). 

4. Clinical procedure and laboratory investigation

Blood samples were collected from each subject just before 
they received their regular blood transfusions. Clinical labora-
tory examinations, including complete blood count, alanine 
transaminase (ALT), total cholesterol, iron profile (serum ferri-
tin, serum iron), and all other hematological parameters tests 
were performed at the clinical pathology laboratory of CMH. 

Hemolysis markers (Hp and Hx serum level) were measured 
using Human Haptoglobin and Human Hemopexin kit pro-
ducts by Cloud Cone Corp. (Katy, TX,  USA) by ELISA method 
at Terpadu Laboratory, Faculty of Medicine, University of Indo-
nesia. 

Plasma malondialdehyde (MDA) level was obtained at Bio-
chemistry Laboratory of the Faculty of Medicine, University of 
Indonesia. MDA levels were determined by employing the thio-
barbituric acid reaction substance (TBARS) method. The GSH, 
GSSG, and GSH/GSSG ratio were measured using Micro plate 
Assay for GSH/GSSG kit (Oxford Biomedical Re search Inc., 
Metamora, MI, USA). This antioxi dant marker was obtained 
at Biochemistry Laboratory, Faculty of Medicine, University of 
Indonesia. The analysis of the α-tocopherol levels was measured 
at the SEAMEO-TROPMED Nutrition Labo ratory, Faculty of 
Medicine, University of Indonesia using the high-perfor mance 
liquid chromatography  method. 

5. Study outcome

This study aimed to evaluate the effects of α-tocopherol in 
hemolysis and oxidative stress marker on the RBCs membrane in 
β-thalassemia major. 

6. Statistical analysis

All parameters were analyzed using IBM SPSS ver. 22 (IBM 
Corp., Armonk, NY, USA) The t-test was applied to assess the 
mean difference between the α-tocopherol and placebo groups 
in a normally distributed data, and the Mann-Whitney test used 
if the data were not normally distributed. The mean difference 
between the two groups was statistically significant (P<0.05).

Results

1. Enrollment of study participants

Forty-three patients met the inclusion criteria, but 3 patients 
did not continue the study because of the failed to comply with 
the study protocol which is need only 1 month observation. The 
majority of the thalassemic patients in our center were 2 weeks 

interval of transfusion, and this became a problem for us for 
recruiting more subjects. The final subjects were 40 patients, 20 
subjects in the placebo group and 20 subjects in the α-tocopherol 
group (Fig. 1).

The characteristics of participants in the 2 study groups, in-
cluding age, sex, nutritional status (determined by mid-upper 
arm circumference measurement of World Health Organization 
criteria), clinical laboratory, hemolysis, oxidative stress, and 
antioxidant variables before the intervention are presented in 
Table 1. There was no significant difference in the subject charac-
teristics between the 2 groups.

2. The effect of α-tocopherol on hemolysis marker

The results of median Hp serum was significantly different 
between the placebo and the α-tocopherol groups (1.08 mg/dL 
and 3.01 mg/dL, respectively; P=0.021). The median relative 
delta of Hp level also showed a significant difference between 
the 2 groups. It was decreased (-44.15%) in the placebo group, 
while it was increased (12.09%) in the α-tocopherol group 
(P=0.042) (Table 2). The mean level of Hx serum after the inter-
vention showed no difference between the two groups (194.54 
mg/dL and 180.84 mg/dL, respectively) (Table 2). After the treat-
ment, the mean of RBCs fragility and the mean of delta RBCs 
fragility also showed no significant difference between the two 
study groups (Table 2). The result of hemolysis marker in this 
study indicated that the α-tocopherol, as an antioxidant, was 
significantly effective in improving the hemolysis by increasing 
the Hp level indirectly.

3. The effects of α-tocopherol on oxidative stress and antioxi-

dant marker

The results of this study revealed no significant difference in 
the level of MDA serum between 2 groups (Table 3). The same 
results also showed in the GSH, GSSG, and GSH/GSSG ratio 
level, with no significant difference between the 2 groups (Table 
3). 

21 α-Tocopherol dose 
based on age group

43 Meet inclusion criteria

43 Randomized 

2 Laboratory abnormality

Follow-up Follow-up

20 Analysis 20 Analysis

1 No compliance 2 No compliance

22 Placebo

45 Subjects β-thalassemia major

Fig. 1. Subject recruitment scheme.
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Discussion

Our data demonstrated 40 subjects who had completed this 
study, divided into the placebo and the α-tocopherol groups. 
The results showed no clinically significant difference between 
the 2 groups in term of the subject’s characteristics, hemolysis 
and oxidative stress marker before the treatment. The mean 

interval of transfusion was 28 days in all of the subjects, with 
no significant difference between the 2 groups. It is clinically 
important showed that the mean level of Hb in both of groups 
still below the Hb pre-transfusion target, which is 9−10.5 g/
dL as recommended by TIF.14) Serum ferritin and saturation of 
transferrin were also higher than the standard value, and after 
intervention showed no significant difference between the 2 

Table 1. Subjects’ baseline characteristics and clinical laboratory findings

Characteristic Placebo (n=20) α-Tocopherol (n=20)

Age (yr) 11.05±3.75 12.20±3.23

Sex 

  Male:female 14:6 10:10

Nutritional status 

  Normal:moderate malnutrition:severe malnutrition 10:5:5 9:8:3

Hemoglobin (g/dL) 8.25±0.78 8.13±0.93

Alanine transaminase (U/L) 22 (14–51) 46 (12–86)

Total cholesterol (mg/dL) 100.50±15.98 98.30±16.51

Serum ferritin (ng/mL) 2,451.15±1,364.92 3,077.45±2,136.97

Tansferin saturation (%) 76.25±19.19 76.40±20.02

Haptoglobin (mg/dL) 1.63 (0.66–79.30) 1.71 (0.55–78.13)

Hemopexin (mg/dL) 200.11±99.54 236.68±96.19

Red blood cell fragility (%) 38.74±13.97 43.36±12.91

Malondialdehyde (nmol/mL) 0.91 (0.52–1.69) 1.01 (0.52–2.03)

GSH (µM) 11.84 (7.04–22.4) 11.84 (7.68–18.24)

GSSG (µM) 2.58 (1.15–5.73) 2.58 (1.34–4.49)

Rasio GSH/GSSG 2.59 (1.91–4.15) 2.59 (2.07–3.75)

α-Tocopherol (µmol/L) 20.26 (11.56–68.33) 18.57 (12.80–49.59)

Values are presented as mean±standard deviation or median (range). 
No intergroup difference was observed.
GSH, glutathione; GSSG, oxidized glutathione.

Table 2. Effect of α-tocopherol on hemolysis markers

Hemolysis marker Placebo (n=20) α-Tocopherol (n=20) P value

Haptoglobin (mg/dL)

Before, median (range) 1.63 (0.66–79.0) 1.72 (0.55–78.13) 0.829a)

After, median (range) 1.08 (0.47–19.78) 3.01 (0.60–42.42) 0.021a)

Delta of haptoglobin

Absolute (mg/dL), median (range) -0.72 (-62.9 to 18.77) 0.17 (-36.96 to 17.07) 0.107a)

Relative (%), median (range) -44.15 (-91.99 to184.42) 12.09 (-80.17 to 530.07) 0.042a)

Hemopexin (mg/dL)

Before 200.11±99.54 236.68±96.19 0.245b)

After, mean (95% CI) 194.54 (147.23–257.04) 180.84 (143.55–227.51) 0.672c)

Delta of hemopexin

Absolute (mg/dL) -26.88±141.75 -34.99±82.28 0.100b)

Relative (%), median (range) -5.82 (-63.44 to 227.12) -7.22 (-58.63 to 50.95) 0.117a)

RBC fragility (%) 

Before 38.74±13.96 43.36±12.91 0.284b)

After, mean (95% CI) 39.68 (32.27–48.79) 39.28 (32.06–48.13)

Delta of RBC fragility (%)

Absolute 4.67±17.74 -0.34±16.33 0.358b)

Relative, median (range) 4.96 (-46.72 to 227.28) -0.74 (-53.39 to 57.84) 0.372a)

Values are presented as mean±standard deviation unless otherwise indicated.
RBC, red blood cell; CI, confidence interval.
a)Mann-Whitney analysis. b)t test independent analysis. c)t test independent analysis with transformed data, mean geometry, and min–max.
Boldface indicates a statistically significant difference with P<0.05.
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groups. 
The mean level of Hp as a hemolysis marker showed a signi-

ficant increase in the α-tocopherol group, although the Hp level 
did not reach the normal limit (P=0.04). Thus, it suggested 
meaningful implications for the therapeutic use of the α-toco-
pherol for oxidative stress on the RBCs membrane, which can 
lead to progressive hemolysis. This data demonstrated that the 
α-tocopherol could improve hemolysis by the increasing of Hp 
level.

As the plasma Hp level is decreased in hemolysis as well as 
in the presence of ineffective erythropoiesis, its depletion is a 
reliable marker for the instant diagnosis of accelerated RBCs 
destruction. In β-thalassemia, abnormally high levels of oxidative 
stress account for accelerated senescence and increased the de-
struction of erythrocytes.3) Ragab et al.17) stated that thalassemia 
children had more severe Hp depletion compared to healthy 
subjects and all of the thalassemic children had their Hp level less 
than 12 mg/dL. Similar to our study, hemolysis and ineffective 
erythropoiesis in β-thalassemia major leads to Hp depletion and 
related to the severity of hemolysis. 

The normal value for hemopexin level in children is 77 mg/
dL (range, 66–100 mg/dL) in average.4) Both of groups showed 
an increased average level of Hx serum than normal value after 
the treatment (194.54 mg/dL and 180.84 mg/dL) in the placebo 

and the α-tocopherol group respectively, and no significant 
difference was found. Hemopexin can bind to heme as a pro-
duct of free Hb from hemolysis process with high affinity.5) 

Decreased levels of Hx have been noted in chronic and severe 
hemolytic states. On the contrary, Hx levels can increased in the 
acute-phase response,18) from our data there were no increased 
of leukocyte count in both of 2 groups and we didn’t identify 
other factors associated with elevated of Hx levels involved in 
the inflammation process.

Cutillo et al.19) demonstrated that out of 45 thalassemia major 
cases, Hp level was absent (Hp 0) in 13 subjects and Hx level 
was also absent (Hx 0) in 37 subjects. It has been stated that Hx 
depletion depends on the high concentration of free heme and 
decreased or absent of Hx also leads to very severe hemolysis. 
However, there are few data available for patients with β-thalas-
semia. 

In this current study, we found no significant decrease in the 
Hx level. This finding may be influenced by the role of Hp-free 
and Hb complex. Therefore, Hp can protect Hb form oxidative 
modifications that would otherwise prevent its results in the 
release of free heme to the circulation.20) We assumed that the 
α-tocopherol has indirectly benefited for increasing of Hp level 
by neutralizing lipid peroxidation and preventing hemolysis. 
Unlike other studies, we found a higher mean of the Hx level 

Table 3. Effect of α-tocopherol on oxidative stress and antioxidant markers

Oxidative stress and antioxidant Placebo (n=20) α-Tocopherol (n=20) P value

MDA (nmol/mL)

Before 0.91 (0.52–1.69) 1.01 (0.52–2.03) 0.203a)

After 1.07±0.31 1.003±0.34 0.544b)

Delta MDA

Absolute (nmol/mL) 0.07±0.37 -0.14±0.52 0.165b)

Relative (%) 13.98±36.62 -2.16±40.29 0.193b)

GSH (µM)

Before 11.84 (7.04–22.40) 11.84 (7.68–18.24) 0.377a)

After 6.16 (4.58–9.83) 5.81 (4.58–11.59) 0.191a)

Delta GSH

Absolute (µM) -5.46 (-16.42 to -2.08) -5.68 (-12.61 to 2.17) 0.914a)

Relative (%) -46.21±25 -47.95±10.97 0.632b)

GSSG (µM)

Before 2.58 (1.15–5.73) 2.58 (1.34–4.49) 0.377a)

After 1.86 (1.43–2.86) 1.77 (1.43–3.34) 0.191a)

Delta GSSG

Absolute (µM) -0.67 (-3.92 to 0.38) -0.72 (-2.77 to 0.19) 0.776a)

Relative (%) -23.20±23.92 -25.25±17.42 0.759b)

GSH/GSSG ratio

Before 2.59 (1.9–4.2) 2.59 (2.1–3.8) 0.384a)

After 1.31 (1.20–1.43) 1.29 (1.20–1.47) 0.191a)

Delta GSH/GSSG ratio

Absolute -1.23 (-2.95 to -0.61) -1.30 (-2.55 to -0.79) 0.291a)

Relative (%) -49.18±9.26 -51.3±7.59 0.427b)

Values are presented as mean±standard deviation unless otherwise indicated.
RBC, red blood cell; CI, confidence interval.
a)Mann-Whitney analysis. b)t test independent analysis. c)t test independent analysis with transformed data, mean geometry, and min–max.
Boldface indicates a statistically significant difference with P<0.05.
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than the normal value. The increasing Hx level may be due to the 
Hx as an acute-phase reactant in the inflammatory process, but 
we did not investigate the inflammation marker and viral load. 
Hence, it should be examined in the future research.

The percentage lysis of RBCs was slightly decreased in the 
α-tocopherol group, but there was no significant difference 
between the two study groups. In thalassemia patients with trans-
fusion-dependent, the RBCs membrane integrity appears to be 
destroyed, with the loss of essential polarity and fluidity gradient 
and oxidative stress by lipid peroxidation may induce membrane 
fragility and hemolysis.21) We suggested that the α-tocopherol 
is considered to be able to protect RBCs membrane and reduce 
hemolysis. 

After the treatment, the MDA level showed no significant 
difference between the groups, we assumed that influenced by 
only short-term period of study and oxidative stress still exist. 
MDA, the product of lipid peroxidation, is generated in excessive 
amounts, supporting the fact that large quantities of membrane-
bound iron are present in thalassemia RBCs.22,23)

Several studies have shown that MDA is a marker to determine 
the existence of oxidative stress.24-26) Mahjoub et al.9) and Das 
et al.27) stated that MDA level decreased significantly in thalas-
semia patients who received the α-tocopherol. We found differ-
ent results in our study. The contrary finding may be due to the 
different subjects’ characteristic, sample sizes, and study proto-
cols. 

The ratio between endogen antioxidant (GSH), GSSG, and 
GSH/GSSG also indicated no significant difference between the 
2 study groups. GSH is oxidized to form GSSG, which can be 
reduced to GSH by the NADPH-dependent GR.28) The GSH/
GSSG ratio reflects the oxidative state and it interacts with redox 
couples to maintain the appropriate redox balance in the cells.29) 
Therefore, the lower ratio of GSH/GSSG may indicate higher 
oxidative stress in cells.10) Mahdi30) and Qaiser et al.31) reported 

the lower levels of GSH in β-thalassemia major compared to 
healthy subjects (P<0.01). This study also revealed no significant 
difference in GSH, GSSG and GSH/GSSG ratio between 2 study 
groups. 

This study revealed that there was a decrease in the α-toco-
pherol level in thalassemic children before the treatment. Pre-
vious studies showed low levels of the α-tocopherol which can 
be explained by the excessive iron fraction generated by a lipid 
peroxidation process with subsequent antioxidant consump-
tion.22,32,33) In this study, we did not performed a special form for 
recording the clinically adverse event. Moreover, there was no 
case reported by the subjects in this study, such as the disturbance 
of gastrointestinal and bleeding due to oral supplementation of 
the α-tocopherol. 

1. The suggestion of the α-tocopherol mechanism on hemoly-

sis and oxidative stress in RBCs membrane β-thalassemia 

major 

In this study, we proposed the mechanism of GSH and α- 
tocopherol to neutralize free radical, reducing hemolysis and 
oxidative stress on the RBC membrane by (Fig. 2): (1)  Endogen 
antioxidant (GSH and GSSG): the reaction of GSH and hy-
drogen peroxide (H2O2) can inhibit hydroxyl radical (OH●) 
as oxidant molecule. (2) Exogen antioxidant (α-tocopherol): 
the α-tocopherol serves as a chain breaker and neutralizes lipid 
peroxyl radical during the lipid peroxidation in RBCs mem-
branes. (3) Alpha-tocopherol may neutralize hydroxyl radicals 
(OH●), but it assumed that α-tocopherol is not an efficient 
scavenger for hydroxyl radicals.

In conclusion, the α-tocopherol as an antioxidant has an 
important effect in RBCs membrane for reducing hemolysis, 
by indirectly increasing the level of Hp in β-thalassemia major. 
Endo genous antioxidant was not affected by α-tocopherol 
supplementation. 

RBC β-thalassemia major 

not synthesized
synthesized
neutralized

Fig. 2. Suggested α-tocopherol mechanism on hemolysis and oxidative stress in red blood cell (RBC) membranes of patients with β
-thalassemia major. GSSG, oxidized glutathione; GSH, reduced glutathione; MDA, malondialdehyde; Hb, hemoglobin; Hx, hemopexin; 
Hp, haptoglobin; LOO°, lipid peroxide radicals; TOH, alpha-tocopherol; LOOH, lipid hydroxyperoxyde; TO°, tocopheroxyl radicals.
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2. Suggestion

Further research using similar study protocols is necessary to 
investigate the hemolysis marker and oxidative stress for those 
having transfusion every 2 weeks and pretransfusion Hb between 
9 to 10.5 g/dL for longer study period. We also suggest a study 
to identify marker inflammation in case with elevat ed of Hx in 
thalassemic patient. 
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