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The present study aimed to determine the benefits of vitamin C and vitamin E as antioxidant supple-

ments in β-Thalassemia children who are at risk of iron overload due to multiple blood transfusion and high

oxidative stress. Antioxidant status, oxidative products, plasma free hemoglobin, total hemoglobin and biliru-

bin were discussed. Twenty children who had laboratory confirmation of major β-Thalassemia at least 6

months with history of packed red cell transfusion without iron chelation were recruited. The informed

consent for blood sample collection and antioxidant medication was performed. Most patients (85%) had

hyperferritinemia and all of them had high oxidative stress. All of them had low vitamin C and vitamin E level

at recruitment. Three months after vitamin C and vitamin E supplementation, plasma vitamin C, vitamin E and

glutathione were significantly increased, while total bilirubin was slightly decreased without significance.

Other parameters included total antioxidant status (TAS), plasma and erythrocyte malondialdehyde (MDA),

hemoglobin and plasma free hemoglobin had no differences during the study period.

Conclusion: β-Thalassemia major children who had multiple blood transfusion are at risk in iron overload

and high oxidative stress. From the present study, no significant improvement in raising hemoglobin and

concerning low dose vitamin C is not contraindication in β-Thalassemia patients. Therefore, vitamin C plus

vitamin E supplementation have benefits more than vitamin E alone in promoting antioxidant status and may

enhance liver function as total bilirubin tends to decrease.
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Millions of people especially Southeast Asia

natives are affected by β-Thalassemia, a disease caused

by excessive extravascular hemolysis due to abnormal

hemoglobin synthesis. Patients who have severe

hemolysis called β-Thalassemia major have to receive

multiple blood transfusion, and if without iron chelat-

ing treatment, iron overload occurs. When body iron

excesses, increased free iron induces free radical oxy-

gen species (ROS) as in Fenton’s reaction

Fe2+ + H
2
O

2
  Fe3+ + .OH + OH_

Hydrogen peroxide is one of free radicals and

can be eliminated by glutathione. In the presence of

free plasma iron, hydrogen peroxide is oxidized into

hydroxyl ion which are high potency radicals and

hazardous to biochemical substance. It oxidizes pro-

tein and lipid at cell membrane(1,2), causes cellular

integrity disequilibrium, leakage and cell death. This

oxidative stress phenomenon explains why β-Thalas-

semia major patients usually have progressive anemia

from intravascular hemolysis, abnormal liver function

test, diabetes mellitus and restrictive pulmonary

disease as its complications(1-5).

Excessive free radical is not the only reason

in the etiology of Thalassemia consequences. Chakra-

borty and Meral found that deficiency of antioxidants

in these patients had also existed.(6-7) Vitamin E or toco-

pherol, one of the most potent natural body antioxi-

dants, was found to be deficient. Tesoriere  found that

MDA was normalized after vitamin E treatment for 6

months(8) and Suthutvoravut found improvement in

glutathione peroxidase activity after vitamin E supple-

ment for 2 months(9). Many reports shown the similar

outcome that supplementation of vitamin E can improve
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biochemical indicators but no clinical improvement

or hemoglobin rising was found(10-14). Only Das(15)

reported weight gain after vitamin E supplement for

four weeks.

Vitamin C or ascorbic acid was also studied

and found to be lowered in these patients but no study

of supplement was done due to its potential to pro-

duce free radicals, called pro-oxidant. The effect of

excess intake of vitamin C was found as a report case

of hemochromatosis patient who took 1 gram of vita-

min C per day for one year against medical advice

expired due to cardiac failure. The hypothesis is that

vitamin C reduces ferric ion (Fe3+) which deposits in

tissue to ferrous ion (Fe2+) which can be redistributed

into the bloodstream and accumulates at myocyte,

causes myocardium dysfunction and eventually death.

However, vitamin C has a particular role in vitamin E

recycling and some reports have found vitamin C defi-

ciency in Thalassemia patient(16). The dietary recom-

mendation limits vitamin C ingestion in iron overload

patient to 500 milligram per day unless there is vitamin

C deficiency coexists(17). Therefore, the authors con-

sidered low dose vitamin C (100 milligram per day)

supplementation could have benefits in protecting

against oxidative stress induced complications.

Material and Method

Patients

The present study was perspective study of

twenty β-Thalassemia major children of the pediatric

hematology unit, King Chulalongkorn Memorial

Hospital. The patients, aged between 5 and 15 years,

were diagnosed with β-Thalassemia by hemoglobin

typing. Duration of treatment was 2 and 12 years, each

of them received 6 to 100 doses of blood transfusion in

the past and no iron chelating treatment was given.

Seven of them had splenectomy. Patients eligible for

the study were consent by their parents for blood

collection and medication. The study was approved

by the Chulalongkorn Hospital ethic committee. The

patient’s data included demographic information,

history of treatment, blood transfusion, ferritin level

within one year, concurrent illness and current medica-

tion. The exclusion criterias were acute or chronic

infection, other hematologic disease comorbidity,

chronic renal failure, malnutrition, antioxidant or herbal

medicine taking, and patients who were suspected to

acquire vitamin C and vitamin E allergy. All of the

patients were asked to collect blood sample at the time

of recruitement, at 1 month and at 3 months after anti-

oxidant supplementation. The indicators were vitamin

C, vitamin E, total antioxidant status (TAS), glutathione

(GSH), plasma and erythrocyte malondialdehyde

(P-MDA, R-MDA), plasma free hemoglobin (P-Hb),

total hemoglobin (Hb) and total bilirubin. Supplemen-

tation of 100 gram per day of vitamin C, 400 milligram of

vitamin E in patient weighed less than 20 kilograms and

600 milligram of vitamin E in patient weighed at least 20

kilograms were given. Data were recorded in the case

record form.

Statistical Analysis

Data were analyzed using descriptive and

inferential statistics. The differences in the continuous

variables were compared by using the paired-T test

(SPSS for Window version 11.0, Chicago, USA). A

p-value of <0.05was considered statistical significant.

Results

Twenty children whose aged ranged from 5

to15 years old; 9 boys and 11 girls were diagnosed

with 18 β−Thalassemia/Hb E and 2 homozygous β
0
-

Thalassemia. They were treated at King Chulalongkorn

Memorial Hospital for 2-12 years (average 5.5 years)

and received 6-100 packed red cells transfusions

(average 45.5 transfusions.) Eighteen of them had

measured ferritin level within 1 year before recruitment

and 17 of them have hyperferritinemia which indicated

iron overload condition (range 0.5-8712 ng/dL; mean

2442 ng/dL; normal 7-140 ng/dL.)

For the antioxidant aspect, the authors mea-

sured serum vitamin C, vitamin E, glutathione and total

antioxidant status (TAS), all of them were deficiency.

The oxidative stress aspect, the authors measured the

oxidative products; plasma malondialdehyde (P-MDA)

and erythrocyte malondialdehyde (R-MDA), both of

them were exceeded. In addition, the authors measured

free plasma hemoglobin (P-Hb), red cell hemoglobin

(Hb) and total bilirubin (TB) as the destruction of tar-

get tissues. The results were demonstrated in Table 1.

After the period of treatment, vitamin C and

vitamin E increased significantly but could not be nor-

malized (normal ranges are 6-14 milligram per liter and

11.6-23.2 micromole, P = 0.02 and <0.001 respectively.)

Glutathione was also increased after treatment with both

antioxidants (P = 0.011), but TAS was not changed.

Oxidative products, Hb and P-Hb had no changed. TB

was lowered but no statistical significance at the 3

months after treatment (P = 0.086)

Discussion

The present study indicates that those
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β−Thalassemia children have oxidative stress and anti-

oxidant deficiency even without iron overload status.

Supplementation of vitamin C and vitamin E can increase

plasma antioxidant levels but they were still lowered

than normal population. This was due to critically

excessive oxidative stress. The best strategy in treat-

ment these patients should be iron chelation with anti-

oxidant therapy. Consideration of antioxidants should

be included types, varieties, doses and duration.

Glutathione is an important antioxidant in

red blood cell membrane(18) and necessary in vitamin C

recycle pathway. All of the β−Thalassemia patients in

the present study had ascorbic acid deficiency, the

ascorbic acid recycle was activated and glutathione

depletion was its consequence. After supplementation

of vitamin C and vitamin E, the authors found glu-

tathione level was increased. Therefore, vitamin C

supplementation in these patients was proved to have

benefit. The authors suggested that low dose vitamin

C may not be contraindication in β−Thalassemia pa-

tients who are at risk of vitamin C deficiency. However,

the present study was done in a short period therefore

we lacked the long term evidence for any complication.

Patients who receive vitamin C supplement should be

closely observed and monitored by electrocardiogram

periodically to detect myocardial dysfunction.

Theoretically, vitamin E and glutathione are

the red cell protective antioxidants(19), increasing level

both of them should decrease intravascular hemo-

lysis. The present study found that plasma free hemo-

globin was not decreased, the authors assumed that

this was due to plasma free iron, the main cause of

oxidative stress, was not treated and there are other

antioxidants involved in red blood cell protection.

However, Jamshidi(20) studied in bilirubin after treating

patients with vitamin E alone for 7 months and found

no change. The authors observed that total bilirubin

(TB) in the present study for 3 months was insignifi-

cantly decreased. This may be the evidence that com-

bination of vitamin C and vitamin E supplementation

has benefits beyond vitamin E supplement alone.

Vitamin C deficiency was common in the

present patients in the present study. Low dose vita-

min C supplement (100 milligram per day) was given

and the authors did not find an increase of oxidative

products. On the contrary, the authors found some

evidences that supplementation of vitamin C plus

vitamin E had more benefit than supplementation of

vitamin E alone.

In conclusion, oxidative stress and antioxi-

dant deficiency were commonly found in β−Thalas-

semia major children. Supplement of vitamin E and low

dose vitamin C have the benefit of increasing antioxi-

dant status more than supplementation of vitamin E

alone.
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