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The purpose of this study was to determine the effect of vitamin E
supplementation on oxidative stress in red blood cells (RBC) of the patients with
thalassemia intermedia who did not require regular blood transfusion therapy at Siriraj
Hospital. There were 17 subjects, aged between 5-20 years, participating in this study.
They were assigned into 2 groups: the vitamin E group (supplemented with
10 IU/kg/day of vitamin E) and the control group (no vitamin E supplementation).
Evaluations of anthropometric parameters, complete blood count (CBC), serum
vitamin E and plasma malondialdehyde (MDA) levels, hemolysis, reactive oxygen
species (ROS) production in RBC were performed at before (week 0) and at the end
of the study (week 12). Antioxidative mechanism of vitamin E in RBC was also
examined.

The results showed that there were no significant differences in anthropometric,
CBC, serum vitamin E levels, and plasma MDA between the vitamin E and control
groups at baseline. However, at the end of the study, the subjects in the vitamin E
group had significantly increased serum vitamin E levels (p < 0.001) and significantly
decreased plasma MDA levels (p = 0.027), compared to baseline, and these levels
significantly differed from those in the control group (p = 0.017). No significant
differences were found within group for the ROS production in erythrocytes in both
groups. In vitamin E group, the percent hemolysis were significantly decreased as
compared to baseline (p = 0.001) after vitamin E supplementation. In this study,
vitamin E was able to inhibit ROS production including superoxide anion, hydrogen
peroxide and hydroxyl radical in erythrocytes. The results indicated that vitamin E
supplementation in thalassemia intermedia patients may benefit these patients in
delaying disease progression and preventing complications caused by oxidative stress.
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CHAPTER I

INTRODUCTION

Thalassemia is the most common hereditary chronic haemolytic anemia
due to defective globin synthesis. Patients with thalassemia may suffer from several
health problems such as anemia, growth retardation, delayed puberty, expanded bone
marrow, jaundice and enlarged spleen, liver, and heart (Jones, 1983; Aessopos et al.,
2005). In Thailand, approximately 40% of the population are thalassemia carriers, and
1% of the population are diagnosed as thalassemia disease (Dhamcharee, Ramyanan,

and Ninlagarn, 2001).

Patients with thalassemia intermedia have moderate anemia and enlarged
spleen and liver. These patients have hemoglobin (Hb) levels of 7-9 g/dl and require
only occasional blood transfusion. In case of severe anemia due to fever and infection,
blood transfusion may be required. In the patients who do not require regular blood
transfusion, the body is able to compensate for their anemia by increasing iron
absorption. This may increase the risk for iron overload as the body is unable to
eliminate the excess iron (Rund and Rachamilewitz, 2000). Over time, the excess iron
could deposit in several organs such as liver, spleen, heart and pancreas leading to
organ damage and failure (Camaschella and Cappellini, 1995; Amer, Goldfarb, and
Fibach, 2003).

Iron is an essential mineral for life. It is presented in every living cells and
is necessary for the production of hemoglobin, myoglobin, and certain enzymes
(Fraga and Oteiza, 2002). Iron is mainly absorbed in the duodenum and upper

jejunum. However, only the ferrous form (Fe?*) of iron can be absorbed. After uptake



through villi, the ferrous iron is transported to the subepithelial capillaries by
transferrin and released into the bloodstream (Jordan and Kaplan, 1994). As
transferrin becomes saturated in iron overload states, excess iron is found as non
transferrin-bound iron (NTBI), which could be deposited within tissues. NTBI may
cause tissue damage by the formation of highly reactive hydroxyl radicals (OH") from
superoxide anion (O,") and hydrogen peroxide (H,O,) via Fenton or Haber-Weiss
reactions (Cappellini et al., 2000). Furthermore, iron components are active catalysts

of lipid peroxidation and thus could increase free radical generation (Ahmad, 1995).

Secondary iron overload results from excess absorption of iron and
repeated blood transfusions. In addition, the excess unmatched globin chains in
thalassemia patients cause the release of the iron atom from heme, which is
susceptible to oxidation (Scott et al., 1993). Unbound labile plasma iron can generate
toxic free radicals that cause cell death and damage of biomolecules, tissues and
organs (Pfeifer et al., 2008). In addition, free iron serves as a catalyst for the
formation of highly reactive OH", which may then initiate the oxidative stress and
contribute to increase several end products of lipid peroxidation (Gutteridge and
Halliwell, 1988; Admad, 1995). Free radical production in thalassemia erythrocytes is

due to increased oxidant damage in erythrocytes.

There is a balance within the body between the oxidant production and
antioxidant defense within cells, which antioxidant can scavenge reactive oxygen
species (ROS). The antioxidant systems consist of antioxidant enzymes including
superoxide dismutases (SOD), catalase (CAT)and glutathione peroxidase (GSH-PXx)
and non-enzyme antioxidants such as polyphenols, ascorbic acid and tocopherol. An

increased oxidant and a decreased antioxidant status found in thalassemia patients can



lead to oxidative stress (Suthatvoravut et al., 1993; Phuapradit et al., 1999). This
imbalance can lead to damage at the macromolecular level including DNA strand
breakage, damage of membrane ion transport systems, enzymes and other proteins
and lipid peroxidation (Al-Omar, Beedham, and Alsarra, 2004). Thus, antioxidants
may have a protective effect by improving oxidative stress in thalassemia patients.

Vitamin E is a lipid-soluble antioxidant found in vegetable oils, nuts and
green leafy vegetables. Alpha-tocopherol is the most active form and powerful
biological antioxidant (Gallagher, 2008). An important role of vitamin E is to protect
the membrane polyunsaturated fatty acids from peroxidation by scavenging peroxyl
radicals (LOQO") (Chamulitrat and Mason, 1989). Tocopherol can scavenge ROS by
termination of free-radical chain reaction (Neuzil, Weber, and Koutush, 2001).
Vitamin E has been shown to effectively reduce O," production (Shimazu et al.,
2001) and OH’ (Valgimigli et al., 2004), which are extremely reactive, and possesses
a very high oxidation potential. Vitamin E interrupts free-radical chain reactions
leading to reduce free radical damage in the body. It was assumed that vitamin E may
be beneficial and useful in the treatment of patients with thalassemia.

Several studies have shown a benefit of vitamin E supplementation in
thalassemia patients. In patients with thalassemia major, vitamin E supplementation in
the dose of 750 to 1000 1U/d for 16 months prolonged red blood cells (RBC) survival
(Rachmilewitz, Shifter, and Kahane, 1979). It was found that the body weight of
thalassemia major patients undergoing transfusion was increased after vitamin E
supplementation (10 mg/kg/d) for 4 weeks (Das et al., 2004). In patients with
thalassemia intermedia, hypoxaemia and pulmonary vascular occlusion were delayed
after supplementation of vitamin E (525 1U/d) for 3 months (Unchern et al., 2003). In

addition, vitamin E (400 mg/d) has been used in combination with low dose of



vitamin C (100 mg/d) to promote antioxidant status and may enhance liver function in
thalassemia major children (Dissayabutra, Tosukhowong, and Seksan, 2005).

As described above, the patient with thalassemia is associated with
oxidative stress due to increased ROS. Previous studies indicated that vitamin E could
decrease oxidative stress and lipid peroxidation in adult thalassemia major and
intermedia who acquired transfusion dependence. However, the effects of vitamin E
supplementation in children with thalassemia intermedia who do not required regular
transfusion in the term of biochemical parameters, lipid peroxidation, oxidative stress,

and hemolysis remains unclear.

The purposes of this study:

1. To investigate the effects of vitamin E supplementation on complete
blood count (CBC), serum vitamin E levels, lipid peroxidation, ROS
production in RBC, and hemolysis in patients with thalassemia intermedia

2. To investigate the adverse effect of vitamin E in patients with thalassemia
intermedia

3. To investigate oxidative mechanism of vitamin E in RBC of patients with

thalassemia intermedia



CHAPTER Il

LITERATURE REVIEW

2.1 Thalassemia

Thalassemia is a genetic disorder that involves the decreased and defective
production of hemoglobin. This can cause the formation of abnormal hemoglobin
molecules. As a result, patients with thalassemia often have reduced number of RBC
in bloodstream, thus causing anemia. Patients with thalassemia may have several
health problems such as anemia, growth retardation, delayed puberty, expanded bone
marrow, jaundice, and enlarged spleen, liver, and heart (Jones, 1983).

There are two types of thalassemia: alpha thalassemia which the synthesis
of alpha globin is reduced or absent, and beta thalassemia which is due to a defect in
the beta globin (Muncie and Campbell, 2009). Patients are classified into three types
depending on the severity of symptoms: thalassemia minor, thalassemia intermedia
and thalassemia major. Thalassemia intermedia, a condition intermediate between the
major and minor forms which patients are able to maintain a hemoglobin level in the
7-9 g/dL. These patients do not require treatment with regular blood transfusions.
Severe anemia due to fever and infection may require blood transfusion. The
symptoms of thalassemia intermedia reflect ineffective erythropoiesis. Thalassemia
intermedia patients have mild-to-moderate symptoms of anemia, enlarged spleen,
slow or inadequate bone development, failure to thrive, endocrine system problems,
and low immune system. (Aessopos et al., 2005).

In thalassemia patients, the abnormalities of erythrocytes resulted from

the accumulation of the unmatched normal globin chains lead to chronic hemolytic



anemia (Mahjoub et al., 2007). The large excess globins cause the release of the iron
atom from heme and consequently catalyzes the production of ROS such as O;",
H,0, and OH’. Up-regulation of such ROS has been shown to be an important cause
of damages to the erythroid precursor and mature erythrocyte membranes leading to
clinical hemolysis in thalassemia patients (Ghone et al., 2008). In addition, patients
with thalassemia intermedia who do not require regular blood transfusions may have
increased dietary iron absorption. These may increase risk for iron overload because
the body is unable to eliminate the excess iron (Rund and Rachamilewitz, 2000). The
excess iron deposits in the liver, spleen, heart, pancreas, etc. resulting in organ failure
(Amer, Goldfarb, and Fibach, 2003).

Iron is known to be involved in several chemical reactions that generate
ROS. Unbound labile plasma iron can generate toxic free radicals that cause cell death
and damage of biomolecules, tissues and organs (Pfeifer et al., 2008). Free iron serves
as a catalyst for the formation of highly reactive OH" (Gutteridge and Halliwell, 1988;
Admad, 1995), which may then initiate the oxidative stress and contribute to increase
several end products of lipid peroxidation. More severe oxidative stress can cause
high severity of thalassemia which bring about a risk of serious complication. Those
that might associate with severe thalassemia include bone deformities, enlarged
spleen (splenomegaly), congestive heart failure, and abnormal heart rhythms (Taher,

Musallam, and Cappellini, 2009).

2.2 Reactive oxygen species (ROS) and oxidative stress
Free radicals are atoms, atomic groups, or molecules that are highly
reactive species with one unpaired electron (Wlodek and Kusior, 2006). Sources of

free radicals are respiratory precesses in mitochondria, and environmental pollutants



including pesticides, toxic chemical wastes, direct and second hand cigarette smoke
and radiation (Moyano et al., 1997; Bagchi et al., 2000). ROS are oxygen-centered
molecules including non-radicals H,O, and singlet oxygen as well as radicals O,",
OH’, and nitric oxide (NO) (Figure 1). Addition of one electron to O, produces the
O,", wheres addition of two electrons results in formation of H,O,. H,0, can react
with O, and ferric or cupric ions to produce the highly reactive OH" (Cimen, 2008),
resulting in oxidative deterioration of lipids, proteins and DNA, activation of
procarcinogens, and inhibition of cellular, and antioxidant defense systems. In
addition, ROS contribute significantly to human disease pathophysiology (Bagchi et
al., 2000) such as aging, cancer, cardiovascular diseases, inflammatory diseases, brain
dysfunction, and the development of cataracts (Ames, Shigenaga, and Hagen, 1993).
2.2.1 Superoxide anion (O2")

The O, created from molecular oxygen by the addition of an electron is,
in spite of being a free radical, not highly reactive. The formation of superoxide takes
place spontaneously, especially in the electron-rich aerobic environment in vicinity of
the inner mitochondrial membrane with the respiratory chain (Ahmad, 1995; Cimen,
2008) (Figure 2).

2.2.2 Hydrogen peroxide (H20,)

H,0, is not a free radical, but it is involved in the production of many
ROS (Cimen, 2008). Two molecules of superoxide rapidly dismutate to H,O, and
molecular oxygen. This reaction is further accelerated by superoxide dismutase
(SOD). It plays a radical forming role as an intermediate in the production of more
ROS molecules, especially, formation of OH" via oxidation of transition metals

(Nordberg and Arner, 2001) (Figure 2).



Figure 1 Main free radical metabolism pathways in human erythrocytes

(Rucker et al., 2001)



0, +et > O,

superoxide dismutase
20, + 2H" » H02 + 0,

Figure 2 Formation of O, and H,O, (Cimen, 2008)

2.2.3 Hydroxyl radical (OH")

Due to its strong reactivity with biomolecules, OH" is probably capable of
doing more damage to biological systems than any other ROS. The main source of
hydroxyl radicals is Haber-Weiss reaction (Figure 3), where superoxide radical
reduces ferric ion (Fe*") to ferrous ion (Fe®*) and in that way initiates the Fenton
reaction between Fe?* and H,O, (Figure 4). The iron is oxidized to Fe** and becomes
inactive for further reaction. In a chemical Fenton system, a reducing agent such as
ascorbic acid is usually added to regenerate Fe?*. This reaction can occur in cells and
is therefore a possible source for oxidative stress (Ahmad, 1995; Nordberg and Arner,
2001).

Oxidative stress represents an imbalance between the production and
manifestation of ROS and the ability of biological system in detoxification the
reactive intermediates. A disturbance in the oxidant-antioxidant balance in favor of
the former leads to oxidative damage in DNA bases, protein oxidation products, and
lipid peroxidation products. Oxidative stress can be resulted from a lack of
antioxidants or from excess free radicals. In humans, oxidative stress involves many
diseases including atherosclerosis, parkinson§ disease, heart failure, myocardial
infarction, and alzheimer§ disease (Al-Omar, Beedham, and Alsarra, 2004).
Antioxidants are molecules which terminate the chain reaction by removing

free radical intermediates and inhibiting other oxidation reactions. Several free radical
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O, +Fe* ——  » 0O,+Fe*

Figure 3 Haber-Weiss reaction

Fe?*+H,0, ———» Fe*" +OH +OH

Figure 4 Fenton reaction

scavengers are naturally found such as thiols, ascorbic acid, polyphenols, beta-

carotene and vitamin E (Tucker and Townsend, 2005).

2.3 Vitamin E

Vitamin E is a fat soluble vitamin found in vegetable oils, nuts and green
leafy vegetables. It is a fat-soluble antioxidant that stops the production of ROS
formed when fat undergoes oxidation (Tucker and Townsend, 2005). Vitamin E has a
fundamental role in the normal metabolism of all cells. Therefore, its deficiency can
affect several different organ systems. (Combs, 2008).

2.3.1 Biochemistry and biological activity of vitamin E

There are two classes of biologically active form of vitamin E,
tocopherols and tocotrienols. The vitamers of each series are named according to the
position and number of methyl groups on their ring systems (Gallagher, 2008). There
are 4 different tocopherols, a-, B-, y-, and &-tocopherols, with minor structural
differences (Saldeen and Saldeen, 2005).

a-tocopherol is the most active form; it is powerful biological antioxidant.

The synthetic form is labeled dl, whereas the natural form is labeled d. The synthetic
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form is only half as active as the natural form (Gallagher, 2008). The National
Research Council defined dietary vitamin E activity in terms of RRR-a-tocopherol
equivalents (a-TE). One o-TE is the activity of 1 mg of RRR-a-tocopherol. The
Recommended Dietary Allowance (RDA) of vitamin E are presented in Tables 1 and
2 (Eitenmiller and Landen, 1999).

2.3.2 Antioxidant property of vitamin E

Vitamin E is the major antioxidant in the lipid environment of cellular and
subcellular membranes and also in plasma lipoproteins by protecting the vital
phospholipids from peroxidation. The a-tocopherol isoform of vitamin E inhibits the
radical chain propagation within lipid domains by its own conversion into an oxidized
product, a-tocopheroxyl free radical. By scavenging peroxyl radicals that otherwise
would propagate the chain reaction of lipid peroxidation, vitamin E acts as a chain-
breaking antioxidant. It does this by donating a hydrogen atom from its phenolic
hydroxyl group to a lipid peroxyl radical (LOO"), forming the tocopheroxyl radical
(TO") and a lipid hydroperoxide (LOOH) (Eitenmiller and Landen, 1999).

The tocopheroxyl radical, which is relatively stable and unreactive, is
unable to continue the chain reaction by attacking other species. Instead, it can be
regenerated by ascorbate (vitamin C) or ubiquinol-10. This regeneration enhances the
antioxidant capacity of vitamin E (Basu and Dickerson, 1996; Tucker and Townsend,
2005).

2.3.3 Vitamin E deficiency

Vitamin E deficiency can result from insufficient dietary intake or
impaired absorption of the vitamin. Several other dietary factors affect the need for
vitamin E. Selenium and polyunsaturated fatty acid (PUFA) are the most important

nutrients in this regard. Although vitamin E deficiency is rare in humans, it is likely to
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occur in specific situations. It is seen in persons who cannot absorb dietary lipid
because of an inability to secrete bile or those who have rare disorders of fat
metabolism, such as premature infant, infants with very low birth weight, and
individuals with rare genetic abnormalities in the a-tocopherol transfer protein
(Gallagher, 2008).
2.3.4 Vitamin E in health and disease

Vitamin E is the most important lipid-soluble antioxidant in the cell. It
plays an important role in general health with specific implications regarding
protection of cell from conditions that involve ROS. This antioxidant function
suggests that vitamin E may be important in protecting the body against and treating
condition related to oxidative stress. It is widely used as an ingredient in dietary
supplements in the hope of maintaining health and preventing diseases. Vitamin E has
frequently proven effective as a therapeutic measure in several disorders in humans,
even though it may not be directly involved in their etiologies.

Many claims have been made about potential of vitamin E in promoting
health and preventing and treatment of diseases. The mechanisms by which vitamin E
might provide this protection include its function as an antioxidant and its roles in
anti-inflammatory processes, inhibition of platelet aggregation, and immune
enhancement. Thus, vitamin E may be useful in treating conditions related to
oxidative stress such as arthritis (Bandt et al., 2002), cardiovascular disease (Devaraj
et al., 2007), cancer (Knekiet al.,, 1991), diabetes (Skyrme-Jones et al., 2000),
Alzheimer’s disease (Sano et al., 1997), hemolytic anemia of prematurity (Lo, Frank,

and Hitzig, 1973) and chronic hemolysis (Corash et al., 1980).



Table 1 Biological activity of vitamin E forms
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Biological Activity

Vitamin E Forms

1U/mg Compared to

RRR- a-T (%)

Natural Vitamin E (RRR-)
a-tocopherol
[ -tocopherol
vy -tocopherol
d -tocopherol
a-tocotrienol
[ -tocotrienol
vy -tocotrienol

d -tocotrienol

Synthetic

2R4°R8'R a-tocopherol
2S4’R8'R a-tocopherol
all-rac-a-tocopherol
2R4°R8’S a-tocopherol
2S4°R8’S a-tocopherol
2R4°S8’S a-tocopherol
2S4°S8'R a-tocopherol
2R4°S8’R a-tocopherol
254°S8°S a-tocopherol
RRR o-tocopheryl acetate
RRR a-tocopheryl acid succinate
all-rac-a-tocopheryl acetate

all-rac-a-tocopheryl acid succinate

1.49 100
0.75 50

0.15 10

0.05 3

0.75 50

0.08 5

not known not known
not known not known

1.49 100
0.46 31
1.10 74
1.34 90
0.55 37
1.09 73
0.31 21
0.85 57
1.10 60
1.36 91
1.21 81
1.00 67
0.89 60

Source: Eitenmiller and Landen (1999)



Table 2 Recommended Dietary Allowances (RDA) for RRR-alpha-tocopherol
(d-alpha-tocopherol)

Vitamin E
Age (years) (mg/day)
Infants (0-0.5) 4
Infants (0.5-1) 5
Children
1-3 6
4-8 7
Males
9-13 11
14-18 15
19-30 15
31-50 15
51-70 15
>70 15
Females
9-13 11
14-18 15
19-30 15
31-50 15
51-70 15
>70 15
Pregnancy
<18 15
19-30 15
31-50 15
Lactation
<18 19
19-30 19
31-50 19

Source: Sizer and Whitney, 2008
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2.4 Role of vitamin E in thalassemia

Thalassemia is caused by an imbalance in the rate of globin chain
synthesis. The accumulation of the unmatched normal globin chains leads to oxidative
erythrocyte damage. Thalassemic erythrocytes are exposed to high oxidative stress,
possibly contributing to shortened life span. In addition, previous studies showed that
patients with thalassemia had low plasma levels of vitamin E (Dhawan et al., 2005;
Palasuwan et al., 2006). It has been postulated that the low serum vitamin E levels
may be due to increased requirements due to oxidative stress. (Mahjoub et al., 2007).
Oxidative stress may be a major cause of hemolysis in thalassemia patients. This
suggests that oxidative stress and reduced antioxidant defense mechanism play an
important role in pathogenesis of thalassemia (Ghone et al., 2008).

Antioxidants are protective agents that may help guard cell against
oxidative stress in thalassemia patients. Vitamin E is a lipid soluble antioxidant which
can protect membrane PUFA in the RBC from lipid peroxidation and also prevents
hemoglobin oxidation (Rund and Rachmilewitz, 2000). Vitamin E has been shown to
effectively reduce O," (Shimazu et al., 2001) and OH" (Valgimigli et al., 2004), which
is extremely reactive, and possesses a very high oxidation potential. Vitamin E
interrupts free-radical chain reactions leading to reduced free radical damage in the
body.

Nowadays, treatments for thalassemia consist of blood transfusion and
iron chelation. Trying to minimize the oxidative damage to cells and tissues in
thalassemia, treatments with antioxidant, alone or in combination, have been used in
the attempt to neutralize the deleterious effects of the ROS (Pfeifer et al., 2008).
Several studies showed a benefit of vitamin E supplementation in thalassemia

patients. Suthutvoravut et al. (1993) studied in 65 thalassemia children, aged 1-17
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years, in comparison with 16 normal controls. It was found that the patients had lower
plasma vitamin E level than the control. Ten vitamin E-deficiency thalassemia
subjects (plasma vitamin E level < 0.5 mg/dL) had been supplemented with 200 mg of
dl-alpha-tocopherol for 4-8 weeks. After supplementation, their plasma vitamin E
increased and H,O, hemolysis decreased to normal values. Their RBC glutathione
peroxidase activity also decreased but hematocrit (Hct) did not change significantly.
These results suggest that vitamin E supplementation in thalassemia patients increased
resistant of RBC to oxidative stress.

Pfeifer et al. (2008) studied in 9 thalassemia intermedia aged 15-74 years
who underwent occasional transfusion. These patients took oral daily administration
of 400 IU vitamin E for 4 months. ROS was measured by flow cytometry; RBC
reduced glutathione (GSH) was measured by dinitrothiocyanobenzene reduction.
Patients presented a significant reduced ROS production and increased GSH levels in
RBC, indicating a decrease in their oxidative status after vitamin E supplementation.
Das et al. (2004) studied in 18 thalassemia patients aged 4-16 years who underwent
transfusion every 3 to 4 weeks interval. Patients were given 10 mg/kg/d of vitamin E
for 4 weeks. The level of malondialdehyde (MDA), a secondary end product of the
oxidation of polyunsaturated fatty acids, was measured by thiobarbituric acid reactive
substances (TBARs) assay. Treatment of the patients with vitamin E for a period of 4
weeks remarkably reduced the level of lipid peroxidation in erythrocyte membranes.
Thus, vitamin E may be useful in protecting the erythrocytes in patients with

thalassemia.



CHAPTER Il

MATERIALS AND METHODS

3.1 Subjects

Patients with thalassemia intermedia from Pediatric Hematology Clinic,
Siriraj Hospital who did not require chronic transfusional therapy were recruited into
the study. The subjects, aged 5-20 years, were diagnosed with thalassaemia
intermedia by hemoglobin typing. All of them had hemoglobin levels between 7-9
g/dl. All patients were not on iron chelation therapy and did not take vitamin E and
any antioxidant supplements (e.g. vitamin C, curcumin) for at least 3 months prior to
the study. They were free from acute or chronic infection or surgical operation for at
least 1 month prior to the study. None of them had vitamin E allergy.

The study protocol was approved by the Ethics Committee of Faculty of
Medicine, Siriraj Hospital (Appendix A). All subjects received the explanation of
experimental protocol, and the written informed consent was obtained before the

beginning of the study (Appendix C).

3.2 Research procedure

The study was conducted during the period from March to September
2010. At the beginning of the study (week 0), the subjects received nutrition
counseling that involved a consideration of energy intake and the proportion of
protein, fat, carbohydrate and other nutrients suitable for thalassemia management.
Each subjects received dietary guideline for thalassemic patients (Appendix D).

In addition, all subjects were interviewed about personal information, health history
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on thalassemia and dietary and physical activity behaviors. Anthropometric
measurements were performed. The subjects and subject’s family were instructed how
to record the 3-day dietary intake (1 weekend day and 2 weekdays). Peripheral blood
sample (10 ml) was obtained from each subject to determine complete blood count
(CBC), serum vitamin E levels, lipid peroxidation, reactive oxygen species (ROS)
production in red blood cells (RBC), RBC hemolysis, and antioxidant mechanism of
vitamin E. Each subject was asked to maintain amount of energy intake and level of
physical activity throughout the study and to avoid taking other antioxidants such as
vitamin C. Then, the subjects were assigned into a vitamin E group and a control
group.

The subjects in vitamin E group received vitamin E (Mega®, Thailand)
10 1U/kg/day for 12 weeks. They were asked to consume their regular diet menus at
home and take vitamin E in the morning every day until the end of the study (week
12). The subjects in control group did not receive any supplementation. They were
also advised to maintain their regular diets at home. Three-day food records were
done by the subjects or subject’s families during 12-week of supplementation period.
At the end of the study (week 12), peripheral blood sample (10 ml) was obtained from
each subject for determining CBC, serum vitamin E levels, lipid peroxidation, ROS
production in RBC, and RBC hemolysis. Anthropometric measurements were
performed. The subject’s compliance and adverse effects were assessed by
interviewing and counting the remaining capsules of vitamin E at the end of the study.

The research procedure of the study is presented in Figure 5.
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week 0
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Vitamin E group: vitamin E 10 IU/kg/day + regular diet \yeek 12

Control group: regular diet without vitamin E supplementation

Consent form
Questionnaires
Nutrition counseling
3-day food record
Anthropometric assessments
Laboratory assessments
: CBC, serum vitamin E levels,
lipid peroxidation
Oxidative stress assessments
: ROS production in RBC and hemolysis
Oxidative mechanism of vitamin E

3-day food record
Anthropometric assessments
Laboratory assessments
: CBC, serum vitamin E levels,
lipid peroxidation
Oxidative stress assessments
: ROS production in RBC and hemolysis

Figure 5 Diagram of research procedure

3.3 Study measurements and data collection

3.3.1 Dietary assessment

The 3-day food record (2 weekday and 1 weekend day) was done by the

subjects or families at the begining of the study (week 0) and the end of the study

(week 12). Subjects were provided with dietary record forms (Appendix B), labeled

with the dates on which they had to be completed. All items and portions of food

consumed including name and method of preparation and cooking were asked to

record. The subjects estimated food portion size using standard household measuring

cups and spoons. The food records were calculated for energy and nutrients intake

using the software THAI NUTRISURVEY version 2 (2008) developed for Thai food

by Department of Health, Ministry of Public Health and Faculty of Tropical

Medicine, Mahidol University, Thailand. From each 3-day food record, average

intakes of energy, protein, carbohydrate and fat were calculated.
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3.3.2 Anthropometric assessments
Anthropometric data were assessed at week 0 and week 12 of the study.
Anthropometric in this study included the measurements of body weight, height,
triceps skinfold thickness (TSF) and mid-arm circumference (MAC). These
measurements provided useful data for calculation of body mass index (BMI) and
mid-arm muscle circumference (MAMC). Body weight and height was performed by
weight with height meter (402 KL Health meter® Professional, USA). BMI was

calculated from weight and height as followed:

BMI (kg/m?) = weight (kq)
[height (m)]?

Then, the data was interpreted using a graph of BMI-for-age and gender
(Appendix E) and classified using standard categories of BMI-for-age (Table 3).

Triceps skinfold thickness (TSF) were measured by a conventional
skinfold caliper (Cambridge scientific industries®, Maryland, USA). Skinfold
thickness measurements were performed three times in each patient and the values
were then averaged for final calculation. Mid arm circumference (MAC) was
measured in centimeters halfway between the acromion process of the scapula and the
olecranon process at the tip of the elbow with non-stretchable tape. The MAMC was
calculated as followed:

MAMC = MAC (cm) — [0.314 x TSF (cm)]

3.3.3 Laboratory assessments

At week 0 and week 12 of the study, 10 ml of peripheral blood samples
were collected. Blood sample in the amount of 5 ml was collected in EDTA tube for
determining CBC and RBC hemolysis. Other 2 ml of blood was collected in tube

without anticoagulant for determining vitamin E levels. Serum vitamin E levels were
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Table 3 Standard categories of BMI-for-age (CDC 2000)

BMI-for-age Classification
<5" Percentile Underweight
85" to <95™ Percentile At risk of overweight
>95" Percentile Overweight

BMI= body mass index; kg/m?= kilogram/square meter

measured by high performance liquid chromatography (HPLC). Other 3 ml was
collected in heparinized tube for determining lipid peroxidation, ROS production and
antioxidative mechanism of vitamin E.
3.3.4 Determination red cell peroxidative products
Plasma lipid peroxidation was assessed by TBARs assay kit (Cayman,
Germany) according to the kit booklet protocol. In brief, sodium dodecyl sulphate
(SDS) solution was added to 100 pul of a plasma sample. After then, 4 ml of the
thiobarbituric acid-trichloroacetic acid-sodium hydroxide reagent (TBA-TCA-NaOH)
were added. The mixture was boiled in a boiling water-bath for 1 hour. After one
hour, immediately remove the vials and place in ice bath to stop reaction for 10
minutes. After 10 minutes, centrifuge the vials for 10 minutes at 1,600xg at 4°C.
Plasma MDA concentration was measured spectrophotometrically at 532 nm using
thiobarbituric acid reagents under acidic conditions to generate a pink colored product
and recorded as umol/L.
3.3.5 Determination of ROS production in RBC
3.3.5.1 RBC preparation
Venous blood samples (3 ml) were collected in heparinized containing

tube. Erythrocytes were separated from the plasma by centrifugation at 1,200 rpm
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(model B708318; Labnet International, Inc, USA) for 5 minutes at room temperature.
The erythrocytes were then washed 3 times with phosphate-buffered saline (PBS) pH
7.4 (Invitrogen Corporation, USA) and diluted to 25 ml with PBS (concentration
1x10° cells/ml) in a 50 ml polypropylene test tube.
3.3.5.2 ROS generators

3.3.5.2.1 Preparation of hydrogen peroxide (H2O) solution

H,0, solution (30%v/v) (Merck, Germany) was used to generate
intracellular H0,. HO, (30%v/v) was diluted with PBS to obtain the final
concentrations of 10, 20, 45, 90, 180 and 360 mmol/I.

3.3.5.2.2 Preparation of 2, 2'-azobis-2-methyl-propanimidamide

dihydrochloride (AAPH) solution

AAPH (Cayman, USA) was used as free radical generator. AAPH was

dissolved in PBS to make a final concentrations of 5, 10, 25, 50, 100, 200 mmol/I.
3.3.5.3 Preparation of fluorescent probs for ROS detection

3.3.5.3.1 Detection of ROS generation

2 77 =dichlorofluorescin diacetate (DCFH-DA) (Sigma-Aldrich Inc.,
USA) was used as a fluorescent probe for detecting of ROS. DCFH-DA solution was
freshly prepared prior to use by dissolving 0.5 mg of DCFH-DA in 1 ml of dimethyl
sulfoxide (DMSO) (Merck, Germany) to give a stock solution at concentration of 1
mmol/l. Then, the solution was diluted with PBS to obtain the final concentration of
20 umol/l.

3.3.5.3.2 Analysis of radical scavenging activity of vitamin E

against ROS
RBC suspended in PBS was stained by incubating with 20 umol/l of

DCFH-DA at 4°C for 20 minutes. After incubation, RBC was treated by ROS
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generators (H,O, and AAPH) at 37°C in a humidified CO, incubator (95% air and 5%
CO,) for 2 hours. Intracellular ROS signals in each treated and non-treated groups
were analyzed and quantitated by flow cytometry (Becton Dickinson, USA).
3.3.6 Determination of hemolysis
3.3.6.1 RBC preparation
Venous blood samples (3 ml) were collected in EDTA containing tube.
Erythrocytes were separated from the plasma by centrifugation at 1,200 rpm (model
B708318; Labnet International, Inc, USA) for 5 minutes at room temperature and
washed 3 times with PBS pH 7.4. Then, the erythrocytes were diluted to a
concentration of 5x10° cells/ml in PBS, counted using a hemocytometer.
3.3.6.2 Analysis of hemolysis
An aliquot of 50 pl of erythrocytes suspension was mixed with H,0,
or AAPH with different concentrations as decribed in 3.3.5.2 (absorbance Ast) and
50 ul of PBS buffer (pH 7.4) (absorbance A). The mixture was shaken gently while
being incubated at 37°C for 2 hours. The absorbance of the supernatant was measured
at 570 nm by using spectrophotometer. Triton-X 1% was used as a positive control
(absorbance Apgsitive)-
The percentage of hemolysis was calculated by the following equation:
%Hemolysis = (A-Aest)/ (A-Apositive) X 100

A

absorbance of the negative control

Avest absorbance of the sample

Aposiive = absorbance of the positive control
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3.3.7 Antioxidant activity of vitamin E against ROS generators-induced
ROS production in RBC
3.3.7.1 RBC preparation
Venous blood samples (3 ml) were collected in heparinized containing
tube. Erythrocytes were separated from the plasma by centrifugation at 1,200 rpm
(model B708318; Labnet International, Inc, USA) for 5 minutes at room temperature
and washed 3 times with PBS pH 7.4. Then, the erythrocytes were diluted to final
concentration of 1x10° cells/ml.
3.3.7.2 Vitamin E preparation
Vitamin E (Fluka® USA) in the amount of 8.6 mg was dissolved in
1 ml of methanol to give a stock solution at concentration of 20 mmol/l and then
diluted with PBS to give concentration of 200 umol/I.
3.3.7.3 ROS generators
1) Preparation of O, solution
2,3-dimethoxy-1,4-naphthoquinone (DMNQ) (Sigma-Aldrich Inc.,
USA) was used to generate O, radical in cells. Eleven milligram of DMNQ was
dissolved in 1 ml DMSO to make 50 mmol/I of stock solution. The solution was then
diluted with PBS to give concentration of 10 umol/I.
2) Preparation of H,O, solution
30%v/v H,0, solution was used to generate intracellular H,O,. 30%v/v
H,0; solution was diluted with PBS to obtain the final concentrations of 10, 20, 45,
90, 180 and 360 mmol/I.
3) Preparation of AAPH solution
AAPH was used as free radical generator. AAPH was dissolved in PBS

to make a final concentrations of 5, 10, 25, 50, 100, 200 mmol/I.
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3.3.7.4 ROS scavengers

1) Preparation of catalase solution

Catalase (Sigma-Aldrich Inc., USA)was used for catalysting
intracellular H,O, to water and oxygen. Catalase in the amount of 0.074 mg was
dissolved in 1 ml of PBS to obtain the final concentration of 1,000 units/ml.

2) Preparation of deferoxamine solution

Deferoxamine (DFO) (Sigma-Aldrich Inc., USA) was used for
chelating cellular iron, and thus the reduction of iron would attenuate conversion of
H,O, to OH". DFO in the amount of 56 mg was dissolved in 1 ml of PBS to make a
stock solution at concentration of 100 mmol/l and the stock solution was diluted with
PBS to give the final concentration of 1 mmol/I.

3.3.7.5 Preparation of fluorescent probs for ROS detection

3.3.7.3.1 Detection of O,", H,O,and OH’ generation

DCFH-DA was used as a fluorescent probe for detecting O,", H,0,
and OH’". The DCFH-DA solution was prepared as described in 3.3.5.3.1

3.3.7.3.2 Analysis of antioxidant activity of vitamin E against ROS
generators

RBC suspended in PBS was stained by incubating with 20 umol/l of
DCFH-DA at 4°C for 20 minutes. After incubation, RBC was pre-treated with
200 umol/l vitamin E for 30 minutes and then treated with ROS generators and ROS
scavengers at 37°C in a humidified CO, incubator (95% air and 5% CO,) for 2 hours.
Intracellular ROS signals in each treated and non-treated groups were analyzed and

quantitated by flow cytometry (Becton Dickinson, USA).
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3.3.8 Compliance and adverse effects of vitamin E
The subjects were called once a week throughout the vitamin E
supplementation period to ensure their compliance. At the end of the supplementation
period, the subjects returned all the packets of vitamin E capsules received. The

returned capsules were counted for the percentage of compliance as followed:

% of compliance = number of eaten capsules x 100
number of given capsules

In addition, any adverse effects that occurred during vitamin E

supplementation were also asked.

3.4 Statistical analysis

Before statistical analysis, normal distribution of the variances was tested
by Kolmogorov-Smirnov test (Appendix F). Categorical data were expressed as
number of subjects. Continuous data were expressed as mean = SEM. For
comparison of the proportion of demographic data and subject characteristics,
Chi-square was used to test for significant difference between groups. Paired t-test
was used to test for significant difference between the values at week 0 and week 12
within group. Significant difference of values between groups at week 0 was tested
by independent t-test and at week 12 was tested by analysis of covariance

(ANCOVA). Statistical analysis was considered significant at p < 0.05.



CHAPTER IV

RESULTS

4.1 Characteristics of the Subjects

There were 21 subjects (11 males and 10 females) enrolled in this study.
The subjects were assigned into two groups, the control and vitamin E groups. The
control group comprised of 10 patients (8 males and 2 females) while the vitamin E
group comprised of 11 patients (3 males and 8 females). The subjects in the vitamin E
group were supplemented with vitamin E (10 1U/kg/d) for 12 weeks. Four subjects did
not complete the study because 2 subjects in the control group lost follow-up, and 2
subjects in the vitamin E group consumed vitamin E less than 80%. Therefore, there
were totally 17 subjects in the study (8 males and 9 females).

The characteristics of the subjects are shown in Table 4. The subjects who
allocated to the vitamin E group were not statistically different from those in the
control group with regard to age, weight, height, BMI-for-age, duration of thalassemia
and other vitamin and mineral use. The vitamin E group included 9 subjects (2 males
and 7 females), and the the control group included 8 subjects (6 males and 2 females).
More than 70% of the subjects in the vitamin E group were females while most of the
subjects in the control group were males. Mean age of the vitamin E and control
groups were 15.56 + 0.73 and 13.50 + 1.43 years respectively. In the vitamin E group,
22.2% of the subjects were underweight (BMI-for-age < 5" percentile), and 77.8%
were normal (BMlI-for-age between 5" and 85" percentile). In the control group,
37.5% of the subjects were underweight, and 62.5% were normal. Most

of the subjects in both groups had diagnosis of thalassemia intermedia for more than
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. Vitamin E group Control group Total
Characteristics
(n=9) (n=9) (n=17)
n (%) n (%) n (%)
Sex
Male 2(22.2) 6 (75.0) 8 (47.1)
Female 7(77.8) 2(25.0) 9 (52.9)
V=474 df =1 p=0.030
Age (years)
5-10 0 1(12.5) 1(5.9)
11-15 4 (44.4) 4 (50.0) 8(47.1)
16-20 5 (55.6) 3(37.5) 8 (47.1)
Mean of age’ (years) 15.56 +0.73 13.50 +1.43 14.59 +0.79
¥’ =6.97 df=8 p = 0.540
Weight! (kg) 4433 +1.70 37.80 £5.14  41.26+2.62
¥’ =14.99 df =15 p = 0.452
Height* (m) 1.56 +2.63 1.48 +7.39 1.52 +3.73
¥*=17.00 df = 16 p=0.386
BMI-for-age (kg/m?)
Underweight 2(22.2) 3(37.5) 5(29.4)
Normal 7(77.8) 5 (62.5) 12 (70.6)
At risk of overweight 0 0 0
Overweight 0 0 0
¥*=17.00 df = 16 p=0.386
Duration of thalassemia
(years) 0 1(12.5) 2 (11.8)
<5 0 2 (25.0) 1(5.9)
>-10 9 (100.0) 5 (62.5) 14 (82.4)
M::noof araton’ gears) 13.33+0.78 90.75+157  11.65+0.96
¥*=6.30 df =9 p=0.710
Other vitamin and mineral
use y 3(33.3) 4 (50.0) 7 (41.2)
Nes 6 (66.7) 4 (50.0) 10 (58.8)
0
X2= 0.49 df=1 p =0.486
'mean+SEM

n = number; df = degrees of freedom; y?= compare frequency between groups by Chi-square test;

kg = kilogram; m = meter; kg/m® = kilogram per metre square
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10 years. The results showed that 33.3% and 50.0% of the subjects in the vitamin E
and control groups respectively was taken other vitamin and mineral supplements

such as calcium and multivitamin.

4.2 Energy distribution and nutrient intakes of the subjects

Dietary intakes assessed by 3-day food records at week 0 and week 12 in
both groups were analyzed (Table 5). The results showed that energy distribution and
nutrient intakes of the subjects in the vitamin E and control groups at week 0 of the
study were not significantly different. It appeared that the subjects in both groups had
total caloric intake less than the recommendation of the dietary reference intake for
Thais 2003. The results showed that total energy intake and total fat intake did not
change noticeably throughout the study in both groups. In the vitamin E group, the
percentage of energy from protein at week 12 was significantly less than that at week
0 (12.68 £ 0.71 % at week 12 and 18.44 + 1.62 % at week 0, p = 0.036). At week 12,
the amount of carbohydrate consumption in the vitamin E group were significantly
greater than those at week 0 (245.60 + 10.44 g/day at week 12 and
170.34 + 18.98 g/day at week 0, p = 0.002). It was found that at week 12 of the study
the amount of total protein intake of the subjects in the vitamin E group were
significantly less than those in the control group (1.14 + 0.06 g/kg/day in the
vitamin E group and 1.82 + 0.20 g/kg/day in the control group , p = 0.012).
However, the amount of carbohydrate intake in the vitamin E group were

significantly greater than those in the control group (245.60 + 10.44 g/day in the

vitamin E group and 171.95 + 22.03 g/day in the control group, p = 0.007).



Table 5 Energy distribution and nutrient intakes of the subjects at baseline and week 12 of the study®

Nutrient intake

Vitamin E group (n=9)

Control group (n=8)

Recommended range’

Week 0 Week 12 Week 0 Week 12
Total energy intake
kcal/day 1334.67 +£149.33 1610.74 + 98.44 1432.18 + 126.46 1550.64 + 144.04 1600 - 1700
Total protein
kcal/day 246.09 £ 21.68 204.29 +11.37" 223.86 £ 16.03 278.66 £ 31.18
g/day 61.52 £ 5.42 51.07 +2.84" 55.96 £ 4.01 69.66 £ 7.79 40-41
g/kg/day 1.39+0.12 1.14 £ 0.06*" 1.48 +0.11 1.82+0.20 1.2
% of total energy 18.44 +1.62 12.68 £ 0.71*" 15.63+1.12 1797 +£2.01
Fat
kcal/day 405.41 £ 93.05 42719 £72.15 582.26 + 94.50 562.87 £82.74
g/day 45.05 + 10.34 47.47 +8.02 64.70 = 10.50 62.54 £ 9.19 -
% of total energy 30.38 £6.97 26.52 +4.48 40.66 = 6.60 36.30 £5.34
CHO
kcal/day 681.34 + 75.92 982.38 + 41.76*** 628.62 +111.34 687.82 £ 88.14
g/day 170.34 + 18.98 245.60 + 10.44*** 157.16 + 27.84 171.95 £ 22.03 -
% of total energy 51.05 +£5.69 60.99 + 2.597 43.89+7.77 44.36 + 5.68
Protein : Fat : CHO 20:28:52 13:25:62 16:41:43 20:36: 44

" mean + SEM

2 Recommended ranges were obtained from Dietary Reference Intake For Thais 2003, Bureau of Nutrition , Ministry of Public Health
* Significant difference from week 0 within group (p < 0.05)
TSignificant difference from the control group (p < 0.05) 1t Significant difference from the control group (p < 0.01)

n = number; kcal/day = kilocalories per day; g/d = gram per day; g/kg/day = gram per kilogram per day; CHO = carbohydrate

0€
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4.3 Anthropometric measurement of the subjects

Anthropometric parameters in this study included body weight, height,
BMI, TSF, MAC and MAMC. The results are shown in Table 6. There were no
significant differences in body weight, height, BMI, TSF, MAC and MAMC at
week 0 and week 12 between groups. The mean body weight of the subjects in the
vitamin E group was significantly increased from44.33 + 1.70 kg at week O to
44.90 + 1.66 kg at week 12 (p = 0.038). After 12 weeks of the study, the mean height

of the subjects in the control group increased from 1.48 + 7.39 m at week 0 to

1.49 +7.32 m at week 12 (p =0.001).

4.4 Complete blood count, serum vitamin E levels and plasma malondialdehyde
of the subjects

The results of CBC, serum vitamin E levels and plasma MDA are shown
in Table 7. There were no significant differences in hemoglobin (Hb), hematocrit
(Hct), red blood cell count (RBC), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), red cell distribution width (RDW), mean platelet volume (MPV) at week 0
and week 12 between groups. It was found that there was no significant difference in
serum vitamin E at week 0 between groups. However, at week 12, the serum vitamin
E levels significantly increased from 397.44 + 90.54 pg/dL at week 0 to 1318.24 +
185.99 pg/dL (p < 0.001) in the vitamin E group. Serum vitamin E levels in the
vitamin E group were significantly more than those in the control group (1318.224 +
185.99 pg/dL in the viamin E group and 444.90 + 80.95 pg/dL in the control group,

p=0.001).
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Table 6 Anthropometric of the subjects at week 0 and week 12 of the study*

Characteristics

Vitamin E group (n=9)

Control group (n=8)

Week 0 Week 12 Week 0 Week 12
Body weight (kg) 44.33+1.70 4490+1.66* 37.80+5.14 38.24+4.99
Height (m) 1.56 £ 2.63 1.56 £ 2.35 1.48 +£7.39 1.49 +7.32*
BMI (kg/mz) 18.13+0.57 18.25+0.58 16.52+1.10 16.48+1.00
TSF (mm) 1491+0.87 14.37+£1.03 9.81+0.98 10.06+1.01
MAC (cm) 22.37+051 22.33+£0.59 20.59+1.38 20.76 £1.36
MAMC (cm) 17.68+0.43 17.82+0.50 1751+1.26 17.61+1.24
! mean + SEM

* Significant difference from baseline within group (p < 0.05)
BMI = body mass index; TSF = triceps skinfold; MAC = mid-arm circumference;
MAMC = mid-arm muscle circumference; kg = kilogram; kg/m? = kilogram per metre square;

m = meter; cm = centimeter; mm = millimeter

At week 0 of the study, there was no significant difference in plasma MDA

of the subjects in both groups. However, after vitamin E supplementation for 12

weeks, there was a decrease in plasma MDA levels (28.06 + 2.94 pmol/l at

week 12 and 38.11 + 6.10 pmol/l at week 0, p = 0.027). Plasma MDA in the

vitamin E group were significantly less than those in the control group (28.06 + 2.94

KM in the vitamin E group and 63.57 £ 16.70 uM in the control group, p = 0.017).



Table 7 Hematological and biochemical parameters of the subjects at week 0 and week 12 of the study’

Vitamin E group(n=9)

Control group(n=8)

Parameters
Week 0 Week 12 Week 0 Week 12

Compl ete blood count
Hb (g/dL) 820 + 0.22 8.06 + 0.18 7.74 + 0.20 7.71 + 0.35
Hct (%) 27.58 + 0.94 2707 + 0.72 26.79 + 0.67 26.68 + 1.17
RBC (10°/mL?®) 454 + 0.27 437 + 0.23 3.87 + 0.20 391 + 0.22
MCV (fl) 61.68 + 2.54 62.89 + 2.88 70.53 + 4.23 69.94 + 4.25
MCH (pg) 18.37 + 0.87 18.68 + 0.74 2023 + 1.02 20.10 + 0.90
MCHC (g/dL) 29.77 + 0.64 29.80 + 0.64 28.79 + 051 28.95 + 0.69
RDW (%) 30.00 + 3.71 26.70 + 0.91 2524 + 101 2521 + 1.09
MPV (fl) 9.63 + 0.21 956 + 0.22 8.95 + 0.40 899 + 041
Serum vitamin E (pg/dL) 397.44 + 90.54 1318.24 + 185.99**'"  393.00 + 87.42 444.90 + 80.95
Plasma MDA (M) 38.11 + 6.10 28.06 + 2.94** 36.94 + 7.44 63.57 + 16.70

! mean + SEM

* Significant difference from baseline within group (p < 0.05), ** Significant difference from baseline within group (p < 0.01)
TSiginificant difference from the control group (p < 0.05), TtSiginificant difference from the control group (p < 0.01)

n = number; Hb = hemoglobin; Hct = hematocrit; RBC = red blood cell indicies; MCV = mean corpuscular volume; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin
concentration; RDW = red cell distribution width; MPV = mean platelet volume; 10¢/mL®= 1,000,000 per cubic meter; g/dL = gram/deciliter; fl = femtoliters; pg = picogram; pg/dL = microgram/

deciliter; uM = micromole/liter

€€
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4.5 Effect of vitamin E on ROS production in RBC
45.1 ROS production in RBC generated by H,0,

RBC was treated with H,O, at a concentration range of 0-360 mmol/I for 2
hours. The results showed that 2-hr H,0O, treatment significantly increased
intracellular dichlorofluorescein (DCF) fluorescence intensity as compared to non-
treated control (p = 0.003) (Figure 6). At week 0, the ROS production generated by
H,0, was in a concentration-dependent manner in both groups while at week 12, the
ROS production generated by H,O, was in a concentration-dependent manner only in
the vitamin E group. At week 0 and week 12 of the study, there was no significant
difference between the control and vitamin E groups in ROS production. There was
no significant difference in ROS production induced by H,0, at any concentration in
the vitamin E group between week 0 and week 12. However, at week 12, the ROS
production in response to 45 mM H,0, and 90 mM H,O; of the subjects in the control
group were significantly greater those at week 0 (p = 0.019 and p = 0.041,
respectively).

4.5.2 ROS production in RBC generated by AAPH

RBC was treated with AAPH at different concentrations (0-200 mM) for 2
hours. The results showed that 2-hr of AAPH treatment significantly increased
intracellular DCF intensity as compared to non-treated control (p = 0.032) (Figure 7).
At week 0 and week 12, the ROS production generated by AAPH was in
concentration-dependent manner in the control group while the results in the vitamin
E group did not display dose-dependent. At week 0 and week 12 of the study, there
was no significant difference in ROS production between the vitamin E group and the

control group. In the vitamin E group ROS production induced by AAPH at baseline
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was not significant different from that at week 12. However, it appeared that the ROS
production in response to 200 mM AAPH of the subjects in the control group at week

12 was significantly greater than that at week 0 (p = 0.027).

4.6 Effect of vitamin E on hemolysis of thalassemic erythrocytes
4.6.1 Hemolysis of RBC generated by H,0,

The hemolysis result of erythrocytes treated with H,O, is presented in
Figure 8. RBC was incubated at 37°C with H,0, at different concentrations (0-360
mM) for 2 hours. At week 0 and week 12 of the study, the percentage of hemolysis
progressively increased in a dose-dependent manner in both groups. There was no
significant difference between the vitamin E group and the control group in the
percentage of hemolysis at both time points of the study. After vitamin E
supplementation for 12 weeks, the percentage of hemolysis did not significantly differ
from baseline. On the other hand, at week 12, the percentages of hemolysis in the
control group was significantly greater than those at week 0 with 45 mM H,0,
(p=0.017)and 90 mM H,0, (p = 0.041).

4.6.2 Hemolysis of RBC generated by AAPH

The influence of vitamin E on erythrocyte hemolysis was examined by
incubating thalassemic erythrocytes in the presence of AAPH at different
concentrations (0-200 mM) for 2 hours (Figure 9). At week 0 and week 12 of the
study, the percentage of RBC hemolysis progressively increased in a dose-dependent
manner in both groups. There was no significant difference between the vitamin E
group and the control group in the percentage of hemolysis at both time points of the

study. At week 12, the percentages of hemolysis were significantly decreased as



% Hemolysis

45 -
40 -
35 -
30 -

20 -

0 10 20 45 90 180 360

Vitamin E group

Figure 8 Percentage of hemolysis in thalassemic erythrocytes induced by H,O,

* Significant difference from baseline within group (p < 0.05)

15 -
10 - .
Sl
0
0 10 20 45

Control group

90 180 360

[ ] weekO

B week 12

Concentration of H,0,
(mmol/T)

8¢



% Hemolysis

*

50

=
45
40

*
35
30

*

25 -
20
15
10
5 —
0

100 200

0 5 10 25 50

0

Vitamin E group

Figure 9 Percentage of hemolysis in thalassemic erythrocytes induced by AAPH

* Significant difference from baseline within group (p < 0.05)

*

FI Plj

Control group

100

200

[] weekO

B week 12

Concentration of AAPH
(mmol/l)

6€



40

compared to week 0 with 50 mM AAPH (p = 0.017), 100 mM AAPH (p = 0.001) and
200 mM. AAPH (p = 0.008) in the vitamin E group. However, the percentages of
hemolysis in the control group at week 12 were significantly increased as compared to

week 0 with 10 mM AAPH (p = 0.043) and 25 mM AAPH (p = 0.047).

4.7 Defense mechanism of vitamin E against ROS in RBC
4.7.1 Analysis of radical scavenging activity of vitamin E against O;”

RBC was pre-treated with 200 umol/l vitamin E and 1000 unit/ml catalase
for 30 minutes, and the fluorescence probe DCFH-DA (20 uM) was added. Then,
ROS generators, 10 uM DMNQ and 180 mM H,0O, were added to the pre-treated
RBC and incubated for 2 hours. The result showed that DCF fluorescent intensity
significantly increased in RBC treated with DMNQ and catalase when compared with
non-treated control (p < 0.001) (Figure 10). The DCF fluorescent intensity after
adding 200 pmol/I vitamin E was significantly decreased as compared to O," treated
control (p = 0.032).

4.7.2 Analysis of radical scavenging activity of vitamin E against H,O,

RBC was pre-treated with 1 mmol/l desferoxamine (DFO) for 30 minutes
followed by 180 mM H,0, for 2 hours. The result showed that DCF fluorescent
intensity significantly increased in RBC treated with DFO and and H,O, when
compared with non-treated control (p < 0.001) (Figure 11). The DCF fluorescent
intensity after DFO exposure was significantly decreased in the presence of vitamin E

(p=0.023).
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Figure 10 ROS scavenging activity of vitamin E against O,” in RBC

RBC was pre-treated with 200 umol/l vitamin E and 1000 unit/ml catalase for 30 min followed by 10
umol/l DMNQ and 180 mM H,0, at 37°C for 2 hr. Controls was untreated RBC. RBC was examined
using flow cytometry assay. (A) Bar graph, (B) Histogram chating the number of cells counted and the

fluorescent intensity of DCFH-DA. Results are presented as mean £ SEM (n = 11).

* p < 0.05, compared to non-treated control; *p < 0.05, compared to O," treated control
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Figure 11 ROS scavenging activity of vitamin E against H,O, in RBC

RBC was pre-treated with 200 umol/l vitamin E and 1 mmol/l desferoxamine (DFO) for 30 min
followed by 180 mM H,0, at 37°C for 2 hr. Controls were untreated RBC. RBC was examined using
flow cytometry assay. (A) Bar graph, (B)Histogram chating the number of cells counted and the

fluorescent intensity of DCFH-DA.Results are presented as mean + SEM (n=11).

* p < 0.05, compared to non-treated control; * p < 0.05, compared to H,O, treated control
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4.7.3 Analysis of radical scavenging activity of vitamin E against OH’

RBC was pre-treated with 200 umol/l vitamin E for 30 minutes followed
by 50 mM AAPH for 2 hours. The result showed that DCF fluorescent intensity
significantly increased in RBC treated with AAPH when compared with non-treated
control (p < 0.001) (Figure 12). The DCF fluorescent intensity after AAPH exposure

was significantly decreased in the presence of vitamin E (p = 0.031).

4.8 Compliance and adverse effects of vitamin E supplementation

In this study, two subjects had low compliance (consumed vitamin E less
than 80%)and were dropped out from the study. The remaining subjects could
complete the study without any problems. No adverse effect was found during the
intervention period. Compliance of the treatment was evaluated by calculation the
capsules of vitamin E supplement throughout the study. The average percentage of

compliance was 88.89 + 1.86.
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Figure 12 ROS scavenging activity of vitamin E against OH" in RBC

RBC was pre-treated with 200 pmol/l vitamin E for 30 min followed by 50 mM AAPH at 37°C for 2
hr. Controls were untreated RBC. RBC was examined using flow cytometry assay. (A) Bar graph, (B)
Histogram chating the number of cells counted and the fluorescent intensity of DCFH-DA.Results are

presented as mean £ SEM (n=11).

* p < 0.05, compared to non-treated control; * p < 0.05, compared to OH" treated control



CHAPTER YV

DISCUSSION

The present study investigated the effects of vitamin E supplementation
on anthropometry, CBC, serum vitamin E levels, lipid peroxidation, ROS production
and hemolysis in patients with thalassemia intermedia, who were not required high
transfusion at Pediatric Hematology Clinic, Siriraj Hospital. Furthermore,

antioxidative mechanism of vitamin E in RBC was also observed in this study.

5.1 Energy Distribution and Nutrient Intakes

In this study, the amount of dietary intake prior to the study in thalassemia
intermedia patients did not meet the Dietary Reference Intake for Thai (DRI). The
results were similar to those found by Tanphaichitr et al. (1995) that children with
thalassemia minor, intermedia and major had energy intake about 65% of amount
recommended. Thalassemia patients are prone to malnutrition due to reduced nutrient
absorption, increased nutrient losses, and increased nutrient turnover (Fung, 2010).
These conditions lead the patients to have increased requirements for certain nutrients.
However, Kooshki et al. (2010) found that energy and nutrient intake in thalassemia
minor children were within the normal range. The different results could be because
the severity of the disease in the patients in this study was higher than those in the
study by Kooshki et al. (2010).

At week 12 of the study, the amount of dietary intake tended to increase in
both groups. In the vitamin E group, the average amount of dietary intake achieved

the range of DRI for Thai. The amount of carbohydrate consumption was significantly
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increased in the vitamin E group after vitamin E supplementation. In this study, after
vitamin E supplementation, although the percentage of energy from protein was
significantly decreased, it was still in the recommended ranges. The decreased protein
intake after vitamin E supplementation may be caused by increased proportion of
carbohydrate intake, especially in children who like to eat snacks and sweets while the

proportion of fat intake was constant.

5.2 Effect of vitamin E supplementation on anthropometric parameters
The results in the present study showed that the average values of weight,
height and BMI-for-age in patients with thalassemia intermedia were within the
normal ranges. Only 30% of subjects were underweight. It is known that thalassemia
patients have problems of growth retardation, impaired immune function and reduced
bone mineral acquisition (Fung, 2010). Previous study by Saxena (2003) found that
thalassemia major patients had low rate of growth and BMI and had either delayed or
absent pubertal spurt. Similarly, Karamifar, Shahriari, and Amirhakimi (2002) who
studied the growth state in -thalassemia patients found that 64% of the patients were
below 2 standard deviation (SD) of the mean for normal height. Patients with -
thalassemia major, especially at the age of older than 10 years, are commonly
underweight (Asadi-Pooya and Karamifar, 2004). However, most of the subjects in
the present study appeared to have normal weight because they possibly were in less
severe condition.
In the present study, the mean body weight was significantly increased
after vitamin E supplementation for 12 weeks, but it showed no significantly
difference from the control group. The results from this study agreed with previous

study by Das et al. (2004) who investigated effect of vitamin E on the oxidative stress
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status in transfusion-dependant thalassemia patients aged 4-16 years. They found that
body weight of both EB- and p-thalassemic patients increased in the range of 3% to

20% after vitamin E treatment for 12 weeks.

5.3 Effect of vitamin E supplementation on hematological parameters

The hematological parameters in the present study included Hb, Hct,
RBC, MCV, MCH, MCHC, RDW, MPV. The results of this study showed that there
were no significant differences in hematological parameters at week 0 and week 12 in
both groups. Vitamin E showed no effect on these parameters. Suthutvoravut et al.
(1993) also indicated no significant change in Hct after 200 mg vitamin E
supplementation for 4-8 weeks in thalassemia children. In addition, Dissayabutra et al.
(2005) demonstrated that Hb did not change after 600 mg/d of vitamin E and 100 g/d
of vitamin C supplementation for 3 months in thalassemia major. Similarly,
Palasuwan et al. (2006) found that values for the Hb, Hct, MCV in hemoglobin E
carriers were not changed after daily consumption of 200 U vitamin E for 3 months.
Pfeifer et al. (2008) showed that vitamin E treatment for 3 months in thalassemia
intermedia patients did not modify levels of Hb and Hct. In contrast, Das et al. (2004)
revealed that the Hb level in B-thalassemic patients was significantly improved
(28.2% over untreated subjects) after 4 weeks of 10 mg/kg/d vitamin E treatment.
Likewise, Tesoriere et al. (2000) found that the RBC count and Hct in thalassemia
intermedia were increased after 600 mg/d vitamin E supplementation for 9 months.
The results from this study indicated that vitamin E was not capable of reducing
anemia in B-thalassemia intermidia. However, the findings still cannot be conclusive
because the dose of vitamin E supplementation and the period of treatment among the

studies were different.
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5.4 Effect of vitamin E supplementation on serum vitamin E levels

This study showed that the levels of serum vitamin E at week O in
thalassemia intermedia patients was lower than the normal range of healthy people
(758-1952 pg/dL). This supported the results of the previous study by Kassab-Chekir
et al. (2003) that vitamin E levels in serum of p-thalassemia patients decreased by
70%, compared to healthy children. Low level of vitamin E might be due to an
excessive iron fraction that generated lipid peroxidation process resulting from
oxidative stress (Nasr et al., 2002), and thus the body required higher amount of
antioxidant to scavenge these generated radicals. The requirement of vitamin E was
also increased for neutralization of free radicals on RBC membrane (Rachmilewitz et
al., 1979). Vitamin E deficiency manifests as a shortened half-life of erythrocytes,
which can progress to increased hemolysis.

This study showed that serum vitamin E was significantly increased after
vitamin E supplementation for 12 weeks whereas no change in serum vitamin E was
observed in the control group. The serum vitamin E levels after supplementation of
vitamin E was within the normal range of healthy people (758-1952 ug/dl). The
results were similar to those of previous studies. Rachmilewitz et al. (1979) found that
the patients with B-thalassemia major supplemented with high dose of vitamin E (750-
1000 1U/d) for 16 months showed a 4-fold increase in both serum and RBC vitamin E
levels. Supplementation with 200 mg of vitamin E (200 1U/d) in thalassemia children
who had vitamin E deficiency for 4-8 weeks showed increased plasma vitamin E
levels to reach the normal ranges (Suthutvoravut et al., 1993). Tesoriere et al. (2000)
also found that oral treatment with 600 mg/d vitamin E for 3 months tended to
normalize serum vitamin E levels in B-thalassemia intermedia patients. Unchern et al.

(2003) found that after supplementation of vitamin E (525 1U/d) for 32 months,
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plasma a-tocopherol concentrations were significantly increased. In addition,
Dissayabutra et al. (2005) found that after supplementation of vitamin C (100 g/d) and
vitamin E (400-600 mg/d), plasma vitamin C and vitamin E levels were significantly
increased even though they were still lower than the levels in normal population.
Thus, vitamin E supplementation could increase serum vitamin E levels and this may

help reduce the progression and complications of disease.

5.5 Effect of vitamin E supplementation on lipid peroxidation

Lipid peroxidation of erythrocytes is manifested by MDA production,
which caused cross-linking of membrane components, leading to increased RBC
membrane rigidity and decrease RBC deformability (Mahjoub et al., 2007). Lipid
peroxidation of cell membrane induced by cellular oxidative stress has been shown to
be a key event in damage of RBC in thalassemia patients (Kassab-Chekir et al., 2003).
Several studies demonstrated that the MDA levels were significantly increased in
thalassemia patients (Cappelliai et al., 2000; Chakraborty and Bhattacharyya, 2001;
Kassab-Chekir et al., 2003; Unchern et al., 2003; Simsek et al., 2005; Widad, Al-
Naama, and Hassan, 2006; Ghone et al., 2008). This study was thus investigated the
preventing property of 12-week vitamin E supplementation on RBC lipid
peroxidation.

The present study found that supplementation of 10 1U/kg/d of vitamin E
in thalassemia patients for 12 weeks produced significant decrease in MDA levels.
The result was consistent with previous study by Das et al. (2004) who found that
treatment of the thalassemia major patients with vitamin E (10 1U/kg/d) for a period
of 4 weeks remarkably reduced the level of lipid preoxidation in erythrocyte

membranes. Mahjoub et al. (2007) also found that lipid peroxidation rate was
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significantly reduced after treatment with 550 mg/d of vitamin E for 4 weeks.
Likewise, Pfeifer et al. (2008) revealed that supplementation of 400 IU of vitamin E
daily for 3 months in pB-thalassemia intermedia patients presented a significant
reduction in serum TBARs levels. Palasuwan et al. (2006) suggested that
consumption of vitamin E could help reduce the rate of cell-wall-lipid peroxidation.
However, vitamin E supplementation may not always affect lipid peroxidation.
George et al. (1993) evaluated the effect of vitamin E supplementation in Hb H
disease, and they found no change in MDA levels after supplementation with vitamin
E in the amount of 400 IU/day for 2 months. The different results may be explained
by the different duration and dose of vitamin E supplementation and severity of the
diseases. The present study indicated that 12 weeks of vitamin E supplemention at the
dose of 10 IU/kg/d was efficient in reducing MDA levels, and thereby protecting

lipids from peroxidation by free radicals in thalassemia intermedia patients.

5.6 Effect of vitamin E supplementation on ROS production in RBC

ROS play important roles in a variety of normal biochemical functions
and abnormal pathological processes. ROS contribute to the pathogenesis of several
hereditary disorders of RBC, including thalassaemia (Amer et al., 2003). Previous
study (Galanello and Origa, 2010) have demonstrated that excess hemoglobin chains
and consequent release heme, enhanced by an iron overload due to ineffective
erythropoiesis and RBC transfusion cause excessive levels of labile plasma iron,
which penetrates into the cells leading to generate ROS in erythrocytes. High ROS are
associated with severe thalassemia (Rachmilewitz et al., 2005; Ghone et al., 2008). It
is widely accepted that supplementation of antioxidant agents in combination with

conventional therapy would be beneficial to the reduce complication in thalassemia
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patients (Rund and Rachmilewitz, 2000). This study showed that supplementation of
vitamin E 10 1U/kg/d in patients with thalassemia intermedia for 12 weeks tended to
suppressed ROS generation in RBC in response to H,O, and AAPH. In contrast, ROS
levels were up-regulated after treatment with H,O, and AAPH in the control group.
The result was consistent with previous study by Pfeifer et al. (2008) who found that
after vitamin E administration (400 1U/d) for 3 months erythrocytic ROS were
significantly reduced.

The present study found that vitamin E supplementation in patients with
thalassemia intermedia for 12 weeks sustained RBC in response to oxidative stress
while the results in the control group showed significantly increased sensitivity in
response to H,O, induced oxidative stress after 12 weeks of the study. This indicated
that RBC tolerance to oxidative stress was reduced. At week 12 of the study,
maximum ROS generation in the control group occurred at 10 mM H,0, while in the
vitamin E group, the maximum ROS generation occurred at 180 mM H,0O,. The
results demonstrated that vitamin E may delay the progression of thalassemia. These
finding suggested that vitamin E treatment played a role in maintaining susceptibility
of RBC in response to oxidative stress and enhancing antioxidant property in the body
against oxidative stress, and may further prevent the decay of antioxidant property in

RBC due to the progression of thalassemia.

5.7 Effect of vitamin E supplementation on hemolysis
The depletion of antioxidant status and the increase of oxidative marker
(TBARS) create conditions of ROS in thalassemia patients, and consequent formation

of hemichromes leads to hemolysis of RBC (Kassab-Chekir et al., 2003; Sugawara et
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al., 2003). Lipid peroxidation as well as increase of cellular hydroxyl and related
radicals have been long shown to induce hemolysis (Brownlee et al., 1977).

In this study, the percentages of hemolysis were significantly decreased
when RBC were treated with 50, 100, 200 mM AAPH after vitamin E
supplementation for 12 weeks. This result further supported the benefit of vitamin E
supplementation that not only vitamin E was found to prolong RBC survival in the
thalassemia major patients (42.8%) after administration of vitamin E (750 to 1000
IU/d) for 12 months (Rachmilewitze et al., 1979), but also prevented hemolysis
caused by oxidative stress induced by AAPH radical in thalassemia intermedia
patients. In addition, Suthutvoravut et al. (1993) found that patients with hemoglobin
H disease had less degree of hemolysis after oral vitamin E supplementation in the
daily dose of 6-14 mg/kg. In other hemolysis model using osmotic pressure,
Palasuwan et al. (2006) evaluated the osmotic fragility of RBC in hemoglobin E
carrier and found that the osmotic fragility of RBC significantly increased after
vitamin E supplementation. The data revealed that the percentage of lysis of
thalassemic red cells was approaching that of normal cells after 3-month
administration of 200 IU of vitamin E. Vitamin E levels also showed positive
correlation to red cell survival (George et al., 1993). These results indicated protective
effect of vitamin E against oxidative damage to the RBC membrane and therefore

prolonging RBC lifespan.

5.8 Defense mechanism of vitamin E against ROS in RBC

In physiology and pathology, ROS namely O,", H,O, and OH" have
garnered the most attention and have been recognized as a main types of ROS playing

a role in variety of cellular behaviors. In normal physiologic condition, O," is
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believed to first form during the process of mitochondrial electron transport chain.
Then, O,” will be detoxified by SOD to H,0, (Vianello and Macri, 1991). The H,0,
can be converted to water by catalytic activity of catalase or gluthathione peroxidase
(Weydert and Cullen, 2010); however, in the presence of reduced transition metals,

this ROS will be transformed to highly toxic OH" (Anipsitakis and Dionysiou, 2004).

In order to clarify underlying mechanism of vitamin E in the protection of
RBC against oxidative stress, the specific ROS generation experiments using specific
ROS modulators namely catalase, DMNQ, H,O,, AAPH were performed. In the first
set of experiments, the effect of vitamin E in a-tocopherol form on O,", generated by
DMNQ (10 uM) together with 1000 U/ml catalase, was investigated. Pretreatment
with o-tocopherol (200 uM) was able to inhibit ROS-inducing effect of ROS
generator. This was similar to the previous studies (Lass and Sohal, 2000; Durant et
al., 2004) that suggested that the protective mechanisms of a-tocopherol involved its
ability to reduce O," levels and might constitute an important mechanism of
protective action of a-tocopherol in RBC. Csallany and Ha (1992) found that a-
tocopherol could react with O,” generated by the electrochemical reduction of
molecular oxygen. Likewise, Devaraj and Jialal (2000) found that a-tocopherol
supplementation (1,200 1U/d) for 3 months resulted in a significant reduction in O,”
release in patient with type 2 diabetic with and without macrovascular complication.

The effect of vitamin E in a-tocopherol form on H,O,-induced oxidative
stress was investigated. DFO was used to inhibit OH" production via the Fenton
reaction. ROS production significantly decreased after a-tocopherol treatment.
The result suggested that vitamin E had scavenging effect against H,O, in RBC. In
contrast, Osakada et al. (2003) found that co-application of «o-tocopherol

(0.1-100 pM) with H,O, for 24 h did not prevent H,O,-induced cytotoxicity.
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Yamaguchi et al. (2000) found that a-tocopherol had little effect on H,O,.
Importantly, this study reported herein for the first time that vitamin E may attenuate
H,0,-mediated damages since the results indicated that vitamin E could reduce ROS
formation in H,O,-treated erythrocytes.

Hydroxyl radical is a highly ROS and can readily attack biomolecules
such as DNA, proteins, amino acids and lipids, leading to diseases (Yu et al., 2001).
The effect of a-tocopherol on OH’ generated by AAPH was examined. AAPH is a
water soluble free radical generator that was used to imitate the in vivo condition of
oxidative stress (Lakshmi et al., 2005). When pretreated with a-tocopherol (200 uM),
ROS production in RBC progressively decreased, compared with OH" treated control.
a-tocopherol showed protection on erythrocytes against OH™-induced oxidative stress.
The result suggested that vitamin E had a scavenging effect against OH" in RBC. The
result supported the finding of Yu et al. (2001) that a-tocopherol was an excellent
OH’ scavenger. This study showed that vitamin E in the form of a-tocopherol could
inhibit ROS production including O," , H,O, and OH" in erythrocytes of patients with

thalassemia intermedia.



CHAPTER VI

CONCLUSION

This study investigated the effects of vitamin E supplementation on
anthropometric parameters, CBC, serum vitamin E levels, lipid peroxidation, ROS
production in RBC, hemolysis, and oxidative mechanism of vitamin E in RBC of
patients with thalassemia intermedia who were not aquired high transfusion at Siriraj
Hospital. There were 17 participants (8 males and 9 females) enrolled in this study. At
baseline (week 0) the measured parameters in both groups were not significantly
different. After supplementation of 10 1U/kg/d vitamin E for 12 weeks, the mean body
weight and serum vitamin E were significantly increased in the vitamin E group.
However, there were no significant changes in hematological parameters after vitamin
E supplementation. After 12 weeks of vitamin E supplementation, significant
reduction in lipid peroxidation and hemolysis were observed. ROS production tended
to decrease after vitamin E supplementation. No adverse effect was found during the
intervention period.

In conclusion, the present study provided solid information regarding
activity of vitamin E in attenuated ROS stress in RBC. Vitamin E supplementation for
12-week period was sufficient to reduced lipid peroxidation, and subsequently
suppressed hemolysis. Furthermore, the finding indicated the possible underlying
mechanism that vitamin E could suppress O,", H,O, and OH" in RBC. Together, these
finding positively support the benefit of using vitamin E supplementation in patients

with thalassemia.
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Recommendations for further study

1.

The sample size should be increased, and multicenter study should be conducted
to increase the number of thalassemia intermedia patients.

The future research should extend the time of the study to confirm the present
findings.

The control group may be supplemented with placebo to reduce bias of the study.
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Y
-YSnamssudlsemumne viedSinaanaslutendansenuiies score 6-7
3. 2IMImMaszuumaanenInAadnd (rauld, 01duw, euds, 1le1mns)
- lsifierms nSesiemuanites e weq score 1-2
a 9 ' o ¢ A A ad
- fi9m31ha 1an 2 Fla nieemsanauAEuATY score 3-5
- fomsyniunsetesinuuinnnd 2 e score 6-7
4. anuannsalumsdsznevdainsiszaiu
-1n@ wieanaudnilon uAlEuATY score 1-2
a o o s v A A ad
- Mdastseiriuanaudnidos wieanaunaudiuaty score 3-5
- Mdasdsziiuanaunnysedesuenuu@sinaen score 6-7
5. Wasting of subcutaneous fat (HoNgV guInluiiuuSrauvi/an nihen)
- lifinseiiiisudmion score 1-2
-1hunaniig ynusnm score 3-5
“ o .
-minnsegunsalunusnamsodiulng score 6-7
6. Wasting of muscle (Né o VIANAY)
- lifivSelifivudniios score 1-2
- 1hwnang ynusnm score 3-5
-minnsegunssluusnaviedin g score 6-7
7. Edema (UINUSN 191 A1)
- lifivSeliieudnilon score 1-2
-1hunang score 3-5
RN ERETITEN score 6-7
FANALUUY
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wamsiszifiv:  1-14 azuuu 1na, fannlseiudaiazade
15-35 AZUUY NaeIMsENTeedauna, aaauszdiunely 3 u
36-49 AZUUY AL GRVACEATITER W nyinianui
Weight loss score
simingeu vwiinfianas | dwiinflaaas | dwiindianas - viinfianas | dwiinfiaeas | dmiiniiana
fianaa (nn.) (nn.) (nn.) fianas (nn.) (nn.) (nn.)
(nn.) vimninanas yimiinanas minanas (nn.) vinanag vinanag yimiinanag
<5% 5-10 % >10 % <5% 5-10 % >10 %
34kg <1.70 1.70-3.40 >3.40 82 kg <4.10 4.10-8.20 >8.20
36 kg <1.80 1.80-3.60 >3.60 84 kg <4.20 4.20-8.40 >8.40
38 kg <1.90 1.90-3.80 >3.80 86 kg <4.30 4.30-8.60 >8.60
40 kg <2.00 2.00-4.00 >4.00 88 kg <4.40 4.40-8.80 >8.80
42kg <2.10 2.10-4.20 >4.20 90 kg <4.50 4.50-9.00 >9.00
44 kg <2.20 2.20-4.40 >4.40 92 kg <4.60 4.60-9.20 >9.20
46 kg <2.30 2.30-4.60 >4.60 94 kg <4.70 4.70-9.40 >9.40
48 kg <2.40 2.40-4.80 >4.80 96 kg <4.80 4.80-9.60 >9.60
50 kg <2.50 2.50-5.00 >5.00 98 kg <4.90 4.90-9.80 >9.80
52kg <2.60 2.60-5.20 >5.20 100 kg <5.00 5.00-10.00 >10.00
54 kg <2.70 2.70-5.40 >5.40 102 kg <5.10 5.10-10.20 >10.20
56 kg <2.80 2.80-5.60 >5.60 104 kg <5.20 5.20-10.40 >10.40
58 kg <2.90 2.90-5.80 >5.80 106 kg <5.30 5.30-10.60 >10.60
60 kg <3.00 3.00-6.00 >6.00 108 kg <5.40 5.40-10.80 >10.80
62 kg <3.10 3.10-6.20 >6.20 110 kg <5.50 5.50-11.00 >11.00
64 kg <3.20 3.20-6.40 >6.40 112 kg <5.60 5.60-11.20 >11.20
66 kg <3.30 3.30-6.60 >6.60 114 kg <5.70 5.70-11.40 >11.40
68 kg <3.40 3.40-6.80 >6.80 116 kg <5.80 5.80-11.60 >11.60
70 kg <3.50 3.50-7.00 >7.00 118 kg <5.90 5.90-11.80 >11.80
72kg <3.60 3.60-7.20 >7.20 120 kg <6.00 6.00-12.00 >12.00
74 kg <3.70 3.70-7.40 >7.40 122 kg <6.10 6.10-12.20 >12.20
76 kg <3.80 3.80-7.60 >7.60 124 kg <6.20 6.20-12.40 >12.40
78 kg <3.90 3.90-7.80 >7.80 126 kg <6.30 6.30-12.60 >12.60
80 kg <4.00 4.00-8.00 >8.00



(@3N 4)

RUATUAD MU VTOUD NN errereeeeerreennnnne

o

U

a
n

o

=
HNN

nuudsziunzlarinmslagmsaaaauveasiame

T
mniala
dlavin | dlendin
0 12

1. MArHIIaMe (body mass index; BMI)
[ﬁ”mﬁ’ﬂ (NN.)/ANUGR (1.)]
ﬁymﬂ"ﬂ (nN.)
ANUFI (W)
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2. msdszdivluihuiuazan (fat reserve)
4
ANuHINFU TuTuAUUVUATUNE (triceps skin fold)

(mm.)

3. M35Us213iu somatic protein
Mid- arm circumference; MAC (cm.)
Arm muscle circumference (MAMC) (cm.)

=(MAC) —(0.314 x triceps skin fold)
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(Informed Consent Form)
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Appendix E

Graph BMI-for-age and gender
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Body mass index for age (BMI-for-age) of girls 2-20 years
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Appendix F

Statistical analysis
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Statistical analysis

The statistics used in this study included Kolmogorov-Smirnov test for
normal distribution data. Significant difference of values between groups at week 0
was tested by independent t-test and at week 12 was tested by analysis of covariance
(ANCOVA). Paired t-test was used to test for significant difference between the
values at week 0 and week 12 within group, Chi-Square test for comparing frequency
of two groups and in each group.

The variables of this study included serum vitamin E, plasma MDA,
CBC, total energy, intakes of protein, carbohydrate fat and anthropometry. The level

of statistical significance was set at p<0.05.

Normal distribution test

One-sample Kolmogorov-Smirnov test was used to investigate whether
the variables were normally distributed. The data showed that p-value of some tested
variables were more than 0.05 (Table F-1). It suggested that parametric statistics

could be used to compare mean of variables in this study.



Table F-1 The normal distribution test of variables by Kolmogorov-Smirnov test
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Variables groups KS-value df p-value
Weight (kg) Vitamin E (before) 0.802 9 0.541
Vitamin E (after) 0.809 9 0.529
Control (before) 0.514 8 0.954
Control (after) 0.423 8 0.994
Height (m) Vitamin E (before) 0.702 9 0.708
Vitamin E (after) 0.608 9 0.854
Control (before) 0.566 8 0.905
Control (after) 0.579 8 0.890
BMI (kg/m?) Vitamin E (before) 0.813 9 0.523
Vitamin E (after) 1.036 9 0.233
Control (before) 1.240 8 0.092
Control (after) 0.980 8 0.292
TSF (mm) Vitamin E (before) 0.652 9 0.788
Vitamin E (after) 0.579 9 0.891
Control (before) 0.591 8 0.876
Control (after) 0.395 8 0.998
MAC (cm) Vitamin E (before) 0.737 9 0.650
Vitamin E (after) 0.721 9 0.677
Control (before) 0.646 8 0.799
Control (after) 0.704 8 0.704
MAMC (cm) Vitamin E (before) 0.439 9 0.990
Vitamin E (after) 0.860 9 0.451
Control (before) 0.529 8 0.943
Control (after) 0.481 8 0.975

KS-value = Kolmogorov-Smirnov value; BMI= body mass index; TSF= triceps skinfold; MAC= mid-

arm circumference; MAMC= mid-arm muscle circumference; kg= kilogram; m = meter; kg/m* =
kilogram per metre square; mm= millimeter; cm= centimeter

*data were not normally distributed (p<0.05)
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Table F-1 The normal distribution test of variables by Kolmogorov-Smirnov test

(continued)

Variables groups KS-value df p-value
Hb (g/dL) Vitamin E (before) 0.509 9 0.958
Vitamin E (after) 0.445 9 0.989
Control (before) 0.481 8 0.975
Control (after) 0.917 8 0.370
Hct (%) Vitamin E (before) 0.572 9 0.899
Vitamin E (after) 0.514 9 0.954
Control (before) 0.655 8 0.784
Control (after) 0.886 8 0.413
RBC (10°/mL?) Vitamin E (before) 0.436 9 0.991
Vitamin E (after) 0.802 9 0.541
Control (before) 0.381 8 0.999
Control (after) 0.597 8 0.868
MCV (fl) Vitamin E (before) 0.484 9 0.973
Vitamin E (after) 0.533 9 0.939
Control (before) 0.696 8 0.717
Control (after) 0.601 8 0.864
MCH (pg) Vitamin E (before) 0.637 9 0.812
Vitamin E (after) 0.527 9 0.944
Control (before) 0.537 8 0.935
Control (after) 0.707 8 0.699
MCHC (g/dL) Vitamin E (before) 0.497 9 0.966
Vitamin E (after) 0.487 9 0.972
Control (before) 0.675 8 0.753
Control (after) 0.673 8 0.756

KS-value = Kolmogorov-Smirnov value; Hb= hemoglobin; Hct= hematocrit; RBC= red blood cell
indicies; MCV= mean corpuscular volume; MCH= mean corpuscular haemoglobin; MCHC= mean
corpuscular haemoglobin concentration; 10%/mL3= 1,000,000 per cubic meter; g/dL= gram/deciliter;

fl= femtoliters; pg= pictogram

*data were not normally distributed (p<0.05)
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Table F-1 The normal distribution test of variables by Kolmogorov-Smirnov test

(continued)

Variables groups KS-value df p-value
RDW (%) Vitamin E (before) 1.167 9 0.131
Vitamin E (after) 0.631 9 0.821
Control (before) 0.811 8 0.527
Control (after) 0.921 8 0.364
MPV (fl) Vitamin E (before) 0.596 9 0.870
Vitamin E (after) 0.446 9 0.989
Control (before) 0.856 8 0.456
Control (after) 0.486 8 0.972
Serum vitamin E (ug/dL) Vitamin E (before) 0.871 9 0.434
Vitamin E (after) 0.553 9 0.920
Control (before) 0.708 8 0.698
Control (after) 0.728 8 0.664
Plasma MDA (LM) Vitamin E (before) 0.715 9 0.687
Vitamin E (after) 0.630 9 0.822
Control (before) 0.751 8 0.626
Control (after) 0.519 8 0.951
Total energy intake (kcal/day) Vitamin E (before) 0.540 9 0.932
Vitamin E (after) 0.475 9 0.978
Control (before) 0.762 8 0.607
Control (after) 0.567 8 0.905
Total protein (g/day) Vitamin E (before) 0.664 9 0.770
Vitamin E (after) 0.512 9 0.955
Control (before) 0.516 8 0.953
Control (after) 0.492 8 0.969

KS-value = Kolmogorov-Smirnov value; RDW= Red blood cell distribution width; MPV= Mean
platelet volume; fl= femtoliters; pg/dL= microgram/ deciliter; M= micromole/liter; kcal/day=
kilocalories per day; g/day= gram per day

*data were not normally distributed (p<0.05)
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Table F-1 The normal distribution test of variables by Kolmogorov-Smirnov test

(continued)

Variables groups KS-value df p-value
Total carbohydrate (g/day) Vitamin E (before) 0.565 9 0.907
Vitamin E (after) 0.968 9 0.306
Control (before) 0.587 8 0.881
Control (after) 0.443 8 0.990
Total fat (g/day) Vitamin E (before) 0.600 9 0.864
Vitamin E (after) 0.552 9 0.921
Control (before) 0.341 8 1.000
Control (after) 0.722 8 0.674
Total protein (kcal/day) Vitamin E (before) 0.664 9 0.770
Vitamin E (after) 0.512 9 0.955
Control (before) 0.516 8 0.953
Control (after) 0.492 8 0.969
Total protein (g/kg/day) Vitamin E (before) 0.669 9 0.763
Vitamin E (after) 0.533 9 0.939
Control (before) 0.499 8 0.965
Control (after) 0.488 8 0.971
% protein of total energy Vitamin E (before) 0.665 9 0.769
Vitamin E (after) 0.512 9 0.956
Control (before) 0.516 8 0.953
Control (after) 0.492 8 0.969
Total carbohydrate (kcal/day) Vitamin E (before) 0.565 9 0.907
Vitamin E (after) 0.968 9 0.306
Control (before) 0.587 8 0.881
Control (after) 0.443 8 0.990

KS-value = Kolmogorov-Smirnov value; pg/dL= microgram/ deciliter; M= micromole/liter:
kcal/day= kilocalories per day; g/day= gram per day; g/kg/day= gram per kilogram per day

*data were not normally distributed (p<0.05)
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Table F-1 The normal distribution test of variables by Kolmogorov-Smirnov test

(continued)

Variables groups KS-value df p-value

%carbohydrate of total

energy Vitamin E (before) 0.565 9 0.907
Vitamin E (after) 0.968 9 0.306
Control (before) 0.587 8 0.881
Control (after) 0.443 8 0.989
Total fat (kcal/day) Vitamin E (before) 0.600 9 0.864
Vitamin E (after) 0.552 9 0.921
Control (before) 0.341 8 1.000
Control (after) 0.722 8 0.674
% fat of total energy Vitamin E (before) 0.600 9 0.864
Vitamin E (after) 0.552 9 0.921
Control (before) 0.341 8 1.000
Control (after) 0.722 8 0.674

KS-value = Kolmogorov-Smirnov value; kcal/day= kilocalories per day

*data were not normally distributed (p<0.05)
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