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The effects of beta-carotene and vitamin E on erythrocytes lipid peroxidation

in beta-thalassemia patients
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Abstract

BACKGROUND: Thalassemia is the most common hereditary disease in the world. Thalassemic erythrocytes are exposed
to higher oxidative stress and lipid peroxidation. The aim of this study was to investigate the effects of beta-carotene
and vitamin E on erythrocytes lipid peroxidation in beta-thalassemia patients.

METHODS: A prospective double-blind, placebo-controlled study of the effect of beta-carotene and vitamin E on lipid
peroxidation in erythrocytes membranes was performed on 120 beta-thalassemia major patients in four groups. The
patients were supplemented for 4 weeks as follows: group 1 with beta-carotene (13 mg/day), group 2 with vitamin E
(550 mg/day), group 3 with beta-carotene plus vitamin E and group 4 with placebo. We prepared all capsules for 4
groups in the same shape and color. Measurements of serum beta-carotene and vitamin E were performed by high per-
formance liquid chromatography. After preparation of ghost cells from blood specimens, malondialdehyde (MDA) was
determined as index of lipid peroxidation in erythrocytes membranes before and after treatment.

RESULTS: The levels of serum beta-carotene and vitamin E were significantly lower and MDA concentrations in eryth-
rocytes membranes were significantly higher in beta-thalassemia patients compared to controls (P<0.001). In groups
that treated with vitamin supplements for 4-weeks, lipid peroxidation rates were significantly reduced after treatment
(P<0.001), but in placebo group there was not significant difference (P>0.05).

CONCLUSIONS: Our findings provide evidence that an oral treatment with beta-carotene and vitamin E can significantly
reduce lipid peroxidation of erythrocytes membranes and could be useful in management of beta-thalassemia major
patients.
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halassemia is the most common heredi-
tary disease in the world and is a para-
digm of monogenic genetic diseases 1.
Thalassemia major is the severe form of the
disease, presenting with transfusion depend-
ent anemia, generally in the first year of life 2.
The abnormalities of erythrocytes of thalas-
semia result from the accumulation of the

unmatched normal globin chains that are pre-
sent in excess 3. It is generally assumed that the
excess of unpaired globin chains coalesce to
form Heinz bodies which in turn induce exten-
sive membrane damage. The Heinz bodies
tend to precipitate in the cell and associate
with various components of erythrocyte mem-
brane. Eventually, they disintegrate to heme
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and globin moieties, loading the erythrocyte
membrane with denatured globin chains, heme
and iron 45. Thalassemic erythrocytes are ex-
posed to higher oxidative stress and a possible
consequential accelerated apoptosis contribut-
ing to shortened life span, as a result of excess
production of reactive oxygen intermediates
within the erythrocytes ¢8. In addition,
malondialdehyde (MDA), a product of lipid
peroxidation, is generated in excess amounts in
thalassemia, supporting the fact that large
amounts of membrane bound iron are present
in thalassemic erythrocytes. MDA is a bifunc-
tional reagent and has been reported to
crosslink several cell constituents including
membrane components %10, A cross-linked
erythrocyte membrane is expected to be rigid
and this could probably explain why the rigid-
ity of thalassemic erythrocyte deformability is
a major determinant of anemia in thalassemia
1112, Very low and sometimes undetectable lev-
els of serum vitamin E have been found in -
thalassemic major also known as Cooley’s
anemia 314, Low serum vitamin E levels have
been found in several conditions associated
with chronic steatorrhea, such as cystic fibrosis
15, but this does not seem to be the case in tha-
lassemia where there is no evidence in favor of
malabsorption and particularly in lipid malab-
sorption as shown by the normal levels of f-
carotene in the presence of severe vitamin E
deficiency ¢ and by normal absorption of
triglycerides, retinol, glucose and D-xylose 17.
Alternatively, and in view of the data indicat-
ing lipid membrane peroxidation in red blood
cells of patients with p-thalassemia major, it
has been postulated that the low serum vita-
min E levels may be due to a secondary con-
sumption of the antioxidant consequent to the
membrane oxidation rather than a primary
cause in its metabolism and absorption 1617,
The ultimate conclusion of these observations
justified a therapeutic trial with vitamin E and
B-carotene in patients with p-thalassemia ma-
jor, aiming at neutralizing the deleterious oxi-
dative damage of the red blood cells (RBC)
membrane and eventual beneficial effects on
RBC survival, the severity of the anemia and
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the transfusion requirements 1821, The present
report describes the results of such a therapeu-
tic trial with its effects on erythrocytes lipid
peroxidation in patients with p-thalassemia

major.

Methods

Materials: Trichloroacetic acid (TCA), thiobar-
bituric acid (TBA), hydrochloric acid (HCL),
reagents of high performance liquid chroma-
tography (HPLC) grade as methanol, ethanol,
hexane, acetonitrile, tetrahydrofuran, diethyl
ether were purchased from Merk Company,
Darmstadt, Germany; o-tocopherol standard
and 1,1,3,3-tetraethoxypropane from Sigma
Chemical Company, St Louis, MO, USA. (-
carotene was purchased from Fluka Company.
Other reagents used were of analytical grade.

Subjects and clinical samples: A prospective
double-blind, placebo-controlled study of the
effects of vitamin E and beta-carotene on lipid
peroxidation in erythrocytes membranes was
performed on 120 beta-thalassemia patients.
Present study was conducted in Thalassemia
Center of Children Amirkola Hospital and De-
partments of Biochemistry and Pharmacology
in Babol University of Medical Sciences, Babol,
Iran. All patients were recruited, with in-
formed consent and have been previously
characterized for beta globin gene mutations.
They were divided into 4 groups (matched
with age and gender, n = 30). Nutritional ques-
tionnaire was filled out for each patient. Pa-
tients were treated for 4 weeks as follows:
group 1 with beta carotene (13 mg/day), group
2 with vitamin E (550 mg/day), group 3 with
beta-carotene plus vitamin E and group 4 with
placebo. We prepared 4 kinds of capsules for 4
groups in the same shape and color. Blood
from patients was collected just before the
transfusion in two different tubes (EDTA and
without anticoagulant). After supplement
therapy for 4 weeks, blood was taken on 29th
day of the experiment. Control population in-
volved 30 healthy individuals age and gender
matched with the patients population. Serum
was separated after clotting by centrifugation
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at 1000 x g for 10 minutes and plasma was
prepared by centrifugation of the blood sample
at 3000 x g for 15 minutes at 4°C. After separa-
tion of the buffy coat, the packed RBCs were
washed 4 times with isotonic saline solution at
pH7.0.

Preparation of erythrocyte ghost membranes:
Hb-free erythrocyte membrane preparation
was prepared according to the method of Ar-
duini et al. 2. The washed erythrocytes were
subjected to hypotonic lysis in 40 volumes of 5
mM sodium phosphate buffer (PH = 8.0) and
centrifuged at 6000 x g for 20 minutes at 4°C in
a refrigerated centrifuge. The supernatant was
discarded and pellet was washed at least five
times in the same buffer until a colorless pellet
was obtained. The erythrocyte ghosts were
suspended in the same buffer and stored at -20°
C for future use.

Measurement of beta-carotene and vitamin E
by HPLC: Beta-carotene and vitamin E were
measured by HPLC as described by Driskell et
al. with some modifications 2. The HPLC sys-
tem consisted of a 20 pl injection loop, an iso-
cratic pomp, an ultraviolet-visible spectropho-
tometric detector (730D) and a C18 reversed-
phase column Novapak C18, 3.9 x 150 mm, 4
pm from Waters Company, USA. The mobile
phase consisted of methanol/acetonitrile/
tetrahydrofuran (50: 45: 5v/v/v) at a flow rate
of 1.5 ml/minute.

Measurement of lipid peroxidation: The level
of thiobarbituric acid reactive substance
(TBRAS) was measured as an index of lipid
peroxidation in the erythrocytes using the
method of Buege and Aust 2¢. Two ml of TBA-
TCA-HCL reagent was added to 1 ml of a 20%
suspension of washed erythrocytes. The mix-
ture was boiled in a boiling water-bath for 15
minutes. After cooling and centrifugation at
1000 x g for 10 minutes, the absorbance of the
supernatant was determined at 532 nm using
UV/VIS spectrophotometer (Jenway 6505,
UK). A blank control consisting of 1 ml of sa-
line and 2 ml of TBA-TCA-HCL reagent was
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always carried out and any absorbance due to
reagents was subtracted from the correspond-
ing experimental sample. The standard curve
was prepared using serial concentrations of
1,1,3,3-tetraethoxypropane (Sigma, St. Louis,
MO, USA). The malondialdehyde-
thiobarbituric acid (MDA-TBA) adduct was
shown at 532 nm and quantified by reference
to a standard curve of 1, 1, 3, 3-
tetraethoxypropane, submitted to the TBA col-
orimetric procedure 5.

Statistical analysis: All results are expressed
as mean * standard deviation (SD). Compari-
son between controls and thalassemia patients
was performed by student's t-test. Paired stu-
dent t-test was used for determination of the
level of significance before and after treatment
in B-thalassemia patients groups. The criterion
for significance was P<0.05.

Results

Some demographic data of patients with f-
thalassemia major and controls are listed in
table 1. The level of vitamin E in serum of -
thalassemia major patients was significantly
lower compared to controls (420.83 + 169.71 vs.
1203.5 + 422.56 pg/dl) (P<0.001). Also, serum
B-carotene level in B-thalassemia major pa-
tients was lower compared to control group
(1770 = 12.64 vs. 3513 = 13.95 pg/dl)
(P<0.001). However, the mean MDA concen-
tration in erythrocytes membranes of p-
thalassemia major patients was significantly
higher compared to controls (0.50 + 0.15 vs.
0.17 £ 0.11 nmol/ml) (P<0.001). Table 2 shows
the effects of supplement therapy on lipid per-
oxidation of erythrocytes membranes in (-
thalassemia major patients. The mean
malondialdehyde concentration in erythro-
cytes membranes of the patients that treated
with vitamin supplements for 4 weeks, showed
a significant decrease when compared to the
mean MDA concentration before treatment
(P<0.001). Decrease of erythrocyte lipid per-
oxidation in group 3 that treated with p-
carotene plus vitamin E was more than that in
groups 1 and 2. There was not any significant
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Table 1. Demographic data of  -thalassemia major patients groups and controls.

Controls ™ o . ™ o . TM (Placebo)
(n=30) (P -carotene) (vitamin E) (B -carotene + vitamin (n=30)
(n=30) (n=30) E) (n=30)
g‘l’r}ﬁ 16 13 16 13
Mean age 14 17 14 17
(yearsz;g 19.71 17.79 17.82 18.48 19.20

TM: B-thalassemia major patients

Table 2. Effects of B-carotene and vitamin E treatment on the erythrocytes lipid peroxidation in
B-thalassemia major patients groups.

Patients groups

Erythrocyte lipid peroxidation (nmol MDA/ml)

After P value
Before treatment 4-week treatment
1. TM (B-carotene) (n = 30) 0.38+0.10 0.32+0.09 P<0.001
2. TM (vitamin E) (n=30) 0.34 +£0.09 0.25+0.09 P<0.001
3. TM (B -carotene + vitamin E)(n = 30) 0.38+0.09 0.23£0.08 P<0.001
0.40+0.12 0.37+0.10 P>0.05

4. TM (Placebo) (n = 30)

TM: B-thalassemia major patients. Results are expressed as mean + SD; P<0.05 was considered significant.

difference in the mean MDA concentration be-
fore and after treatment in the placebo group

(P>0.05).

Discussion

In the present study, treatment of the pB-
thalassemia major patients with p-carotene and
vitamin E for a period of 4 weeks significantly
reduced malondialdehyde concentration as an
index of lipid peroxidation in erythrocytes
membranes. Previous studies have demon-
strated a variety of morphological, biochemi-
cal, and metabolic disturbances of the thalas-
semic red cell with shortened life span 142627,
There is extensive evidence of in vivo oxidative
damage as well as enhanced sensitivity to ex-
ogenous oxidant stress in red cells of [-
thalassemia 2¢. It has been postulated that the
biochemical and metabolic changes of [3-
thalassemic red blood cells (RBCs) are associ-
ated with a constant oxidative stress within the
cells caused by precipitation of excess alpha-
globin chains, iron decompartmentalization
and release of free iron 56826, Normal erythro-
cytes are also exposed to continuous oxidative

stress but they generally show little evidence
of a cumulative oxidant-mediated damage due
to very effective enzymatic as well as non-
enzymatic antioxidant defense systems di-
rected against a collage of oxidants 2. The
normal erythrocyte has been shown to have a
reducing capacity which 250 times is greater
than its oxidizing potential 2. We observed
higher amounts of MDA in erythrocytes mem-
branes of transfusion-dependent B-thalassemia
major patients compared to controls. This find-
ing confirms the report of Giardini et al. about
concentration of MDA in RBC of p-thalassemia
patients 3. Malondialdehyde, which results
from oxidation of polyunsaturated fatty acids
(PUFAs), is also present in high amounts in
organs of the reticuloendothelial system (RES)
of thalassemic patients 31. MDA is known to
cause cross-linking of membrane components,
thus increasing RBC membrane rigidity and
decreasing RBC deformability 32%. Lipid per-
oxidation plays an important role in RBC re-
moval by the RES. It has been shown to alter
membrane phospholipids asymmetry, an im-
portant determinant of RBC recognition by
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macrophages 334, Furthermore, RBCs treated
in vitro with abnormal lipid distribution were
phagocytosed 4 times more readily than con-
trol RBCs %. In our study, the levels of (-
carotene and vitamin E in serum of pB-
thalassemia major were significantly lower
compared to control groups. Vitamin E is con-
sidered as pathophysiologically important de-
terminant of antioxidative protection 3. In fact,
vitamin E is the most effective lipid soluble
antioxidant present in our cells ¥. Vitamin E
deficiency in p-thalassemia major patients is
due to its increased consumption as a result of
the oxidative stress 1727. Simsek et al. found
significant difference in serum vitamin E level
between [-thalassemia major and control
groups %. Kassab-Chekir et al. demonstrated
that vitamin E level in serum of p-thalassemia
patients decreased by 70%. However, they did
not find any significant difference concerning
serum vitamin A between the patients and
control groups ¥. We observed significant re-
duction in MDA concentration of erythrocytes
membranes in beta-thalassemia patients after
treating with vitamin supplements for 4 weeks.
This result is in agreement with Das et al.
study 2! that found significant decrease con-
cerning lipid peroxidation in erythrocytes
membranes of thalassemia patients after
treatment with vitamin E. However, they did
not use a therapeutic trial with p-carotene for
thalassemic patients and subjects of each group
were less than 10. In a different study, an oral
treatment with vitamin E of [-thalassemia in-
termedia patients not requiring chronic trans-
fusional therapy, improved the antioxi-
dant/oxidant balance in plasma, LDL particles
and also did counteract lipid peroxidation
processes in erythrocytes 1°. However, the dose
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of vitamin E employed for that study was con-
siderably higher and the period of treatment
longer compared to our study. We demon-
strated that in group 3 treated with [-carotene
plus vitamin E, reduction of MDA concentra-
tion was more than that in the two other
groups (1 and 2) that treated with -carotene
or vitamin E alone. This may be due to syner-
gistic effects. Presence of vitamin E and lipid
soluble antioxidants in suitable amounts in the
RBC membranes and their synergistic interac-
tions, guarantee membrane structural integrity
3940, Dissayabutra et al. found that supplement
therapy with vitamin C plus vitamin E has
more benefits compared with vitamin E alone
concerning promoting antioxidant status in
beta-thalassemia patients 41. In conclusion, we
believe that thalassemic RBCs, suffer from per-
oxidation damage to their membrane lipids as
it can be shown by increased MDA levels and
low levels of vitamin E. The described changes
might contribute to the premature aging of
these RBCs by generating “Senescent - cell an-
tigen”, which will ultimately lead to their re-
moval from the circulation. The present study
compared the lipid peroxidation status in
erythrocytes membranes of normal subjects
and P-thalassemic patients. Further, this work
also provided evidence for the ability of the
lipophilic antioxidants p-carotene and vitamin
E to protect the ailing erythrocytes of the trans-
fusion-dependent thalassemic patients from
lipid peroxidation.

Acknowledgment

The authors thank Dr Jila Masrour, Miss Zaker
Abbasi and Miss Shabani for their excellent
assistance.

1. Weatherall DJ, Clegg JB. Thalassemia--a global public health problem. Nat Med 1996, 2: 847-849.
2. Rund D, Rachmilewitz E. New trends in the treatment of beta-thalassemia. Crit Rev Oncol Hematol 2000, 33:

105-118.

3. Advani R, Sorenson S, Shinar E, Lande W, Rachmilewitz E, Schrier SL. Characterization and comparison of the
red blood cell membrane damage in severe human alpha- and beta-thalassemia. Blood 1992, 79: 1058-1063.

Journal of Research in Medical Sciences November & December 2007; Vol 12, No 6. 305

WWW.mui.ac.ir


http://www.mui.ac.ir

Beta-carotene and vitamin E in beta-thalassemia patients Mabhjoub et al

4. Schrier SL, Rachmilewitz E, Mohandas N. Cellular and membrane properties of alpha and beta thalassemic
erythrocytes are different: implication for differences in clinical manifestations. Blood 1989, 74: 2194-2202.

5. Hershko C, Link G, Cabantchik I. Pathophysiology of iron overload. Ann N Y Acad Sci 1998, 850: 191-201.

6. Altamentova SM, Marva E, Shaklai N. Oxidative interaction of unpaired hemoglobin chains with lipids and pro-
teins: a key for modified serum lipoproteins in thalassemia. Arch Biochem Biophys 1997, 345: 39-46.

7. Lang KS, Roll B, Myssina S, Schittenhelm M, Scheel-Walter HG, Kanz L et al. Enhanced erythrocyte apoptosis in
sickle cell anemia, thalassemia and glucose-6-phosphate dehydrogenase deficiency. Cell Physiol Biochem 2002,
12: 365-372.

8. Grinberg LN, Rachmilewitz EA, Kitrossky N, Chevion M. Hydroxyl radical generation in beta-thalassemic red
blood cells. Free Radic Biol Med 1995, 18: 611-615.

9. Cighetti G, Duca L, Bortone L, Sala S, Nava I, Fiorelli G et al. Oxidative status and malondialdehyde in beta-
thalassaemia patients. Eur J Clin Invest 2002, 32 Suppl 1: 55-60.

10. Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean P. Plasma malondialdehyde as biomarker for
oxidative stress: reference interval and effects of life-style factors. Clin Chem 1997, 43: 1209-1214.

11. Miniero R, Canducci E, Ghigo D, Saracco P, Vullo C. Vitamin E in beta-thalassemia. Acta Vitaminol Enzymol
1982, 4: 21-25.

12. Dondorp AM, Chotivanich KT, Fucharoen S, Silamut K, Vreeken J, Kager PA ef al. Red cell deformability,
splenic function and anaemia in thalassaemia. Br J Haematol 1999, 105: 505-508.

13. Zannos-Mariolea L, Tzortzatou F, Dendaki-Svolaki K, Katerellos C, Kavallari M, Matsaniotis N. Serum vitamin E
levels with beta-thalassaemia major: preliminary report. Br J Haematol 1974, 26: 193-199.

14. Rachmilewitz EA, Shifter A, Kahane I. Vitamin E deficiency in beta-thalassemia major: changes in hemato-
logical and biochemical parameters after a therapeutic trial with alpha-tocopherol. A4m J Clin Nutr 1979, 32:
1850-1858.

15. Farrell PM, Bieri JG, Fratantoni JF, Wood RE, di Sant'Agnese PA. The occurrence and effects of human vitamin
E deficiency. A study in patients with cystic fibrosis. J Clin Invest 1977, 60: 233-241.

16. Rachmilewitz EA, Shohet SB, Lubin BH. Lipid membrane peroxidation in beta-thalassemia major. Blood 1976,
47:495-505.

17. Zannos-Mariolea L, Papagregoriou-Theodoridou M, Costantzas N, Matsaniotis N. Relationship between toco-
pherols and serum lipid levels in children with beta-thalassemia major. Am J Clin Nutr 1978, 31: 259-263.

18. Rachmilewitz EA, Kornberg A, Acker M. Vitamin E deficiency due to increased consumption in beta-
thalassemia and in Gaucher's disease. Ann N Y Acad Sci 1982, 393: 336-347.

19. Tesoriere L, D'Arpa D, Butera D, Allegra M, Renda D, Maggio A et al. Oral supplements of vitamin E improve
measures of oxidative stress in plasma and reduce oxidative damage to LDL and erythrocytes in beta-
thalassemia intermedia patients. Free Radic Res 2001, 34: 529-540.

20. Dhawan V, Kumar K, Marwaha RK, Ganguly NK. Antioxidant status in children with homozygous thalassemia.
Indian Pediatr 2005, 42: 1141-1145.

21. Das N, Das CT, Chattopadhyay A, Datta AG. Attenuation of oxidative stress-induced changes in thalassemic
erythrocytes by vitamin E. Po! J Pharmacol 2004, 56: 85-96.

22. Arduini A, Storto S, Belfiglio M, Scurti R, Mancinelli G, Federici G. Mechanism of spectrin degradation induced
by phenylhydrazine in intact human erythrocytes. Biochim Biophys Acta 1989, 979: 1-6.

23. Driskell WJ, Neese JW, Bryant CC, Bashor MM. Measurement of vitamin A and vitamin E in human serum by
high-performance liquid chromatography. J Chromatogr 1982, 231: 439-444.

24. Buege JA, Aust SD. Microsomal lipid peroxidation. Methods Enzymol 1978, 52: 302-310.

25. Livrea MA, Tesoriere L, Pintaudi AM, Calabrese A, Maggio A, Freisleben HJ et al. Oxidative stress and antioxi-
dant status in beta-thalassemia major: iron overload and depletion of lipid-soluble antioxidants. Blood 1996,
88:3608-3614.

26. Kattamis C, Kattamis AC. Oxidative stress disturbances in erythrocytes of beta-thalassemia. Pediatr Hemato!
Oncol 2001, 18: 85-88.

27. Simsek F, Ozturk G, Kemahli S, Erbas D, Hasanoglu A. Oxidant and antioxidant status in beta thalassemia ma-
jor patients. Ankara universitesi Tip Fakultesi Mecmuasi 58, 34-38. 2005.

28. Halliwell B, Gutteridge JM. Role of free radicals and catalytic metal ions in human disease: an overview.
Methods Enzymol 1990, 186: 1-85.

29. Scott MD, Eaton JW, Kuypers FA, Chiu DT, Lubin BH. Enhancement of erythrocyte superoxide dismutase ac-
tivity: effects on cellular oxidant defense. Blood 1989, 74: 2542-2549.

30. Giardini O, Cantani A, Donfrancesco A, Martino F, Mannarino O, D'Eufemia P et a/. Biochemical and clinical
effects of vitamin E administration in homozygous beta-thalassemia. Acta Vitaminol Enzymol 1985, 7: 55-60.

31. Heys AD, Dormandy TL. Lipid peroxidation in iron-overloaded spleens. Clin Sci (Lond) 1981, 60: 295-301.

306 Journal of Research in Medical Sciences November & December 2007; Vol 12, No 6.

WWW.Mmui.ac.ir


http://www.mui.ac.ir

Beta-carotene and vitamin E in beta-thalassemia patients Mabhjoub et al

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pfafferott C, Meiselman HJ, Hochstein P. The effect of malonyldialdehyde on erythrocyte deformability. Blood
1982, 59: 12-15.

Jain SK, Mohandas N, Clark MR, Shohet SB. The effect of malonyldialdehyde, a product of lipid peroxidation,
on the deformability, dehydration and 51Cr-survival of erythrocytes. Br J Haematol 1983, 53: 247-255.

Jain SK. In vivo externalization of phosphatidylserine and phosphatidylethanolamine in the membrane bi-
layer and hypercoagulability by the lipid peroxidation of erythrocytes in rats. J Clin Invest 1985, 76: 281-286.
McEvoy L, Williamson P, Schlegel RA. Membrane phospholipid asymmetry as a determinant of erythrocyte
recognition by macrophages. Proc Natl Acad Sci U S' 4 1986, 83: 3311-3315.

Esterbauer H, Dieber-Rotheneder M, Striegl G, Waeg G. Role of vitamin E in preventing the oxidation of low-
density lipoprotein. Am J Clin Nutr 1991, 53: 314S-321S.

Pryor WA. Vitamin E and heart disease: basic science to clinical intervention trials. Free Radic Biol Med 2000,
28: 141-164.

Kassab-Chekir A, Laradi S, Ferchichi S, Haj KA, Feki M, Amri F ef al. Oxidant, antioxidant status and meta-
bolic data in patients with beta-thalassemia. Clin Chim Acta 2003, 338: 79-86.

Tesoriere L, Bongiorno A, Re R, Livrea MA. Reciprocal protective effects of all-trans retinol and alpha-
tocopherol during lipid peroxidation in retinal membranes. Biochem Mol Biol Int 1995, 37: 1-7.

Tesoriere L, Bongiorno A, Pintaudi AM, D'Anna R, D'Arpa D, Livrea MA. Synergistic interactions between vi-
tamin A and vitamin E against lipid peroxidation in phosphatidylcholine liposomes. Arch Biochem Biophys
1996, 326: 57-63.

Dissayabutra T, Tosukhowong P, Seksan P. The benefits of vitamin C and vitamin E in children with beta-
thalassemia with high oxidative stress. J Med Assoc Thai 2005, 88 Suppl 4: S317-S321.

Journal of Research in Medical Sciences November & December 2007; Vol 12, No 6. 307

WWW.mui.ac.ir


http://www.mui.ac.ir

