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Abstract

In the present study, an attempt is carried out to estimate the degree of iron

overload in thalassemia major patients in addition to the measurement of lipid
peroxidation end product, malondialdehyde (MDA), and protein end product, total
carbonyl. The level of these compounds will indicate the risk of tissue damage caused
by oxidative stress and iron overload in thalassemia patients.
One hundred and eighteen Arabic Iragi patients with major thalassemia were
participated in the present study. Their age range was 4-12 years old. Thirty
apparently healthy children were selected as control group.Serum levels of iron and
total Iron Binding Capacity (TIBC) were measured spectrophotometrically while
unsaturated iron-binding capacity (UIBC), estimated total iron body stores (ETIBS),
transferrrin saturation percentage (TS%) and transferrin concentration were calculated
mathematically. Serum ferritin, MDA, and total carbonyl were measured using ELISA
technique.

The results showed significant increase (p<0.05) in all iron indices of thalassemic

patients in comparing with healthy control group except TIBC, UIBC, and transferrin
concentrations, which decreased significantly (p<0.05) in those patients in comparing
with control group. Serum total carbonyl and MDA are increased significantly in
thalassemia patients as compared with control group.
It can be concluded that Iraqi thalassemic patients are at high risk for iron overload
and iron-induced toxicities. Protein carbonyls and MDA are elevated in those patients.
These patients are prone to tissue injury caused by oxidative stress. There is no
statistically significant correlation noticed between each serum MDA and total
carbonyl with every component of iron status. The mechanism of action of iron in the
body is differ from that of the oxidation products of proteins and lipids (total carbonyl
and MDA, respectively).
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Introduction:

Thalassemia in Iraq is a real problem due mainly to the deficiency in the
equipments and drugs during different periods of wars and lack of security. Out of
1064 couples recruited from the Public Health Laboratory in Basra, southern Iraq,
about 5% had beta-thalassemia trait and the carriers of major beta-globin disorders
comprised 11.48% ©. In Najaf Governorate (about 1.2 million people in 2010), till
July 2010 there are (503) patients' files who are still treating in the "Thalassemia
Unit" at AL-Zahra'a Teaching Hospital. Thalassemia major can result in severe
complications and even death due to absence of hemoglobin A synthesis and the
patients are more dependent on transfusion of blood ®.Iron metabolism disorders are
common in the human including both iron deficiency anemia and excessive iron storage. Iron
is essential for oxidation-reduction catalysis and bioenergetics, but unless appropriately
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shielded, iron plays a key role in the formation of toxic oxygen radicals that can attack all
biological molecules. Hence, specialized molecules for the acquisition, transport (transferrin),
and storage (ferritin) of iron in a soluble nontoxic form have evolved ®Reactive oxygen
species (ROS) degrade polyunsaturated lipids, forming malondialdehyde that mainly
exists in the enol form . This compound is one of the many reactive electrophile
species that cause toxic stress in cells and form covalent protein adducts which are
referred to as advanced lipoxidation end products ©. Protein oxidation is defined as
the covalent modification of a protein induced either directly by ROS or indirectly by
reaction with secondary byproducts of oxidative stress. Reactive carbonyl compound
such as aldehydes and dicarbonyls, including hydroxyalkenals, glyoxal and
methylglyoxal, exhibit a large panel of biological properties. These aldehydes react on
cellular and tissular proteins to form adducts advanced lipid peroxidation end product
that induce protein dysfunctions and alter cellular responses ©. In the present study, the
iron status was estimated in thalassemic patients and compared with control group. The
second aim is to study the possible dependent of MDA and total carbonyl levels on the
concentration of iron status parameters in blood transfusion dependent thalassemic patients
were examined.

Subjects and Methods

A-Patients: One hundred and eighteen Arabic Iragi patients with pB-thalassemia
major were participated in the present study. Their age range was 4-12 years old.
These patients were registered as p-thalassemic major patients in "Thallassemia Unit"
at "AL-Zahra'a Teaching Hospital” in Najaf city, Irag. The diagnosis was established
by clinical symptoms, hematological, and hemoglobin high-pressure liquid
chromatography (HPLC) analysis. Hemoglobin HPLC were done using
(VARIANT™ B-Thalassemia Short Program) HPLC instrument. All these patients
were on blood transfusion as a part of their treatment regimen. Serum C-reactive
protein (CRP) is negative in all samples (CRP<6mg/L). A normal C-reactive protein
can be used to exclude elevated ferritin caused by acute phase reactions . The
present study excluded the patients with apparent diabetes mellitus, infection and
inflammation, heart diseases, and patients from non-Arabic ethnic group.

B-Controls: Thirty apparently healthy children were selected as a control group.
Their age ranges were comparable to that of patients. None of these subjects was
anemic or has an obvious systemic disease.

Measurements: Blood samples were collected from individuals in the morning
in plain tubes and the serum separated by centrifugation after clotting. Serum levels of
iron were estimated using Ferrozine colorimetric method ©, total Iron Binding
Capacity (TIBC) were estimated colorimetrically by the following procedure @: An
excess of iron is added to the serum to saturate the transferrin. The unbound iron is
precipitated with basic magnesium carbonate. After centrifugation, the iron in the
supernatant was determined.Unsaturated iron-binding capacity (UIBC), the amount of
protein (apotransferrin) still available to bind iron, can be estimated from the formula:
UIBC=TIBC — Serum iron.

The ferritin quantitative kit based on a solid phase enzyme-linked
immunosorbent assay (ELISA) was supplied by Monobind® Inc. USA. The assay
system utilizes one rabbit anti-ferritin antibody for solid phase (microtitre wells)
immobilization and a mouse monoclonal anti-ferritin antibody in the antibody-enzyme
horseradish peroxidase (HRP) conjugate solution.
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Estimated Total Iron Body Stores (ETIBS) were calculated using the

following formula “?:

ETIBS (in pmol) = (serum ferritin in pg/L) * 143
(;I;)ransferrrin saturation percentage (TS%) was calculated from the following equation
TS%=(Serum Iron/TIBC)*100%
Transferrin concentration was calculated using the following formula
Transferrin Conc. (g/L) =S.lron (umol/L)/ (TS%*3.98)

The formula is based on the maximal binding of 2 mol Fe**/mol of transferrin and a
molecular weight of 79,570gm/mol for transferrin 2.

Total carbonyl levels were measured using CellBiolabs® Protein Carbonyl
ELISA Kit. Briefly, bovine serum albumin (BSA) standards or protein samples are
adsorbed onto a 96-well plate for two hrs at 37°C. The protein carbonyls present in the
sample or standard are derivatized with dinitrophenylhydrazine (DNPH) to DNP-
hydrazon and probed with anti-DNP antibody, followed by an HRP conjugated
secondary antibody. The protein carbonyl content in unknown sample is determined
by comparing with a standard curve that is prepared from predetermined reduced and
oxidized BSA standard ¥,

CellBiolabs® MDA Adduct ELISA Kit was used to measure MDA level. It is
an enzyme immunoassay for detection and quantization of MDA-protein adducts. The
quantity of MDA adduct in protein samples is determined by comparing its
absorbance with that of a known MDA-BSA standard curve. BSA standard or protein
samples are adsorbed onto a 96-well plate for 2 hours at 37°C. The MDA-protein
adducts present in the sample or standard are probed with an anti-MDA antibody,
followed by an HRP conjugated secondary antibody. The MDA protein adducts in an
unknown sample is determined by comparing with a standard curve that is prepared
from predetermined MDA-BSA standard 4.

(12).

Biostatistical analysis:- The results were expressed as (meanzstandard
deviation). Pooled t-test was used for the comparison between the patients and control
groups in the measured parameters. Correlation coefficient (r) values were calculated
using Microsoft Excell® 2007 program.

Results and Discussion:

The results of iron indices in thalassemic patients and control group are
presented in Table (1). There is a significant increase (p<0.05) in all iron indices of
thalassemic patients in comparing with healthy control group except TIBC, UIBC,
and transferrin concentrations, which decrease in those patients in comparing with
control group. The results also showed that total carbonyl and MDA level were
significantly increased (p<0.05) in thalassemic patients in comparing with healthy
control group.

The results of iron indices in thalassemic patients indicated a state of iron
overload. In iron overload state, the iron which is initially stored as ferritin, is
deposited in organs as haemosiderin and this is toxic to tissue, probably at least
partially by inducing oxidative stress ‘*. Most humans prevent iron overload solely
by regulating iron absorption. Those who cannot regulate absorption well enough get
disorders of iron overload. In these diseases, the toxicity of iron starts overwhelming
the body's ability to bind and store it. Patients with thalassemia major accumulate
body iron over time as a consequence of continuous red blood cell transfusions which
cause hepatic, endocrine, and cardiac complications ® . The hemolytic anemia in
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thalassema, caused by unstable hemoglobin variants and the heme iron released from
the hemolysis, has been more consistently associated with increased risk of coronary
heart diseases and cardiovascular mortality ‘%9 Furthermore, the increase in ferritin
in thalassemic patients may be due to acute malnourishment that accompanied with
anemia of thalassemic patients (). The other potential cause for hyperferritinemia in
thalassemic patients includes the fact that these patients suffer from anoxia due to low
hemoglobin level in their blood. Ferritin concentration has been shown to increase in
response to stresses such as anoxia ®°. Others have found increased production of
ferritin mediated by several cytokines, mainly interleukin IL-1, IL-6 and TNFa (1)

The results of MDA in thalassemia patients showed a significant increase
(p<0.05) by 1.3-fold relative to control group (Table (1)). In comparing with Walter et
al (2006) study Y, MDA was significantly increased 1.8-fold in thalassemic patients
relative to controls indicating an increase in the superoxidation of lipids that due to
increase oxidative stress in thalassemia. Meerang et al (2009) ?? found that iron
overload in thalassemia patients can stimulate lipid peroxidation.Free extracellular
iron and intracellular iron species that have been identified in thalassemic blood cells
are responsible for generation of oxidative stress through reaction with hydrogen
peroxide to form the deleterious hydroxyl radical that damages cellular
macromolecules, @ by catalyzing formation of oxygen radicals over the antioxidant
capacity of the cell. Consequently, there is a rationale for iron chelation to eliminate
the free-iron species, which in this respect, act like antioxidants ¢¥.

The correlation coefficient values (r) for iron indices parameters with each
MDA and total carbonyl level were presented in Table (2). The results showed slight
dependence of MDA and total carbonyl on iron indices parameters in thalassemic
patients extracted from low values for r-value.

Although increase serum iron is well known to affect the oxidative stress
compounds in the body, there is no direct association in the literature between serum
iron parameters with MDA and total carbonyl. In one research, it's found that, the
strongest predictors of elevated MDA in thalassemia patients were liver iron
concentration ¥ which required a special type of MRI techniques. Hence, the
estimation of liver iron is more important than serum iron in estimation of the effect
of iron status increase on MDA level.Biomarkers of oxidative damage are increased in
thalassaemia ©®. In spite of the iron overload in thalassemia disease, oxidants
originate from sources other than the iron loaded tissues. For example, in -
thalassaemia the excess unpaired o-haemoglobin chains denature and autoxidise,
contributing to increased oxidants, ineffective erythropoiesis, haemolysis and
shortened erythrocyte survival ®®. Malondialdehyde, a product of lipid peroxidation
and protein carbonglls, representing oxidation of the circulating proteins, are elevated
in thalassaemia "9,

Concerning duration of chronic transfusion, elevated MDA is probably a real-
time marker of oxidative injury ® and indicative of current liver iron concentration.
Duration of chronic transfusion correlates better with cumulative tissue injury ©9.
Walter et al (2006) Y suggested that this may explain why duration of transfusion is
not a predictor of MDA in multivariate analysis. Furthermore, plasma MDA may be
increased in thalassaemia because of peroxidation of tissues that leak MDA into the
plasma. Parallel to alanine transferase enzyme, plasma MDA may also rise partly as a
result of possible liver lipid peroxidation and leakage into the plasma. It is an
attractive suggestion that MDA may leak from the liver because of its strong
correlation to liver iron concentration in multivariate analysis V.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mehralizadeh%20S%22%5BAuthor%5D
http://en.wikipedia.org/wiki/Malnutrition
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meerang%20M%22%5BAuthor%5D
http://www.pnas.org/cgi/content/full/94/20/10919?ijkey=ac04d90c2c3b15ddf73a59fa6b2091c3e91f4d42#B2

References:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hassan MK, Taha JY, Al-Naama LM, Widad NM, Jasim SN. Frequency of
haemoglobinopathies and glucose-6-phosphate dehydrogenase deficiency in
basra. F.East Mediterr HealthJ.2003;9(1-2):45-54.

Cunningham MJ. Update on thalassemia: clinical care and complications.
Pediatr Clin North Am. 2008;55(2):447-60.

Ponka P. Recent advances in cellular iron metabolism.Article first published
online: 2003, J. Trace Elem. Exp. Med. 2003;16:201-217,.

Nair, C. L. O'Neil, P. G. Wang “Malondialdehyde” Encyclopedia of Reagents
for Organic Synthesis, 2008, John Wiley & Sons, New York. Article Online
Posting Date: 2008.

Farmer EE, Davoine C. "Reactive electrophile species”. Curr. Opin. Plant
Biol. 2007;10 (4): 380-6.

Petersen DR, Doorn JA. Reactions of 4-hydroxynonenal with proteins and
cellular targets. Free Radic Biol Med. 2004; 37: 937-945.

Kennedy A, Kohn M, Lammi A, Clarke S. "Iron status and haematological
changes in adolescent female inpatients with anorexia nervosa”. J Paediatr
Child Health. 2004; 40 (8): 430-2.

Artiss, J.D., Vinogradov, S., Zak, B., Spectrophotometric Study of Several
Sensitive Reagents for Serum Iron, Clin. Biochem. 1981; 14, 311-315.
International Committee for Standardization in Hematology. The measurement
of total and unsaturated iron binding capacity in serum. Br. J. Haematol. 1978;
38:281-290, 291-4 .

Rayssiguier, Y., Mbega, J.D., Durlach, V., Gueux, E., Durlach, J., Giry, J., et
al (1991): Mg and blood pressure. I. Animal studies. VIth International Mg
Symposium abstracts, Indore.

Freeman V. and Arneson W., Hemoglobin Production, Disorders, and
Testing. p:185. In: Anderson W. and Brickell J. "Clinical Chemistry: A
Laboratory Prospective™” (2007) Daves Co. , USA.

Morgan EH. Transferrin. Haeberli A eds. Human protein data 1992 VCH
Weinheim.

Reznick AZ, Packer L. Oxidative damage to proteins: Spectrophotometric
method for carbonyl assay. Methods Enzymol. 1994; 233: 357-363.

Yagi,K. Free Radicals andAntioxidant Protocols. 1998;108:101-106.
Shizukuda Y, Bolan C, Nguyen T, Botello G, Tripodi D, Yau Y, et al.
Oxidative stress in asymptomatic subjects with hereditary hemochromatosis.
Am J Hematol. 2007, 82 (3): 249-50

Lekawanvijit S., & Chattipakorn N. Iron overload thalassemic
cardiomyopathy: Iron status assessment and mechanisms of mechanical and
electrical disturbance due to iron toxicity._ Can J Cardiol. 2009; 25(4): 213-
218.

Galanello R, Agus A, Campus S, Danjou F, Giardina PJ, Grady
RW.Combined iron chelation therapy. Ann N Y Acad Sci. 2010;1202:79-86.
Bernstein A., Sun Q, Hu F., Stampfer J., Manson E., Willett W. Major Dietary
Protein Sources and Risk of Coronary Heart Disease in Women._Circulation.
2010;122:876-83.

Noori NM, Mehralizadeh S. Echocardiographic evaluation of systolic and
diastolic heart function in patients suffering from beta-thalassemia major aged



file:///C:/sites/entrez
file:///C:/sites/entrez
file:///C:/sites/entrez
file:///C:/sites/entrez
file:///C:/sites/entrez
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cunningham%20MJ%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Pediatr%20Clin%20North%20Am.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lekawanvijit%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chattipakorn%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Galanello%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Agus%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Campus%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Danjou%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giardina%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grady%20RW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grady%20RW%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Ann%20N%20Y%20Acad%20Sci.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Noori%20NM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mehralizadeh%20S%22%5BAuthor%5D

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

5-10 years at the Zahedan Research Center for Children and Adolescent
Health. Anadolu Kardiyol Derg. 2010; 10(2):150-3.

Larade, K.; Storey, K. B. Accumulation and translation of ferritin heavy chain
transcripts following anoxia exposure in a marine invertebrate. J of
Experimental Biology. 2004; 207 (Pt 8): 1353.

Walter B., Fung E., Killilea W., Jiang Q., Hudes M., Madden J., et al.
Oxidative stress and inflammation in iron-overloaded patients with B-
thalassaemia or sickle cell disease. Br J Haematol. 2006; 135(2): 254—-263.
Meerang M, Nair J, Sirankapracha P, Thephinlap C, Srichairatanakool S, Arab
K, et al. Accumulation of lipid peroxidation-derived DNA lesions in iron-
overloaded thalassemic mouse livers: comparison with levels in the
lymphocytes of thalassemia patients. Int J Cancer. 2009; 15;125(4):759-66.
Halliwell B, Gutteridge JMC: Role of free radicals and catalyticmetal ions in
human disease: An overview, in Packer L, GlazerAN (eds): Methods in
Enzymology, vol 186. San Diego, CA, Academic,1990, p 1

Fibach E, Rachmilewitz EA.The role of antioxidants and iron chelators in the
treatment of oxidative stress in thalassemia. Ann N Y Acad Sci.
2010;1202:10-6

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

Scott MD, van den Berg JJ, Repka T, Rouyer-Fessard P, Hebbel RP, Beuzard
Y, Lubin BH. Effect of excess alpha-hemoglobin chains on cellular and
membrane oxidation in model beta-thalassemic erythrocytes. J of Clin.
Invest.1993;91:1706-1712.

Shalev O, Repka T, Goldfarb A, Grinberg L, Abrahamov A, Olivieri NF,
Rachmilewitz EA, Hebbel RP. Deferiprone (L1) chelates pathologic iron
deposits from membranes of intact thalassemic and sickle red blood cells both
in vitro and in vivo. Blood. 1995;86:2008-2013

Cighetti G, Duca L, Bortone L, Sala S, Nava I, Fiorelli G, Cappellini MD.
Oxidative status and malondialdehyde in beta-thalassaemia patients. Euro. J
Clin. Invest. 2002;32:55-60

Kadiiska MB, Gladen BC, Baird DD, Germolec D, Graham LB, Parker CE, et
al. Biomarkers of oxidative stress study Il: are oxidation products of lipids,
proteins, and DNA markers of CCIl4 poisoning? Free Rad Biol Med.
2005;38:698-710

Vichinsky EP, Buetensky E, Fung E, Hudes M, Theil E, Ferrell L, Williams R,
Louie L, Lee P, Harmatz P. A review comparing organ dysfunction in
transfused patients with SCD or B thalassemia. Am. J. Hemat. 2005;80:70-74.

paall Gl pria Lagdle 5 gDl o ya die ailgaalyhas llall 5 S i g KU s

PN (&Ltsum RPN

Bl oc (pra (@ 8

bS] anda slall 4,1S48 (SI) Anals -3l 2l
el andoa slal) AL 28 oSU) Anals - peall de WIS s 3 o 13 I E-
mail:headm2010@yahoo.com

Ladall

s ALYl 508l LDl i pe alosad 8 dpasdl 30l ) Ay ypaatl A glace oy el Al all 228 8
(S Ui g S i 5 pal) 320805 (MDA bl A ¢ sila) o saall 508y diled) il i) S 55 il


javascript:AL_get(this,%20'jour',%20'Anadolu%20Kardiyol%20Derg.');
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17010049
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meerang%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nair%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sirankapracha%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thephinlap%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Srichairatanakool%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arab%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arab%20K%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Int%20J%20Cancer.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fibach%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rachmilewitz%20EA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Ann%20N%20Y%20Acad%20Sci.');
mailto:headm2010@yahoo.com

gl e gy o) Aaal) Qald (o el Adlaial ) i ) sall 038 (5 sie O Cum adll i
A8l sadl) e ol aaall 5€ 5

o slaet 2 g 535 oyl il el 3008l LapusDl oam e (e Apilal 5 Aie A jall o288 & i
Bk de genaS Lala Ladld (o 890 & jid) L ddbayl 4w 12-4 opu

o3 Lain Agislll dpddall (8,0l alasiuly (TIBC) 4aSl aaally Lol V) das g saall 58 55 uld o5
Cedall S 3asll 5550 ((UIBC) el e 2paal ol p¥) dass slualy 5 A3Y) Jsall e S Class
5 MDA 5 Giall 5S1 5 Gl &3 o il A 38 55 ((TS%) Geided] Al gl s ((ETIBS)
) paall & jise 8 (P<0.05) Lsine Lol ) gl < yedal ) 300V s Juadl) (& SN Jaig S
Lalissl @yelal iy UIBCs TIBCs cnotas) 5l 38155 lac 5kl de senay 40 jlia aia sl
e Lapdill (pam e die Jlef il K g Sy MDA 38155 of WS (p<0.05) Lsina
Jucia) Lagaal ¢l all LiaausSE oaim ya o il o3 (g liEY) (e, (p<0.05) bkasdl de saney
e Adle 380 5 aga) (F LS agalual (8 saaldl Ja s e Al Abia) sl Cllae ) G peill Jle
35 Y LS Al 3adll (pe Al dail) Al (pua jra (o sall oY 38 o) SN Jii s IV s MDA
COUAL Al ey i) anSll 5aal) JIYs we sl @ pate 3815 Gy da g dilasl dBe
el Jala Gl el o8 Jae 5 (oS5 LSS

Lrasns YU S (s g 5S0- gl AU () glle - clalS) il



