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Abstract

Background and aim: B-thalassemia major is an autosomal recessive disease
that leads to a severe hemolytic anemia in early infancy. Study of the oxidative stress
in sera and saliva of homozygous B-thalassemia major patients is the aim of the
present study.

Materials and methods: Serum and saliva specimens were collected from 91
males, 51 cases were B-thalassemia major patients, aged 11 to 26 years (mean=
15.275 + 4.4501 years) and 40 were age- and gender-matched healthy controls.

Results: The results for the serum specimen showed a highly significant
decrease (P<0.001) in total antioxidant status (TAS), and a highly significant increase
(P<0.001) in ferric reducing capacity (FRC), total oxidant status (TOS), and oxidative
index (OSI) in all studied patients compared with that of control group. While in
saliva specimen, a non-significant decrease (P>0.05) in TAS with a non-significant
increase (P>0.05) in FRC while a significant increase (P<0.05) in both TOS and OSI
in the patients compared with that of control group.

Conclusion: The following can be concluded based on the results of the
current study: the measured oxidative stress in Iragi thalassemia patients due to the
increase in FRC and the decrease in TAS. Furthermore, saliva can be used as an
alternative fluid instead of serum for measurement of FRC in B-thalassemia major
patients.

Key words

Thalassemia, oxidative stress, ferric reducing capacity, total oxidant status, total
antioxidant status

93



Iraqi National Journal of Chemistry 2018; 18 (2)

-

LAl

s o B2l Sasl aall 38 I g3 (adie (Sl 0e 58 a8 L Dll-Uy tcaagl) g dadlal)
A oSN Ll Uy a3l Glalll ) Jlaa) (8 ganslll sleal) 4 ) () 5 Sl 4 saball
:\.m\).ﬂ\ 0da e g_Q.J@J\

LeasnsDlill am je (e Alls 0) €5 ¢S (e 4 (e lalll g Jumall il wen a3 3kl 5 3 sall
Gl £y (R £.800) £ 10 YV = Laugia) daw YT )Y O ab sleed 208 0l oSl
Aaiall dpsial) 5 4y janl) maall Loy guall

(TAS) 328Y) Cilabiaal 3 Alall & (P <0.001) Lisine Laalias) Juadl) die il < jelal sl
Hi3as ((TOS) Al 50u8Y) Alls 5 ((FRC) ehiaall 401 552 508 & (P <0.001) 4 sina b5
Lo A Ly aSadll de gane ae 40 )lhe agiul 50 Gl Gl (aajall aaa 8 (OS]) gauslill agal)
834 L FRC 8 (P> 0.05) Zusina e 3305 aa TAS (& (P> 0.05) ssime e paliadl cilalll
3okl de geane Gl ae 45 )l (oam el 3 OS5 TOS e IS (B (P <0.05) 4 sine

LoapnsDUl am ya 8 (bl Sl agall (Al Al ) il e 2l L Lo (adlaiu) (e - 4adlal)
s JI lalll aladiiaad (K celld e 50 TAS & aliaiVl s FRC (8 83030 cans () all
SN LB paim e (A FRC (bl diaall (0 Yoy

;‘u\-ﬂ\ LAPNLS

52SY) Clalimal 2SN AN IS 50SY) Al cclyyaall A0 51 5508 (sanSl dgall (Lasdt

94



Iraqi National Journal of Chemistry 2018; 18 (2)

Introduction

Thalassemia is a group of inherited hemoglobin disorders characterized by
reduced synthesis of one or more of the globin chains leading to imbalanced globin
synthesis which is the major factor in determining the severity of the disease in the
thalassemia syndromes. Beta-thalassemia results from a defect in beta globulin chain
production and ranges from clinically silent heterogeneous thalassemia minor to
severe transfusion-dependent thalassemia major (Karim et al., 2016).

B-thalassemia major is an autosomal recessive disease that leads to a severe
hemolytic anemia in early infancy (Ghone et al., 2008). Depletion or impaired
synthesis of B-globin chain can result in an imbalanced production of globin chains
towards higher production of a-chain, which converts hemoglobin from a normal
oxygen transporting function into toxic inclusion bodies, causing peripheral
erythrocyte hemolysis (Bazvand et al., 2008).

Oxidative stress has been reported to play an important role in many diseases
such as renal diseases, cancer, cardiovascular failure, infections, neurological
diseases, and non-alcoholic fatty liver disease etc. (Phumala et al., 2003; Hasan and
Mahmoud., 2017). This condition results from overproduction of different free
radicals and deficiency of antioxidant defense system and causes damage of different
biomolecules, such as DNA, lipids, and proteins. And this activates different
damaging processes in the cells including oxidation of cell surface component of the
erythrocytes in patients with B-thalassemia major (Pavlova et al., 2007). Pavlova et
al, and Ghone et al, measured a significant increase in the levels of lipid peroxide and
a significant decrease in levels of total antioxidant capacity and vitamin E in Bulgaria
patients with p-thalassemia major (Pavlova et al., 2007; Ghone et al., 2008).

The main cause of death in patients with thalassemia major is reported to due
to the iron overload (Taher et al., 2009). In order to reduce the effect of iron
overload, iron chelating therapy such as deferasirox has been used to treat patients
with a various of haemoglobinopathies including thalassemia. This type of the therapy
has been reported to reduce cardiac and hepatic iron levels (Fragomeno et al., 2015).

The aim of the present work: Is study of the oxidative stress status in sera and saliva
of Iragi patients with homozygous f3-thalassemia major

Materials and Methods
Patients and healthy controls

This study included, 51 cases B-thalassemia major (males), aged 11 to 26 years
(mean 15.275 + 4.4501 vyears) attending Hereditary Hematology Center in
Maysan/lraq with 40 age- and gender-matched healthy controls. After diagnosis, all
patients received approximately 350 to 500 ml of packed red blood cells (at 3 to 4-
week intervals), and all were on iron chelation therapy using deferasirox (25-45 mg
Kg™ day™) and folic acid tablet (Img/day).
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Exclusion criteria

Patients and controls individuals who were thalassemia minors and had
history of blood transfusion, anemia, liver disease, or active inflammatory conditions.
Cushing's disease, acromegaly, chronic pancreatitis, pancreatactomy, chronic renal
failure, malignancies and chronic, or acute inflammatory disease, as well as those
patients who were taking drugs, lipid lowering therapy, history of smoking, or alcohol
drinking were excluded. The study protocol conforms to the ethical guidelines,
endorsed by the College of Science, University of Baghdad ethics committee.

Methods
Collection of samples

Sera and saliva samples were collected in plain tubes from thalassemia
patients’ samples before the next blood transfusion session. Blood and unstimulated
saliva samples were taken from the individuals of all groups after overnight fasting
and the participants were asked to rinse their mouth with saline before collecting the
saliva samples. The saliva samples were centrifuged at (2400xg) for 10 minutes, then
the supernatant was kept frozen to be used for the desired measurements. At the same
time, 10 mL of blood were withdrawn from the same individual in serum tube then
centrifuged at (3000 x g) for 5 minutes. The sera samples were collected and kept
frozen to be used for the determinations of the different studied parameters.

Determination of total oxidant status (TOS)
Total oxidant status was measured as described by Erel (Erel., 2005).
Determination of total antioxidant status (TAS)

Total antioxidant status was determined according to the method described by
Erel (Erel., 2004).

Calculation of oxidative stress index (OSI)

Oxidative stress index (OSI) in serum and saliva samples was calculated by
using the following equation:

OSI =TOS (mmol H,0, Eq./L)/ TAS (mmol glutathione Eq./L)

Determination of ferric reducing capacity (FRC)

This method was accomplished as described by Benzie and Strain (Benzie and
Strain, 1996).
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Statistical analyses

The program SPSS by Licensed Materials version 22 computer software was
used to analyze the present study data. Data in this study was presented as Meanz
Standard deviation (Meant SD) using Independent-samples T-Test to compare the
mean. A value of (p<0.05), was considered as statistically significant, while a value of
(p<0.001), was considered as a highly significant.

Results and discussion

In order to estimate the oxidative stress status in the present studied groups,
several parameters related to this status were measured and as follows:

The total oxidant status (TOS), total antioxidant status (TAS), and oxidative
stress index (OSI), were determined in serum and saliva samples of the studied
patients according to Erel method (Erel., 2004; Erel., 2005). Moreover, the ferric
reducing capacity (FRC), based on ferric to ferrous iron reduction, was recently used
to determine the antioxidant capacity was also measured (Kang and Saltveit, 2002).

The results in the Table () show the comparison of the antioxidants status
between the patients and control groups. These results for the serum specimen show a
highly significant decrease (P<0.001) in TAS in all patients compared with that of
control group, and a highly significant increase (P<0.001) in FRC. While in saliva
specimen, a non-significant decrease (P>0.05) in TAS with a non-significant increase
(P>0.05) in FRC are observed in the patients compared with that of the control group.

Table (V): Mean valuest SD of ferric reducing capacity (FRC) and total antioxidant
status in the serum and saliva of B-thalassemia major patients

Controls group

Patients group P-Value

Parameters (N=40) (N=51)
Means =+ standard | Means * standard
deviation deviation

0.4114+0.1077

0.000**

Total antioxidant status (mmol | 0.4935+0.0519
Glutathione Eq./L) in serum

Total antioxidant status (mmol | 0.6537+0.0361
Glutathione Eq./L) in saliva

0.6402+0.0655 0.216

Ferric Reducing Capacity(mM) | 0.3840+0.0631
in serum

0.4543+0.1027 0.000**

Ferric Reducing Capacity(mM) | 0.1568+0.0411
in saliva

0.1642+0.0385 0.380

*The difference is significant at the 0.05 level. **The difference is highly significant
at the 0.001 level

The result of serum total antioxidant status agrees with some reported studies,
such as the study of Manafikhi et al who depend on systematic review of the available
literature and meta-analysis of conducted case-control studies included their work
(Manafikhi et al., 2017), and other results study such as by Jouda when he
determined the TAS in male and female Iraqi patients with B-thalassemia major (4-30
years) using colorimetric detection kit (Jouda., 2017), as well as a study by Ghone, et
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al which showed a decrease in total antioxidant status in their Indian children patients
(Ghone et al., 2008). The results of serum specimen TAS also agree with the results
of Selek et al who studied Turkish individuals who suffered from p-thalassemia minor
(Selek et al., 2007).

While the result of serum total antioxidant status (TAS) disagrees with some
studies, such as study by Karakas et al, in which total antioxidant status (TAS) was
measured and reported to be of a significant increase in Iranian thalassemic patient
(Karakas et al., 2015) and of Darvishi-Khezri et al, study who determined TAS in
Iranian B-thalassemia major patients (Darvishi-Khezri et al., 2017). And disagree
with a study in Turkey, by Cakmak et al, on their Turkish thalassemia major patients
where no significant variation in TAS was reported (Cakmak et al., 2010).

The results in the saliva specimen agree with the only study that has been
found in the literature which dealt with measurement of TAS in the saliva of B-
thalassemia major patients. This study has been carried out by Jouda who measured
this parameter in male and female Iraqi patients with thalassemia (4-30) years old
using colorimetric detection kit (Jouda., 2017).

The observed decrease in TAS in serum of B-thalassemia major patients
compared to their control group may reflect the role of antioxidants (enzymatic and
non-enzymatic) in modulating the severity of this disease (Hamed and Eimelegy.,
2010). The present studied patients were under blood transfusion, this lead to iron
overload. The iron overload can generate oxygen-free radicals and promote
peroxidative damage to cell and organelle membranes in organs that accumulate the
excess iron including liver, pituitary gland, pancreas and heart. In such condition,
depletion of endogenous antioxidants may be expected (Farzin et al., 2011). The
accumulation of plasma (non-transferrin bound iron) NTBI in B-thalassemia major
correlates with an increase in oxidation products and decrease in antioxidant capacity
(Ghatreh-Samani et al., 2016).

As far as, FRC measurement is concerned, there is no study in serum of f-
thalassemia major patients, or any other types of this disease. Meanwhile, the non-
significant increase measured in saliva FRC (Table 1) agree with Rahim et al who
have measured the salivary oxidative stress in Indian and Chinese with p-thalassemia
major patients (Rahim et al., 2016).

The measured unchanged in TAS and FRC in saliva specimen (Table 1)
indicate that a balance exists between the formation of oxidant agents and the
antioxidant defense system in this fluid (Abdalla et al., 2011). The antioxidant
activity of a serum against a free radical does not match its activity in the saliva
specimen, because each of these fluid (serum and saliva) has their own different
antioxidant defenses mechanisms (Katalinic et al., 2005). In serum specimen of f3-
thalassemia major patients the observed increase in FRC at variance of TAS can be
explained as follows: TAS measure all antioxidants present in the fluid in contract to
FRC which measure the ability of the fluid to reduce Fe*? to Fe*?, so the variance
arise may be because of the [uric acid] increase in B-thalassemia patients (Bazvand et
al., 2011), Also the patients of the present study were taking folic acid as a
supplement for red blood cells (RBCs) production. Both uric acid and folic acid act to
help in increasing the antioxidant ability of B-thalassemia patients to the level almost
similar to healthy controls (Mohamed et al., 2012; Shalaby and Shanab., 2013).
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Frei and his co-workers reported that the decreased level of antioxidants play
important roles in the pathogenesis of anemias. Which indicated that erythrocytes
might be expected to be highly susceptible to peroxidation (Frei et al., 1990). It is
well documented that disturbances of oxidant-antioxidant balance occur in
hemoglobinopathies (Kattamis., 2001). Furthermore, it has shown that individuals
with homozygous thalassemia have a reduced antioxidant capacity through decreasing
the activity of individual's antioxidant enzymes and this may reflect the role of
antioxidants in modulating the severity of the disease (Hamed and Eimelegy., 2010).

In the current study TOS which give an idea of the total oxidants rather than
individual one was measured. The results in the Table (2) shows the comparison
between the total oxidant status as well as oxidative stress index in the patients and
controls group. The results for the serum specimen shows a highly significant increase
(P<0.001) in TOS and OSI in all studied patients compared with controls, while for
the saliva a significant increase (P<0.05) was measured in both TOS and OSI in the
patients compared with that of control groups.

Table (Y): Mean valuest SD of total oxidant status and oxidative stress index
parameters in the serum and saliva of B-thalassemia major patients

Controls group Patients group P-Value
Parameters (N=40) (N=51)

Means * standard | Means * standard

deviation deviation
Total oxidant status (mmol 0.0197+0.0058 0.0371+0.0035 0.000**
H.0, Eg/L) in serum
OSl in serum 0.0403+0.0129 0.09849+0.0370 | 0.000**
Total oxidant status (mmol 0.0096+0.0079 0.0130+0.0071 0.037*
H.0, Eg/L) in saliva
OSl in saliva 0.0147+0.0120 0.02107+0.0132 | 0.019*

*The difference is significant at the 0.05 level. **The difference is highly significant
at the 0.001 level

The result of TOS and OSI in serum agrees with few studies carried out in
Turkey that measured individual oxidative stress parameters. Which showed that there
was an oxidative stress in sera of their patient's. Such as the study by Selek et al who
studied Turkish individuals that suffered from p-thalassemia minor (Selek et al.,
2007). Also, the present results agree with the study that done by Cakmak et al who
studied serum Turkish patients with thalassemia major (Cakmak et al., 2010).

Meanwhile, there are no studies reported in the literature which deals with the
measurement of salivary TOS and OSI in B-thalassemia major.

Several causes may have expected lead to oxidative stress in B-thalassemias,
among them are the following: In these patients, the ineffective erythropoiesis and
premature hemolysis of erythrocyte in the peripheral circulation result leads to
patients suffer from anemia (Simsek et al., 2005). impaired, or reduce biosynthesis of
B-globin leads to accumulation of unpaired a-globin chain. Such accumulation of
these chains was reported to be the primary reason for the cellular oxidative injury in
B-thalassemia patients (Chakraborty and Bhattacharyya., 2001). The other possible
cause is the iron overload as a result of both high plasma iron and high intracellular
non-hemoglobin iron in these patients. Moreover, repeated blood transfusions
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received by these patients, leads to accumulation of excess iron in the body tissue
(Livrea et al., 1996). This secondary iron overload was responsible for pre-oxidative
damage (Khan., 2007). All these reasons explain the observed elevation in both sera
and saliva TOS and OSI (Table 2).

Correlation between serum and saliva of all studied parameters:

Serum Control, R: Personal Patient, R: Personal
correlation correlation
Saliva P: P-Value P: P-Value
TOS R:-0.45 P: 0.783 R: 0.005 P: 0.970
TAS R: -0.424 P:0.006 R: -0.261 P: 0.064
oSl R:-0.072 P:0.657 R: -0.098 P:0.492
FRC R:0.202 P:0.212 R: 0.358** P:0.01

**Correlation is a highly significant at the 0.01 level.
*Correlation is significant at the 0.05 level.

It is obvious from the above results, no significant correlation (p>0.05) is
present in all studied parameters except in FRC which is highly significant correlated
(p<0.01) between sera and saliva of the patients group.

Conclusion

1-These patients have an oxidative stress which due to the decrease in TAS and
increase in FRC eventhogh the decrease in TAS is non-significant.

2- Saliva can be used for measurement of FRC in -thalassemia major patients instead
of serum
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