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Abstract
Background: Beta-thalassemia major patients require repeated blood transfusion which is
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associated with iron overload in different organs such as heart, liver, kidney and their related
complications. In this study the effects of selenium in iron overload related complications of
patients with beta-thalassemia major were assessed.

Methods: In this clinical trial, 34 beta-thalassemia major patients over 12 years old were

ﬁggﬂfﬁssmia major enrolled. Patients with severe renal failure, history of selenium consumption over the last three

_Selenium months, change of blood transfusion pattern, and any change of chelating agent were excluded

-Iron overload from the study. For all patients, tablet of selenium 200 pg/day was administered for a month.

‘Li"er. ; Blood samples were taken at baseline and after one-month to assess the level of ferritin, total

:gzei?tmme iron-binding capacity (TIBC), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), serum creatinine (Scr), selenium. Hair loss was assessed by questionnaire before and
after intervention.
Results: From 34 patients, 27 (79.4%) had deficient level of selenium at baseline. The selenium
level was increased after intervention (p=0.005). The level of serum ALT and Scr decreased
remarkably after one-month selenium consumption (p=0.007 for both). In addition, the AST
level decreased remarkably after intervention (p=0.053). Severe hair loss profile has improved
significantly after supplementation (p=0.004).
Conclusion: One-month selenium consumption improved liver and kidney function related
markers remarkably. Moreover, selenium improved hair profile and severe hair loss in
thalassemia patients. Further studies are needed on the effect of selenium administration on
liver and kidney function.

Introduction

Thalassemia is a category of hematological single gene
disorders resulted from defects in the hemoglobin chain
production.! It is predicted that around 1.5% of the world
population are carriers of beta-thalassemia gene.” The
overall annual incidence of clinical manifestations of this
disorder is estimated at 1 in 100,000.” In beta thalassemia,
the production of beta chains has decreased and alpha chain
is produced consistently.® Patients with beta-thalassemia
major require frequent blood transfusion which leads
to iron overload within body organs.* The long-term
clinical presentations of iron overload are heart failure,
liver disorders and endocrine abnormalities.! In addition,
iron overload accounts for increased oxidative stress, free
radical synthesis and upcoming oxidative damage, which
increases the mentioned complications.” Cirrhosis and
hepatocellular carcinoma may develop as a result of chronic
hepatitis and/or severe iron overload.® In a retrospective

study by Li et al. on 100 thalassemia major patients, the
liver biopsy and histological study were performed for
all patients to assess their liver iron content and fibrosis
or hepatitis, respectively. Moreover, in the two years
prior the liver biopsy ALT levels were routinely measured
before monthly transfusion. Their results showed that
both hepatic fibrosis and hemosiderosis were significantly
associated with higher serum ferritin and liver enzymes,
particularly alanine aminotransferase (ALT).” Moreover,
renal dysfunction happens in thalassemic patients
because of different causes such as renal hyperfiltration,
hypercalciuria, and albuminuria. Besides, high transfusion
intensity and iron chelators exposure exacerbate renal
dysfunction in these patients.*’

Minerals play a major role in growth, protein synthesis, and
many enzymes activation. Because of high oxidative stress
existence and iron chelators consumption, patients with
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thalassemia are at increased risk of mineral deficiency.”
Selenium is a trace element which presents its biological
function in form of amino acid selenocysteine (Sec) and
its incorporation into proteins."" Selenoproteins such as
glutathione peroxidase plays a critical role in the defense
system against oxidative stress by conserving free radical
damage."

Selenium plays an essential role in oxidative damage
protection and hair follicle morphogenesis.'> Previous
experimental studies showed that selenium deficiency
tender hair growth.”” Lacking specific selenoproteins
showed oncoming hair loss after birth in knockout mice."
Although, there is a lack of human studies, most hair loss
supplements in markets contain selenium. In addition, due
to the patient’s statement about the effect of the selenium
supplement in hair loss and hair quality, we decided to
assess the effects of selenium on hair loss too. subsequently,
questionnaire was designed to assess the hair loss.

The aim of this study was to assess the different effects of
selenium in related complications of patients with beta
thalassemia major.

Materials and Methods

Patient enrollment

This study was conducted under the supervision of general
practitioner on Shahid ghazi thalassemia outpatient
clinic, Tabriz, Iran, from February till may 2017. This trial
was registered in the Iranian Registry of Clinical Trials
(Registry number: IRCT2017021226998N3).

After institutional review board approval 34 patients with
beta thalassemia major over 12 years old were enrolled in
this clinical trial (the G*Power 3.1 was used for sample
calculation with the a=.05 and the power of 80%). Patients
with severe renal failure (GFR<30), any change in blood
transfusion pattern, alteration in dose and type of chelating
agent, and history of selenium supplementation over thelast
three months were excluded from the study. Demographic
information, co-morbidities, type of chelating therapy
were recorded for analysis. During the study, patients’
nutritional diet remained intact and assessed by food
questionnaire. Information on food intake was collected
by using the three dietary record questionnaires for 3 days
(including 2 working days and 1 weekend) before and at
the end of supplementation.

Intervention

For all patients 200 pg tablet (daily requirement) of
selenium yeast (organic selenium, Webber Naturals) were
administered daily for one-month. Fasting blood samples
were taken at baseline and after one-month. The level of
ferritin, total iron binding capacity (TIBC), serumiron (Fe),
serum creatinine (Scr), blood urea nitrogen (BUN), ALT,
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), lactate dehydrogenase (LDH), erythrocyte
sedimentation rate (ESR), albumin (Alb) and fasting blood
sugar (FBS) were measured before and after intervention.
In addition, extra one samples were taken and centrifuged

at 3000 rpm for 5 minutes. The clean serum was stored at
-22 oC until the time of serum selenium assessment.

Selenium level assessment

The serum selenium concentration assessment was carried
out by the atomic absorption method. Atomic absorption
spectrophotometer (Model CTA 3000) with deuterium
lamp background correction and quartz T atomizer was
employed to detect selenium.'

In the serum samples selenium can be detected
predominantly as selenoproteins. In order to release
it from these proteins, wet acid digestion method was
conducted.” In a glass beaker, 500 pL of serum and 10
mL of concentrated nitric acid and 6 mL of hydrogen
peroxide were placed under the fume hood. The resultant
solution was heated in oil bath at 140°C to dry (4 hours).
Then sera with selenium element inside were put in
spectrophotometer to be measured by atomic absorption
method.”

The normal range of selenium concentration in adult
serum is 70 to 150 ng/ mL and in the serum concentration
below 40 ng/mL the activity of glutathione peroxidase is
lost.'#1>

Hair loss assessment

Two questions were selected from a questionnaire of
Midland Skin Institute (MSI), Vancouver, and were replied
by patients at baseline and after intervention. The two
enquiries are focused on hair loss and stated as follows:
1) What is your hair loss quality (which assesses hair loss
quality)? hair coming out or shedding, hair looked thinner
on scalp/both/none; 2) Have your hair loss is getting worse
and severe recently (which assesses severe loss)? yes/no.

Statistical analysis

Continuous variables were described as mean and
standard deviation (SD) or median with 25th and
75th quartiles whenever variables were not normally
distributed. Categorical variables were expressed as
frequency and percentage. The normality distribution
was assessed by Kolmogorov Smirnov test. The baseline
and after one-month data were analyzed using paired
t-test and Wilcoxon signed-rank test for data with normal
and non-normal distributions, respectively. The relation
of quantitative variable was shown with Spearman
correlation coefficient. P-values less than or equal to 0.05
were considered statistically significant. Statistical analysis
was performed using the IBM SPSS statistics for Windows,
version 20.0.

Results

In this clinical trial, 84 patients over 12 years old were
assessed for eligibility (the all number of thalassemia
patients in our province) from which 40 patients did not
meet the inclusion criteria, six refused to participate in the
study and two were excluded because of renal failure and
change in blood transfusion pattern. Finally, 36 patients
were selected. From all, two patients left the study because
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of gastrointestinal side effects (Figure 1). Therefore, 34
patients remained and successfully completed the study.
No differences were observed in daily dietary intake
at baseline and after supplementation. Demographic
information, baseline comorbidity and chelating agents are
demonstrated in Table 1.

From 34 patients, the level of serum selenium was >70 ng/
mLin 7 (20%) patients and >40 ng/mL in 14 (41%) of them.
Subsequently, due to the standard values'***the proportion
of selenium deficiency and lack of glutathione peroxidase
activity were 79.4% (Figure 2) and 58.8%, respectively, in
patients with beta thalassemia major. The level of serum
selenium increased from 42+37 to 71.2+52 ng/mL after
a month supplementation (p=0.005). Our data showed
that, the level of serum iron, ferritin, ESR, BUN, LDH and
FBS decreased after intervention (Table 2). In addition,
as illustrated in Table 2 the serum level of ALT and Scr
improved remarkably after supplementation (p=0.007 for
both). Although the AST level decreased remarkably, it was
not statistically significant (p=0.053).

It is noticeable that severe hair loss has decreased
dramatically (p=0.004) without any changes in hair loss
quality (p=0.504) after intervention. Women were more
susceptible to hair loss and improved hair loss profile
obvious than men (Table 3).

Hypothyroidism showed no effect on hair loss quality
at baseline (p=0.255) and after intervention (p=0.187).
Furthermore, there was no relation between severe loss
and hypothyroidism (p=0.064). In addition, the effect of
baseline selenium concentration on hair loss quality and
severe loss was not significant. All data were adjusted with
respect to the type of chelating agents and the results did
not change statistically.

Discussion

Selenium deficiency

In this study the mean serum selenium concentration was
in deficient level at baseline and the incidence was 79.4%.
However, after a month supplementation the serum level
of selenium was increased.

The main reasons for selenium deficiency in normal
population is the absence of dietary diversity and low
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Figure 1. Screening and follow up of patients.

Table 1. Demographic information and baseline characteristics of
patients with beta thalassemia major.

Characteristics Meanz SD/ n (%)

Age 21.4+4.5
BMI 21+£2.2
Female 9 (26.5)
Gender Male 25 (73.5)
None 27 (79.4)
Hypothyroidism 1(2.9)
- Diabetes 2 (5.9)
Comorbidity Diabetes+Heart Failure 2(5.9)
Diabetes+Hypothyroidism 1 (2.9)
Fatty liver 1(2.9)
Desferal 11 (32.4)
Chelating Defrasirox 1(2.9)
agent Desferal+Deferepirone 21 (61.8)
Desferal+Defrasirox 1(2.9)

Continuous variables are described in mean + standard deviation
(SD). Categorical variables are presented in percent (%).
BMI: body mass index.

20 25 30 35 40

Patients Code

Figure 2. Baseline serum selenium concentration of patients.
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Table 2. Comparison of baseline and after intervention lab data of patients with beta thalassemia major.

Baseline

After intervention

Variable Mean+SD/Median(IQR) (Mean+SD)/Median(IQR) p-value®
Serum iron (pg/dL) 214.6x71.9 202.1+55.4 0.09
Ferritin (ng/mL) 5122.5+2936 5010.3+2959.2 0.74
ESR (mm) 16+£18.5 14.6+£12.6 0.55
BUN (mg/dL) 28.946.1 27.248.1 0.26
ALP (IU/L) 390+£194 418.6+213.9 0.34
Selenium (ng/mL) 42+37.1 71.2+52.5 0.005
Serum creatinine (mg/dL) 0.52(0.1) 0.44(0.1) 0.007
ALT (IU/L) 44 (26.9) 35.1(20.6) 0.007
AST (IU/L) 41.47(17.56) 36.82(17.47) 0.059
TIBC (ug/dL) 239.5(74.25) 248(64.5) 0.453
LDH (IU/L) 411(157.2) 409(166) 0.080
FBS (mg/dL) 137.5(101) 121.1(67.4) 0.84

Normally distributed variables are presented as mean * standard deviation (SD). Non-normally distributed variables are presented as me-

dian and interquartile range (IQR).

*Paired T test is used to evaluate p values of normal parameters and Wilcoxon Signed Ranks test is used to determine non-normal pa-

rameters.

ESR: erythrocyte sedimentation rate; BUN: Blood urea nitrogen; ALP: Alkaline phosphatase; ALT: alanine aminotransferase; AST: aspar-
tate aminotransferase; TIBC: Total iron-binding capacity; LDH: Lactate dehydrogenase; FBS: fasting blood sugar.

Table 3. Hair loss data in patients with beta thalassemia major.
Male

Female

Parameter Degree n (%) n (%) P-value

Loss 5(55.6) 3(12)
Hair loss quality Thinner 1 (11.1) 4 (16) 0.03
(baseline) Both 1(11.1) 1(4)

None 2(22.2) 17 (68)

Loss 6(66.7) 3(12)
Hair loss quality Thinner 1 (11.1) 1 (4) 0.006
(after intervention) Both 0(0.00) 4 (16)

None 2(22.2) 17(68)
Severe hair loss Yes 5(55.6) 4 (16) 003
(baseline) No 4 (44.4) 21(84) ’
Severe hair loss Yes 0(0.00) 0(0.00) ..
(after intervention) No 9(100) 25 (100) -

*Fisher’s Exact test is applied to compute P-value for association
between gender and hair loss parameters
**Cannot be computed since severe loss (after study) is constant

selenium concentrations of soil.'"® Serum selenium
concentration in normal populations is different from
41.7 pg/L to 158.2 pg/L in different countries.”” The mean
serum selenium level of normal adults was 100.6 + 12.8
ug/L in Tehran, Iran." Mashhadi et al. showed that serum
selenium concentration was in deficient level in 25.52% of
thalassemia patients in south of Iran.”” Previous studies
demonstrated that the mean serum selenium level was
31.5+19.5 pg/L and 44.87 + 9.84 ug/L in Egyptian and
Iraqi major thalassemia patients, respectively.*** The
serum selenium level was deficient in 75% of patients
with thalassemia major in California.*** The frequency of
selenium deficiency in our study is similar with most of the
previous studies (42+37.1 ug/L).

Although the serum selenium concentration strongly
depends on selenium concentration of soil in normal
population, in thalassemia patients it depends on multiple
factors. It is obvious that the basic origin of dietary
selenium is protein.” Thalassemia patients have lower
protein intake that can be one of the causes of selenium

deficiency in this population. Moreover, previous studies
showed that the gastrointestinal absorption of selenium is
low in iron overloaded thalassemia patients.® In addition,
iron chelators consumption may increase different mineral
deficiencies in this population.®

Because of repeated blood transfusion and iron
accumulation, oxidative stress has increased in thalassemia
patients. In iron overload patients, iron stored in
hepatocytes after transferrin saturation. When hepatocytes
are overloaded, non-transferrin bound iron (NTBI)
released into circulation and deposited in organs such as
hepatocytes, myocytes, pituitary and pancreatic cells.”®
NTBI metabolism leads to the reactive oxygen species
(ROS) generation such as hydroxyl radicals and superoxide
anions which causes cellular damage.? Selenoproteins such
as glutathione peroxidase and thioredoxin reductase, lead
to termination of ROS activities by catalyzing hydrogen
peroxide (H20:2) or organic hydroperoxides to water or
alcohols by using glutathione (GSH) as reductant.'?” GSH
is a thiol-containing peptide which exists in variety of cells
such as liver, kidneys, spleen and erythrocytes. Due to the
strong potential of electron-donation, GSH is the critical
peptide for cellular redox maintenance.?

Glutathione peroxidase activity depends on selenium
level, antioxidant consumption, oxidative stress existence
and duration. Glutathione peroxidase activity decreased
in deficient level of selenium because of the role of this
element in its structure as a selenoprotein."

Glutathione peroxidase needs GSH as a reductant and
selenocysteine as the catalytic section to start its activity.”
In thalassemia patients the pool of intracellular GSH is
depleted because of iron accumulation mediated oxidative
stress.®

Hepatoprotection
ALT and AST are indicators of liver function and when
their level are above the normal range, it represents liver
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injury. It is highly likely that these patients suffer from
iron deposition in liver and prone to develop liver damage.
Hence, enzymatic markers like ALT and AST tend to be
higher in patients with thalassemia. In this study selenium
supplementation decreased the elevated serum levels of
ALT (p=0.007).

The liver disorder is the important reason of mortality in
thalassemia patients. NTBI is highly toxic and deposits in
the hepatocytes. NTBI generates the production of free
radicals, which have been involved in lipid peroxidation.
Lipid peroxidation is the known cause of hepatocellular
injury induced by iron overload. Severe iron overload
leads to cirrhosis and hepatocellular carcinoma.” Li et al.
demonstrated that hepatic fibrosis and hemosiderosis were
remarkably associated with high serum ferritin and alanine
aminotransferase (ALT).” The liver has essential role in the
metabolism of selenium within the body since most of the
selenoproteins are produced and released by the liver.***!
Hepatic impairment causes derangement of selenoproteins
synthesis, thus leading to low serum selenium level. In an
experimental study Czuczejko et al. showed that selenium
deficiency induced liver necrosis.** Furthermore, the
autopsy of patients with cirrhosis of the liver proved a
remarkably lower selenium content compared to healthy
ones. In addition, Czuczejko et al. demonstrated that the
whole blood and serum selenium concentration was low
in patients with any kind of liver disease with different
reasons such as viral hepatitis, alcoholics, auto-immune
and cryptogenic chronic liver disease patients.** Moreover,
the level of GSH is decreased in patients with liver diseases
as a reason of decreased inflow from the hepatocytes.
Above-mentioned findings indicate that impairment in
antioxidant levels may generate ROS production which
play a role in the pathogenesis of hepatic dysfunction.
Selenium supplementation may improve glutathione
peroxidase activity in order to reduce oxidative stress in
hepatocytes and can reduce liver injury in thalassemia
patients. In this study the serum selenium concentration
was assessed instead of tissue concentrations. It can be
seen that because of high oxidative stress in thalassemia
patients, cells are depleted from selenium and related
proteins. Subsequently, the association between baseline
organ dysfunction and serum level of selenium does not
ignore the hepatocellular protection of selenium in this
study.

Renoprotection

From the all organ disorders, renal dysfunction is less
known in thalassemia patients. Variety of abnormalities
including renal tubular dysfunction, increased renal plasma
flow, decreased ability of urine concentrating, and renal
tubular acidosis are reported in thalassemia patients.® Our
data showed that one-month selenium supplementation
reduced Scr significantly in thalassemia patients.

Iron overload toxicity and anemia are the main reasons
of mentioned abnormalities. Previous studies showed
that these abnormalities were related to the duration of

chelation and transfusions, content of transfused iron,
and amount of body iron.*>?*¢ Existence of chronic hypoxia
and anemia are related with increased lipid peroxidation,
oxidative stress, and functional impairment in tubular
cells.’” In addition, treatment with chelating agents such
as deferoxamine and deferasirox affect renal function in
patients with thalassemia.® In proximal tubule fluid the
iron released from transferrin in acidic environment.
Produced free reactive iron stimulates the generation of
ROS and cellular damage.’

Different studies showed beneficial renoprotection effects
of selenium in lead and cadmium toxicities.”””® Plasma
glutathione peroxidase produced mainly by kidneys.*
Selenium can increase glutathione peroxidase production
and activity. The increases in glutathione peroxidase
activities decline free radicals which are mediated by lipid
peroxidation in iron overload status and regenerate GSH.
Subsequently, selenium supplementation in an optimum
dosage can reduce renal dysfunction in thalassemia
patients.

Hair loss

Although the purpose of this study was to evaluate the liver
and renal function, patients who received selenium claimed
dramatic hair loss improvement during supplementation.
Thus, questionnaire was designed to assess the hair loss.
Severe hair loss decreased dramatically after one-month
selenium supplementation. This effect obvious was
especially in women.

Although selenium deficiency results in various organs
dysfunction, hair loss is often related with excess amount
of oral selenium intake.*” In a case series of four children
who were on long-term total parenteral nutrition, selenium
deficiency happened and caused hair hypopigmentation
in two.* Selenium deficiency was associated with hair
loss after cisplatin-containing chemotherapy regimen
administration, which was responded to selenium
supplementation.*** The role of oxidative stress on hair
condition was increased with impression on pre and
post-emerging fibre parameters.*’ Sengupta et al. showed
that the selenoproteins deficiency in skin epidermal cells
causes impairment in epidermal cells differentiation
and improper morphogenesis of hair follicle and hair
formation, subsequently causing oncoming hairloss.** Shaft
formation impairment, hair follicle appearance changes,
early impaired follicles regression with subcutaneous
fat reduction were seen in mice with selenoproteins
deficiency.* It is seen that the effect of selenium on hair
loss is related with selenoproteins activity against oxidative
stress in thalassemia patients.

To the best of our knowledge, the incidence of hair loss
and hair problems are not investigated in thalassemia
patients. In addition, the effect of selenium in hair loss is
not obvious even in normal population. Our observation
and statistical data showed a dramatic and significant hair
loss improvement in thalassemia patients particularly
in women. Because of the limited number of patients in
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our center, the randomized clinical trial did not perform.
The serum level of selenium was assessed instead of
selenoprotein P which most reflect the stock selenium.
The duration of supplementation was short (one-month).
The cardiac and liver magnetic resonance imaging (MRI)
findings were not assessed before and after intervention.
The analysis of hair loss was self-reported, not quantified
by standardized analyses. In addition, assessment of hair
loss was not done by an independent observer.

However, in this study we noticed that standard
supplementation with selenium can improve thalassemia
patients’ complications. In addition, the hair problem is the
neglected complication in these patients and it may be the
reason of inappropriate supplementation such as selenium.

Conclusion

In conclusion, daily selenium (200 pg) supplementation
for one-month significantly improved liver and kidney
function by the reduction of ALT and Scr. Assessment
of liver function with MRI findings before and after
intervention is suggested. In addition, selenium prevented
severe hair loss and improved hair profile in beta
thalassemia major. The protective effects of selenium were
independent of baseline selenium concentration. Further
studies about the protective effects of selenium in cardiac,
liver, kidney function and hair problems of thalassemia
patients are needed to design.

Ethical issues

The study protocol was approved by the research ethics
committee at Tabriz University of Medical Sciences with
IR.TBZMED.REC.1396.13 ethic code. All patients were
informed about the study and gave a written informed
consent before the study initiation. Patients were free to
stay or quit the study at any time.

Data Sharing
Applicants can obtain data by contacting the corresponding
author.

Acknowledgments
The authors would like to thank the medical team at
thalassemia outpatient clinic of Shahid Ghazi hospital for
their collaboration.

Conflict of Interest
The authors claim that there is no conflict of interest.

References

1. Reller K, Dresow B, Collell M, Fischer R, Engelhardt
R, Nielsen P, et al. Iron overload and antioxidant status
in patients with p-thalassemia major. Ann N Y Acad
Sci. 1998;850(1):463-5. doi:10.1111/j.1749-6632.1998.
tb10522.x

2. Vichinsky EP. Changing patterns of thalassemia
worldwide. Ann N Y Acad Sci. 2005;1054(1):18-24.
doi:10.1196/annals.1345.003

10.

11.

12.

13.

14.

15.

16.

George E, Ann TJ. Genotype-phenotype diversity of
beta-thalassemia in Malaysia: treatment options and
emerging therapies. Med ] Malaysia. 2010;65(4):256-
60.

Khan FU, Khan MH, Ayub T, Humayun Shah S.
Frequency of complications in Beta thalassemia major
in DI Khan. Biomedica. 2007;23(6):31-3.

Pavlova LE, Savov VM, Petkov HG, Charova IP.
Oxidative stress in patients with beta-thalassemia
major. Prilozi. 2007;28(1):145-54.

Zurlo M, De Stefano P, Borgna-Pignatti C, Di Palma A,
Melevendi C, Piga A, et al. Survival and causes of death
in thalassaemia major. Lancet. 1989;334(8653):27-30.
doi:10.1016/s0140-6736(89)90264-x

Li C, Chik K, Lam C, To K, Yu S, Lee V, et al. Liver
disease in transfusion dependent thalassaemia major.
Arch Dis Child. 2002;86(5):344-7. doi:10.1136/
adc.86.5.344

Quinn CT, Johnson VL, Kim HY, Trachtenberg
E Vogiatzi MG, Kwiatkowski JL, et al. Renal
dysfunction in patients with thalassaemia. Br ]
Haematol. 2011;153(1):111-7.  doi:10.1111/j.1365-
2141.2010.08477 x

Musallam KM, Taher AT. Mechanisms of renal disease
in B-thalassemia. ] Am Soc Nephrol. 2012;23(8):1299-
302. doi:10.1681/ASN.2011111070

Ozturk Z, Genc GE, Gumuslu S. Minerals in
thalassaemia major patients: An overview. ] Trace Elem
Med Biol. 2017;41:1-9. doi:10.1016/j.jtemb.2017.01.001
Genc G, Ozturk Z, Gumuslu S. Selenoproteins are
involved in antioxidant defense systems in thalassemia.

Metallomics. 2017;9(9):1241-50. doi:10.1039/
C7MT00158D

Guo EM, Katta R. Diet and hair loss: effects
of nutrient deficiency and supplement use.

Dermatol Pract Concept. 2017:7(1):1-10. doi:10.5826/
dpc.0701a01

Mostafa-Gharehbaghi M, Mostafa-Gharabaghi P,
Ghanbari F, Abdolmohammad-Zadeh H, Sadeghi
GH, Jouyban A. Determination of selenium in
serum samples of preterm newborn infants with
bronchopulmonary dysplasia using a validated hydride
generation system. Biol Trace Elem Res. 2012;147(1-
3):1-7. doi:10.1007/s12011-011-9270-z

Muntau AC, Streiter M, Kappler M, Roéschinger
W, Schmid I, Rehnert A, et al. Age-related reference
values for serum selenium concentrations in infants
and children. Clin Chem. 2002;48(3):555-60.

Pawlas N, Dobrakowski M, Kasperczyk A, Kozlowska
A, Mikotajczyk A, Kasperczyk S. The level of selenium
and oxidative stress in workers chronically exposed to
lead. Biol Trace Elem Res. 2016;170(1):1-8. doi:10.1007/
$12011-015-0435-z

Chilimba AD, Young SD, Black CR, Meacham MC,
Lammel J, Broadley MR. Agronomic biofortification of
maize with selenium (Se) in Malawi. Field Crops Res.
2012;125:118-28. doi:10.1016/j.cr.2011.08.014

30 | Pharmaceutical Sciences, 2020, 26(1), 25-31


https://doi.org/10.1111/j.1749-6632.1998.tb10522.x
https://doi.org/10.1111/j.1749-6632.1998.tb10522.x
https://doi.org/10.1196/annals.1345.003
https://doi.org/10.1016/s0140-6736(89)90264-x
https://doi.org/10.1136/adc.86.5.344
https://doi.org/10.1136/adc.86.5.344
https://dx.doi.org/10.1111%2Fj.1365-2141.2010.08477.x
https://dx.doi.org/10.1111%2Fj.1365-2141.2010.08477.x
https://doi.org/10.1681/asn.2011111070
https://doi.org/10.1016/j.jtemb.2017.01.001
https://doi.org/10.1039/c7mt00158d
https://doi.org/10.1039/c7mt00158d
https://doi.org/10.5826/dpc.0701a01
https://doi.org/10.5826/dpc.0701a01
https://doi.org/10.1007/s12011-011-9270-z
https://doi.org/10.1007/s12011-015-0435-z
https://doi.org/10.1007/s12011-015-0435-z
https://doi.org/10.1016/j.fcr.2011.08.014

Selenium in Beta-Thalassemia Major

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Lockitch G. Selenium: clinical significance
and analytical concepts. Crit Rev Clin Lab Sci.
1989;27(6):483-541. doi:10.3109/10408368909114596
Safaralizadeh R, Kardar G, Pourpak Z, Moin M, Zare
A, Teimourian S. Serum concentration of selenium
in healthy individuals living in Tehran. Nutr J.
2005;4(1):32. doi:10.1186/1475-2891-4-32

Mashhadi MA, Heidari Z, Sepehri Z, Bakhshipour AR,
Karimkoshte A. The selenium status in thalassemia
patients in South East of Iran. Int ] Hematol
Oncol Stem Cell Res. 2014;8(4):1-4.

Sherief LM, Abd El-Salam SM, Kamal NM, Almalky
MA, Azab SE, Morsy HM, et al. Nutritional biomarkers
in children and adolescents with Beta-thalassemia-
major: An Egyptian center experience. Biomed Res Int.
2014;2014:1-7. doi:10.1155/2014/261761

Abed Mahdi E. Relationship between oxidative stress
and antioxidant status in beta thalassemia major
patients. Acta Chimica Pharma Indica. 2014;4(3):137-
45.

Claster S, Wood JC, Noetzli L, Carson SM, Hofstra
TC, Khanna R, et al. Nutritional deficiencies in iron
overloaded patients with hemoglobinopathies. Am ]
Hematol. 2009;84(6):344-8. doi:10.1002/ajh.21416
Fung EB. Nutritional deficiencies in patients with
thalassemia. Ann N Y Acad Sci. 2010;1202(1):188-96.
doi:10.1111/j.1749-6632.2010.05578.x

Czuczejko J, Zachara BA, Staubach-Topczewska E,
Halota W, Kedziora J. Selenium, glutathione and
glutathione peroxidasesinblood of patients with chronic
liver diseases. Acta Biochim Pol. 2003;50(4):1147-54.
doi:0350041147

Berdoukas V, Coates TD, Cabantchik ZI. Iron and
oxidative stress in cardiomyopathy in thalassemia.
Free Radic Biol Med. 2015;88:3-9. doi:10.1016/].
freeradbiomed.2015.07.019

Walter PB, Fung EB, Killilea DW, Jiang Q, Hudes M,
Madden J, et al. Oxidative stress and inflammation
in iron-overloaded patients with [-thalassaemia or
sickle cell disease. Br ] Haematol. 2006;135(2):254-63.
doi:10.1111/§.1365-2141.2006.06277.x
Brigelius-FlohéR,Maiorino M. Glutathioneperoxidases.
Biochim Biophys Acta Gen Subj. 2013;1830(5):3289-
303. doi:10.1016/j.bbagen.2012.11.020

Kalpravidh RW, Tangjaidee T, Hatairaktham §,
Charoensakdi R, Panichkul N, Siritanaratkul N, et
al. Glutathione redox system in B-Thalassemia/Hb E
patients. ScientificWorldJournal. 2013;2013:543973.
doi:10.1155/2013/543973

Soliman A, Yassin M, Al Yafei E Al-Naimi L, Almarri
N, Sabt A, et al. Longitudinal study on liver functions
in patients with thalassemia major before and after
deferasirox (dfx) therapy. Mediterr ] Hematol Infect
Dis. 2014;6(1):€2014025. doi:10.4084/MJHID.2014.025
Buljevac M, Romi¢ Z, Vuceli¢ B, Bani¢ M, Krznari¢ Z,
Plesko S. Serum selenium concentration in patients
with liver cirrhosis and hepatocellular carcinoma.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Acta Med Croatica. 1996;50(1):11-4.

Whanger P. Metabolism of selenium in humans. ] Trace
Elem Exp Med. 1998;11(2-3):227-40.

Drutel A, Archambeaud E Caron P. Selenium and the
thyroid gland: more good news for clinicians. Clin
Endocrinol. 2013;78(2):155-64. doi:10.1111/cen.12066
Koliakos G, Papachristou E Koussi A, Perifanis V,
Tsatra I, Souliou E, et al. Urine biochemical markers
of early renal dysfunction are associated with iron
overload in B-thalassaemia Clinical and Laboratory
Haematology. 2003;25(2):105-9. doi:10.1046/j.1365-
2257.2003.00507.x

Sumboonnanonda A, Malasit P, Tanphaichitr VS,
Ong-ajyooth S, Petrarat S, Vongjirad A. Renal tubular
dysfunction in a-thalassemia. Pediatr Nephrol.
2003;18(3):257-60. doi:10.1007/s00467-003-1067-7
Mohkam M, Shamsian BS, Gharib A, Nariman §,
Arzanian MT. Early markers of renal dysfunction in
patients with beta-thalassemia major. Pediatr Nephrol.
2008;23(6):971-6. doi:10.1007/s00467-008-0753-x
Smolkin V, Halevy R, Levin C, Mines M, Sakran W, Ilia
K, et al. Renal function in children with B-thalassemia
major and thalassemia intermedia. Pediatr Nephrol.
2008;23(10):1847-51. doi:10.1007/s00467-008-0897-8
Elgaml SA, Khalil R, Hashish EA, El-Murr A.
Protective effects of selenium and Alpha-tocopherol
against lead-induced hepatic and renal toxicity in
oreochromis niloticus. ] Aquac Res Dev. 2015;6(1):1-5.
doi:10.4172/2155-9546.1000299

El-Sharaky A, Newairy A, Badreldeen M, Eweda S,
Sheweita S. Protective role of selenium against renal
toxicity induced by cadmium in rats. Toxicology.
2007;235(3):185-93. doi:10.1016/j.t0x.2007.03.014
MacFarquhar JK, Broussard DL, Melstrom P,
Hutchinson R, Wolkin A, Martin C, et al. Acute
selenium toxicity associated with a dietary supplement.
Arch Intern Med. 2010;170(3):256-61. doi:10.1001/
archinternmed.2009.495

Vinton NE, Dahlstrom KA, Strobel CT, Ament ME.
Macrocytosis and pseudoalbinism: manifestations
of selenium deficiency. J Pediatr. 1987;111(5):711-7.
doi:10.1016/50022-3476(87)80247-0

Shallom ], Juvekar A, Chitnis M. Selenium (Se)
cytotoxicity in drug sensitive and drug resistant murine
tumour. Cancer Biother. 1995;10(3):243-8. d0i:10.1089/
cbr.1995.10.243

Sieja K, Talerczyk M. Selenium as an element in the
treatment of ovarian cancer in women receiving
chemotherapy. Gynecol Oncol. 2004;93(2):320-7.
doi:10.1016/j.ygyno.2003.12.013

Triieb R. The impact of oxidative stress on hair. Int J
Cosmet Sci. 2015;37(S2):25-30. doi:10.1111/ics.12286
Sengupta A, Lichti UF, Carlson BA, Ryscavage AO,
Gladyshev VN, Yuspa SH, et al. Selenoproteins
are essential for proper keratinocyte function and
skin development. PLoS One. 2010;5(8):e12249.
doi:10.1371/journal.pone.0012249

Pharmaceutical Sciences, 2020, 26(1), 25-31 | 31


https://doi.org/10.3109/10408368909114596
https://doi.org/10.1186/1475-2891-4-32
https://doi.org/10.1155/2014/261761
https://doi.org/10.1002/ajh.21416
https://doi.org/10.1111/j.1749-6632.2010.05578.x
https://doi.org/0350041147
https://doi.org/10.1016/j.freeradbiomed.2015.07.019
https://doi.org/10.1016/j.freeradbiomed.2015.07.019
https://doi.org/10.1111/j.1365-2141.2006.06277.x
https://doi.org/10.1016/j.bbagen.2012.11.020
https://doi.org/10.1155/2013/543973
https://doi.org/10.4084/mjhid.2014.025
https://doi.org/10.1111/cen.12066
https://doi.org/10.1046/j.1365-2257.2003.00507.x
https://doi.org/10.1046/j.1365-2257.2003.00507.x
https://doi.org/10.1007/s00467-003-1067-7
https://doi.org/10.1007/s00467-008-0753-x
https://doi.org/10.1007/s00467-008-0897-8
https://doi.org/10.4172/2155-9546.1000299
https://doi.org/10.1016/j.tox.2007.03.014
https://doi.org/10.1001/archinternmed.2009.495
https://doi.org/10.1001/archinternmed.2009.495
https://doi.org/10.1016/s0022-3476(87)80247-0
https://doi.org/10.1089/cbr.1995.10.243
https://doi.org/10.1089/cbr.1995.10.243
https://doi.org/10.1016/j.ygyno.2003.12.013
https://doi.org/10.1111/ics.12286
https://doi.org/10.1371/journal.pone.0012249

