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Abstract:

Thalassemia is a common genetic disease that is transmitted from parents to children. Many people still
do not follow the recommended health instructions, especially before marriage, as early examination is an
important procedure to raise people’s knowledge level for early detection of the disease. The current study
aimed to conduct a biochemical study and measure iron status among thalassemia patients in Anbar Gover-
norate who were diagnosed as thalassemia patients by doctors and study its effectiveness with the prolidase
enzyme. The study was divided into two groups according to gender, males and females, aged between (5-20)
years, with thalassemia, where each group included (30) samples A total of (60) samples from patients with
thalassemia. The study included healthy individuals, numbering (30) people (males and females) aged (5-20)
years, who were used as a control group. We discussed the impact of iron on the prolidase enzyme, which
was shown to be highly effective when exposed to this disease (thalassemia). Therefore, we can rely on the
estimation of the high effectiveness of this enzyme as a biomarker of the beginning of the deterioration of the
health status of people with thalassemia, thus avoiding reaching an advanced stage of thalassemia. The levels
of iron, ferritin, and transferrin were measured. The study showed a significant increase in the levels of iron
and ferritin at the probability level (P < 0.01) in patients compared to the control group. While the transferrin
level showed a significant decrease at the probability level (P <0.01) compared to the control group. Statisti-
cal corelation relationships were studied using the PERSON equation between the prolidase enzyme and the
variables, where the relationship was positive (direct) between the prolidase enzyme and (iron and ferritin).
While the relationship was negative (inverse) between the prolidase enzyme and (transferrin).
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1. Introduction:

1. 1. Thalassemia: Thalassemia is
a common hereditary hemolytic dis-
ease that occurs due to the absence
or decrease in the synthesis of one of
the globin chains (a-globin, B-globin),
which leads to a decrease in the lev-
el of hemoglobin in red blood cells
(erythrocyte) due to a genetic mutation
or deletion of certain parts of the main
genes when at least one of the parents
1s a carrier of this disease or affected by
it so that they can transmit it to the next
generation (V. Therefore, thalassemia is
considered one of the blood diseases
that are inherited across generations,
leading to the production of abnormal
hemoglobin as a result of a defect in
the composition of one or more of the
globin chains (alpha and beta) that are
found in hemoglobin. In normal cas-
es, the globin chains (alpha and beta)
are produced equally, but in the case of
thalassemia disorder, the rate of pro-
duction of the alpha and beta globin
chains is not equal, which leads to an
increase in one chain compared to the
other chain, and as a result, a defect oc-
curs in the composition of hemoglobin
in an abnormal manner @.

1.2.Prolidase: Prolidase enzymehas
the classification number E.C.3.4.19.9
and 1s one of the enzymes that catalyze
the hydrolysis of the basic material of
dipeptides that contain proline or hy-
droxyproline derivatives at the termi-
nal end of the alpha carbon to produce
free proline, as it plays an important
role in the final stages of the demoli-
tion of proteins rich in amino acids
(proline and hydroxyproline) such as
the demolition of collagen ©®. Prolidase
enzyme is found in red blood cells and
white blood cells, and abnormal activ-
ity of the enzyme has been observed
in liver disorders and osteoporosis, as
the activity of this enzyme can be used
as an indicator to detect different types
of thalassemia accompanied by a de-
crease in collagen deposition @ . Pro-
lidase enzyme depends on manganese
near the active site as a catalyst for the
activation process in the cleavage of
dipeptides to break the bond present
in the Glycyl-L-proline compound to
produce two compounds Glysine and
L-proline, as it requires special condi-
tions of temperature ranging between
(35-55 C°) and acidity ranging between
(6-8) and a narrow range in terms of
the specificity of the substrate to work
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on the decomposition of a small num-
ber of terminal peptide bonds. Its im-
portance lies in the liberation and recy-
cling of proline in the protein systems
of bacterial enzymes ©* Glycine L-pro-
line 1s considered the best substrate for
the prolidase enzyme, which has been
found in microorganisms as well as in
several types of mammalian tissues to
be purified by several sources such as
human red blood cells @

1. 3. Iron: Iron is an essential ele-
ment in the body due to its great im-
portance as a vital component of every
living organism. Many metabolic pro-
cesses such as oxygen transport, neu-
rotransmitter synthesis and electron
transport require iron. Therefore, the
concentration of iron in the body’s tis-
sues must be strictly regulated to avoid
the formation of reactive oxygen spe-
cies (ROS) that are a natural product
of Fenton reactions because excess
amounts of iron can cause tissue dam-
age 7.

1. 4. Transferrin: It is a glycopro-
tein consisting of (679) amino acids
found in blood plasma with a molecu-
lar weight of (79KD) used to transport
iron safely from the bloodstream to
various tissues such as the liver, spleen

and bone marrow to store iron in the
form of ferritin @,

1. 5. Ferritin: A globular protein
with a molecular weight of (450-500
KD) that represents the storage form
of iron. It is mainly found in the liv-
er and spleen. It is used in recycling
iron to form blood. It is essential for
iron balance and participates in a wide
range of physiological and pathologi-
cal processes @. It contains 24 subunits
of chains that form a complex to carry
up to 4500 atoms. The normal level of
ferritin in males ranges between (12-
300 ng\ml) while in females it ranges
between (12-150 ng\ml) 49,

2. Materials

and methods of work:

2.1.Blood sample collection
Blood samples of (60) thalassemia
patients were collected from males
and females aged between (5-20) years
in Ramadi Teaching Hospital / Anbar
Health Department / Thalassemia Unit
/ from patients clinically diagnosed by
specialist doctors, where (5 ml) of ve-
nous blood was drawn from each pa-
tient and stored in gel tubes to be sep-
arated by a centrifuge to obtain serum
for the purpose of measuring biochem-
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ical variables. Then (30) samples were
collected for healthy individuals to be
used as a control group.

2.2. Determination of prolidase
activity

The effectiveness of the enzyme
Prolidase was evaluated through its
catalytic action on its substrate, lead-
ing to the hydrolysis of the dipeptide
glycine-proline (Gly-1-pro) as the en-
zyme’s substrate, resulting in the free
amino acids (Gly and pro). The amount
of liberated proline 1s measured colori-
metrically after its reaction with ninhy-

drin at a wavelength of 515 nm, based
on proline being used as a standard
substance (D12

Procedure:

1. Serum Dilution: Serum was dilut-
ed by adding (250 ul) of the dilution
solution to (50 ul) of serum, then the
mixture was incubated for 24 hours at
a temperature of 37°C to prepare the
diluted serum for addition, with (100
ul) added to the control samples.

2. Preparation of the three test tubes:
The following test tubes were prepared
according to Table:

Reagent Test Control
Substrate solution oot 1 L
Diluted serum solution 100pl pl100

The tubes were incubated for 30
minutes at a temperature of 37°C. The
reaction was then stopped by adding 1
ml of a 0.45 mol/L TCA solution. After
stopping the reaction, the tubes were
placed in a centrifuge for 5 minutes at

a speed of 2000 RPM, and then 500 pl
of the supernatant was withdrawn from
both the test and control tubes

3. Preparation of the four test tubes:
Four test tubes were prepared as shown
in the following

Solutions control Sample(test) Standard Blank
Chinard Detector 1 ml 1 ml 1 ml 1 ml
Glacial Acetic Acid 1 ml 1 ml 1 ml 1 ml
Clear solution 0.5 ml 0.5ml | .. | e
Standard Proline Solution | - | = - 0.5ml | -
Stop Solution | - | eem | e 0.5 ml
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The four tubes were incubated
for (10 minutes) at a temperature of
(90°C) in a water bath to complete the
formation of the colored complex, af-
ter calibrating the device with a blank
solution. The absorbance was then
measured at a wavelength of (515 nm).

Calculation:

The Prolidase Activity in the blood
samples under study was calculated
based on the following equation @3

Prolidase Activity =
Abs of test —Abs control
Absof standard

X 2.4 [S]

2.3. Determine the level of iron in
the blood.

After separating the iron Fe™ bound
to transferrin in an acidic medium,
ascorbic acid reduces the iron from
Fe* to Fe*?, which leads to a reaction

between Fe*? and the compound (Ferro
Zine), after which a colored complex is
formed between them, the absorbance
(color intensity) of which 1s measured at
a wavelength of (580) nm, where the ab-
sorbance is directly proportional to the
amount of iron in the sample, so that the
concentration of iron is determined by
measuring the increase in absorbance,
and thiourea is added to the solutions to
prevent the interference of copper 9.
Procedure: The reducing solution
R1 was mixed with the colored solu-
tion R2 in a ratio of 1:50 and left for
five minutes at room temperature. Then
the absorbance of the samples and the
standard solution was measured at a
wavelength of (580nm) against the re-
agent blank to find the first and second
absorbances. according to Table:

Additives used to find the first absorbance A1l

Tubes
. Blank Sample Standard
Solution
Distil water 200l o
Sample | ...l 200 | Ll
Standard | ... | Ll 200 pL
Working Reagent 1000 puL 1000 pL 1000 uL
Additions used to find the second absorbance A2
Tube
. Blank Sample Standard
Solution
Distil water 25ul
Sample | ... 25ul |
Standard | ... Ll 25 uL
Working Reagent 1000 pL 1000 pL 1000 pL
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Calculation: The iron concentra-
tion was calculated by applying the

following equation . Where the stan-
dard iron concentration is (200 png/dL).

(A2 — Al)Sample

¥ Concentration of Standard

Iron Conc. (pg/dl) =

(A2 — Al)standard

2.4. Determination of ferritin lev-
el in blood:

The ferritin concentration was es-
timated for patients with thalassemia
and healthy individuals using the en-
zyme-linked immunosorbent
(ELISA) method.

2.5. Determination of transferrin

assay

concentration:

Anti-transferrin ~ antibodies  are
mixed with samples containing trans-
ferrin to form insoluble complexes that
cause a change in absorbance depend-
ing on the concentration of transfer-
rin in the patient’s sample. Transferrin

forms a precipitate in the serum that is

determined as a turbidity by measur-
ing the absorbance at a wavelength of
(340) nm™ .

Procedure: The reagents used to
determine the concentration of (TF) in
the serum were: the first reagent (PEG
5%, NaCl 25mmol\l), the second re-
agent (Anti-human transferrin, NaCl
100mmol\l), and the third reagent
(Standard 200 pg/dL).

R1 was mixed with R2 in a ratio of
5:1 and left for 3 minutes at room tem-
perature. Then the first and second ab-
sorbances were found against Planck’s
reagent to determine the transferrin
concentration.

Additives used to find the first and second absorbances

Reagent R1

800(uL)

Sample or Calibrator10 (uL)

10 uL

The process of mixing and measuring the absorbance (A1) is done after adding the sample,

then we put the solutions

Reagent R2

200(uL)

The mixing process is done and the absorbance (A2) of the standard solution and the sam-

ple is measured 3 minutes after addition
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Calculation: The transferrin concentration was calculated by applying the

following equation %,

(A2 - Al)Sample
(A2 — Al)standard

Transferrin (g/L)=

Concentration of Standard

3. Discussion results:

The levels of iron status and proli-
dase enzyme activity were estimated in
thalassemia patients and control groups
according to gender as shown in Table
(3-1). Comparisons between patient

groups and control groups showed a
significant increase in the concentra-
tions of variables (IRON, Ferritin, PD)
while (TF) levels showed a significant
decrease at the probability level (P <
0.01) compared to control groups.

Table (3-1): Iron status levels and prolidase activity of thalassemia patients com-
pared to the control group by gender

Param- Mean £S.D P-

eters Patients group (n=80) Control group(n=50) Value
Male Female Total Male Female Total

Prol-

] 796.06+ 239.05 +|229.07+ | 234.06+

idase 800.715.78 + 798.385+7.83 0.001**

9.88 25.11 3.42 14.26

(IU/L)

IRON 278.93+ 283.85 + 158.53+ | 160.76+

- 288.78+57.89 66.13 62.01 163+4.44 | 00y 512 | 0-001%

Ferri-

) 3381.4+ 2994.5 + 106.52+ | 104.3+ | 105.41 +

tin (ng/ | 2608.75+1815.73 | 5493 1909.41 5299 | 43.05 | 48.02 |0:001%%

mL)

TF (ng/ 246.03+ 254.21 + 320.64+ | 326+ | 323.+

ayy | 202399886 | Ty 65.84 2259 | 12.08 | 12.335 |0-001%%

3.1 . Estimation of prolidase ac-
tivity in blood serum of the groups
under study

Table (3-1) showed that the level
of total prolidase and the level of pro-
lidase in males and females increased
significantly at a probability value (P

< 0.001) in people with thalassemia
compared to the level of total prolidase
and the level of prolidase in males and
females in healthy people who were

used as a control group, as shown in
Figure (3-1) below.
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Figure (3-1): Comparison between different groups
in the level of prolidase.

The results of the current study are
consistent with the findings of (Cak-
mak, Alpay), (Belli, Seyda) and their
group 19 17 The reason for the high
activity of the prolidase enzyme can
be attributed to a defect in collagen re-
cycling, which causes many cases and
development of thalassemia. The proli-
dase enzyme can play a role in metabol-
ic disorders in people with thalassemia.
The reason for the increased activity of
the prolidase enzyme is attributed to a
disruption in collagen turnover, which
causes many disease conditions and
disease progression. The prolidase en-
zyme may have a role in metabolic dis-
orders 1n individuals with thalassemia,

as collagen is a major extracellular
component found in various tissues,
including red blood cells. Prolidase
(Iminodipeptidase) is a homogeneous
enzyme that releases proline and hy-
droxyproline from polypeptides and is
involved in collagen turnover and the
remodeling and growth of cells in the
body. The activity of the prolidase en-
zyme 1s a determining factor in the bi-
ological regulation of collagen, and the
breakdown of tissue barriers is stimu-
lated by protein-degrading enzymes.
Therefore, inhibiting the enzyme’s ac-
tivity may be considered a therapeutic
target for patients with thalassemia® .
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3.1 . Iron concentration levels in
blood serum of the groups under
study

Table (3-1) showed that the level of
total iron concentration and iron con-
centration in males and females in-
creased significantly at the probability

level of P < 0.01 in people with thal-
assemia compared to the level of total
iron concentration and iron concentra-
tion in males and females in healthy
people who were used as a control
group. As shown in the following fig-
ure (3-2).

00 — 2887857593 2838

250 7
= 00 -
= 15853  160.76
o
150
=
L=
= 100
=
=4 50
—
0]
Female Total Female Total
Patient Control

Figure (3-2): Comparison between different groups in iron level

The results of the current study on
total iron concentration and iron con-
centration in males and females are
consistent with the study conducted by
researcher (Smesam) @ . and research-
er (Numan) @9 _ and their group, where
they found in their research results that
there is a significant increase in total
iron concentration in patients with thal-
assemia compared to total iron concen-

tration in the blood serum of healthy

individuals (control group). The reason
for the high level of total iron in thalas-
semia patients is due to repeated blood
transfusions, which leads to excessive
absorption of iron and increased iron
concentration in the serum. The results
shown in Table (3-1) indicate that there
1s a significant and significant differ-
ence (P <0.01) in the iron concentra-
tion between patients with thalassemia
and healthy individuals, as many stud-
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ies show similar results for the iron
concentration in the human body in
patients with thalassemia, where their
iron concentration is higher than the
iron concentration in healthy individu-
als, which is consistent with the current
study, as the increase in iron concentra-
tion in patients indicates iron overload,
and this increase in concentration oc-
curs as a result of thalassemia depen-
dent on blood transfusion (TDT), rapid
disintegration of red blood cells, and
increased absorption of iron in the di-
gestive system @V

3.2. Serum ferritin concentration
levels of the groups under study

Table (3-1) showed that the total
ferritin concentration and the ferritin
concentration in males and females in-
creased significantly at the probability
level of P < 0.01 in people with thal-
assemia compared to the total ferritin
concentration and the ferritin concen-
tration in males and females in healthy
people who were used as a control
group, as shown in the following fig-
ure (3-3).

e = ey |

2994 .5

105.41

3500 1
3000 1 260875
~ 2500
F v
= 20m 1
b=.l:l 1500 +
L — ;
= 1000 +
= J
E 500
5 ok
=] Male Female
Patient

I 106.52 104.3
L = =

Total

Male Female Total

Control

Figure (3-3): Comparison between different groups in terms of ferritin levels.

Table (3-1) showed that the total
ferritin concentration and the ferritin
concentration in males and females in-
creased significantly at the probability

level of P < 0.01 in people with thal-
assemia compared to the ferritin con-
centration level in healthy people who
were used as a control group, as shown
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in Figure (3-3). The high ferritin con-
centration in the body of thalassemia
patients is attributed to the hemolysis
of red blood cells and repeated blood
transfusions. Therefore, the results of
the current study agree with what the
researcher (Eshagh) ¢» . who found that
there is a significant increase in the fer-
ritin concentration in the serum of thal-
assemia patients compared to the fer-
ritin concentration in healthy people.
The reason for the increase in ferritin
concentration in the serum of thalas-
semia patients is due to the formation
of ineffective red blood cells and re-
peated blood transfusions that lead to
an increase 1n iron, as each unit of red

blood cells transferred contains about
(250) mg of iron While the body can-
not secrete more than (1) mg of iron
per day @ .

3.3 . Transferrin levels in blood
serum of the groups under study

Table (3-1) showed that the concen-
tration of total (TF) level and (TF) lev-
el in males and females decreased sig-
nificantly at the probability level of P <
0.01 in people with thalassemia com-
pared to the total (TF) level and (TF)
level in males and females in healthy
people who were used as a control
group. As shown in the following fig-
ure (3-4).

350 320.64 32332
300 +~
_ 26239 .05 25421
P i
= 250
.__.-"
bo 200 -
=
— 150 -
E 100 1
-
50 1
=
2 o0
E Female Total Female Total
= :
Patient Control
Figure (3-4): Comparison between different groups
in the level of Transferrin (TF).
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Table (3-1) showed that the total
(TF) level and the (TF) level in males
and females decreased significantly at
a probability level of P < 0.01 in in-
dividuals with thalassemia compared
to the (TF) level in healthy individu-
als who were used as a control group,
as shown in Figure (3-4). The decrease
in the (TF) level in the body of thalas-
semia patients occurs due to the state
of iron overload and hemolysis of red
blood cells, which leads to the accu-
mulation of iron in the blood serum of
individuals with thalassemia, which
causes a decrease in the (TF) level, as
the results of the current study agree
with the results of the study of (Onye-
kwere) and his group ®¥ Those who
indicated the presence of a decrease
in the concentration of (TF) due to the
state of iron overload in the serum of
patients with thalassemia as a result of
hemolysis due to oxidative damage in
these patients, and they also attributed
the decrease in the level of (TF) in the
blood serum to the expansion of the
red blood cell marrow that occurs to
compensate for the observed anemia.
The results of the current study do not
agree with regard to the concentration
of (TF) with many studies, including

the study conducted by researcher (Al-
Hakeim) @4

presence of an increase in the level of

where he indicated the

transferrin in patients with thalassemia
compared to the control group (healthy
people), and that the reason for the in-
crease in the level of (TF) in the serum
of patients with thalassemia is due to
a defect in the globin chain, which
leads to the formation of ineffective
red blood cells, i.e., not carrying iron,
which stimulates the body to produce
more transferrin to help the body com-
pensate for the deficiency that occurred
in the concentration of iron.

3.5. Correlations between proli-
dase activity and iron status

3.5.1. Correlation between proli-
dase activity and iron level

The results indicate that there is a
positive relationship between the ac-
tivity of Prolidase and iron in the se-
rum of people with thalassemia, as the
value of the correlation coefficient was
(r = 0.370), as shown in Figure (3-5)
below.
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Figure (3-5): The correlation between the activity of the prolidase
and the iron level in the serum of thalassemia patients.

3.5.2. Correlation between the ac-
tivity of the prolidase and the level of
ferritin:

The results indicate that there is a
positive relationship between the ac-

tivity of Prolidase and ferritin in the
serum of people with thalassemia, as
the value of the correlation coefficient
was (r =0.237), as shown in Figure (3-
6) below

Figure (3-6): Correlation between the activity of the prolidase
and the level of ferritin in the serum of thalassemia patients.
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. 3.5.3. Correlation between the
activity of the prolidase and the level
of transferrin:

The results indicate that there is a
negative relationship between the ac-

tivity of the prolidase and transferrin in
the serum of people with thalassemia,
as the value of the correlation coeffi-
cient was (r = - 0.102), as shown in
Figure (3-7) below.

S R Linear = 5 X33E-4
- =T - ¥ .
g oo s = e =
Transferrin
Figure (3-7): Correlation between the activity of the prolidase
and the level of transferrin in the serum of thalassemia patients.

4. Conclusions and Recommenda-
tions

4.1. Conclusions

1- Measuring the level of the prol-
idase can be used as a preliminary in-
dicator to identify people with thalas-
semia.

2 - Thalassemia patients suffer from
high levels of iron and ferritin, with a
severe decrease in hemoglobin con-
centration and a decrease in transferrin
levels, in thalassemia patients com-

pared to healthy people.

3.We can conclude that the signifi-
cant increase in the levels of the stud-
ied biochemical indicators may be due
to some diseases such as kidney, heart
and liver diseases, which are also one
of the characteristics of thalassemia
patients.
Recommendations 4.2

1- Study the effect of cytokines such
as (IL-12, IL-1p, IL-6, TNF-a, and IL-
23) in thalassemia patients.
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2- Premarital genetic screening as a
major strategy for preventing genetic
disorders such as thalassemia and other
blood diseases.

3- Evaluation of the role of proli-
dase enzyme in diabetic patients, hy-
pertensive patients and various disease
conditions.

4- Conducting a kinetic study of the
effect of stimulants and inhibitors on
the activity of the prolidase enzyme
purified from the blood serum of peo-
ple with thalassemia.

References

1. Baird, D. C., Batten, S. H., &
Sparks, S. K. (2022). “ Alpha-and be-
ta-thalassemia: rapid evidence
review”. American  family  physi-
cian, 105(3),  272-280.

2. Ahmed, M. H., Ghatge, M.
S., & Safo, M. K. (2020). “Hemo-
globin: structure, function
lostery. Vertebrate
respiratory proteins, lipoproteins and
other body fluid proteins”, 345-382.

3. Wilk, Piotr, et al. “Substrate spec-
ificity and reaction mechanism of hu-
man prolidase.” The FEBS jour-
nal 284.17 (2017): 2870-2885.

4. Kitchener, R. L., and A. M. Grun-

and al-

and 1nvertebrate

den. “Prolidase function in proline

metabolism and its medical and bio-

technological applications.” Journal
of applied  microbiology 113.2
(2012): 233-247.

5. Fiorito, Serena, et al. “Prolidase
activity assays. A survey of the report-
ed literature methodologies.” An-
alytical Biochemistry (2024): 115506.

6. Eni-Aganga, Ireti, et al. “PROLI-
DASE: A Review from Discovery to its
Role in Health
tiers in Molecular
(2021): 723003.

7. Samson, K. L. 1., J. A. J. Fischer
and M. L. Roche (2022). “Iron Status,
Anemia, and Iron

and Disease.” Fron-
Biosciences 8

Interventions
and Their Associations with Cognitive
and Academic Performance in
Adolescents: A Systematic Review.”
Nutrients 14(1): 224.

8. Silva, A. M., T. Moniz, B. de Cas-
tro and M. Rangel (2021). “Human
transferrin: An  inorganicbiochemis-
try perspective.” Coordination Chem-
istry Reviews 449: 2141.

9. Zhang, X., S. Huang and H. Xu
(2022). “Preliminary investigation of
serum ferritin level and its ref-
erence interval in apparent healthy

children population in Provincial



Study of the effectiveness of prolidase with iron status in people with thalassemia

in Anbar Governorate ..................cccccooeviieeiiieeiiieiieeee e

Luay majeed Hameed ,

Nadia Ahmed Saleh J { 2 9 6

Children’s Hospital.” Laboratoriums-
Medizin 46(2): 121-124.

10. Kotla, N. K., P. Dutta, S. Parimi
and N. K. Das (2022). “The role of fer-
ritin in health and disease:
recent advances and understandings.”
Metabolites 12(7): 609.

11. Al-Samarrai, Rafah Razooq Ha-
meed, et al. (2023). “Evaluation the
Activity of Prolidase  and Oxidative
Stress State in Sera of Gym-Goers in
Samarra City.” Central Asian
Journal of Medical and Natural Sci-
ence 4.3:  1035-1040.

12. Sen, Velat, et al. (2014). “Serum
prolidase activity and oxidant—antioxi-
dant status in
ic hepatitis B virus infection.” [talian
Journal of Pediatrics 40: 1- 8

13. Verma, Akhilesh Kumar, et al.
(2014). “Serum prolidase activity and
diabetic

nephropathy and end stage renal dis-

children with chron-

oxidative stress in

ease: a correlative study with glucose
and creatinine.” Biochemistry  Re-
search International 2014.1: 291458.

14. Artiss, J. D., S. Vinogradov and
B. Zak (1981). “Spectrophotometric
study of several sensitive  reagents
for serum iron.” Clinical biochemistry

14(6): 311- 315.

15. Eleftheriadis, Theodoros, et
al. (2010). “Which is the best way
for estimating transferrin satura-
tion?.” Renal failure 32.8: 1022-1023.

16.Cakmak, Alpay, et al.(2010).
“Prolidase activity and oxidative sta-
tus in patients with thalassemia
major.” Journal of clinical laboratory
analysis 24.1:  6-11.

17. Belli, Seyda, et al.(2021). “Prol-
idase, Paraoxonase-1, Arylesterase Ac-
tivity In Oral Squamous C e 1 1
Carcinoma.” Eastern Journal of Med-
icine 26.1 .

18. Wilk, Piotr, Elzbieta Wator, and
Manfred S. Weiss.(2021) “Prolidase—a
protein with many fac-
es.” Biochimie 183: 3-12.

19. Smesam, H.N.; Albuthabhak,
H.A.; (2020). “Evaluation of erythro-
ferrone, hepcidin, and iron overload
status in Iraqi transfusion-dependent
B-Thalassemia major patients™.
Hemoglobin.;44(4):272-7.

20. Numan, H. A. and Ali, H.
A.(2020). Serum Salusin and Salusin
levels with some Biochemical Param-
eters in Patients with Major Thalas-
semia. Medico Legal Update,;

(1), 943-8.
21. Ganz, T. and E. Nemeth (2023).



297 dudlyeoll deoolall - duyy Ul aulds - duoldellg dugu il Slwlysdl d oo
02025 Ul - clousdl pgle - phue CWWI sdanll - gguiiellg guo Bl saell

“Pathogenic Mechanisms in Thalas-
semia II:  Iron Overload.” Hematol
Oncol Clin North Am 37(2): 353-363.

22. Eshagh Hossaini, S. K., & Haer1,
M. R. (2019). “Association between
serum levels of hepcidin and ferritin
in patients with thalassemia major and
intermedia, the role of iron chela-
tor”. Journal of Hematopathology, 12,
143-147.

23. Onyekwere, O. C., et al. (2009).
“Ferritin and increased vs upper refer-
ence interval tibc saturation to identify
increased iron stores in African Ameri-
cans.” Clinica Chimica Acta 405.1-2:
71-75.

24. Al-Hakeim, H. K.; (2020). Ma-
jor Depression in Children with Trans-
fusion-Dependent Thalassemia
Is Strongly Associated with the Com-
bined Effects of Blood Transfusion
Rate, Iron Overload, and Increased
Pro-inflammatory Cytokines. Neuro-
toxicity research, ;38(1):
228-241.






