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ABSTRACT:
							                           
Thalassemia is one of the most important genetic haemolytic diseases that cause the breakdown of red blood cells (RBCs) in patients with β-Thalassemia major. The body does not produce enough haemoglobin, which is an important part of RBCs. When there is not enough haemoglobin, RBCs do not function properly in the body, so the condition continues for short periods of time. The current studies aimed to determine the extent of the impact of β-Thalassemia major on some hormonal variables in the serum of 80 patients (40 males and 40 females) aged between (1-15) years, in addition to 20 healthy children of the same age range and of both sexes, who were considered as a control group. The results of this study showed a significant increase in the concentration of erythropoietin (EPO) by 187% in the serum of patients with β-Thalassemia major compared to healthy of both sexes, with an increase of 188 in males and 183% in females. The highest significant increase was in the age group of (11-15) years in males and females compared to healthy control. The results also showed a significant decrease in the concentration of hepcidin and growth hormones in the serum of patients with a decrease of 55 and 56% respectively compared to healthy individuals of both sexes, with a highest significant decrease of 56 and 59% in males, and 55 and 52% in females respectively. The highest significant decrease was in the age group of (11-15) years for both hormones in males and females compared to healthy control based on age groups and sex.
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			Introduction

			β-Thalassemia major is one type of Thalassemia that results from a decrease or absence of the biosynthesis of Beta-globin chains (β-Globin) (Polat, 2021; Hesham, El-Safy, El-Taweel, & Omar, 2022). It is one of the most widespread diseases globally, and it is prevalent in Arab countries and Mediterranean countries such as Italy, Greece, Turkey, Iran, and North African countries (De Sanctis et al., 2017).

			In the case of β-Thalassemia major, there is an increase in the formation of red blood cells (RBCs), while the ineffective formation of RBCs is a fundamental feature for patients with β-Thalassemia major. Patients suffer from a severe decrease in haemoglobin concentration and severe anemia, accompanied by splenomegaly and bone deformities due to the acute deficiency in hemoglobin production (Rivella, 2015; Brancaleoni, Di Pierro, Motta, & Cappellini, 2016; Hamed, Al-Taii, & Jankeer, 2021).

			Erythropoietin hormone is a glycoprotein produced by the kidneys, mainly from interstitial cells of the fibroblast associated with peritubular capillaries in the nephron (Lundby & Olsen, 2011). It regulates and stimulates the production of RBCs in the bone marrow. Several studies have indicated that erythropoietin hormone plays a role in protecting against inflammation, acts as an antioxidant to protect against oxidative stress (Gholamzadeh, Eskandari, Bigdeli, & Mostafavi, 2018), and has a significant role in controlling the differentiation process and maintaining the stability of RBC numbers and the survival of blood cell progenitors (Lin, Luo, Jin, Shi, & Gong, 2015). In addition, its basic and important role in erythropoiesis in the bone marrow in mammals and responds to hypoxia within tissues by activating the hypoxia-inducible factor (HIF). Erythropoietin levels are low in the absence of anaemia, but exposure to stress due to oxygen deficiency significantly increases the production of erythropoietin (Haase, 2013).

			Hepcidin hormone is a peptide, it is mainly produced by hepatic cells (Clark et al., 2011). It is the main regulator of iron availability in the body, helping absorb iron from the duodenum, promoting phagocytic cells to recycle old RBCs, storing excess iron in hepatic cells, and ensuring a feedback loop between iron and hepcidin to maintain stable iron concentrations in the plasma (Ganz, 2006). It also plays a crucial role in iron metabolism, with its importance in iron metabolism lying in its ability to control iron release from cells (Ambachew & Biadgo, 2017). In cases of anaemia, Thalassemia, and hypoxia, hepcidin increases the production of RBCs. Anaemia increases the decrease in the level of the hormone, and a decrease in hepcidin level raises the level of iron absorbed by the digestive tracts and stored in hepatic cells, indicating that hepcidin hormone contributes directly to iron metabolism (Courselaud et al., 2002).

			Growth hormone is a protein peptide hormone secreted of the anterior pituitary gland, affecting most tissues in the body, it also affects the pathway of catabolism lipid, protein synthesis, anaemia, and decreased glucose synthesis (Caputo et al., 2021). It also has a direct effect on bone growth (Krohn et al., 2003). A decrease in growth hormone level is a characteristic feature of β-Thalassemia, as there is high toxicity to the pituitary gland due to the high level of iron (De Sanctis, 2002). Several studies have indicated delayed growth in patients with β-Thalassemia major, attributed to a decrease in insulin and insulin-like growth factor-1 (IGF-1) level (Wu, Tsai, & Peng, 2003; Soliman et al., 2011).

		

		
			Materials and methods

			
				Chemical material used

				This study used ready-made kits from different international companies to estimate some hormonal variables, including erythropoietin, hepcidin, and growth hormones. These kits were provided by SunLong Biotech LTD, a Chinese company, and DRG International Inc., an American company.

			

			
				Location and duration of study

				This study was conducted on patients with β-Thalassemia major in the Thalassemia Center at Al Hadbaa Blood and BMT Hospital in Nineveh Governoraten Nineveh Governorate - Iraq, from January (2022) to June (2022). The study included 80 patients (40 males and 40 females) aged between (1-15) years. The patients were diagnosed by specialist doctors depending on the laboratory tests of blood film, electrophoresis, iron levels and their family history of the disease was also considered. The patients were divided into three groups based on age categories using a specific questionnaire for this disease. The groups were classified into 3 groups for both genders, males and females:

				The first group included 25 patients with β-Thalassemia major in the age group of (1-5) years.

				The second group included 30 patients with β-Thalassemia major in the second age group of (6-10) years.

				The third group included 25 patients with β-Thalassemia major in the age group of (11-15) years. 

				The study also included 20 healthy children of the same age range and gender as the patients, who did not have this disease after laboratory tests were conducted by a specialist doctor, and they did not have a family history of anaemia or genetic blood disorders, who were considered as a control group. 

			

			
				Collection and preservation of blood sample

				Blood samples were collected between (8-11) am, and (4-5) mL of venous blood was drawn before giving the blood to the patient using a 5 mL syringe. The blood was then placed in jell plastic tubes, free from any anti-coagulant material, and left at room temperature for 30 min. to clot. The blood was then separated using a centrifuge for 15 min. at a speed of 3000 revolutions per min. to obtain serum. The serum was then drawn using a micropipette and placed in plastic Eppendorf tubes, and stored in the freezer at a temperature of (-20)°C until hormonal tests were conducted.

			

			
				Statistical analysis

				The statistical analysis of the results was performed using the Complete Randomized Design (C.R.D) and differences between the patients and control group were determined using the t-test for the studied variables at a probability level of (p ≤ 0.01). Meanwhile, the differences between the patient groups and the control based on gender and age categories were determined using Duncan's Multiple Range Test at a probability level of (p ≤ 0.05), and significant differences were determined using the SAS statistical program to find the mean and standard error (SE) (Hinton, 2004).

			

		

		
			Results

			The results in Table 1 showed a significant increase at a probability level of (p ≤ 0.01) in the concentration of erythropoietin (EPO) hormone as the percentage of increase was 187% in the blood serum of patients with β-Thalassemia major compared to healthy in both sexes. The results in Table 2 also showed a significant increase at a probability level of (p ≤ 0.05) in the concentration of EPO hormone, as its increase in males and females reached 188% and 183% respectively, compared to healthy control and by gender. While the results in Table 3 showed a significant increase at a probability level of (p ≤ 0.05) in the concentration of EPO for all studied age groups, including (1-5), (6-10) and (11-15) years, for both sexes. The highest percentage of increase in females in the age group (11-15) years reached 279%, while the highest percentage of increase in males in the same age group reached 207% compared to healthy control, according to age groups and gender.

			
				

Table 1




Concentration of some hormones in the serum of patients with β-Thalassemia major compared to healthy control of both sexes.
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 The numbers followed by the sign (**) indicate significant differences at (p ≤ 0.01) according to (t-Test). The sign (-) means a decrease. The sign (+) means an increase.






			

			
				

Table 2




Concentration of some hormones in the serum of patients with β-Thalassemia major compared to healthy control according to gender.
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 The numbers followed by different letters horizontally indicate a significant difference at (p ≤ 0.05) according to Duncan,s Test. The sign (-) means a decrease. The sign (+) means an increase.






			

			
				

Table 3




Concentration of some hormones in the serum of patients with β-Thalassemia major compared to healthy control according to age groups and gender.
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 The numbers followed by different letters horizontally indicate a significant difference at (p ≤ 0.05) according to Duncan,s Test. The sign (-) means a decrease. The sign (+) means an increase.






			

			The results of the current study are consistent with the findings of previous studies (Chaisiripoomkere, Jootar, Chanjarunee, & Ungkanont, 1999; Amer, Dana, & Fibach, 2010; Nguyen & Nguyen, 2017), which indicates a significant increase in the concentration of erythropoietin hormone in the blood serum of patients with β-Thalassemia major compared to healthy control. This increase is attributed to several factors, including the severity of anaemia, high ferritin level, splenectomy, as well as oxygen deficiency or hypoxia (Çetin, Ünal, Gümrük, Gürgey, & Altay, 2009). The secretion of erythropoietin hormone increases if the level of arterial oxygen decreases and the total number of red blood cells decreases. One of the most common causes that lead to a lack of oxygen is anaemia, increased binding of oxygen to haemoglobin, in addition to poor blood flow in the tissues (Duchnowska & Szczylik, 2003). A significant increase in the level of erythropoietin affects the activity of enzymes involved in heme biosynthesis and haemoglobin production (Huang et al., 2019).

			Erythropoietin is secreted primarily from the kidney by interstitial fibroblast cells in the renal cortex, and a small amount is also secreted from the blood vessels surrounding the cells and tissues of the liver and brain. It affects the bone marrow, and an increase in the concentration of erythropoietin hormone in the blood serum of patients with β-Thalassemia major, it leads to the formation of abnormal red blood cells that contain excess alpha-globin chains. In addition, an increase in the hormone leads to damage to the membrane of red blood cell and shortening their lifespan (Breymann et al., 1999; Amer et al., 2010; Souma, Suzuki, & Yamamoto, 2015). Several studies have shown that erythropoietin hormone has an antioxidant effect in normal conditions in two ways. Firstly, directly by stimulating the increased activity of enzymatic antioxidants such as glutathione peroxidase, catalase, and superoxide dismutase, thus, it enhances the protection system against oxidants (Katavetin et al., 2007). Second, indirectly by inhibiting iron-dependent oxidation damage, via iron consumption in the process of formation young red blood cells (Bahadorimonfared, Alirezaei, Zare, & Bakhtiyari, 2017).

			The results in Table 1 also indicated a significant decrease in the concentration of hepcidin hormone in the blood serum of patients with β-Thalassemia major by 55% compared to healthy control of both sexes. Additionally, the results in Table 2 showed a significant decrease in the concentration of hepcidin hormone in the blood serum of males and females by 56 and 55% respectively compared to healthy control of both genders. The results in Table 3 also showed a significant decrease at a probability level of (p ≤ 0.05) in the concentration of hepcidin in the blood serum of both males and females in all age groups, with the highest percentage decrease observed in females and males in the age group (11-15) years, by 63 and 59% respectively, compared to healthy control based on age groups and gender.

			The results of this study are consistent with the findings of (Hasoon, Shani, & Radi, 2020; Smesam, Albuthabhak, Arjmand, Al-Hakeim, & Siadat, 2020; Au, Benjamin, & Wiśniewski, 2022), indicating a significant decrease in the concentration of hepcidin hormone in the blood serum of patients with β-Thalassemia major compared to healthy. The decrease in hepcidin hormone in β-Thalassemia and anaemia patients is attributed to hypoxia, which increases the production of ineffective red blood cells. A decrease in the hormone hepcidin leads to an increase in the amount of iron absorbed by the digestive system and from its stores in hepatic cells (Lee et al., 2018). 

			Hepcidin hormone is the main regulator of iron balance. The formation of ineffective red blood cells in patients with β-Thalassemia major, it leads to increased secretion of the hormone erythropoietin, which stimulates red blood cells to secrete growth differentiation factor 15 (GDF15), decrease in hepcidin hormone concentration leads to increased iron absorption. Therefore, estimating the concentration of hepcidin hormone is an important indicator for controlling iron balance (MuhammadJawad, Saeed, Mumtaz, Iram, & Mohsin, 2016; Taher & Saliba , 2017; Hasoon et al., 2020), Elevated iron level in the blood of patients with β-Thalassemia due to decreased hepcidin concentration, its lead to iron accumulation in the body, especially in the bone marrow, resulting in increased ferritin levels (Al-Hakeim & Al-Hakany, 2013). High iron levels in the patient population with β-Thalassemia major indicate iron diseases such as hemosiderosis and hemochromatosis (Finkenstedt et al., 2016). In response to acute anaemia, there is an increase in the production of erythropoietin hormone, which stimulates the bone marrow to produce RBCs. This hormone directly acts on liver cells to reduce the production of hepcidin hormone. Low concentrations of hepcidin and high concentrations of erythropoietin allow the release of stored iron, in addition to increasing the absorption of dietary iron to produce RBCs (Coffey & Ganz, 2018). The hepcidin hormone controls the concentration of iron in the blood directly by binding to the ferroprotein, it is a protein present on the membrane of RBCs, macrophages, intestinal cells, and hepatic cells (Lee et al., 2018).

			Studies aimed to investigate a factor that links RBCs to iron regulation, leading to the identification of the erythroferrone factor, which is usually expressed significantly with erythropoietin, the red blood cell-stimulating hormone. It plays a regulatory role in RBCs in iron metabolism during oxygen deficiency or anaemia. Erythropoietin hormone stimulates the production of erythroferrone factor, which inhibits the production of hepcidin hormone in the liver, leading to an increase in iron absorption in addition to the presence of large amounts of free iron available for the formation of RBCs (Eckardt et al., 2012).

			The results in Table 1 showed a significant decrease in the concentration of growth hormone (GH) in the serum of patients with β-Thalassemia major, by 56% compared to healthy control of both sexes. The results in Table 2 also showed a significant decrease in GH concentration in male and female patients with this disease by 59 and 52%, respectively, compared to healthy control of both genders. The results in Table 3 also showed a significant decrease in GH concentration in the serum of males and females of all age groups studied and in both genders. The highest percentage of significant decrease was found in males and females in the age group (11-15) years, by 69 and 70%, respectively, compared to healthy control according to age groups and gender.

			The results of the current study agreed with those of (Pincelli et al., 2011; Faiq, Hamabor, & Salih, 2022), who found a significant decrease in the concentration of growth hormone in the serum of patients with β-Thalassemia major compared to healthy individuals. This decrease is attributed to the effect of iron accumulation and deposition in the hypothalamic-pituitary region, leading to dysfunction of the pituitary gland and the area under the hypothalamus (Soliman et al., 1999; Wu et al., 2003; Pincelli et al., 2011). Patients with β-Thalassemia major are often short in stature, and the appearance of secondary sexual characteristics is delayed or may not appear at all, due to a deficiency in pituitary and gonadal hormones as a response to iron accumulation (Ohene-Frempong & Schwartz, 1980; Pincelli et al., 2011). The decrease in growth hormone in patients with β-Thalassemia major is also attributed to thyroid gland dysfunction, as studies have indicated that thyroid hormones play a strong role in regulating body growth (Smyczynska, Hilczer, Stawerska, & Lewinski, 2010).

		

		
			Conclusion

			It is concluded from this study that iron accumulation has a significant contribution to the increase in the concentration of both erythropoietin hormone and the decrease in hepcidin hormone, in addition to the decrease in growth hormone in the serum of patients with β-Thalassemia major compared to healthy control. This shows the extent to which thalassemia major affects some hormones, which indicates damage to the hypothalamus and pituitary gland.
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