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Abstract 

The research included (93) cases collected from Ibn Sina Teaching Hospital in Mosul city, the cases were divided into two 

group, the  first group included (58) patients with osteoporosis either the second group included (35) healthy cases, both 

groups were divided into three subgroups:(40-49) (50-59) (60 and over) year, and included estimation of hepcidin hormone, 

parathyroid hormone, vitamin D3, iron, calcium, total cholesterol, triglycerides, high density lipoprotein (HDL), very low 

density lipoprotein (VLDL), paraoxonase, glutathione-S-transferase, body mass index (BMI), creatinine, urea, bilirubin, 

hemoglobin, albumin, and ceruloplasmin in blood serum of  women with osteoporosis and comparing with control group., 

the results showed a decrease in the levels of (Hepcidin, vitamin D3, calcium, hemoglobin, body mass index (BMI), HDL-

C and albumin) in patient group compared to control group and an increase in the levels of (parathyroid hormone, iron, 

paraoxonase, glutathione-S-transferase, ceruloplasmin, creatinine, urea, bilirubin, total cholesterol,and triglycerides) in 

patient group compared to control group. The results also showed appositive correlation between hepcidin hormone and 

iron, calcium, ceruloplasmin, total cholesterol, VLDL-C, urea, albumin, and bilirubin, while there was negative correlation 

between hepcidin and parathyroid hormone, vitamin D3, hemoglobin, paraoxonase glutathione-S-transferase, triglyceride, 

HDL-C, BMI and creatinine. 
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1. Introduction   

 Osteoporosis is a silent disease [1] because it 

develops without any symptoms until fracture occurs 

[2] it is a skeletal disease characterized by low bone 

density and micro-architectural degradation of bone 

tissue with an increase in osteoporosis in addition to 

fracture[3].The risk of developing osteoporosis in 

women is greater than in men [4], in women iron levels 

in the form of ferritin (iron storage protein) increase 

significantly after menopause, increased iron 

concentrations contribute to enhancing bone 

resorption and suppressing bone formation [5].  

  

Hepcidin a liver-derived peptide hormone, is a 

major regulator of systemic iron homeostasis [6]. 

Hepcidin negatively regulates the export of 

macrophage iron [7], as it binds to the source of iron 

in target cells, macrophages, and intestinal cells to 

some extent.  In hepatocytes [8], its unbalanced 

production contributes to a group of iron disorders by 

blocking the flow of iron into the plasma[6]. 

Vitamin D3 is an important nutrient in maintaining 

bone health [9]. The primary role of Vitamin D3 is in 

bone metabolism and in increasing levels of calcium 

and phosphorous in the plasma[10], as vitamin D3 

enhances calcium and phosphate absorption. Low 

concentrations of vitamin D3 are associated with 

impairment. Calcium absorption, negative calcium 

balance, and compensatory elevation in parathyroid 

hormone, leading to bone resorption [11]. 

 Calcium has a key role in many physiological 

processes including skeletal mineralization [12], 

decreased dietary calcium intake is associated with 

lower BMD [13]. 

     Parathyroid hormone plays a key role in 

maintaining calcium homeostasis[14], which is 

secreted by the parathyroid gland in response to low 

calcium[15], it works to maintain calcium levels 

within the normal range through its effects on the 
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bones, kidneys and also reduce phosphorous in the 

blood through renal reabsorption [16].The hormone 

has multiple effects including increasing bone 

turnover by stimulating both osteoblasts and 

osteoclasts [17]  

       Anemia of Chronic Disease also known as 

secondary anemia, where there is a permanent increase 

in the incidence of this type of anemia associated with 

age and tendency to develop chronic diseases [18] 

among elderly patients with anemia, about 20% are 

considered to have anemia due to chronic diseases or 

inflammatory anemia is commonly seen in chronic 

kidney disease, acute or chronic infection, malignant 

tumors, and inflammatory disorders such as 

rheumatoid arthritis [19]. Bone marrow to produce an 

adequate number of red blood cells in order to 

maintain tissue oxidation when anemia is severe, 

hypoxia stimulates erythropoiesis by increasing renal 

synthesis and this leads to suppression of hepcidin 

transcription  

[20].    

  Aim of the work:                                                                                       

Estimate hepcidin level in women with 

osteoporosis in combaretion with control group and 

study its relationship with some biochemical 

parameters.                                                                

EXCLUSION CRITERIA:  Women without any 

diseases. 

MATERIALS AND METHODS:                                                     

This study was conducted during the period of 

September 2020 to April 2021, which is the period of 

case - control study. (58) postmenopausal women with 

osteoporosis out of seventy were diagnosed by 

specialized doctors at the Ibn Sina Teaching Hospital 

in Mosul, they were compared with (35) healthy 

women. Of the same age, the study protocol was 

approved by the Ethical Research Committee at the 

Nineveh Health Department in Mosul, about 5 ml of 

venous blood sample were drawn from the patients and 

the control group, the sera were separated by 

centrifugation at a rate of 3000×g for 10 minutes[21].  

Each sample was analyzed directly for Hepcidin, 

vitamin D3. and parathyroid. the serum were separated 

and used to estimate the following clinical parameters:                                                                                                                 

1. Hepcidin hormone was measured by competitive-

enzyme linked immunosorbent assay (ELISA) 

technique using Shanghai yehua biological 

technology, Cat.No.20201103.                                                                                             

2. Vitamin D3 and Parathyroid hormone were 

determined by VITROS ECIQ from Diagnostics 

orthoclinical (USA), Cat. No.1300 for parathyroid 

hormone, Cat. No.1008533280 for vitamin D3.  

3.Calcium: was determined by CPC method using 

BIOLABO kit Cat. No.052010A (France). 

4.Iron: was determined by Colorimetric method using 

BIOLABO kit Cat. No.121915A.  (France). 

5. Total Cholesterol (TC): was determined by 

enzymatic colorimetric method using BIOLABO 

Kit Cat. No.071930A1 (France).    

6. Triglycerides (TG): was estimated by enzymatic 

colorimetric method using BIOLABO Kit Cat. 

No.032023A1 (France). 

7.High density lipoprotein-cholesterol (HDL-C): was 

estimated by precipitation method using 

BIOLOABO kit Cat. No.111913 (France),  

      8. Very low density lipoprotein –cholesterol 

(VLDL-C): was calculated using the equation: 

VLDL-C (mmol/L) =TG/ 5 (mmol/L) [22]. 

        9. Body Mass Index (BMI): was calculated as 

weight in kilogram divided by square height in 

meters [23]. 

10.Paraoxonase enzyme: The effectiveness of the 

paraoxonase enzyme was estimated according to 

the researchers method Toma´s et al [24]. 

 11.Ceruloplasmin: The concentration of 

ceruloplasmin was determined according to the 

method of the researcher Sunderman and 

Nomoto[25]. 

12.Glutathion-S-transferase(GST):The activity of the 

enzyme glutathione-S-transferase was estimated 

according to the method used by researchers 

Habig et al [26]. 

13.Creatinine: was determined according to the 

method used by researchers Tietz [27]. 

14.Urea: was determined by urease-modified berthelot 

reaction using BIOLABO Cat. No.061930A kit  

(France).  

    15.Albumin: was determined by bromocresol green 

method using BIOLABO kit Cat.No.061916A1 

(France). 

16. Bilirubin: was determined according to the method 

of the researcher Walters and Gerarde [28].  

17.Haemogobin (Hb): was determined by 

microhaematacrit method used by reserchers 

Barbara et al [29]. 

  

 



 DEVELOPMENT OF PILOT SCALE SYSTEM FOR PRODUCTION  .. 

__________________________________________________________________________________________________________________ 

 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

7285 

Results and discussion: 

Hepcidin hormone 

 There was a significant decrease in hepcidin 

hormone in the patients compared to control group in 

all age groups as shown in table (1), these results were 

in agreement with sato et al [8]. In severe cases of a 

disease, Hepcidin production tends to decrease even if 

inflammation is present [6] the levels of hepcidin in 

the blood ofpatients with rheumatoid arthritis and iron 

deficiency are significantly lower compared to patients 

with rheumatoid arthritis and chronic inflammatory 

anemia, due to the influence of hepcidin by 

inflammation and iron metabolism [8].        

Parathyroid hormone 

There was increase in parathyroid hormone in the 

patients compared to control group in all age groups as 

shown in table (1), these results were in agreement 

with Tisato [30]. The hormone can produce a catabolic 

or anabolic pathway on bone metabolism depending 

on the hormone level and the duration of exposure 

[16].  

     Vitamin D3 

There was a significant decrease in levels of 

Vitamin D3 in patients compared to control group in 

all age groups as shown in table (1) these results were 

in agreement with Thomas,vitamin D3 deficiency in 

older populations in many countries [31] a risk factor 

to bone health, osteomalacia hyperthyroidism with 

muscle weakness and osteoporosis, the amount of sun 

exposure is a possible factor that contributed to this 

finding[32].                                                                                                                         

    Iron  

There was increase in levels of iron in patients 

compared to control group in all age groups as shown 

in table (1), these results were in agreement with 

Zhang [33]. This may be due to a lack of estrogen due 

to menopause, which increases bone resorption and 

accelerates bone loss[34] excess iron in the blood 

serum disrupts the dynamic balance between bone 

formation, which ultimately leads to osteoporosis, in 

addition to excess iron promotes the differentiation of 

osteoclasts which leads to enhanced bone resorption 

and causes apoptosis in osteoblasts, thus inhibiting 

bone formation [33]. 

     Calcium 

There was a significant decrease in levels of 

calcium in patients compared to control group in all 

age groups as shown in table (1) these results were in 

agreement with Shukla [35]. The reason for this is due 

to the effect of testosterone and estrogen on the 

intestine's absorption of calcium from the bloodstream 

[36].      

 

Table (1): The levels of hormones and some parameters in serum of patient with osteoporosis in comparison with 

control group. 

 

Hb 

There was a significant decrease in level of 

hemoglobin in patients   compared to control group as 

shown in table (1), these results were in agreement 

with Batún-Garrido  [37].   

                        

Age group (Mean± Standard Deviation) 

Age group(60)year and  over  Age group(50-59)year Age group(40-49)year Hormones 

and some 

parameters 
Patients group 

(n=18) 

Control 

group 

(n=9) 

Patients 

group 

(n=17) 

Control 

group 

 (n=11) 

Patients 

group 

 (n=23) 

Control 

group 

 (n=15) 

  220±14.0 

c 

 439±16.7 

b 

  206±17.3 

c 

  441±46.7 

b 

  204±12.1 

c 

324±23.1 

a 

Hepcidin             

hormone      

(pg/mL) 

11.2±1.03 

b 

22.8±2.16 

d 

 16.1±0.46 

c 

24.6±0.68 

a,d 

14.5±0.76 

b,c 

 26.3±0.98 

a 

Vitamin D3  

(ng/ml) 

63.7±7.54 

c 

26.1±2.96 

a,b 

   56.9±5.34 

c 

27.2±0.99 

a,b 

39.1±2.92 

b 

 24.1±2.93 

a 

Parathyroid 

hormone 

(pg/mL) 

2.20±0.13 

b 

5.56±0.22 

d 

  2.80±0.13 

b 

7.26±0.22 

a 

3.80±0.28 

c 

 7.26±0.40 

a 

Calcium 

(mg/dL( 

  122±2.70 

c 

85.6±3.20 

a,d 

 112±12.8 

b,c 

93.6±5.93 

a,b 

  114±6.85 

c 

 79.6±3.31 

a 

Iron (µg/dl(  

 8.32±0.21 

c 

11.3±0.53 

a,b 

   8.08±0.23 

c 

12.3±1.47 

b 

9.75±0.50 

a,c 

11.6±1.11 

a,b 

Hb  (g/dl ) 
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Paraoxonase 

There was a significant decrease in paraoxonase 

activity in the patients compared to control group in all 

age groups as shown in table (2). These results were in 

agreement with those found by Tisato [30]. Reduced 

enzyme activity leads to decreased functionality of 

HDL, which in turn increases the risk of inflammatory 

disease[30].          

Glutathione-S-transferase 

There was increase in GST enzyme in patients 

compared to control group in all age groups as shown 

in table (2). This may be due to increased oxidative 

stress, which leads to increased levels of Glutathione-

S-transferase enzyme [38]. 

 Ceruloplasmin  

There was increase in levels of ceruloplasmin in 

patients compared to control group in all age groups  

shown in table (2). These results were in agreement 

with karakas [39]. High levels of ceruloplasmin are 

predictors of  osteoporosis[39].  

Table (2): The activity of some enzymes and ceruloplasmin in serum of patient with osteoporosis in            

comparison with control group. 

 

Triglyceride (TG), Total Cholesterol, VLDL-C, and 

HDL concentration  

The results in table (3) showed a significant 

increase in TC, TG, VLDL-C.and showed a decrease 

in the level of HDL-C concentration in patients 

compared to control group. These results were in 

agreement with those found by Bijelic, Şahin Ersoy  

[40][41].The accumulation of fats in the blood leads to 

accumulation in the sub-endothelial matrix of the bone 

vessels and may inhibit the differentiation and d 

mineralization of bone cells[42]. 

                                                           

BMI 

There was a significant decrease in levels of BMI 

in patients compared to control group as shown in 

table (3), these results were in agreement with Fawzy 

et al [43].Low body mass is associated with lower 

BMD and increased risk of osteoporosis [44].  

 

Table (3): The levels of lipid profile and BMI in serum of patient with osteoporosis comparison with control    

group. 

  

 

 

 

  

Age group (Mean ± Standard Deviation) 

Age group(60)year and       over Age group(50-59) year Age group(40-49)year Enzymes and 

ceruloplasmin 

Patient group 

(n=18) 

Control group 

(n=9) 

Patient group 

(n=17) 

Control group 

(n=11) 

Patient group 

(n=23) 

Control group 

(n=15) 

 

 3.03±0.06 

c 

2.47±0.06 

c 

2.81±0.01 

d 

2.27±0.06 

b 

2.75±0.02 

d 

2.06±0.03 

a 

Paraoxonase activity  

(U/L) 

436.±34.5 

c,d 

254±27.7 

a,b 

 469±59.1 

d 

283±24.3 

a,b 

349±21.2 

b,c 

 198±39.0 

a 

Glutathione-S-

transferase (U/L) 

 0.76±0.40 

d 

0.53±0.04 

c 

0.58±0.01 

c 

0.43±0.01 

b 

0.53±0.23 

c 

0.24±0.23 

a 

Ceruloplasmin 

(mg/dL)     

Age group (Mean± Standard Deviation) 

Age group(60)year and  

over 

Age group(50-59) year Age group(40-49)year 

Biochemical 

parameters Patient 

group 

(n=18) 

Control 

group 

(n=9) 

Patient 

group 

(n=17) 

Control 

group 

(n=11) 

Patient 

group 

(n=23) 

Control 

group 

(n=15) 

  192±1.87 

d 

  114±2.76 

b 

  158±15.1 

c 

95.0±14.6 

a,b 

150±12.8 

c 

77.0±4.93 

a 

Total 

cholesterol 

(mg/dL) 

 84.3±14.2 

d 

36.6±5.82 

a,b 

 64.6±3.31 

c 

 17.0±0.36 

a 

53.0±2.63 

b,c 

 18.0±2.22 

a 

Triglyceride 

(mg/dL)         

 45.8±3.54 

a,d 

92.1±2.37 

c 

42.8±3.43 

d  

74.5±3.66 

b 

56.5±5.47 

a 

76.0±5.77 

b 

HDL-C 

(mg/dL)  

 23.0±7.93 

b 

1.58±0.85 

a 

 19.5±1.63 

b 

 1.40±0.07 

a 

15.9±1.02 

b 

 1.11±0.13 

a 

VLDL-C  

(mg/dL) 

 24.1±0.87 

c 

30.8±1.24 

a,b 

27.5±1.21 

a,c 

33.1±3.14 

b 

25.3±1.30 

c 

31.9±1.16 

a,b 

BMI (kg/m2) 
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Creatinine 

There was a significant increase in levels of 

creatinine in patients compared to control group in all 

age groups as shown in table (4), these results were in 

agreement with Li et al [45]. This may be due to 

decreased renal function, patients with impaired real 

function show reduced body mass density and 

increased risk of fractures [46]. 

Urea 

There was a significant increase in levels of urea in 

patient compared to control group in all age groups as 

shown in table (4), these results were in agreement 

with Park,Jassal [46] [47] this may be due to renal 

function declines with age due to decreased 

glomerular filtration rate[47], in addition the acute 

inflammatory response in bone healing after fracture 

may lead to further impairment of renal function [46]. 

 

Albumin  

There was a significant decrease in levels of 

albumin in patients compared to control group in all 

age groups as shown in table (4), these results were in 

agreement with Afshinnia et al [48] this may be to the 

role of albumin in osteoclast activation through its 

association with nuclear factor and other inflammatory 

cytokines that drive osteoporotic activities [49]. 

 

Bilirubin 

There was a significant increase in levels of 

bilirubin in patients compared to control group in all 

age groups as shown in table (4), these results were in 

agreement with Ruiz-Gaspà et al  [50]. High levels of 

bilirubin and bile acids may contribute to abnormal 

osteoblast function [50].In addition  high levels of 

bilirubin in the blood serum also indicate abnormal 

liver function[51]. 

Table (4): The levels of some biochemical parameters in serum of patient comparison with control group. 

 

                   Table (5): The correlation between hepcidin hormones and some parameters. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age group (Mean± Standard Deviation) 

Biochemical 

parameters 

Age group(60)year                        

and over 

Age group(50-59)year Age group(40-49)year 

Patients 

group 

(n=18) 

Control 

group 

(n=9) 

Patients 

group 

(n=17) 

Control 

group 

(n=11) 

Patients 

group 

(n=23) 

Control 

group 

(n=15) 

1.43±0.31 

b 

0.51±0.10 

a 

1.78±0.22 

b 

0.32±0.11 

a 

 3.30±0.36 

c 

 0.07±0.01 

a 

Creatinine 

(mg/dl) 

 96.0±2.01 

d 

53.5±3.68 

b 

79.3±0.80 

c 

34.6±5.94 

a 

71.8±9.76 

c 

 33.0±2.19 

a 

Urea 

(mg/dl) 

b,c 

4.13±0.51 

c,d 

5.20±0.19 

b,c 

4.15±0.30 

d   

5.53±0.15 

b   

3.51±0.44 

 6.88±0.47  

a 

Albumin   

(g/dl) 

0.93±0.14 

d 

0.09±0.04 

a 

0.69±0.21 

c,d 

0.08±0.00 

a 

0.45±0.05 

b,c 

0.14±0.04 

a,d 

Bilirubin 

(mg/dl) 

Negative correlation Positive correlation Hormone and parameters 

-0.049  Parathyroid hormone 

-0.382  Vitamin D3 

 0.325 Iron  

 0.051 Calcium 

-0.030  Hemoglobin 

-0.026  Paraoxonase 

-0.174  Glutathione-S-transferase  

 0.098 Ceruloplasmin 

 0.111 Total cholesterol 

-0.158  Triglyceride 

-0.186  HDL-C 

 0.355 VLDL-C 

-0.125  BMI 

-0.118  Creatinine 

 0.102 Urea 

 0.031 Albumin 

 0.251 Bilirubin 
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Conclusion  

Through the results of this study, we noticed a 

significant decrease in the levels of the hepcidin in 

women with osteoporosis as we noticed a positive 

correlation was found between hepcidin hormone, 

ceruloplasmin, total cholesterol, VLDL and 

biochemical that are an indicator of kidney function 

such as urea, as well as bilirubin and albumin.                 

3. Benefits  

We learned about the role of hepcidin in women 

with osteoporosis and its relationship with the rest of 

the Biochemical parameters, and this gives us an idea 

about the metabolism of this hormone and its 

mechanism of action in women with osteoporosis. 

Next: will women with osteoporosis suffer from 

anemia? Through the results of the study, it was found 

that there is a relationship between osteoporosis and 

anemia in postmenopausal women.    

4. Acknowledgments   

The first of all, thanks to God for giving me the 

insistence and the power to complete this work and get 

this degree would like to express my deepest thanks 

and appreciation to my supervisor Dr.Lelas Farhan 

Badaiwi and thanks to Biochemistry in College of  

Education for Girls /  University of Mosul, Iraq.  

 5. References   

 [1] M. Al-Hariri and B. Aldhafery, “Association of 

Hypertension and Lipid Profile with 

Osteoporosis,” Scientifica (Cairo)., vol. 2020, p. 

7075815, 2020, doi: 10.1155/2020/7075815. 

[2] J. K. Fajar and A. Azharuddin, “The association 

between interleukin 6 −174 G/C gene 

polymorphism and the risk of osteoporosis: A 

meta-analysis,” J. Taibah Univ. Med. Sci., vol. 

12, no. 3, pp. 212–220, 2017, doi: 

10.1016/j.jtumed.2016.07.010. 

[3] H. Al-Muraikhi, M. A. Chehab, H. Said, and N. 

Selim, “Assessing health beliefs about 

osteoporosis among women attending primary 

health care centres in Qatar,” J. Taibah Univ. 

Med. Sci., vol. 12, no. 4, pp. 349–355, 2017, doi: 

10.1016/j.jtumed.2016.11.003. 

[4] T. L. Hsu et al., “Association between 

osteoporosis and menopause in relation to SOX6 

rs297325 variant in Taiwanese women,” 

Menopause, vol. 27, no. 8, pp. 887–892, 2020, 

doi: 10.1097/GME.0000000000001544. 

[5] B. Chen, G.-F. Li, Y. Shen, X. I. Huang, and Y.-

J. Xu, “Reducing iron accumulation: A potential 

approach for the prevention and treatment of  

postmenopausal osteoporosis.,” Exp. Ther. Med., 

vol. 10, no. 1, pp. 7–11, Jul. 2015, doi: 

10.3892/etm.2015.2484. 

[6] D. Girelli, E. Nemeth, and D. W. Swinkels, 

“Hepcidin in the diagnosis of iron disorders,” 

Blood, vol. 127, no. 23, pp. 2809–2813, 2016, doi: 

10.1182/blood-2015-12-639112. 

[7] P. Zhang et al., “Hepcidin is an endogenous 

protective factor for osteoporosis by reducing iron 

levels,” J. Mol. Endocrinol., vol. 60, no. 4, pp. 

299–308, 2018, doi: 10.1530/JME-17-0301. 

[8] H. Sato et al., “Serum hepcidin level, iron 

metabolism and osteoporosis in patients with 

rheumatoid arthritis,” Sci. Rep., vol. 10, no. 1, pp. 

1–12, 2020, doi: 10.1038/s41598-020-66945-3. 

[9] J. A. Sunyecz, “The use of calcium and vitamin D 

in the management of osteoporosis,” Ther. Clin. 

Risk Manag., vol. 4, no. 4, pp. 827–836, 2008, 

doi: 10.2147/tcrm.s3552. 

[10]  josefina B. Flávia GalVão Cândido, “Vitamin D: 

Link between osteoporosis, obesity, and 

diabetes?,” Int. J. Mol. Sci., vol. 15, no. 4, pp. 

6569–6591, 2014, doi: 10.3390/ijms15046569. 

[11] M. Harold N Rosen, “Calcium and vitamin D 

supplementation in osteoporosis,” UpToDate. pp. 

1–24, 2016, [Online]. Available: 

http://www.uptodate.com/contents/calcium-and-

vitamin-d-supplementation-in-osteoporosis. 

[12] V. Veldurthy, R. Wei, L. Oz, P. Dhawan, Y. H. 

Jeon, and S. Christakos, “Vitamin D, calcium 

homeostasis and aging.,” Bone Res., vol. 4, p. 

16041, 2016, doi: 10.1038/boneres.2016.41. 

[13] K. M. Kim et al., “Interactions between dietary 

calcium intake and bone mineral density or bone 

geometry in a low calcium intake population 

(KNHANES IV 2008-2010),” Journal of Clinical 

Endocrinology and Metabolism, vol. 99, no. 7. pp. 

2409–2417, 2014, doi: 10.1210/jc.2014-1006. 

[14] A. B. Hodsman et al., “Parathyroid hormone and 

teriparatide for the treatment of osteoporosis: a 

review of  the evidence and suggested guidelines 

for its use.,” Endocr. Rev., vol. 26, no. 5, pp. 688–

703, Aug. 2005, doi: 10.1210/er.2004-0006. 

[15] M. Augustine and M. J. Horwitz, “Parathyroid 

hormone and parathyroid hormone-related protein 

analogs as therapies for  osteoporosis.,” Curr. 

Osteoporos. Rep., vol. 11, no. 4, pp. 400–406, 

Dec. 2013, doi: 10.1007/s11914-013-0171-2. 

[16] A. Khedr, “Skeletal Manifestations of 

Hyperparathyroidism,” Anatomy, Posture, 



 DEVELOPMENT OF PILOT SCALE SYSTEM FOR PRODUCTION  .. 
__________________________________________________________________________________________________________________ 

 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

7289 

Prevalence, Pain, Treat. Interv. Musculoskelet. 

Disord.,chapter.6,vol.20,pp. 1, 2018, doi: 

10.5772/intechopen.74034. 

[17] D. M. Roberts and R. F. Singer, “Management of 

renal bone disease,” Australian Prescriber, vol. 

33, no. 2. pp. 34–37, 2010, doi: 

10.18773/austprescr.2010.016. 

[18] M. Wiciński, G. Liczner, K. Cadelski, T. 

Kołnierzak, M. Nowaczewska, and B. 

Malinowski, “Anemia of Chronic Diseases: 

Wider Diagnostics-Better Treatment?,” Nutrients, 

vol. 12, no. 6, Jun. 2020, doi: 

10.3390/nu12061784. 

[19] M. F. Yacoub, H. F. Ferwiz, and F. Said, “Effect 

of Interleukin and Hepcidin in Anemia of Chronic 

Diseases,” Anemia, vol. 2020,pp.5, 2020, doi: 

10.1155/2020/3041738. 

[20] A. Pagani, A. Nai, L. Silvestri, and C. 

Camaschella, “Hepcidin and Anemia: A Tight 

Relationship,” Front. Physiol., vol. 10, no. 

October, pp. 1–7, 2019, doi: 

10.3389/fphys.2019.01294. 

[21] M. Garelnabi and A. Younis, “Paraoxonase-1 

enzyme activity assay for clinical samples: 

Validation and correlation studies,” Med. Sci. 

Monit., vol. 21, pp. 902–908, 2015, doi: 

10.12659/MSM.892668. 

[22] W. T. Friedewald, R. I. Levy, and D. S. 

Fredrickson, “Estimation of the Concentration of 

Low-Density Lipoprotein Cholesterol in Plasma, 

Without Use of the Preparative Ultracentrifuge,” 

Clin. Chem., vol. 18, no. 6, pp. 499–502, Jun. 

1972, doi: 10.1093/clinchem/18.6.499. 

[23] F. Q. Nuttall, “Body mass index: Obesity, BMI, 

and health: A critical review,” Nutr. Today, vol. 

50, no. 3, pp. 117–128, 2015, doi: 

10.1097/NT.0000000000000092. 

[24] A. T. Marta Toma´s, Mariano Sentı´, Ferra´n 

Garcı´a-Faria, Juan Vila and J. M. Maribel Covas, 

“Effect of simvastatin therapy on paraoxonase 

activity and related lipoproteins in familial 

hypercholesterolemic patients,” Arterioscler. 

Thromb. Vasc. Biol., vol. 20, no. 9, pp. 2113–

2119, 2000, doi: 10.1161/01.ATV.20.9.2113. 

[25] F. W. Sunderman  Jr. and S. Nomoto, 

“Measurement of Human Serum Ceruloplasmin 

by Its p-Phenylenediamine Oxidase Activity,” 

Clin. Chem., vol. 16, no. 11, pp. 903–910, Nov. 

1970, doi: 10.1093/clinchem/16.11.903. 

[26] F. W. Sunderman Jr. and S. Nomoto, “Glutathione 

S-transferases. The first enzymatic step in 

mercapturic acid formation.,” J. Biol. Chem., vol. 

249, no. 22, pp. 7130–7139, Nov. 1974. 

[27] N. . Tietz, "Textbook of clinical chemistry 

":W.B.Saunders company, Philladelphia.pp.490-

491,1000-1025. 1999. 

[28] H. W. Walters, M.I.,and Gerarde, “An 

ultramicromethod for the determination of 

conjugated and total bilirubin in serum or plasma. 

Mi,” crochemical Journal,15(2),231-243., 1970. 

[29] M. A. L. Barbara J. Bain, Imelda Bates, “Dacie 

and Lewis Practical Haematology 12th edition.” 

pp. 11–13, 2017. 

[30] V. Tisato et al., “Crosstalk between adipokines 

and paraoxonase 1: A new potential axis linking 

oxidative stress and inflammation,” Antioxidants, 

vol. 8, no. 8, pp. 1–11, 2019, doi: 

10.3390/antiox8080287. 

[31] T. J. A. Thomas R.Hill, “The role of vitamin D in 

maintaining bone health in older people,” Ther. 

Adv. Musculoskelet. Dis., vol. 9, no. 4, pp. 89–95, 

2017, doi: 10.1177/1759720X17692502. 

[32] N. Suganthan, T. Kumanan, V. Kesavan, M. 

Aravinthan, and N. Rajeshkannan, “Vitamin D 

status among postmenopausal osteoporotic 

women: A hospital based cross-sectional study 

from Northern Sri Lanka,” BMC Nutr., vol. 6, no. 

1, pp. 1–8, 2020, doi: 10.1186/s40795-020-

00341-y. 

[33] J. Zhang, H. Zhao, G. Yao, P. Qiao, L. Li, and S. 

Wu, “Therapeutic potential of iron chelators on 

osteoporosis and their cellular mechanisms,” 

Biomed. Pharmacother., vol. 137, p. 111380, 

2021, doi: 10.1016/j.biopha.2021.111380. 

[34] Q. Cheng et al., “Postmenopausal Iron Overload 

Exacerbated Bone Loss by Promoting the 

Degradation of Type i Collagen,” Biomed Res. 

Int., vol. 2017,pp.9, 2017, doi: 

10.1155/2017/1345193. 

[35] A. Shukla, N. Dasgupta, S. Ranjan, S. Singh, and 

R. Chidambram, “Nanotechnology towards 

prevention of anaemia and osteoporosis: from 

concept to market,” Biotechnol. Biotechnol. 

Equip., vol. 31, no. 5, pp. 863–879, 2017, doi: 

10.1080/13102818.2017.1335615. 

[36] D. Cech, “Prevention of osteoporosis: From 

infancy through older adulthood,” Hong Kong 

Physiother. J., vol. 30, no. 1, pp. 6–12, 2012, doi: 

10.1016/j.hkpj.2012.01.002. 



 Asmaa A. ALhaboo and Lelas F. Bdaiwi. 

_____________________________________________________________________________________________________________ 

 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

 

7290 

[37] J. A. de J. Batún-Garrido and M. Salas-Magaña, 

“Relationship between the presence of anemia 

and the risk of osteoporosis in women with 

rheumatoid arthritis,” Revista de Osteoporosis y 

Metabolismo Mineral, vol. 10, no. 1. pp. 15–19, 

2018, doi: 10.4321/S1889-836X2018000100003. 

[38] M. Tesauro et al., “The possible role of 

glutathione-S-transferase activity in diabetic 

nephropathy,” Int. J. Immunopathol. Pharmacol., 

vol. 28, no. 1, pp. 129–133, 2015, doi: 

10.1177/0394632015572564. 

[39] E. Y. Karakas et al., “Usefulness of ceruloplasmin 

testing as a screening methodology for geriatric 

patients with osteoporosis,” J. Phys. Ther. Sci., 

vol. 28, no. 1, pp. 235–239, 2016, doi: 

10.1589/jpts.28.235. 

[40] R. Bijelic, J. Balaban, and S. Milicevic, 

“Correlation of the Lipid Profile, BMI and Bone 

Mineral Density in Postmenopausal Women,” 

Mater. Socio Medica, vol. 28, no. 6, p. 412, 2016, 

doi: 10.5455/msm.2016.28.412-415. 

[41] G. Şahin Ersoy, “Lipid profile and plasma 

atherogenic index in postmenopausal 

osteoporosis,” North. Clin. Istanbul, vol. 4, no. 3, 

pp. 237–241, 2017, doi: 

10.14744/nci.2017.61587. 

[42] I. Alay, C. Kaya, H. Cengiz, S. Yildiz, M. Ekin, 

and L. Yasar, “The relation of body mass index, 

menopausal symptoms, and lipid profile with 

bone mineral density in postmenopausal women,” 

Taiwan. J. Obstet. Gynecol., vol. 59, no. 1, pp. 

61–66, 2020, doi: 10.1016/j.tjog.2019.11.009. 

[43] T. Fawzy et al., “Association between Body Mass 

Index and Bone Mineral Density in Patients 

Referred  for Dual-Energy X-Ray Absorptiometry 

Scan in Ajman, UAE.,” J. Osteoporos., vol. 2011, 

p. 876309, 2011, doi: 10.4061/2011/876309. 

[44] Y. Y. Chen et al., “Body fat has stronger 

associations with bone mass density than body 

mass index in metabolically healthy obesity,” 

PLoS One, vol. 13, no. 11, pp. 1–11, 2018, doi: 

10.1371/journal.pone.0206812. 

[45] S. Li et al., “Association between renal function 

and bone mineral density in healthy 

postmenopausal Chinese women,” BMC Endocr. 

Disord., vol. 19, no. 1, pp. 1–7, 2019, doi: 

10.1186/s12902-019-0476-y. 

[46] B. K. Park, K. Y. Yun, S. C. Kim, J. K. Joo, K. S. 

Lee, and O. H. Choi, “The Relationship between 

Renal Function and Bone Marrow Density in 

Healthy Korean Women,” J. Menopausal Med., 

vol. 23, no. 2, p. 96, 2017, doi: 

10.6118/jmm.2017.23.2.96. 

[47] S. K. Jassal, D. Von Muhlen, and E. Barrett-

Connor, “Measures of renal function, BMD, bone 

loss, and osteoporotic fracture in older adults: The 

Rancho Bernardo study,” J. Bone Miner. Res., 

vol. 22, no. 2, pp. 203–210, 2007, doi: 

10.1359/jbmr.061014. 

[48] F. Afshinnia, K. K. Wong, B. Sundaram, R. J. 

Ackermann, and S. Pennathur, 

“Hypoalbuminemia and Osteoporosis: 

Reappraisal of a Controversy.,” J. Clin. 

Endocrinol. Metab., vol. 101, no. 1, pp. 167–175, 

Jan. 2016, doi: 10.1210/jc.2015-3212. 

[49] F. Afshinnia and S. Pennathur, “Association of 

Hypoalbuminemia With Osteoporosis: Analysis 

of the National Health  and Nutrition Examination 

Survey.,” J. Clin. Endocrinol. Metab., vol. 101, 

no. 6, pp. 2468–2474, Jun. 2016, doi: 

10.1210/jc.2016-1099. 

[50] S. Ruiz-Gaspà et al., “Bile acids and bilirubin 

effects on osteoblastic gene profile. Implications 

in the pathogenesis of osteoporosis in liver 

diseases,” Gene, vol. 725, p. 144167, Oct. 2019, 

doi: 10.1016/j.gene.2019.144167. 

[51] H. Hao et al., “Association of total bilirubin and 

indirect bilirubin content with metabolic 

syndrome among Kazakhs in Xinjiang,” BMC 

Endocr. Disord., vol. 20, no. 1, pp. 1–7, 2020, doi: 

10.1186/s12902-020-00563-y. 

  

  

 

  

 

 

  

  

  

 


