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Abstract

Osteoporosis (OSP)is by far the most common metabolic bone disease that is estimated to affect over 

200 million women and men worldwide predominantly people over 60 years of age. Calcitriol, the active 

form of Vitamin D, has the ability to self-regulate its concentration. Vitamin D (VITD) levels were estimated 

by HPLC method, PTH concentration was determine depending on ELISA, and minerals (Ca, POS, and Mg) 

were estimated by spectrophotometric methods. Women were involved in this study had an age of 45±6.3 

years. The minimum and maximum age were 40 and 60 years respectively, in which about 55 % of the 

women lie in the age ≥50 years of old and 45 % lie in the age <50 years of old. Significant differences (p-

value <0.05) of VITD (ng/ml) levels between MS and BMI groups (95 % CI of (0.5 - 0.88, 0.43 - 4.0 

respectively) while the results shown statistical differences in VITD levels between age sub-groups (p-

value>0.05) (95 % CI of 0.2 - 4.2). Both PTH and POS were found markedly increased in OSP compared to 

Control group. The results also showing the negatively correlation between age of OST women with Mg 

levels (mg/dl) more than the negatively correlation between of them in control group. Other results showing 

positive correlation between VITD and Ca levels (mg/dl) of pre-OSP women while the negatively correlation 

between of them was found in post-OSP group. 
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1. Introduction 

Osteoporosis (OSP) is by far the most 

common metabolic bone disease that is estimated 

to affect over 200 million women and men 

worldwide predominantly people over 60 years of 

age (Sharmai et al., 2008). In 2018, National 

Osteoporosis Foundation (NOF) announced that 

approximately 10.2 million adults in the United 

States have Osteoporosis, with an additional 43.4 

million having low bone mineral density (BMD) 
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(Singh, 2017). Fragility fractures associated with 

osteoporosis have become increasingly common 

in women as early as age 55 and in men after age 

65. In Middle East and North Africa (MENA), 

concrete data from this region are scarce, largely 

due to the unavailability of methods (e.g., dual-

energy absorptiometry) to measure Bone Mineral 

Density (BMD) (Hong et al., 2021). Although, 

MENA regions have substantial sunshine 

throughout the year Vitamin D deficiency is 

highly prevalent partially due to limited sun 

exposure attributed to cultural practice of covering 
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the whole body with clothes, dark skin, and 

prolonged breastfeeding without taking VITD 

supplements. In Iraqi postmenopausal females the 

incidence of osteoporosis increased to reach 22.8 

% (Huang et al., 2016). The production of VITD 

starts from 7-dehydrocholesterol, which is found 

in abundance in the skin. It can be formed from 

internal synthesis pathway of cholesterol 

formation from acetyl CoA. In the pathway, it is 

formed before cholesterol. It can also be obtained 

from diet such as milk. 7-Dehydrocholesterol is 

converted to Previtamin D3 by breaking one of the 

rings using sunlight. Previtamin D3 isomerizes to 

form Cholecalciferol (or vitamin D3), which is 

hydroxylated using CYP2R1 enzyme in the liver 

to form 25(OH)D3 (or calcidiol). Vitamin D3 can 

also be obtained from diet fortified with dairy 

products or fatty fish. Calcidiol can be converted 

to 24,25(OH)2D3 by P450cc24 and excreted. 

From the liver, calcidiol is bound to Vitamin D 

Binding Protein (DBP) and transported to kidneys 

where it is converted to 1,25(OH)2D3 (or 

calcitriol) by the enzyme CYP27B1. Calcitriol is 

the active form of vitamin D. Excess calcitriol is 

converted to 1, 24, 25(OH)3D3 by CYP24A1 and 

excreted (Al-Daghri et al., 2014).  

Calcitriol, the active form of vitamin D, 

has the ability to self-regulate its concentration. 

When there is a high quantity of calcitriol in the 

blood, the enzyme CYP24A1 is activated, which 

converts it to an excretion product. Calcitriol 

deficiency promotes the production of parathyroid 

hormone. The activity of parathyroid hormone is 

twofold: it activates the CYP27B1 enzyme, which 

produces more calcitriol from calcidiol, and it 

inhibits the activity of CYP24A1, which prevents 

calcitriol from converting to excretion product 

from (Bord et al., 2003). Parathyroid hormone 

secreted from Parathyroid glands and are a 

collection of four glands found adjacent to the 

thyroid gland. Parathyroid hormone-related 

peptide binds and activates the same receptor but 

has different functions, the hormone is secreted 

when the levels of calcium or calcitriol in serum is 

low (Marwaha et al., 2011). To raise blood Ca 

through binding to and activation PTH receptor 

(PTH1R) in the two major target organs, bone and 

kidney. Calcium and phosphorous are two 

minerals that are found as deposits in the bone. 

Among the two, calcium metabolism is very 

intricately linked to hormone metabolism and 

aging (Sunyecz, 2008). 

Additionally, Calcium and Phosphate 

metabolism is tightly bound together hence, both 

its excessive and inadequate intake can develop 

Osteoporosis. The total body content of 

magnesium (Mg) is only  24 g, approximately 50 – 

60 % of total Mg is stored in bone. Mg is taken 

into the body daily in substantial amounts, 

stimulates the growth of bone cells, and 

accelerates the healing of bone tissue. Several 

factors play a role in magnesium homeostasis 

including Vitamin D, parathyroid hormone (PTH), 

and estrogen (Gennari, 2001). The aim of this 

work to study the vitamin D and its correlation 

with PTH and some minerals levels in 

osteoporosis women. 

2. Materials and Methods 

Assessment of VITD levels in human 

serum of subject groups by using High 

Performance Liquid Chromatographic (HPLC) 

system. HPLC is a powerful separation technique 

used for the analysis of ions, proteins, and organic 

molecules. HPLC is based on the mechanisms of 

adsorption, partition and ion exchange, which 

depend on the type of stationary phase used. The 

technique involves a solid stationary phase, 

usually enclosed in a stainless-steel column, and a 

liquid mobile phase (eluent). By using general 

dilution law (N1 V1 = N2 V2), 2 µg/ml prepared 

by dilution from original pure standard Vitamin D 

(5 IU/gm). Twenty µl of prepared standard VITD 

(2 µg/ml)) was injected into HPLC. Obtaining 

results that contain the peak top, retention time, 

and area under the peak for standard as it shown in 

Figure – 1. 

After sample dryness, then 200 µl of 

mobile phase B was added and mixed well for a 

while. Finally, samples were filtered and the 

appropriate volume of (20 µL) injected by an 

autosampling injector into a column equipped with 

a 2cm guard column. A gradient HPLC system 
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(SP-8800, Spectra Physics, CA, USA) at a flow 

rate of 2.3 ml/min was used for determination of 

25-OHD after applying the conditions of 

separation listed in Table - 1. Between each 

injection, the column was rinsed for 10 min with 

methanol. For determination of 25-OHD the 

separation was performed by a 5 min elution with 

solution A at a flow rate of 2.3 ml/min. The 

column effluent was monitored at 265 nm by an 

UV detector connected to an integrator and an on-

line data system for integration of the peaks and 

calculation of the results. 

The Human Parathyroid Hormone (PTH) 

ELISA Kit is a sandwich Enzyme Linked 

Immunosorbent Assay The ELISA Kit uses 

Sandwich-ELISA as the method. The Micro-

ELISA strip plate provided in this kit has been 

pre-coated with an antibody specific to PTH. 

Standards or samples are placed in the appropriate 

Microelisastripplate wells and mixed with the 

appropriate antibody.Then a Horseradish 

Peroxidase (HRP)-conjugated antibody specific 

for PTH is added to each Microelisastripplate well 

and incubated. Free components are washed away. 

The TMB substrate solution is added to each well. 

Only those wells that contain PTH and HRP 

conjugated PTH antibody will appear blue in 

colour and then turn yellow after the addition of 

the stop solution. The Optical density (OD) is 

measured Spectrophotometrically at a wavelength 

of 450 nm. The OD value is proportional to the 

concentration of PTH. You can calculate the 

concentration of PTH in the samples by 

comparing the OD of the samples to the standard 

curve, as shown in Figure – 2. 

 
Figure - 1: The peak for standard VITD 

 
Figure - 2: Standard Curve of PTH 
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Table - 1: Conditions of HPLC for VITD estimation 

 

 

 

 

 

 

 

 

3. Results 

OT group were classified according to Clinical characteristics as shown in Table – 2. 

Table - 2: Characteristics of OT group 

Clinic-pathological      

variables 

OST Control X2 

Total number of women 45 45 90 

Age 

- <50 

- ≥50 

 

20 

25 

 

22 

23 

 

0.444 

 

MS 

- Pre  

- Post  

 

25 

20 

 

23 

22 

 

0.342 

BMI  

- <25 

- ≥25 

 

11 

34 

 

14 

31 

 

0.001 

Classification percentage of study groups 

depending on age, MS, BMI, and FH. Women 

were involved in this study had an age of 45±6.3 

years. The minimum and maximum age were 40 

and 60 years respectively, in which about 55 % of 

the women lie in the age ≥50 years of old and 45 

% lie in the age <50 years of old.   

The Table - 3 shown significant difference 

(p-value<0.05) of VITD (ng/ml) levels between 

MS and BMI groups (95 % CI of 0.5 - 0.88, 0.43 -

4.0 respectively) while the results shown statistical  

differences in VITD levels between age subgroups 

(p-value>0.05) (95 % CI of 0.2 - 4.2). Both PTH 

and POS were found markedly increased in OST 

compared to control group. The results also 

showing the negatively correlation between age of 

OST women with Mg levels (mg/dl) more than the 

negatively correlation between of them in control 

group. Other results showing positive correlation 

between VITD (pg/ml) and Ca levels (mg/dl) of 

pre-OSP women while the negatively correlation 

between of them was found in post-OSP group.

 

Parameter Characteristic for Vitamin D identification 

Mobile phases  

Gradient of two phases:  

Mobile phase A 

Mobile phase B 

 

 

Methanol-water (90: 19, v/v) 

Methanol-isopropanol-water (90.0: 10.0, v/v) 

Column C18 (25cm × 4.6 mm × 5µm) 

Injection sample  100 µl 

Flow rate  2.0 ml/min 

UV-Detector With 264 nm to detection for peak sensitivity 

Temperature  28 ºC 

Pump pressure  10.2 Mpa 

Time of detection 10 minutes 
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Table - 3: VITD levels in OSP study subgroups 

VITD (ng/ml) 

p-value 

(95%,CI) 

Mean± SD N 

0.012 

(0.2-4.2) 

19.4± 2.2 20 <50 Age 

17.1± 2.8 25 ≥50 

0.709 

(0.5-0.88) 

18.8± 1.2 25 <25 BMI 

18.9± 2.8 20 ≥25 

0.001** 

(0.43-4.0) 

19.6± 1.5 25 Pre MS 

11.2± 1.2 25 Post 

For convenience, a summery was made of the study biochemical parameters, all OSP group was 

compared with control, as shown in Table – 4. 

Table - 4: Biochemical parameters involved in this study 

Parameters VITD 

ng/ml 

PTH 

pg/ml 

Ca 

mg/dl 

POS 

mg/dl 

Mg 

mg/dl 

OSP (N=45) 14±1.4** 30.34±1.1** 5.0±1.0* 2.99±0.8* 1.79±0.95* 

CON (N=45) 28±1.3 20.55±1.4 8.3±0.9 3.55±0.45 3.12±0.23 

4. Discussion 

OSP is the most common bone disease in 

humans. With its related fragility fracture, it 

represents a major public health problem in our 

region, with a significant medical and socio-

economic burden. Study was reported that with an 

aging population and longer life span, 

Osteoporosis is increasingly becoming a global 

epidemic and currently, it has been estimated that 

more than 200 million people are suffering from 

Osteoporosis (Lips et al., 2006). In fact, advice on 

lifestyle habits to optimize BMI for fracture 

prevention should be given to patients, also taking 

into account that BMI is implicated in the 

prevention of metabolic and diseases (Migliore et 

al., 2012). This result is similar to the result of 

other studywho demonstrated that the higher 

percentage of Osteoporosis accounted for 73.8 % 

were more in less than 25 of BMI, while less 

percentage (24.3 %) were in more than 25 of BMI 

(Kilim and Chandala, 2013).The active  VITD 

metabolite 1, 25(OH)2D opens up calcium 

channels in the gut, stimulates the formation of 

calcium binding protein in the intestinal cell, and 

thereby stimulates the absorption of calcium and  

 

 

phosphate from the gut (Onyeukwu and Nsonwu, 

2007). The consequences of vitamin D deficiency 

are may be leads to bone loss, leading to 

osteoporosis and fractures, mineralization defects, 

which may lead to Osteomalaciain the long term, 

and muscle weakness, causing falls and fractures 

because of VITD status is related to bone mineral 

density and bone turnover and this results is on the 

same line with other studies (Sozen et al., 2017; 

Lips and Van Schoor, 2011). A significantly 

higher PTH in the OSP group as compared to 

control was detected. PTH is polypeptide which is 

secreted by the parathyroid glands in response to 

decreases in calcium concentration. Its main 

actions are to increase renal tubular calcium 

reabsorption, to stimulate renal calcitriol, or 1,25 

dihydroxy vitamin D, production thereby 

indirectly increasing intestinal calcium absorption, 

and to regulate bone remodeling (Van Schoor et 

al., 2008). Similar to results of this study, various 

other studies have shown significant decrease (p-

value<0.05) in the serum PTH level in the post-

menopausal group as compared to that in the pre-

menopausal group.  
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After menopause, the ovaries cease to 

produce significant amounts of ES; therefore, 

symptoms and diseases associated with Estrogen 

(ES) deficiency are of more importance to 

women’s health (Snijder et al., 2006; Brandao et 

al., 2008). Altogether, PTH level decreases pre 

and post-menopause in OST group compare to pre 

and post of control group. Study was reported that 

aging and menopause lead to a decline in PTH and 

ES production, which has been implicated in 

decreased calcium levels in postmenopausal 

women (Ashuma et al., 2005).  Calcium, 

phosphorus, and magnesium are not only 

important to bone health, but it is also essential for 

neuromuscular activity, blood coagulation, and 

normal cardiac function (Sunyecz, 2008). 

Menopause often leads to increases in bone loss 

with the most rapid rates of bone loss occurring 

during the first five years after menopause 

(Gennari, 2001). In conclusion, VITD deficiency 

in post-menopausal women have a major role in 

the progression of OST. Estrogen deficiency also, 

in older women may be contribute in VITD and 

PTH levels disturbance. 
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