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 Osteoporosis is not limited to women after menopause. It can also afflict men 
as well and is a hot issue. Men get osteoporotic fractures around ten years 
later in life than women, although men's life expectancy is growing at a 
quicker rate than that of women. Consequently, males are living longer than 
women, and when they do, the repercussions are more severe than those 
experienced by their female counterparts. The aim of our study was to 
determine the level of CX3CL1, Bone sialoprotein, Gelsolin, Cathepcin K, 
Vitamin D, Calcium, Phosphorous and Alkaline phosphatase in 100 patients 
(20 men and 80 women) and 50 as the control group (19 men and 31 
women). The results showed that the serum level of CX3CL1, Gelsolin and 
Cathepcin K increased in female osteoporosis patients and no significant 
increase was observed in male osteoporosis patients compared with the 
control group. The results also showed a rise in serum levels of Bone 
sialoprotein and Alkaline phosphatase in male and female osteoporosis 
compared with the control group. Further, no significant difference in serum 
level (vitamin D, Calcium and Phsphorouse) in osteoporosis patientt, both 
male and female, compared with the control group. In conclusion, the 
Cathepcin K, Gelsolin and Bone sialoprotein play an essential role in bone 
metabolism and increase the level in osteoporosis patients. 

K E Y W O R D S 

Biochemical markers 
Osteoporosis patients 
Detection 

 

 

G R A P H I C A L   A B S T R A C T 

 

mailto:s.ali@vet.uoqasim.edu.iq
http://www.jmchemsci.com/
http://www.jmchemsci.com/


 Ali S.H., et al. / J. Med. Chem. Sci. 2023, 6(7) 1675-1683 

1676 | P a g e  

 

Introduction 

In osteoporosis, bone strength, in terms of density 

and quality, deteriorates over time, and an 

increased risk of fractures could spontaneously 

occur due to typical injuries. Osteoporosis is a 

progressive skeletal disorder in which the bone 

strength, considering quality and density, is 

compromised, putting the individual at increased 

risk of fractures [1]. In addition to low boen 

mineral density (BMD), it is accompanied by the 

loss of biomechanical and structural properties, 

which are essential for bone homeostasis 

maintenance [1]. Osteoporosis is a common 

syndrome and causes significant health problems 

worldwide [2]. Broken bones caused by 

osteoporosis are related to an increased death risk 

[3]. More importantly, fractures are leading to 

disability, low quality of life, and decreased 

physical functions [4]. In the year 2000, it was 

anticipated that around 9 million new 

osteoporotic fractures cases occurred, with a total 

of 56 million prevalent cases [5]. Between 2001 

and 2011, the prevalence of osteoporosis in 

Taiwan grew by around 7.6 %, according to World 

Health Organization (WHO). BMD is a powerful 

clinical diagnostic measure for osteoporosis and a 

better test for predicting osteoporotic fractures 

[5]. The condition known as osteoporosis is 

related to many hereditary and nongenetic causes, 

some of which include age [6], sex [2], menopausal 

status [7], educational level [8], coffee drinking 

[6], smoking, not exercising, alcohol consumption, 

diet [1], and body mass index (BMI) [9]. The 

purpose of this study was accordingly to find new 

biomarkers of Iraqi patients with osteoporosis 

and its association with physiological status that 

help in early diagnosis of cases of osteoporosis to 

prevent development of complication.  

Materials and Methods 

This study was carried out with patients who 

attended the Bone Density unit in a hospital in 

Marjan Medical City in Babylon Governorate. This 

study included 150 females and males. They were 

divided into two groups; the first group comprised 

100 patients (80 females and 20 males) with OP, 

and the second group included 50 relatively 

healthy (females and males). The age of both 

groups was matched and ranged between 20-80 

years. Venous blood was taken from patients using 

disposable syringes to determine their 

haemoglobin levels. Each patient provided five 

millilitres of blood, of which two millilitres were 

deposited into EDTA tubes, and the other three 

millilitres were pushed gently into disposable gel-

containing tubes. Similarly, blood in the EDTA 

tubes was stored at -20 degrees Celsius in order to 

be used later in the genetic portion of the study. In 

contrast, blood in the gel-containing tubes made 

clotting at room temperature for 15 minutes 

before being separated by centrifuge at 3000 rpm 

for 10-15 minutes. Sera were obtained and stored 

at -20 degrees Celsius. 

Biomarkers analysis 

In serum, the quantitative detection of CX3CL1, 

gelsolin, cathepcin K, and bone sialoprotein was 

carried out (BTL company, China), which relied on 

the technique of ELISA, and vitamin D was 

examined by AccuBind company, USA, which also 

relied on the ELISA. According to the industrial 

business BIOLABO, the enzymes calcium and 

alkaline phosphatase were measured in serum. 

Statistical analysis  

Analysis of study data was carried out by (SPSS) 

software (V20). The results were expressed as 

mean ± S.E. 

Results and Discussion 

What follows are the levels of biochemical 

parameters in osteoporosis patients and healthy 

groups according to gender (mean ± S.E.). 

Table 1 demonstrates the levels of biochemical 

parameters showing that in osteoporosis, patients 

markedly rise in level biochemical parameters 

measured in this study, where the significant 

increase (p≤0.05) in CX3CL1 in females, and a 

significant increase in bone sialoprotein 

concentration for both genders can be observed 

when compared with healthy control group and  

there was insignificant increase (p≤0.05) in 

gelsolin and cathepsin K level in female 

osteoporosis and no significant difference in male. 

Our results did not show a marked difference in 

vitamin D level, calcium and phosphorous in both 
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genders, while there was a significant increase at 

(p≤0.05) in alkaline phosphatase in both genders. 

Vijayakumar and Bu sselberg (2016) [10] found 

that gender is a risk factor for osteoporosis. 

Women are at higher risk of developing 

osteoporosis than men are (Ivanova et al., 2015). 

In Taiwan (2006-2008), data of NNHS found the 

occurrence of osteoporosis in males and females 

by 23.9 % and 38.3 %, respectively [11]. 

Menopause, according to Vijayakumar and Bu 

sselberg (2016), is a key contributing factor to 

differences in osteoporosis prevalence between 

men and women. Menopausal women are 

oestrogen deficient and thus are more prone than 

premenopausal women to bone loss, fractures, 

and osteoporosis than males. According to the 

findings of this research, women are more 

adversely impacted than men, as shown in Table 

1. 

Women are more susceptible to osteoporosis than 

males, mostly due to the consequences of 

menopause. CX3CL1 (fractalkine) is a member of 

the CX3C family identified so far [12]. 

CX3CL1/FKN is unique among chemokines in that 

it occurs as both a soluble chemoattractant and 

transmembrane protein, which is produced by the 

natural killer cells, T. cell, and monocytes in 

contrast to all other chemokines [13]. So far, just a 

few studies have looked at the possibility of 

CX3CL1/FKN being involved in bone remodelling 

processes, although the results are promising. 

Following these findings, Han et al., hypothesized 

that a critical role in bone resorption and 

osteoclast recruitment is played by the CX3CL1–

CX3CR1 axis [14]. As previously mentioned, 

disruption of the CX3CL1-CX3CR1 axis by using an 

antibody against the protein CX3CL1 has been 

shown to suppress osteoblast-guided 

development of osteoclasts in vitro [15].  

Table 1: levels some of biochemical parameters in osteoporosis patients and healthy according to gender 

           Groups 

Parameters 
Gender 

Male Female 

Mean±S.E 

CX3CL1 (ng/mL) 

 

Patient 10.16±1.3 11.53±2.6 

Healthy 9.76±1.5 3.46±0.6 

p-value 0.121 0.02 ⃰ 

Bone sialoprotein 

(ng/mL) 

Patient 47.53±6.7 45.36±12.4 

Healthy 31.45±5.1 19.32±9.8 

p-value 0.005 ⃰ 0.008 ⃰ 

Gelsolin (ng/MLS) 

 

Patient 50.06±10.2 75.61±12.5 

Healthy 48.13±8.1 42.46±10.5 

p-value 0.09 0.02 ⃰ 

Cathepsin K (ng/mL) 
Patient 3.07±0.2 4.77±0.6 

Healthy 2.99±0.1 1.25±0.8 

p-value 0.410 0.04 ⃰ 

Vit. D3 (ng/mL) 

 

Patient 18.44±4.3 15.26±2.2 

Healthy 20.48±4.4 20.66±3.4 

p-value 0.215 0.06 

Ca (mg/dL) 
Patient 8.46±1.3 8.22±0.8 

Healthy 8.43±1.4 9.38±2.2 

p-value 0.687 0.311 

PO4 (mg/dL) 
Patient 4.74±0.8 4.70±0.9 

Healthy 3.77±0.7 4.18±1.1 

p-value 0.567 0.244 

ALP (Iu/L) 
Patient 93.07±15.2 114.5±17.8 

Healthy 79.00±11.7 69.85±12.1 

p-value 0.06 ⃰ 0.002 ⃰ 

*significant difference at (p≤0.05). 
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Figure 1: Level of biochemical parameters in osteoporosis patients according to gender

Also, it has been discovered that the CX3CR1–

CX3CL1 axis is critical in preserving osteoclastic 

precursor cells. This is the first time that this issue 

has been reported [16]. Our findings reveal a 

significant increase in CXC3L1 level in female 

osteoporosis patients compared with the control 

group, similar to the results of Yi-Ding Chen et 

al.,2016 [17], who found that FKN level was rose 
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after menopause in osteoporotic patients when 

compared with postmenopausal non-osteoporotic 

females after the menopause period. Higher FKN 

levels in osteoporosis cases were shown to be 

associated with lower bone mineral density 

(BMD), high bone turnover indicators, and 

increased inflammatory markers. The 

CX3CL1/CX3CR1 axis is important in osteoclast 

development and in binding osteoclasts with 

immune cells to the bone tissue, among other 

things. It contributes to the development of 

infection and the generation of various 

inflammatory cytokines (TNF-a, IL-1a, and IL-6), 

which are detrimental to bone health. Increasing 

levels of CX3CL1 are related to increased levels of 

bone turnover and inflammatory markers in 

human blood serum (IL-1, IL-6, NTx, and TRACP-

5b), as well as increased levels of CX3CL1 in serum 

[18]. Bone sialoprotein is a new metric of bone 

metabolism. Bone sialoprotein is generated by 

osteoblasts and is a unique parameter of bone 

metabolism [19]. 

However, it is unknown that bone sialoprotein 

levels are indicative of bone production or bone 

resorption, as is the case in humans, even though 

it has been hypothesized that sialoprotein levels 

reflect mechanisms that are more closely 

associated with bone resorption [20]. When 

comparing male and female osteoporosis 

individuals to the control group, our findings 

revealed greater significant differences. Shaarwy 

and Hasan (2001) [21] demonstrated that serum 

BSP levels were significantly higher in 

postmenopausal osteoporosis patients compared 

with healthy perimenopausal control group. As a 

result of different antiresorptive treatments, 

serum BSP decreased, and this decrease coincided 

with the decrease in bone resorption markers. The 

circulating BSP reveals a good marker of bone 

resorption and is a useful tool for monitoring 

antiresorptive therapy in postmenopausal 

osteoporosis. Pietschmann et al. (2001) [22] 

discovered that the amount of BSP in males with 

idiopathic osteoporosis decreased dramatically. In 

men with osteoporosis, sialoprotein is expressed 

during the first stages of bone deposition, and 

inferred with parts of bone, but there seems to be 

a malfunction at discrete stages of osteoblastic in 

the males with osteoporosis.  

It is also necessary to examine the likelihood of a 

distinct metabolic of BSP in men and females as 

participants in this study. GSN is critical in the 

severing and capping of actin filaments, which is 

essential in the structure of the actin cytoskeleton 

[23]. It was required for a variety of tasks, 

including podosome assembly, rapid cell 

migration, and signalling pathways, among others 

[24]. According to Aciksaka and colleagues (2001) 

[25], podosomes are cytoskeletal structures in 

which actin polymerization and depolymerization 

occur at a fast rate. When it comes to osteoclasts, 

enhanced dendritic cells, macrophage, and 

endothelial cells, podosomes are crucial for 

adhesion, physical sensing, and matrix 

remodelling, among other things [26]. 

Along with bone matrix degradation, osteoclasts 

may also degrade extracellular matrix, and 

specific mineral content, both of which are 

required for bone healing and the Ca balance 

maintenance [27]. It is necessary to have stable 

cytoskeletal and adhesion and motility activities in 

podosomes in order for osteoclasts to be activated 

during the bone turnover phase [28]. The inability 

to generate podosomes, unusual actin cytoskeletal 

architecture, and lower fees of osteoclast motility, 

as well as blocked podosome-related signal 

transduction, have been demonstrated in previous 

research, and it was shown to result in reduced 

bone resorption, increased bone strength, and 

increased bone mass [29]. 

There was no statistical difference in GSN 

concentration between males and females in this 

study. On the other hand, significant differences in 

GSN were seen between persons with high and 

low BMD, with the latter being especially true in 

female participants. Compared with the healthy 

group, female osteoporosis patients had a 

considerable rise in GSN concentration, according 

to the present research results. This result is 

consistent with that of Wen-Yu Wang (2018) [30], 

who discovered that plasma GSN levels were 

higher in extremely low BMD subjects than in high 

BMD in Chinese women after menopause and that 

there were significant differences in plasma GSN 

levels between high and low BMD in both genders. 
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The results suggest that the function of the GSN is 

likely regulated by elements that are distinct to 

each gender, such as sex hormones. The findings 

of a previous study has revealed that GSN might 

function as an important regulator in the 

regulation of androgen-mediated impacts on 

osteoclastogenesis and bone resorption [28]. It is 

currently unclear if GSN interacts with oestrogen 

to impact bone metabolism and bone mineral 

density (BMD), which can be further researched in 

the future.  

In bone development, osteoclasts create and 

release cathepsin K, which is one of the essential 

catalytic enzymes. Cathepsin K is created by 

osteoclasts and has an important role in bone 

growth. Due to its well-established involvement in 

bone type I collagen degradation, it has gained 

attention as a possible therapeutic target in 

osteoporosis. [See full bio for more information] 

[31]. When synthesized as a procathepsin K, 

procathepsin K is then activated in the lysosomes 

by an enzyme-dependent process that includes 

hydrolytic breakage at low pH before releasing 

into the ducts [32]. This suggests that a portion of 

the cathepsin K is released into the blood and may 

function as a specific marker of osteoclast activity. 

Although many assays have been devised, it is not 

apparent if they are intended to detect the 

proenzyme. When comparing the osteoporosis 

patients to the healthy group, the results of the 

present investigation demonstrated a statistically 

significant rise in cathepcin K level with the 

disease. This discovery, which is similar to the 

results of Meier (2006) [33], indicated that 

cathepsin K level is elevated in individuals with 

osteoporosis and Paget's disease and patients 

with Paget's disease. 

After completing this trial, the researchers 

discovered that there was no significant difference 

in Ca concentration between individuals with 

osteoporosis and the control group. There was no 

remarkable discrepancy in Ca concentration 

between osteoporotic women and the control. Our 

results also agreed with those of Najlaa et al. 

(2018) [35], who reported no statistically 

significant difference in calcium levels between 

osteoporotic males and females and the control 

group. As previously reported by Selvapandian et 

al. (2018) [36], serum phosphorus showed no 

statistically significant difference between women 

with osteoporosis and the control group. This 

could be because serum calcium and phosphorus 

phosphorus levels were regulated, and 

homeostasis was maintained regardless of the 

amount of calcium and phosphorus stored in the 

bone [37]. The results of this inquiry also concur 

with those of Muhammad et al. (2018) [34], who 

discovered that there was no statistically 

significant difference in blood phosphorus levels 

between osteoporotic men and women and the 

control group. This is in line with the results by 

Ramesh et al. (2013) [38], who found that serum 

alkaline phosphatase was greater in osteoporotic 

groups than in the control group. According to 

Muhammad et al. (2018), ALP can be excreted 

from osteoblasts, which are high in ALP, and it can 

also be found in the plasma membrane of cells in 

the liver, small bowel, and fetal membranes, all of 

which may contribute to the total quantity of 

alkaline phosphatase. This is in agreement with 

Muhammad et al.’s (2018) research, reporting a 

statistically significant difference in ALP levels 

between osteoporotic men and women and the 

control group. According to the results of this 

study, there was a variation in vitamin D 

concentration between the osteoporosis cases. In 

addition to gender, environmental conditions, 

nutrition, stressors and disorders of calcium and 

enzymes and other diseases can be a risk factor in 

exacerbating musculoskeletal diseases, especially 

osteoporosis [39-41]. 

Conclusion 

In sum, our findings are in tanedem with those of 

Ramesh et al. (2013), reporting that decline of 

outdoor activities among women, as well as 

reduced exposure to sunshine, along with our 

culture of dressing in long dresses, would limit the 

production of vitamin D in the skin and its 

conversion to the active form, which is the most 

important form of vitamin D storage in the body. 

The absorption of calcium and phosphorus is 

dependent on vitamin D levels, and when these 

levels are inadequate, it produces a rise in 

parathyroid hormone, resulting in calcium and 

phosphorus shortage. 
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The percentage of the distribution of disease in 

women higher than men in Iraq. 

Indicators cannot be adopted (Vit.D, Ca and po4) 

as biological markers for osteoporosis disease 

because these indicators depending on the age and 

gender. 

Obesity or increase in body mass index BMI have 

large association with osteoporosis disease. 

Vital signs (CX3CL, bone sialoprotein, gelsolin and 

cathepcin K) consider positive indicators for 

osteoporosis disease. 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, commercial, 

or not-for-profit sectors. 

Authors' contributions 

All authors contributed to data analysis, drafting, 

and revising of the paper and agreed to be 

responsible for all the aspects of this work. 

Conflict of Interest 

We have no conflicts of interest to disclose. 

References 

[1]. Ivanova S., Vasileva L., Ivanova S., Peikova L., 

Obreshkova D., Osteoporosis: therapeutic options, 

Folia Medica, 2015, 57:181 [Crossref], [Google 

Scholar], [Publisher] 

[2]. Sözen T., Özıs¸ık L., Bas¸aran, N.C., An overview 

and management of osteoporosis, European 

journal of rheumatology, 2017, 4:46 [Crossref], 

[Google Scholar], [Publisher] 

[3]. Cauley J.A., Public health impact of 

osteoporosis, Journals of Gerontology Series A: 

Biomedical Sciences and Medical Sciences, 2013, 

68:1243 [Crossref], [Google Scholar], [Publisher] 

[4]. Johnell O., Kanis J.A., An estimate of the 

worldwide prevalence and disability associated 

with osteoporotic fractures, Osteoporosis 

international, 2006, 17:1726 [Crossref], [Google 

Scholar], [Publisher] 

[5]. Ioannidis J.P.A., Ng M.Y., Sham P.C., Zintzaras 

E., Lewis C.M., Deng H.W., Econs M.J., Karasik D., 

Devoto M., Kammerer C.M., Spector T., Andrew T., 

Cupples L.A., Duncan E.L., Foroud T., Kiel D.P., 

Koller D., Langdahl B., Mitchell B.D., Peacock M., 

Recker R., Shen H., Sol-Church K., Spotila L.D., 

Uitterlinden A.G., Wilson S.G., Kung A.W.C., Ralston 

S.H., Meta‐analysis of genome‐wide scans 

provides evidence for sex‐and site‐specific 

regulation of bone mass, Journal of Bone and 

Mineral Research, 2007, 22:173 [Crossref], 

[Google Scholar], [Publisher] 

[6]. Chan H.C., Hsieh C.F., Lin Y.C., Tantoh D.M., Ko 

P.C., Kung Y.Y., Wang M.C., Hsu S.Y., Liaw Y.C., Liaw 

Y.P., Does coffee drinking have beneficial effects 

on bone health of Taiwanese adults? A 

longitudinal study, BMC Public Health, 2018, 

18:1273 [Crossref], [Google Scholar], [Publisher] 

[7]. Mo D., Hsieh P., Yu H., Zhou L., Gong J., Xu L., 

Liu P., Chen G., Chen Z., Deng Q., The relationship 

between osteoporosis and body composition in 

pre-and postmenopausal women from different 

ethnic groups in China, Ethnicity & health, 2017, 

22:295 [Crossref], [Google Scholar], [Publisher] 

[8]. Pagotto V., Silveira E.A., Bone mineral density 

in the noninstitutionalized elderly: influence of 

sociodemographic and anthropometric factors, 

Current Gerontology and Geriatrics Research, 2016, 

2016 [Crossref], [Google Scholar], [Publisher] 

[9]. Akhlaque U., Ayaz S.B., Akhtar N., Ahmad N., 

Association of bone mineral density and body 

mass index in a cohort of Pakistanis: relation to 

gender, menopause and ethnicity, The Egyptian 

Rheumatologist, 2017, 39:39 [Crossref], [Google 

Scholar], [Publisher] 

[10]. Vijayakumar R., Büsselberg D., Osteoporosis: 

An under-recognized public health problem: Local 

and global risk factors and its regional and 

worldwide prevalence, Journal of Local and Global 

Health Science, 2016, 2016:2 [Crossref], [Google 

Scholar], [Publisher] 

[11]. Lin Y.C., Pan W.H., Bone mineral density in 

adults in Taiwan: results of the Nutrition and 

Health Survey in Taiwan 2005-2008 (NAHSIT 

2005-2008), Asia Pacific journal of clinical 

nutrition, 2011, 20:283 [Google Scholar], 

[Publisher] 

[12]. Chapman G.A., Moores K.E., Gohil J., Berkhout 

T.A., Patel L., Green P., Macphee C.H., Stewart B.R., 

The role of fractalkine in the recruitment of 

monocytes to the endothelium, European journal 

of pharmacology, 2000, 392:189 [Crossref], 

[Google Scholar], [Publisher] 

https://doi.org/10.1515/folmed-2015-0037
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Osteoporosis%3A+therapeutic+options&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Osteoporosis%3A+therapeutic+options&btnG=
https://www.researchgate.net/profile/Danka-Obreshkova/publication/303239406_Osteoporosis_Therapeutic_Options/links/574da28e08ae061b3303506d/Osteoporosis-Therapeutic-Options.pdf
https://dx.doi.org/10.5152%2Feurjrheum.2016.048
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=An+overview+and+management+of+osteoporosis.+&btnG=
https://eurjrheumatol.org/en/an-overview-and-management-of-osteoporosis-132921
https://doi.org/10.1093/gerona/glt093
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Public+Health+Impact+of+Osteoporosis&btnG=
https://academic.oup.com/biomedgerontology/article/68/10/1243/569832?login=true
https://doi.org/10.1007/s00198-006-0172-4
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=An+estimate+of+the+worldwide+prevalence+and+disability+associated+with+osteoporotic+fractures.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=An+estimate+of+the+worldwide+prevalence+and+disability+associated+with+osteoporotic+fractures.+&btnG=
https://link.springer.com/article/10.1007/s00198-006-0172-4
https://doi.org/10.1359/jbmr.060806
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Meta-analysis+of+genome-wide+scans+provides+evidence+for+sex-and+site-specific+regulation+of+bone+mass.+&btnG=
https://asbmr.onlinelibrary.wiley.com/doi/full/10.1359/jbmr.060806
https://doi.org/10.1186/s12889-018-6168-0
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Does+coffee+drinking+have+beneficial+effects+on+bone+health+of+Taiwanese+adults%3F+A+longitudinal+study&btnG=
https://link.springer.com/article/10.1186/s12889-018-6168-0
https://doi.org/10.1080/13557858.2016.1244758
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+relationship+between+osteoporosis+and+body+composition+in+pre-+and+postmenopausal+women+from+different+ethnic+groups+in+China&btnG=
https://www.tandfonline.com/doi/abs/10.1080/13557858.2016.1244758
https://doi.org/10.1155/2016/4946593
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Bone+mineral+density+in+the+noninstitutionalized+elderly%3A+influence+of+sociodemographic+and+anthropometric+factors.Curr+Gerontol+Geriatr+Res.+2016%3A4946593&btnG=
https://www.hindawi.com/journals/cggr/2016/4946593/
https://doi.org/10.1016/j.ejr.2016.05.006
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Association+of+bone+mineral+density+and+body+mass+index+in+a+cohort+of+Pakistanis%3A+Relation+to+gender%2C+menopause+and+ethnicity&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Association+of+bone+mineral+density+and+body+mass+index+in+a+cohort+of+Pakistanis%3A+Relation+to+gender%2C+menopause+and+ethnicity&btnG=
https://www.sciencedirect.com/science/article/pii/S1110116416300291
https://doi.org/10.5339/jlghs.2016.2
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Osteoporosis%3A+An+under-recognized+public+health+problem&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Osteoporosis%3A+An+under-recognized+public+health+problem&btnG=
https://www.qscience.com/content/journals/10.5339/jlghs.2016.2
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Bone+mineral+density+in+adults+in+Taiwan%3A+results+of+the+Nutrition+and+Health+Survey+in+Taiwan+2005-2008+%28NAHSIT+2005-+2008%29.+&btnG=
https://search.informit.org/doi/abs/10.3316/informit.120755582148280
https://doi.org/10.1016/S0014-2999(00)00117-5
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+role+of+fractalkine+in+the+recruitment+of+monocytes+to+the+endothelium&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0014299900001175


 Ali S.H., et al. / J. Med. Chem. Sci. 2023, 6(7) 1675-1683 

1682 | P a g e  

 

[13]. Julia V., CX 3 CL 1 in allergic diseases: not just 

a chemotactic molecule, Allergy, 2012, 67:1106 

[Crossref], [Google Scholar], [Publisher] 

[14]. Han K.H., Ryu J.W., Lim K.E., Lee S.H., Kim Y., 

Hwang C.S., Choi J.Y., Han K.O., Vascular expression 

of the chemokine CX3CL1 promotes osteoclast 

recruitment and exacerbates bone resorption in 

an irradiated murine model, Bone, 2014, 61:91 

[Crossref], [Google Scholar], [Publisher] 

[15]. Koizumi K., Saitoh Y., Minami T., Takeno N., 

Tsuneyama K., Miyahara T., Nakayama T., Sakurai 

H., Takano Y., Nishimura M., Imai T., Yoshie O., 

Saiki I., Role of CX3CL1/fractalkine in osteoclast 

differentiation and bone resorption, The Journal of 

Immunology, 2009, 183:7825 [Crossref], [Google 

Scholar], [Publisher] 

[16]. Hoshino A., Ueha S., Hanada S., Imai T., Ito M., 

Yamamoto K., Matsushima K., Yamaguchi A., 

Iimura T., Roles of chemokine receptor CX3CR1 in 

maintaining murine bone homeostasis through 

the regulation of both osteoblasts and osteoclasts, 

Journal of cell science, 2013, 126:1032 [Crossref], 

[Google Scholar], [Publisher] 

[17]. Chen Y.D., Huang C.Y., Liu H.Y., Yao W.F., Wu 

W.G., Lu Y.L., Wang W., Serum CX3CL1/fractalkine 

concentrations are positively associated with 

disease severity in postmenopausal osteoporotic 

patients, British Journal of Biomedical Science, 

2016, 73:121 [Crossref], [Google Scholar], 

[Publisher] 

[18]. Wojdasiewicz P., Turczyn P., Dobies-

Krzesniak B., Frasunska J., Tarnacka B., Role of 

CX3CL1/CX3CR1 signaling axis activity in 

osteoporosis, Mediators of inflammation, 2019, 

2019 [Crossref], [Google Scholar], [Publisher]  

[19]. Robey D.R., Bone Matrix Proteoglycans and 

Glycoprotein. InBilezikian JP, Raisz, L., Rodan, G. 

editors. Principles of bone biology. San Diego: 

Academic Press., 1996, 155-66 

[20]. Woitge H.W., Pecherstorfer M., Li Y., Keck 

A.V., Horn E., Ziegler R., Seibel M.J., Novel serum 

markers of bone resorption: clinical assessment 

and comparison with established urinary indices, 

Journal of Bone and Mineral Research, 1999, 

14:792 [Crossref], [Google Scholar], [Publisher] 

[21]. Shaarawy M., Hasan M., Serum bone 

sialoprotein: a marker of bone resorption in 

postmenopausal osteoporosis, Scandinavian 

journal of clinical and laboratory investigation, 

2001, 61:513 [Crossref], [Google Scholar], 

[Publisher] 

[22]. Pietschmann P., Kudlack S., Grisar J., 

Spitzauer S., Woloszczuk W., Willvon-seder R., 

Peterlik M., Bone turnover markers and sex 

hormones in men with idiopathic osteoporosis, 

European journal of clinical investigation, 2001, 

31:444 [Crossref], [Google Scholar], [Publisher] 

[23]. Zhang L., Han C., Ye F., He Y., Jin Y., Wang T., 

Wu Y., Jiang Y., Zhang F., Jin X., Plasma gelsolin 

induced glomerular fibrosis via the TGF-

β1/Smads signal transduction pathway in IgA 

nephropathy, International journal of molecular 

sciences, 2017, 18:390 [Crossref], [Google 

Scholar], [Publisher] 

[24]. Chellaiah M., Kizer N., Silva M., Alvarez U., 

Kwiatkowski D., Hruska K.A., Gelsolin deficiency 

blocks podosome assembly and produces 

increased bone mass and strength, The Journal of 

cell biology, 2000, 148:665 [Crossref], [Google 

Scholar], [Publisher]  

[25]. Akisaka T., Yoshidam H., Inoue S., Shimizu K., 

Organization of cytoskeletal F‐actin, G‐actin, and 

gelsolin in the adhesion structures in cultured 

osteoclast, Journal of Bone and Mineral Research, 

2001, 16:1248 [Crossref], [Google Scholar], 

[Publisher] 

[26]. Meddens M.B., Pandzic E., Slotman J.A., 

Guillet D., Joosten B., Mennens S., Paardekooper 

L.M., Houtsmuller A.B., van den Dries K., Wiseman 

P.W., Cambi A., Actomyosin-dependent dynamic 

spatial patterns of cytoskeletal components drive 

mesoscale podosome organization, Nature 

communications, 2016, 7:131 [Crossref], [Google 

Scholar], [Publisher]  

[27]. Qin Y., Peng Y., Zhao W., Pan J., Ksiezak-

Reding H., Cardozo C., Wu Y., Pajevic P.D., 

Bonewald L.F., Bauman W.A., Qin W., Myostatin 

inhibits osteoblastic differentiation by 

suppressing osteocyte-derived exosomal 

microRNA-218: A novel mechanism in muscle-

bone communication, Journal of Biological 

Chemistry, 2017, 292:11021 [Crossref], [Google 

Scholar], [Publisher] 

[28]. Saltel F., Chabadel A., Bonnelye E., Actin 

cytoskeletal organisation in osteoclasts: a model 

to decipher transmigration and matrix 

https://doi.org/10.1111/j.1398-9995.2012.02870.x
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=CX3CL1+in+allergic+diseases%3A+not+just+a+chemotactic+molecule&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1398-9995.2012.02870.x
https://doi.org/10.1016/j.bone.2013.12.032
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Vascular+expression+of+the+chemokine+CX3CL1+promotes+osteoclast+recruitment+and+exacerbates+bone+resorption+in+an+irradiated+murine+model.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S8756328213005541
https://doi.org/10.4049/jimmunol.0803627
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Role+of+CX3CL1%2F+fractalkine+in+osteoclast+differentiation+and+bone+resorption&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Role+of+CX3CL1%2F+fractalkine+in+osteoclast+differentiation+and+bone+resorption&btnG=
https://www.jimmunol.org/content/183/12/7825.short
https://doi.org/10.1242/jcs.113910
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Roles+of+chemokine+receptor+CX3CR1+in+maintaining+murine+bone+homeostasis+through+the+regulation+of+both+osteoblasts+and+osteoclasts&btnG=
https://journals.biologists.com/jcs/article/126/4/1032/54094/Roles-of-chemokine-receptor-CX3CR1-in-maintaining
https://doi.org/10.1080/09674845.2016.1209897
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Serum+CX3CL1%2Ffractalkine+concentrations+are+positively+associated+with+disease+severity+in+postmenopausal+osteoporotic+patients&btnG=
https://www.tandfonline.com/doi/abs/10.1080/09674845.2016.1209897
https://doi.org/10.1155/2019/7570452
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Role+of+CX3CL1%2FCX3CR1+Signaling+Axis+Activity+in+Osteoporosis&btnG=
https://www.hindawi.com/journals/mi/2019/7570452/
https://doi.org/10.1359/jbmr.1999.14.5.792
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Novel+Serum+Markers+of+Bone+Resorption%3A+Clinical+Assessment+and+Comparison+with+Established+Urinary+Indices&btnG=
https://asbmr.onlinelibrary.wiley.com/doi/full/10.1359/jbmr.1999.14.5.792
https://doi.org/10.1080/003655101753218274
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Serum+bone+sialoprotein%3A+a+marker+of+bone+resorption+in+postmenopausal+osteoporosis&btnG=
https://www.tandfonline.com/doi/abs/10.1080/003655101753218274
https://doi.org/10.1046/j.1365-2362.2001.00836.x
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Bone+turnover+markers+and+sex+hormones+in+men+with+idiopathic+osteoporosis&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2362.2001.00836.x
https://doi.org/10.3390/ijms18020390
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plasma+Gelsolin+Induced+Glomerular+Fibrosis+via+the+TGF-%CE%B21%2FSmads+Signal+Transduction+Pathway+in+IgA+Nephropathy&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plasma+Gelsolin+Induced+Glomerular+Fibrosis+via+the+TGF-%CE%B21%2FSmads+Signal+Transduction+Pathway+in+IgA+Nephropathy&btnG=
https://www.mdpi.com/1422-0067/18/2/390
https://doi.org/10.1083/jcb.148.4.665
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Gelsolin+deficiency+blocks+podosome+assembly+and+produces+increased+bone+mass+and+strength.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Gelsolin+deficiency+blocks+podosome+assembly+and+produces+increased+bone+mass+and+strength.+&btnG=
https://rupress.org/jcb/article/148/4/665/20462/Gelsolin-Deficiency-Blocks-Podosome-Assembly-and
https://doi.org/10.1359/jbmr.2001.16.7.1248
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Organization+of+Cytoskeletal+F-Actin%2C+G-Actin%2C+and+Gelsolin+in+the+Adhesion+Structures+in+Cultured+Osteoclast&btnG=
https://asbmr.onlinelibrary.wiley.com/doi/full/10.1359/jbmr.2001.16.7.1248
https://doi.org/10.1038/ncomms13127
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Actomyosin-dependent+dynamic+spatial+patterns+of+cytoskeletal+components+drive+mesoscale+podosome+organization&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Actomyosin-dependent+dynamic+spatial+patterns+of+cytoskeletal+components+drive+mesoscale+podosome+organization&btnG=
https://www.nature.com/articles/ncomms13127
https://doi.org/10.1074/jbc.M116.770941
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Myostatin+inhibits+osteoblastic+differentiation+by+suppressing+osteocyte-derived+exosomal+microRNA-218%3A+A+novel+mechanism+in+muscle-bone+communication&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Myostatin+inhibits+osteoblastic+differentiation+by+suppressing+osteocyte-derived+exosomal+microRNA-218%3A+A+novel+mechanism+in+muscle-bone+communication&btnG=
https://www.jbc.org/article/S0021-9258(20)36514-5/fulltext


 Ali S.H., et al. / J. Med. Chem. Sci. 2023, 6(7) 1675-1683 

1683 | P a g e  

 

degradation, European journal of cell biology, 

2008, 87:459 [Crossref], [Google Scholar], 

[Publisher] 

[29]. Chellaiah M., Kizer N., Silva M., Alvarez U., 

Kwiatkowski D., Hruska K.A., Gelsolin deficiency 

blocks podosome assembly and produces 

increased bone mass and strength, The Journal of 

cell biology, 2000, 148:665 [Crossref], [Google 

Scholar], [Publisher]  

[30]. Wang W.Y., Ge B., Shi J., Zhou X., Wu L.F., Tang 

C.H., Zhu D.C., Zhu H., Mo X.B., Zhang Y.H., Deng 

F.Y., Lei S.F., Plasma gelsolin is associated with hip 

BMD in Chinese postmenopausal women, Plos one, 

2018, 13:e0197732 [Crossref], [Google Scholar], 

[Publisher]  

[31]. Mazid Helali A., Matin Iti F., Naina Mohamed 

I., Cathepsin K inhibitors: a novel target but 

promising approach in the treatment of 

osteoporosis, Current drug targets, 2013, 14:1591 

[Crossref], [Google Scholar], [Publisher] 

[32]. Dodds R.A., James I.E., Rieman D., Ahern R., 

Hwang S.M., Connor J.R., Thompson S.D., Veber 

D.F., Drake F.H., Holmes S., Lark M.W., Gowen M., 

Human osteoclast cathepsin K is processed 

intracellularly prior to attachment and bone 

resorption, Journal of Bone and Mineral Research, 

2001, 16:478 [Crossref], [Google Scholar], 

[Publisher] 

[33]. Meier C., Meinhardt U., Greenfield J.R., De 

Winter J., Nguyen T.V., Dunstan C.R., M.J. Seibel, 

Serum cathepsin K concentrations reflect 

osteoclastic activity in women with 

postmenopausal osteoporosis and patients with 

Paget's disease, Clinical laboratory, 2006, 52:1 

[Google Scholar], [Publisher] 

[34]. Saqib M.A.N., Rafique I., Hayder I., Irshad R., 

Bashir S., Ullah R., Awan N.J., Comparison of 

vitamin D levels with bone density, calcium, 

phosphate and alkaline phosphatase-An insight 

from major cities of Pakistan, J. Pak. Med. Assoc., 

2018, 68:543 [Google Scholar], [Publisher] 

[35]. Ali N.K., Estimation of some mineral (calcium, 

phosphorous, vitamin 25 (OH) D and alkaline 

phosphatase) in osteoporosis patients in Kirkuk 

city, Journal of oJ Osteoporosis & Physical Activity, 

2018, 6:2 [Crossref], [Google Scholar], [Publisher] 

[36]. Jones K., Ilies R., McShane D., Watson J.,  Bone 

mineral density and serum vitamin D levels in 

children with cystic fibrosis (CF), Journal of Cystic 

Fibrosis, 2008, 7:S92 [Crossref], [Google Scholar], 

[Publisher ] 

[37]. Jayaram N., Bijoor A.R., Rajagopalan N., 

Venkatesh T., The value of serum and urinary n-

Telopeptide in the diagnosis of osteoporosis, 

Indian J Orthop, 2002, 36:9 [Google Scholar] 

[38]. Narula R., Tauseef M., Ahmad I.A., Agarwal K., 

Ashok A., Anjana A., Vitamin d deficiency among 

postmenopausal women with osteoporosis. J Clin 

Diagn Res., 2013, 7:336 [Crossref], [Google 

Scholar], [Publisher]  

[39]. Zhu Y., Ortiz A., Costa M., Wrong place, wrong 

time: Runt-related transcription factor 2/SATB2 

pathway in bone development and carcinogenesis, 

Journal of Carcinogenesis, 2021, 20:2 [Crossref], 

[Google Scholar], [Publisher] 

[40]. Jontony N., Hill E.B., Taylor C.A., Boucher L.C., 

O'Brien V., Weiss R., Spees C.K., Diet quality, 

carotenoid status, and body composition in NCAA 

division I athletes, American journal of health 

behavior, 2020, 44:432 [Crossref], [Google 

Scholar], [Publisher] 

[41]. Ali T., Zaki L., Al-Habib M., The impact of 

skeletal muscle injury on the expression of 

Laminin and its role in regeneration, Baghdad 

Journal of Biochemistry and Applied Biological 

Sciences, 2020, 1:27 [Crossref], [Google Scholar], 

[Publisher] 

 
HOW TO CITE THIS ARTICLE 
Shaimaa Hussein Ali, Hussein Jasim Obaid Al-Harbi, Ali Mohammad Hussein Alqazzaz. Detection of Some Biochemical 
Markers in Iraqi Osteoporosis Patients, J. Med. Chem. Sci., 2023, 6(7) 1675-1683 
https://doi.org/10.26655/JMCHEMSCI.2023.7.17  
URL: http://www.jmchemsci.com/article_162662.html  

 

https://doi.org/10.1016/j.ejcb.2008.01.001
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Actin+cytoskeletal+organisation+in+osteoclasts%3A+A+model+to+decipher+transmigration+and+matrix+degradation&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0171933508000095
https://doi.org/10.1083/jcb.148.4.665
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Gelsolin+deficiency+blocks+podosome+assembly+and+produces+increased+bone+mass+and+strength.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Gelsolin+deficiency+blocks+podosome+assembly+and+produces+increased+bone+mass+and+strength.+&btnG=
https://rupress.org/jcb/article/148/4/665/20462/Gelsolin-Deficiency-Blocks-Podosome-Assembly-and
https://doi.org/10.1371/journal.pone.0197732
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plasma+gelsolin+is+associated+with+hip+BMD+in+Chinese+postmenopausal+women&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0197732
https://www.ingentaconnect.com/content/ben
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Cathepsin+K+Inhibitors%3A+A+Novel+Target+but+Promising+Approach+in+the+Treatment+of+Osteoporosis&btnG=
https://www.ingentaconnect.com/content/ben/cdt/2013/00000014/00000013/art00009
https://doi.org/10.1359/jbmr.2001.16.3.478
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Human+Osteoclast+Cathepsin+K+Is+Processed+Intracellularly+Prior+to+Attachment+and+Bone+Resorption&btnG=
https://asbmr.onlinelibrary.wiley.com/doi/full/10.1359/jbmr.2001.16.3.478
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Serum+cathepsin+K+concentrations+reflect+osteoclastic+activity+in+women+with+postmenopausal+osteoporosis+and+patients+with+Paget%27s+disease&btnG=
https://www.researchgate.net/profile/Christian-Meier-10/publication/7272047_Serum_cathepsin_K_concentrations_reflect_osteoclastic_activity_in_women_with_postmenopausal_osteoporosis_and_patients_with_Paget's_disease/links/0a85e53993ea396c36000000/Serum-cathepsin-K-concentrations-reflect-osteoclastic-activity-in-women-with-postmenopausal-osteoporosis-and-patients-with-Pagets-disease.pdf
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Comparison+of+vitamin+D+levels+with+bone+density%2C+calcium%2C+phosphate+and+alkaline+phosphatase+%E2%80%94+an+insight+from+major+cities+of+Pakistan&btnG=
https://www.jpma.org.pk/PdfDownload/8641
https://doi.org/10.4172/2329-9509.1000215
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Estimation+of+Some+Mineral+%28Calcium%2C+Phosphorous%2C+Vitamin+25+%28OH%29+D+and+Alkaline+Phosphatase%29+in+Osteoporosis+Patients+in+Kirkuk+City&btnG=
https://web.archive.org/web/20190224140354id_/http:/pdfs.semanticscholar.org/6311/34be920c058d116d00adf713197ddbf27516.pdf
file:///E:/2-J.%20Med.%20Chem.%20Sci/JMCS-2202-1422/2-final/10.1016/S1569-1993(08)60351-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+bone+mineral+density+and+serum+vitamin+D+levels+in+health+postmenopausal+women&btnG=
https://www.infona.pl/resource/bwmeta1.element.elsevier-10d93700-48a0-3e51-9da7-782020244106/tab/summary
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+value+of+serum+and+urinary+n-telopeptide+in+the+diagnosis+of+osteoporosis&btnG=
file:///E:/2-J.%20Med.%20Chem.%20Sci/JMCS-2202-1422/2-final/10.7860/JCDR/2013/5022.2761
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vitamin+d+deficiency+among+postmenopausal+women+with+osteoporosis&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vitamin+d+deficiency+among+postmenopausal+women+with+osteoporosis&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3592305/
https://dx.doi.org/10.4103%2Fjcar.JCar_22_20
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Wrong+place%2C+wrong+time%3A+Runt-related+transcription+factor+2%2FSATB2+pathway+in+bone+development+and+carcinogenesis&btnG=
http://carcinogenesis.com/textasp2021/20/1/2/311898
https://doi.org/10.5993/AJHB.44.4.6
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Diet+Quality%2C+Carotenoid+Status%2C+and+Body+Composition+in+NCAA+Division+I+Athletes&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Diet+Quality%2C+Carotenoid+Status%2C+and+Body+Composition+in+NCAA+Division+I+Athletes&btnG=
https://www.ingentaconnect.com/content/png/ajhb/2020/00000044/00000004/art00006
https://doi.org/10.47419/bjbabs.v1i01.29
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+impact+of+skeletal+muscle+injury+on+the+expression+of+laminin+and+its+role+in+regeneration&btnG=
https://bjbabs.org/index.php/bjbabs/article/view/29
https://doi.org/10.26655/JMCHEMSCI.2023.7.17
http://www.jmchemsci.com/article_162662.html

