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Abstract 

Background and aims: Bone biomarkers, such as bone-specific alkaline 

phosphatase (BAP) and osteocalcin (OC), are crucial for researching 

and monitoring the effects of therapeutic interventions. This study 

aimed to investigate the impact of oral zinc supplementation on BAP 

and OC levels in a weightlessness simulation model in rats. 

Methods: In this experimental study with a control group, 14 male Wistar 

rats were subjected to simulated weightlessness through tail 

suspension. The rats were divided into intervention (receiving oral 

zinc sulfate) and control groups. Serum levels of BAP and OC were 

measured at the beginning and end of a 30-day period. 

Results: Life in a weightless environment resulted in a significant 

increase in BAP and a significant decrease in OC in both groups 

(p<0.05). Zinc supplementation significantly elevated BAP levels 

(p<0.001) but did not prevent the decrease in OC levels. 

Conclusion: The findings of this study indicate that weightlessness 

significantly reduces bone formation (as measured by OC) regardless 

of zinc supplementation. Thus, the administration of zinc may not be 

sufficient to prevent bone resorption during long-term spaceflight. 

Further research is required to identify optimal strategies for 

maintaining bone health in weightless conditions. 
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Introduction 

Research indicates that weightlessness in space 

can lead to bone and muscle atrophy, potentially 

resulting in conditions like osteoporosis and other 

musculoskeletal disorders [4]. A study involving 

four cosmonauts who spent up to seven months 

aboard the Russian space station demonstrated 

that bone density loss in the legs, particularly in 

cortical bone, occurred at a rate of approximately 

0.3–0.4% per month, primarily affecting 

trabecular bone mass [7]. Further research using 

animal models of differing durations of simulated 

spaceflight has revealed changes in both cortical 

and trabecular bone, with a transient increase in 

bone resorption and a sustained decrease in bone 

formation. However, limited information exists 

regarding interventions that can stabilize bone 

metabolism and prevent bone loss during space 

missions. Previous attempts to administer high 

doses of calcium and vitamin D supplements 

during spaceflight have not effectively prevented 

osteoporosis, as these interventions failed to 

inhibit bone resorption, despite maintaining serum 

calcium levels [8]. 

Zinc is a vital element with several 

physiological roles, particularly concerning bone 

growth and metabolism. It stimulates osteoblast 

cell differentiation, proliferation, and 

mineralization, promoting bone production. Zinc 

enhances the production of bone growth factors 

and matrix proteins essential for bone formation. 

The enzyme DNA polymerase, important for 

DNA replication, is zinc-dependent, suggesting 

that zinc may promote DNA synthesis in 

osteoblasts of bone tissue [9]. 

Bone biomarkers play a crucial role in both 

research and monitoring therapeutic interventions 

with regards to bone health. These markers 

represent products—such as bone-specific 

alkaline phosphatase (BAP) and osteocalcin—

expressed by activated osteoblasts at various 

stages of maturation. BAP serves as a key marker 

of bone formation; it is a hydrolase enzyme 

associated with cell membranes, responsible for 

hydrolyzing phosphate groups from a variety of 

molecules, including nucleotides, proteins, and 

alkaloids. Osteocalcin is a non-collagenous 

protein produced by osteoblasts, playing a critical 

role in bone mineralization and the maintenance 

of calcium homeostasis. Serum osteocalcin levels 

reflect bone formation and the presence of 

osteoblasts, acting as biomarkers for bone 

formation. Importantly, osteocalcin is one of the 

few proteins unique to the skeletal system [10]. 

Given the significant costs associated with 

space travel, researchers have attempted to 

artificially induce weightlessness on Earth. 

Among these techniques, tail suspension of mice 

is widely used as a laboratory simulation of space 

travel. This method mimics the effects of 

weightlessness on the bones and muscles of the 

animal's hind legs, allowing for the replication of 

blood flow patterns experienced by humans in 

weightlessness [11]. Given that changes in bone 

structure are a major concern during spaceflight, 

this study aimed to investigate alterations in bone 

biomarkers with and without zinc sulfate 

supplementation in an experimental model 

simulating spaceflight. 

Methods 

In this experimental study, 14 male mice 

weighing an average of 250 g were randomly 

divided into two groups: an intervention group 

and a control group. Initially, all mice were 

housed together for one week under controlled 

conditions (temperature: 23 ± 2 °C, humidity: 60 

± 10%, and a 12-hour light/dark cycle) while 

being fed the same diet. Following this 

acclimatization phase, each group was placed 

separately in cages specifically designed to 

simulate weightlessness [11]. For hindlimb 

suspension, the mice were positioned at a 30-

degree angle to the cage floor to ensure that their 

hind legs did not touch the grid floor of the cage. 

Over 30 days, both groups received their usual 

diet, while the intervention group additionally 
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recived zinc sulfate (227 mg/L). Blood samples 

were collected at the beginning and end of the 

study to analyze changes in bone biomarkers. 

Results 

During the 30-day period, there was a 

significant increase in BAP levels in both groups 

(p<0.001). Notably, the increase in BAP observed 

in the intervention group was significantly greater 

than that in the control group (p<0.001). In terms 

of osteocalcin levels, a significant decrease was 

noted in both groups over the 30-day period 

(p<0.05). However, there was no significant 

difference in this variable between the two groups 

after the study period. 

Discussion and Conclusion 

This study investigated the effects of oral zinc 

supplementation and weightlessness on specific 

bone formation markers (BAP and osteocalcin) 

over a 30-day duration using a simulated model. 

The results showed that weightlessness 

significantly decreased osteocalcin levels in 

suspended mice. Although 30 days of oral zinc 

supplementation did not improve osteocalcin 

levels, it significantly increased BAP levels 

compared to the control group. 

Based on the findings of this investigation, 

while BAP levels may initially show an increase 

(indicating some osteoblastic activity), osteocalcin 

typically decreases due to an overall reduction in 

bone formation. The efficacy of zinc 

supplementation in enhancing alkaline 

phosphatase activity has been previously 

established. Seo et al. demonstrated that zinc can 

amplify osteogenic effects by stimulating cell 

proliferation, alkaline phosphatase activity, and 

collagen synthesis in osteoblast cells [14]. Lowe 

et al. highlighted zinc as a critical component in 

alkaline phosphatase synthesis and emphasized its 

importance for enzyme activity [15]. Additionally, 

Park et al. found that zinc inhibits 

osteoclastogenesis by interfering with the Ca2+-

Calcineurin-NFATc1 signaling pathway in bone 

marrow-derived monocytes, suggesting its 

potential as a treatment for osteoporosis [16]. 

Numerous studies have indicated that dietary zinc 

supplementation effectively prevents bone 

resorption. Chou et al. observed that zinc 

supplementation was beneficial in the prevention 

and treatment of osteoporosis in mouse models 

[17]. Sun et al. illustrated the effectiveness of 

dietary zinc on bone growth, metabolism, and the 

expression of IGF-I and alkaline phosphatase 

genes in growing male mice [18]. 

The results of this study indicated that 

weightlessness significantly reduced osteocalcin 

levels (a marker of bone formation) regardless of 

zinc supplementation. While dietary zinc 

significantly increased BAP levels, it did not 

prevent the reduction in osteocalcin due to 

weightlessness. These findings suggest that zinc 

supplementation may not effectively counteract 

bone loss during long-term spaceflight, 

highlighting the need for further research to 

develop optimal strategies for maintaining bone 

health in weightless environments. 
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 گزارش کوتاه

دس ضشایظ  استخَاى لیتحلثشای جلَگیشی اص  یهکول سٍثشسسی اثش 

 ٍصًی دس یک هذل حیَاًی: یک هغبلعِ تجشثی ثی

 1سادُیػل بةیکبه ،1یخَؼَقت ریاه ،1یاظلاه رضب

 چکیده

اػ تخٛاٖ   یآِى بِٗ فؼ فبتبص اختصبص    ٔث ُ  اػ تخٛاٖ   یؼ ت یص ی٘ـبٍ٘شٞب زهیٌِ ٍ اّداف:

(BAP)  ٚ مبتیدس تحم یمؾ ٟٕٔ٘ ٗیاػتئٛوّؼ    ٘  ٗی  ا داس٘ ذ.  یٚ ٘ظبست ثش اث شات ٔ ذاخلات دسٔ ب

ٔ  ذَ  هی  دس  ٗ،یاػتئٛوّؼ   ٚ  BAPث  ش  یخ  ٛساو یٔىٕ  ُ سٚ شیثأت   یٔطبِؼ  ٝ ث  ب ٞ  ذ  ثشسػ  

 ا٘جبْ ؿذ. حیٛاٖ آصٔبیـٍبٞی ثشای یٚص٘ یث یػبصٝ یؿج

ٝ   ؼتبسی٘ش ٚ ییأٛؽ صحش 14ٔطبِؼٝ تجشثی ثب ٌشٜٚ وٙتشَ،  هی دس ثررظی: رٍغ  ث ٝ ٚاػ ط

ی خ ٛساو  یٔىُٕ سٚدسیبفت ٞب ثٝ ٌشٜٚ ٔذاخّٝ ) . ٔٛؽٚص٘ی لشاس ٌشفتٙذ اص دْ دس ؿشایط ثی كیتؼّ

 هی   یدس اثت ذا ٚ ا٘تٟ ب   ٗیٚ اػتئٛوّؼ   BAP یؿذ٘ذ. ػط  ػشٔ ٓی( ٚ وٙتشَ تمؼسٚیػِٛفبت 

 .ذؿ یسٚصٜ ثشسػ 30دٚسٜ 

 داس یٚ و بٞؾ ٔؼٙ    BAP داس یٔؼٙ   ؾیضأٙج ش ث ٝ اف     یٚص٘   یث  ص٘ ذٌی دس ؿ شایط    ّب: یبفتِ

ٚ >05/0pدس ٞش دٚ ٌشٜٚ ؿذ ) ٗیاػتئٛوّؼ ی داس یث ٝ ط ٛس ٔؼٙ    غ زایی   شٜی  ث ٝ ج  ی(. اف ضٚدٖ س

 .جٌّٛیشی ٘ىشد ٗیوبٞؾ ػط  اػتئٛوّؼ اصأب  .(>001/0pداد ) ؾیسا افضا BAPػطٛح 

اػتخٛاٖ  ُیتـى سدا یثبػث وبٞؾ ٔؼٙ یٚص٘ یٔطبِؼٝ حبضش ٘ـبٖ داد وٝ ث جی٘تب گیری: ًتیجِ

تجٛیض ایٗ ٔىُٕ ٘تٛا٘ذ ٕٔىٗ اػت ِزا . ؿٛد یٔ ی( دس حضٛس ٚ ػذْ حضٛس ٔىُٕ سٚٗی)اػتئٛوّؼ

 ٗی ی تؼ یثشا ـتشیث مبتیتحمجٌّٛیشی ٕ٘بیذ. ٔذت  یطٛلا٘ ییفضب  یاػتخٛاٖ دس ػفشٞب ُیاص تحّ

 ػت.ا بصی٘ ٔٛسد  یٚص٘ یط ثیحفظ ػلأت اػتخٛاٖ دس ؿشا یثشا ٙٝیثٟ یٞب یاػتشاتظ

، آلکگگبلي فعگگفبتبز، يیاظتئَکلعگگاز دم،  قیگگتؼل ی،ٍزًگگ یثگگ یظگگبز ِیکلوگگبت کلیگگدی: ؼگگج
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 هقدهِ

زاضز.ایٵاٶؿبٴثطایؾلاٲزیًٞبذُطارٲشٗسزؾٟطزض

،٦یٽ  بٶی٢  طاض٪  طٞشٵزضٲٗ  طوسكٗك  ٗبرذُ  طارق  بٲ٭

ؿ شٱیؾتیٸآؾ یٸ٢ ٖطی٢ٯج یټبیٳبضیث،ییٷبیاذشلالارث

ٶبؾ بزضیاٶؿ بٶټ بیدػٸټف>.ثطٶبٲٻ1=اؾزیٲط٦عیٖهج

(HRP)
ذُ  طار٦ٹس  بٺٲ  سرٸثٯٷسٲ  سرٲ  طسجٍث  بای  ٵ1

زضآٶٽ بٲ٣بثٯٻثبی٦طزٺٸثطاییقٷبؾباضییًٞبیټبزیٲٹضأٲ

ٶٓ بضرٸ٦ بټف،یؾ بظی٦ٳ  یث طا٦بضټبییضاٺحب٬سٹؾٗٻ

اؾ شٟبزٺاظػٹٶ س٪بٴ،ػٺی ٸث ٻ،یٹاٶی>.ٲُبٮٗبرح2آٶٽبؾز=

ؾ لاٲزیٸذُ طارث طای٧یٹٮٹغیثیټبؿٱیزض٤ٲ٧بٶیثطا

ا٢ساٲبرٲش٣بث٭اٶؼبٰقسٺفیآظٲبیثطاٵیًٞبٶٹضزاٴٸټٳچٷ

زضًٞ بٸظٶ یث یٍی٦ٻقطازټسیٶكبٴٲ٣بریسح٣>.3=اؾز

اؾشرٹاٴٸًٖٯٻقٹز٦ ٻٲٷؼ طث ٻیٲٷؼطثٻآسطٸٞسٹاٶسیٲ

یاذ  شلالاراؾ  ٧ٯشطیاؾ  شرٹاٴٸؾ  بیٲبٶٷ  سد  ٹ٦یُیق  طا

بٴی ٲؿ ئٯٻ٢بث ٭سٹػ ٻزضٲ٥ی >.٦ٳطزضز4قٹز=یًٖلاٶ

یسازټبی ٸاؾ ز٦ ٻاٚٯ تث بضیًٞبٶٹضزاٴٸذٯجبٶبٴٶٓ بٲ

>.٢ طاض٪ طٞشٵ5ٲطسجٍاؾز=یاٲٽطٺٵیثؿ٥یززغٶطاؾیٹٴ

ثسٴضایٳٷیاؿشٱیؾسٹاٶسیٲٸظٶیثیٲسرزضٲٗطویَٹلاٶ

اذ شلالارٸثبٖ ضٷساظزیثطیٹزظذٱضاثٻسأذ٦ٷس،ثٽجٝیسًٗ

یچٽبضًٞ بٶٹضزیثطضٸیاٲُبٮٗٻ.>6قٹز=یًٖلاٶیاؾ٧ٯش

٪صضاٶسٶسٶكبٴزاز٦ ٻٻیضٸؾییًٞبؿش٫بٺیٲبٺضازضا٦7ٻسب

ی(اؾ شرٹاٴ٢ك ط)ؾطق بضاظسطا٦ٱاؾشرٹاٴزضدبټ ب٦بټف

زضسٹزٺكشطی٦بټفثثٹزٸایٵزضٲبٺزضنس4/0سب3/0حسٸز

>.7ضخزازٺثٹز=)اؾٟٷؼی(سطاث٧ٹلاضیاؾشرٹاٶ

ټبیٲرشٯ ٝٲسرظٲبٴټبیحیٹاٶیثبٲس٬یضٸٲُبٮٗبر

یٶكبٴٸاؾٟٷؼټب٢كطیضازضاؾشرٹاٴیطاسیی،سٛییًٞبؾٟط

ټ بٸاؾ شرٹاٴ٭ی زضسحٯیٲ ٹ٢شفیاٞ عازاز؛ثٻَٹضی٦ ٻ

زضیٲح سٸزاَلاٖ بر.آٴثٻٸػٹزآٲسسیٮزضسٹساضی٦بټفدب

ٸساضی  دبیاؾ  شرٹاٶؿ  ٱیحٟ  ّٲشبثٹٮیٲ  ٹضزٲ  ساذلارث  طا

زضییًٞ بؾ ٟطاؾشرٹاٴزضَ ٹ٦٬بټفسطا٦ٱاظیطیػٯٹ٪

                                                 
1. NASA's Human Research Program 

زضزیٵیشبٲیٸٸٱی٦ٯؿیټبٲ٧ٳ٭بزیزؾشطؼاؾز.ٲهطٜظ

طای ٶ٧ طز،ظیطیاؾشرٹاٴػٯٹ٪یاظدٹ٦ییًٞبیَٹ٬ؾٟطټب

ٲٽ بض٦ٷٷ س،ا٪طچ ٻاظضااؾ شرٹاٴ٭ی سحٯفیٶشٹاٶؿشٷساٞ عا

>.٦8طزٶس=یطیؾطٰػٯٹ٪ٱیؾُح٦ٯؿفیاٞعا

یٷ سټبیٲرشٯٝزضٞطآی٧یٹٮٹغیعیټبیٞٶ٣ف،یضٸطٖٷه

ایٵٖٷه طاؾشرٹاٴزاضز.ؿٱیٲشبثٹٮٸضقسػٺیٸثٻ،ییبیٳیٹقیث

٥ی ټبضاسحطقسٴزضاؾشئٹثلاؾز٦بٶیٸطیس٧ظ،یؾٯٹٮعیسٳب

ث ٻ٦ك زی.اٞعٸزٴضٸقٹزیاؾشرٹاٴٲسیٸثبٖضسٹٮ٦ٷسیٲ

ټ بیٵید طٸسئضقساؾشرٹاٴٸیٞب٦شٹضټبسیسٹٮ٥یثبٖضسحط

ٶ٣ فیؾ بظاؾشرٹاٴزی٦ٻزضس٣ٹقٹزیٲاٴاؾشرٹؽیٲبسط

٥ی ٶ٣ فزاضزDNAسی٦ٻزضسٹٮٳطاظیدٯDNAٱیزاضٶس.آٶع

ٲٳ٧ٵاؾ زث بٞٗ ب٦٬ طزٴیاؾز.ضٸیٸاثؿشٻثٻضٸٱیآٶع

ثبٖضیټبیثبٞزاؾشرٹاٶزضاؾشئٹثلاؾزٳطاظیدٯDNAٱیآٶع

>.9قٹز=DNAسیسٹٮ

ٸ٣ بریزضسح٣یاؾشرٹاٴٶ٣ فٲٽٳ یؿشیظیٶكبٶ٫طټب

ٵی ث طاؾ شرٹاٴزاضٶ س.ایٲ ساذلارزضٲ بٶٶٓبضرثطاط طار

٦  ٻسٹؾ  ٍزټٷ  سیضاٶك  بٴٲ  یٲحه  ٹلاسټبٶك  بٶ٫ط

یټ بٱیآٶ عبی ٞٗب٬زضٲطاح٭ٲرشٯٝثٯ ٹ٘یټباؾشئٹثلاؾز

یبثی ٲٗٳ ٹلازاضظیؿ شیظی.ٶك بٶ٫طټبقٹٶسیٲبٴیثیاؾشرٹاٶ

یدلاؾ ٳبق بٲ٭آٮ٧ بٮٵٞؿ ٟبسبظاذشهبن  بی ق سٺزضؾ طٰ

(BAP)اؾشرٹاٴ
٥ی ثٻٖٷ ٹاٴBAP.اؾزٵیاؾشئٹ٦ٯؿٸ2

ٵی .ا٦ٷ سیاؾشرٹاٴٖٳ٭ٲ ٭یٲطسجٍثبسك٧یسی٦ٯٶكبٶ٫ط

اؾز٦ٻٲؿ ئٹ٬(یؾٯٹٮی)ٲطسجٍثبٚكبسضٸلاظیټٱیآٶع٥ی

ټ  بیٲرشٯ  ٝٲبٶٷ  سټ  بیٞؿ  ٟبراظٲٹٮ٧  ٹ٬ح  صٜ٪  طٸٺ

٥ی ٵیاؾشئٹ٦ٯؿ اؾ ز.سټبیټبٸآٮ٧بٮٹئٵیدطٸسئسټب،یٶٹ٦ٯئٹس

سی ټ بسٹٮاؾ ز٦ ٻسٹؾ ٍاؾشئٹثلاؾ زیط٦لاغٶ یٚٵیدطٸسئ

.٦ٷ سیٲٟبیای٧یٸزضاؾشرٹاٴ٢طاضزاضزٸٶ٣فٲشبثٹٮقٹزیٲ

اؾ ز.یيطٸضٱیاؾشرٹاٴٸحّٟسٗبز٦٬ٯؿؾبظی٦بٶییثطا

ٸاؾ شرٹاٴ٭ی٦ٷٷ سٺسك ٧ٲٷ٧ٗؽٵیاؾشئٹ٦ٯؿیؾُٹحؾطٲ

١ی   اظَطؾ   ُٹحٵی   ټ   باؾ   ز.احً   ٹضاؾشئٹثلاؾ   ز

                                                 
2. Bone-specific Alkaline Phosphatase 
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ق ٹٶس،یٲ ٵی یسٗٱی٦ٯؿ ٭یٸسحٯٻیعٸسؼیؿشٹٲٹضٞٹٲشطیټ

اؾ شرٹاٴ٭یسك ٧یث طایؿشیٶكبٶ٫طظ٥یٖٷٹاٴثٻٵیثٷبثطا

اظٲٗ سٸزی٧ یٵیاؾشئٹ٦ٯؿ ٦ٻ.٢بث٭ش٦طاؾز٦ٷٷسیٖٳ٭ٲ

.>10=اؾزیاؾ٧ٯشؿشٱیټبیٲٷحهطثٻؾٵیدطٸسئ

،ییًٞ بؾ ٟطټبیټ بی٢بث ٭سٹػ ٻٷ ٻیسٹػ ٻث ٻټعثب

اٶؼ بٰٵیظٲ یضٸثطیٸظٶیثیٲهٷٹٖاٮ٣بییټبییثطاسلاـ

زٰث ٻَ ٹضاظٲ ٹـ١یټب،سٗٯ٥یس٧ٷٵیابٴیٲقسٺاؾز.زض

ٲ ٹضزییًٞ بؾ ٟطیك٫بټیآظٲبیؾبظٻی٪ؿشطزٺثٻٖٷٹاٴقج

ټ بثطاؾشرٹاٴضایٸظٶیثطیطأضٸـسٵی.اطزی٪یٲاؾشٟبزٺ٢طاض

ٸاٲ٧بٴس٧ طاض٦ٷسیٲسیس٣ٯٹاٴیحی٣ٖجیټبیدبټبچٻیٸٲبټ

سؼطث ٻق سٺسٹؾ ٍیذٹٴٲكبثٻث باٮ٫ٹټ ببٴیػطیاٮ٫ٹټب

ٷ٧ٻی>.ثبسٹػٻثٻا11=٦ٷسیضاٞطاټٱٲیٸظٶیاٶؿبٴزضحبٮزث

ییًٞ بؾ ٟطٲٽ ٱزضَ ٹ٬یٶ٫طاٶ٥یزضاؾشرٹاٴطارییسٛ

زضطاریی سٛیٲُبٮٗٻثبټسٜثطضؾ ٵیًٞبٶٹضزاٴاؾز،ایثطا

زضیؾ ٹٮٟبرضٸٲ٧ٳ٭اؾشرٹاٴثبٸثسٸٴیؿشیظیٶكبٶ٫طټب

اٶؼبٰقس.ییًٞبؾٟطیؾبظٻیقجیسؼطثٲس٥٬ی

 ٍغ ثررظیر

250ٶ طث بٲی بٶ٫یٵٸظٴٲٹـ14یٲُبٮٗٻسؼطثٵیازض

ق سٶس.ٱی٪طٸٺٲساذٯٻٸ٦ٷشط٬س٣ؿٸثٻزیثٻَٹضسهبزٞ٪طٰ

٦ٷشط٬قسٺٍیټٟشٻزضقطا٥یثٻٲسرټبټٳٻٲٹـاثشسا،زض

( ضَٹث ز)٪ طازؾ بٶشیزضػٻ23±2زٲب چطذ ٻٸ(10±60%(،

ض٪طٞشٷ  س.آٶٽ  بؾ  بٖشٻزض٦ٷ  بضټ  ٱ٢  طا12/12ی٧س  بضی/ٶ  ٹض

.ق سٶسیٲ ٻی سٛصی٧ؿبٴییٚصاٱیزٸضٺثبضغٵیزضاٵیټٳچٷ

٢ طاضییټ بَٹضػسا٪بٶٻزض٢ٟ ؽثٻطٸٺټط٪یټبٲٹـؾذؽ

ق سٺیَطاح ًٞبٸظٶیزضثیسؼطثٻثطایاذشهبنبز٪طٞشٷس٦ٻ

ییٚ صاٱی ٪ طٸٺضغټ طزٸ،ضٸظ30>.زضَٹ٬ٲسر11=ثٹزٶس

227ٲساذٯ  ٻ٪  طٸٺٸث  طای٦طزٶ  سبٞ  زیٲٗٳ  ٹ٬ذ  ٹزضازض

ثٽبٶؿ ط،یق ط٦ززاضٸؾ بظ)اظیبرضٸؾٹٮٟشطیزضٮ٪طٰیٯیٲ

ث ٻن ٹضر،ی٢جٯ برٲُبٮٗ یزٸظٲه طٞث طاؾ بؼسٽطاٴ(،

ٲُبٮٗ ٻی>.ٶٳٹٶٻذٹٴزضاثشساٸاٶشٽ ب12=قسعیسؼٹیذٹضا٦

BAPاؾشرٹاٴ)یٹٲبض٦طټبیزضثطارییسٛ٭یسحٯٸٻیسؼعیثطا

 قس.یآٸضػٳٕی(ٸؾُحضٸٵیٸاؾشئٹ٦ٯؿ

یاؾ ز٦ ٻسٹؾ ٍٶبؾ بث طای٧ یس٧ٷیج ٣ٖاٶساٰسٗٯی١

سیی ث سٴسأیث طضٸٸظٶ یثیییًٞبٍیاططارقطاؾبظیقجیٻ

٦ٳج ٹز٪ طاٶفٲٷؼ طث ٻ،ییاؾز.زضا٦شك بٞبرًٞ ب٦طزٺ

ق ٹزی٦ٷٷ سٺٸظٴٲ سحٳ٭یټباؾشرٹاٴی٦بټفٞكبضثطضٸ

اٶ سا١ٰی سٗٯاؾ شرٹاٴاؾ ز.یدٹ٦ؼبزیزضای٦ٻٖبٲ٭ٲٽٳ

اظسحٳ ٭یطیػٯ ٹ٪یث طایسحشبٶساٰزٴاٶقبٲ٭ثبلاثطی٣ٖج

>.11=قٹزیاؾشرٹاٴٲیدٹ٦ؼبزیثبٖضاؼٻیٸظٴاؾزٸزضٶش

ٲ ٹـاظازضاضٸٲ سٞٹٔ،ثسٶ ٻیٸػساؾبظٻیسٛص٭یسؿٽیثطا

زضؾ ٹضاخ٥یقس.یَطاح٥یټبیٲشبثٹٮټبٲكبثٻ٢ٟؽ٢ٟؽ

ن  ٟحٻ٥ی  ق  سٸؼ  بزیذ  طٸعاظزٰایؾ  ٢ٝ٣ٟ  ؽث  طا

چؿتٸضټبق سٴسٴیايبٞٻقسسباٲ٧بٴػٹٴثٻآی٧یدلاؾش

ق سٺث ٹز٦ ٻیَطاح یثطؾس.اٶساظٺ٢ٟؽَٹضحسا٢٭زٰثٻ

ثٻٲر عٴیزٰ،ثٻضاحشٻیقسٴاظٶبحعاٴیآٸضٚٱیټبٖٯٲٹـ

ـیآةٸٚصازؾشطؾ 30ٻی ټ بزضظاٸزاقشٻثبق ٷس.ث سٴٲ ٹ

حبن ٭ٷ بٴی٪طٞشٻث ٹزس باَٳضزضػٻٶؿجزثٻ٢ٝ٦ٟؽ٢طا

 .ٷس٦ٷیٶٳسای٢ٝ٦ٟؽسٳبؼدیسٹضثبی٣ٖجیقٹز٦ٻدبټب

 ملاحظات اخلاقی

ضؾ یسٺاؾ ز،یس٦ٳیش ٻاذ لا٠أیسٻثزضٲُبٮٗٻحبيط٦ٻ

اؾ بؼث ط٦بٲ ٭َ ٹضث ٻاذلا٢ یان ٹ٬ٸټ بٲطا٢جز٦ٯیٻ

اٮٳٯٯ  یٲطا٢ج  زٸاؾ  شٟبزٺاظحیٹاٶ  برټ  بیث  یٵزؾ  شٹضاٮٗٳ٭

 .قسٶسآظٲبیك٫بټیضٖبیز

 تجزیه و تحلیل آماری

ټ بی٦ٳ  یث طایثی بٴٲشٛیطاظٲیبٶ٫یٵٸاٶح طاٜٲٗی بض

-ټباظآظٲٹٴق بدیطٸاؾشٟبزٺقس.ثطایثطضؾیٶطٲب٬ثٹزٴزازٺ

ټبٶیعثباؾ شٟبزٺاظآظٲ ٹٴٸیٯ٥اؾشٟبزٺقس.ټٳ٫ٷیٸاضیبٶؽ

زض٢ج٭ٸدؽاظزٸضٺټبٮٹیٵاضظیبثیقس.ثطایٲ٣بیؿٻقبذم

ظٸػ یاؾ شٟبزٺق س.آظٲٹٴسیټبیسح٣ی١اظزض٪طٸٺٲساذٯٻ

اظاؾشٟبزٺق س.سیٲؿش٣٭اظآظٲٹٴثبټٱټبثطایٲ٣بیؿٻ٪طٸٺ

اؾ شٟبزٺق س.ټ بسحٯی ٭زازٺػٽز18ٶؿرٻSPSSاٞعاضٶطٰ

 زضٶٓط٪طٞشٻقس.05/0زاضیؾُحٲٗٷی
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 ّب یبفتِ

30ؾ ُحضٸید ؽاظیزاضیٲٗٷٲساذٯٻاٞعایف٪طٸٺزض

٢بث ٭فیاٞ عا.ټٳچٷ یٵ(p;002/0)ضٸظٲُبٮٗٻٲكبټسٺق س

.(>001/0pزٸ٪طٸٺٸػ ٹززاق ز)ټطBAPزضؾُحیسٹػٽ

ث ٻٲساذٯ ٻٲكبټسٺقسٺزض٪طٸٺBAPفیاٞعاٵ،یٖلاٸٺثطا

ؾ ُح.(>001/0pث ٹز)٦ٷش ط٬اظ٪طٸٺكشطیثیزاضیَٹضٲٗٷ

زاق  ززضټ  طزٸ٪  طٸٺیزاضی٦  بټفٲٗٷ  ٵ،یاؾشئٹ٦ٯؿ  

(001/0p<01/0ٸٲساذٯٻ٪طٸٺیثطا;p٦ٷش ط٬٪ طٸٺیثطا)؛

 (1ػسٸ٬).ٸػٹزٶساقزیزاضیٲٗٷلاٜاذشزٸ٪طٸٺٵیثٸٮی

 گیری ثحث ٍ ًتیجِ

ٸظٶ یث طث یٸیذ ٹضا٦یٲُبٮٗٻ،اططارٲ٧ٳ٭ضٸٵیازض

(زضٵیاؾشئٹ٦ٯؿ ٸBAPاؾشرٹاٴ)٭یذبلسك٧ٶكبٶ٫طټبی

ق سٺیؾ بظٻیٲ س٬ق ج٥ی ضٸظٺثباؾشٟبزٺاظ30زٸضٺ٥ی

زاضیثبٖض٦ بټفٲٗٷ یٸظٶی٦ٻثٶكبٴزازغیقس.ٶشبیثطضؾ

ضٸظ30قس.ا٪طچ ٻټبیٲٗٯ١قسٺٲٹـزضٵیشئٹ٦ٯؿؾُحاؾ

ٵیثٽج ٹزؾ ُحاؾشئٹ٦ٯؿ ثبٖضیٲ٧ٳ٭ضٸزضیبٞزذٹضا٦ی

 .قس٪طٸٺ٦ٷشط٬ٶؿجزثٻBAPفیاٞعاثبٖضٶكس،ٸٮی

ټ بیزضاؾ شرٹاٴك شطیزؾززازٴاؾشرٹاٴزضًٞ بثاظ

.ق ٹزیٲ سٺی ٸؾشٹٴ٣ٞطارزیسحٳ٭٦ٷٷسٺٸظٴاٶساٰسحشبٶ

اظس ٹزٺ%20ح سٸز٪صضاٶٷ سیٲبٺضازضًٞبٲ٦ٻقفیاٞطاز

.د ؽاظزټٷ سیذ ٹزضااظزؾ زٲ یاٶ ساٰسحش بٶیاؾشرٹاٶ

عاٴی ٲٵیزاضز.ااٲٻټبازاؾشرٹاٴٲبٺ٭یسحٯٵ،یثبظ٪كزثٻظٲ

ذُ طی٢بث ٭س ٹػٽفیٹاٴٲٷؼطثٻاٞ عااظزؾززازٴاؾشر

(ٵیظٲ یضٸث طاظحساٶشٓ بضكشطیثطاثطث5حسٸز)سبیق٧ؿش٫

٦ ٻیزضح بٮ،ٲُبٮٗٻحبي طټبیبٞشٻیثبٲُبث١>.13=قٹزیٲ

ضاٶكبٴزټس)٦ٻٶكبٴٻیاٸٮفیٲٳ٧ٵاؾزاٞعاBAPؾُٹح

ٵیاؾ ز(،اؾشئٹ٦ٯؿ یاؾشئٹثلاؾ شیټ بزی ٞٗبٮیزټٷسٺثطذ

 .بثسییاؾشرٹاٴ٦بټفٲی٦ٯ٭ی٦بټفسك٧٭یٲٗٳٹلازثٻزٮ

آٮ٧ بٮٵٞؿ ٟبسبظزی ٞٗبٮفیزضاٞ عایضٸٲ٧ٳ٭یاططثرك

سٹاٶ سیٲیضٸٸټٳ٧بضاٴٶكبٴزازٶس٦ٻ1ؾئٹ.ٺاؾزقسسأییس

زی  ٞٗبٮ،یؾ  ٯٹٮطی  س٧ظ٥ی  ضاث  بسحطی  یظااط  طاؾ  شرٹاٴ

فیاؾشئٹثلاؾزاٞعایټبٞؿٟبسبظٸؾٷشع٦لاغٴزضؾٯٹ٬آٮ٧بٮٵ

یاظاػ عای٧ ییٸټٳ٧بضاٴٶكبٴزاز٦ ٻضٸ2>.ٮٹ14=زټس.

یآٴي طٸضزی ٞٗبٮیاؾزٸثطاٞؿٟبسبظزضؾٷشعآٮ٧بٮٵطیزض٪

طیثبٲٽ بضٲؿ یضٸ٦ٻبٞشٷسیٸټٳ٧بضاٴزض3>.دبض15٤اؾز=

Caٷ٩ی٫ٷبٮیؾ
2+

CalcineurinNFATc1یټبزیزضٲٹٶٹؾ

ـئٹ٦لاؾ شٹغٶعٲكش١اظٲٛعاؾشرٹاٴ،اؾش ټ بٲٽ بضضازضٲ ٹ

یثطایذٹثسی٦بٶسسٹاٶسیٲی٦طزٶس٦ٻضٸكٷٽبزی.آٶٽبد٦ٷسیٲ

زضNFATc1ٞٗ ب٬ق سٴ٭ی اؾ شرٹاٴث ٻزٮیزضٲبٴد ٹ٦

اٶ س٦ ٻٲُبٮٗ ٻٶك بٴزازٺٵی>.چٷس16ټبثبقس=اؾشئٹ٦لاؾز

اظیطیططزضػٯ ٹ٪ؤا٢ ساٰٲ ٥ی ییٚصاٱیضغزضیضٸاٞعٸزٴ

یضٸٲ٧ٳ٭٦ٻبٞشٷسیٸټٳ٧بضاٴزض4اؾشرٹاٴاؾز.چٹ٭یسحٯ

ططاؾزؤٲاؾشرٹاٴزضٲس٬ٲٹـیٸزضٲبٴدٹ٦یطیك٫یزضد

ضاییٚ صاٱی ضغزضیضٸثرفثٹزٴٸټٳ٧بضاٴاطط5>.ؾبٴ17=

ٟبسبظٞؿٸآٮ٧بٮٵIGF-Iغٴبٴیٸثؿٱ،یثطضقساؾشرٹاٴ،ٲشبثٹٮ

 >.18=ټبیٶطزضحب٬ضقسٶكبٴزازٶسزضٲٹـ

٭یثبٖض٦ بټفسك ٧یٸظٶیٶكبٴزاز٦ٻثٲُبٮٗٻحبيط

قسیزضحًٹضٸٖسٰحًٹضٲ٧ٳ٭ضٸ(ٵیاؾشئٹ٦ٯؿ)اؾشرٹاٴ

ٶساق ز.ٵیاؾشئٹ٦ٯؿ ث ط٦ بټفیطیطأس چیټیضٸٸسؼٹیع

ٸق سی(اؾشئٹثلاؾشیټبزیٞٗبٮ) BAPفیاٞعاثبٖضیٸظٶیث

                                                 
1. Seo 
2. Lowe 
3. Park 

4. Chou 
5. Sun 

ّبیهَردهطبلؼِگزٍّی(درهَػگزٍّیٍثیيهمبیغِهتغیزّب)درٍى-1جذٍل

pهمذارهزحلِ

گزٍّی()درٍى  رٍس31پظاس اثتذایهطبلؼِ گزٍُ هتغیز

06/229002/0±40/9068/8±45/4هذاخلِرٍی

(mcg/dl)58/90848/0 ± 54/9148/3±43/4ٌتزلک

749/0002/0گزٍّی()ثیيpهمذار

BAPِ57/436001/0±57/13168/90±34/10هذاخل<

(mcg/dl)29/209001/0±43/13006/2±20/9 کٌتزل<
>83/0001/0گزٍّی()ثیيpهمذار

>71/44001/0±29/5892/4±89/1هذاخلِاعتئَکلغیي

(mcg/dl)57/4501/0±43/5896/9±88/2کٌتزل
92/084/0گزٍّی()ثیيpهمذار

BAP : Bone-Specific Alkaline Phosphatase 
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ٮ صا.سطث طزضاث بلاآٴضاؾُٹحزاضیٲٗٷیثٻَٹضیضٸ٭ٲ٧ٳ

اظیطیٲٳ٧ٵاؾ ززضػٯ ٹ٪ی٦ٻٲ٧ٳ٭ضٸزازټبٶكبٴبٞشٻی

ططٶجبقسٸؤٲٶیٲسرَٹلاییًٞبؾٟطټبیاؾشرٹاٴزضسحٯی٭

حٟ ّیث طاٷٻیټبیثٽیاؾشطاسػٵییسٗیثطایكشطیث٣بریسح٣

اؾز.بظیٶٲٹضزٸظٶیثیٍیؾلاٲزاؾشرٹاٴزضقطا

 تؽکر ٍ قدرداًی

آػ  بیزاٶك  ٫بٺٖٯ  ٹٰدعق  ٧ای  ٵٲُبٮٗ  ٻث  ٻسه  ٹیت

زاٶك ٫بٺټٳ٧ بضیاظؿ ٷس٪بٴیٶٹ.ضؾیسٺاؾ ز(92108 )٦س:

ظیطؾ ُحیټٹاًٞ بٸَ تٸزاٶك ٧سٺطاٴی ایٖٯٹٰدعق ٧

.٦ٷٷسیآػبسك٧طٲیدعق٧زاٶك٫بٺٖٯٹٰ

 تؼبرض هٌبفغ

ضز.ٶساٸػٹزٲٷبٞٗیسٗبضو٪ٹٶٻټیچدػٸټفایٵزض

 ظْن ًَیعٌدگبى

د طزاظیٸاٶؼ بَٰ طح،ټٳچٷ یٵټٳٻٶٹیؿٷس٪بٴزضایسٺ

اٶسٸټٳٻثبسأیی سٶ٫بضـاٸٮیٻٲ٣بٮٻیبثبظٶ٫طیآٴؾٽیٱثٹزٺ

دصیطٶس.ٲؿئٹٮیزز٢زٸنحزٲُبٮتٲٷسضعضاٲیآٴٶٽبیی

 هٌبثغ هبلی

 ثبحٳبیززاٶك٫بٺٖٯٹٰدعق٧یآػباٶؼبٰقس.ایٵدػٸټف
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