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 Abstract 

     Irisin, the newly identified myokine, is produced by skeletal muscle in response to 
exercise. The aim of our work is to study the effect of exercise on irisin plasma level and 
identify the correlation between irisin level in blood and change in bone turnover in 
glucocorticoids- induced osteoporosis. Forty eight Sprague-Dawley rats were divided 
equally into four groups: control group, containing sedentary rats; exercise group, these 
rats were subjected to a swimming exercise protocol (5 days per week for 8 weeks) in a 
gradual manner; osteoporotic group,  rats received methylprednisolone, intramuscular, 
(0.2 mg/kg three times/ week) for 5 weeks; and exercise – osteoporotic group, exercise 
training combined with osteoporosis: these rats were subjected to swimming exercise in 
the same previous protocol and after 3 weeks they received methylprednisolone. 
Exercise group showed a significant increase in cortical bone thickness and trabecular 
bone area %. Exercise increased serum irisin level and decreased serum C-terminal 
telopeptide of type I collagen (CTX) level in exercise group. Also, cortical bone 
thickness and trabecular bone area % increased relative to total bone area in exercise-
osteoporotic group. The results revealed a positive correlation between serum irisin level 
and bone mineral content, bone mineral density, microstructure of bone and osteocalcin 
expression. Also, there is a negative correlation between serum irisin level and CTX 
level. So, irisin may be the link between the beneficial effects of exercise and the 
protection against osteoporosis. So, recombinant irisin may be a crucial osteoprotective 
intervention for those patients whose plasma irisin level is reduced.  
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1. Introduction 

   Osteoporosis is the most common bone disease 

in humans, representing a major public health 

problem (1). It is characterized by low bone mass, 

deterioration of bone tissue and disruption of bone 

architecture, compromised bone strength and an 

increase in the risk of fracture which occurring 

spontaneously or following minor trauma (2). 

Papaioannou et al. (3)  reported that osteoporosis 

fractures cause excess mortality, morbidity, 

chronic pain and economic costs. According to the 

WHO diagnostic classification (2004), 

osteoporosis is defined by bone mineral density 

(BMD) at the hip or lumbar spine that is less than 

or equal to 2.5 standard deviations below the mean 

BMD of a young-adult reference population. So, 

any disorder that alters bone formation and 

enhances bone resorption will decrease BMD and 

triggers development of osteoporosis. Osteoporosis 

is classified into primary and secondary types. 

Primary osteoporosis is regarded as bone loss 

associated with the aging process (4). It is 

diagnosed when no disease causing low bone 

mineral density other than osteoporosis and bone 

mass is about 70% -80% of young adult male (4). 

But, secondary osteoporosis is bone loss that 

results from many other factors such as nutritional 

deficiencies that adversely impact bone 

metabolism (5). Certain medications may also 

increase the rate of secondary osteoporosis 

including steroids, some antiseizure medications, 

chemotherapy, proton pump inhibitors and 

selective serotonin reuptake inhibitors (6). Some 

chronic diseases may lead to secondary 

osteoporosis as chronic obstructive pulmonary 

disease and renal insufficiency or renal failure (7). 

    Although, it is well known that there is a clear 

link between physical activity and bone acquisition 

and maintenance (8), the question of how muscle 

function regulates bone mass is not fully 

understood yet. 

       Cosman et al. (9) found that physical exercise 

is one of the most important non pharmacological 

prevention and therapeutic protocols for 

osteoporosis. Electrical stimulation of muscle in 

rats with experimental spinal cord injury has been 

shown to attenuate bone resorption and 

osteoclastogenesis, providing direct evidence for 

muscle–bone communication (10). Recently, it has 

been reported that during or immediately after 

physical activity, skeletal muscle releases several 

hormones into circulation. These hormones, named 

myokines, include IL6, IL5 and most recently, 

irisin (11).  

     Irisin, the newly identified myokine, is 

produced by skeletal muscle in response to 

exercise (12). It is 112 amino acid residues’ 

glycosylated protein hormone 13. Boström et al. 

(11) reported that certain receptors in muscle 

named peroxisome proliferator-activated receptor 

gamma coactivator 1-alpha (PPARɣ , also known 

as PGC1-α) during exercise has been shown to 

stimulate the production of the membrane protein 

fibronectin type III domain containing protein 5 

(Fndc5). The latter is subsequently cleaved to, and 

released as, irisin. It is considered that irisin 

mediates the benefits of exercise by promoting the 

browning of white adipose tissue, which results in 

enhanced thermogenesis and increased energy 

expenditure (14).  The induction of browning in 

white adipose tissue could be an effective strategy 

to increase lipid metabolism and improve obesity 

and type 2 diabetes (15). The relationship between 
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irisin and osteoblast differentiation is still a matter 

of controversy; in vitro studies have recorded a 

positive (16), negative (17), and even no 

correlation (18). Moreover, available data on 

whether the circulating irisin level is associated 

with osteoporotic fractures or not are limited.’ 

Instead of ‘But to date, there have been reports of 

the positive (16), negative (17) and no correlations 

between irisin and osteoblast differentiation in 

vitro (18) and if circulating irisin level was 

associated with osteoporotic fractures or not (19).  

       So, the aim of our work is to: (i) study the 

effect of exercise on irisin plasma level in rats (ii) 

identify the correlation between irisin level in 

blood and change in bone turnover in 

corticosteroid induced osteoporosis. 

2. Materials and methods 

2.1. Experimental animals 

   Forty eight male Sprague Dawley rats, weighing 

350-400gm, and aged 8-12 weeks old were used in 

this study. The animals were purchased and 

housed in the Medical Experimental Research 

Centre (MERC). They were housed in a controlled 

environment that was maintained under a 12 hour 

light/dark cycle and a temperature of 25°C (±3ºC). 

The rats were allowed free access to a standard 

diet and water. This research was approved by the 

Medical Research Ethics Committee of Mansoura 

University. 

2.2 Experimental design 

       Forty eight Sprague-Dawley rats were divided 

equally into four groups: control group (Control), 

containing sedentary rats; exercise group, these 

rats were subjected to a swimming exercise 

protocol (5 days per week for 8 weeks) in a 

gradual manner (17); osteoporotic group,  rats 

received methylprednisolone, intramuscular, (0.2 

mg/kg three times/ week) for 5 weeks; and 

exercise – osteoporotic group, exercise training 

combined with osteoporosis: these rats were 

subjected to swimming exercise in the same 

previous protocol and after 3 weeks they received 

methylprednisolone in the same dose as previously 

mentioned.. At the end of eighth week, rats of all 

groups were anesthetized with intraperitoneal 

thiopental (30 mg/kg) (18), then blood collected 

from the heart by a syringe. This blood was put in 

a clean centrifuge tube. Then it was left to 

coagulate and then centrifuged at 3000 rpm for 30 

minutes to separate the serum. This serum was 

stored at -20º C for biochemical analysis. 

2.3. Swimming exercise protocol 

Animal were made to swim in a cylindrical glass 

tank (80 cm diameter, 100 cm height, 40 cm depth) 

filled with water maintained at 35º C. Exercise was 

done at the same time daily (9:00-11:00 a.m.) for 

the calculated period. Rats were acclimatized to 

swimming one week before the experiment.  

Initially rats swam for 10 minutes during the first 

week, with increment of additional 5 minutes daily 

until swimming period of 35 minutes was attained. 

Subsequently, a daily swimming period of 

35minutes, 5 times /week, was maintained for 8 

weeks (17). At the end of each exercise session, 

animals were dried and kept in a warm 

environment.  

2.4.  Determination of serum calcium level  

        Calcium ions react with o-cresolphtalien-

complex in an alkaline medium to form a purple 

coloured complex (17). We utilized kits purchased 

from Human Gesellschaft fÜr Biochemica 

company, Germany. The absorbance of this 

complex is proportional to calcium concentration 

in the samples, the absorbance of these samples 
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were read using spectrophotometer adjusted at 450 

nm. 

2.5. Determination of serum irisin level 

     Irisin level was determined by using rat irisin 

ELISA kit purchased from Kono Biotech 

Company. Ltd, Zhejiang, China.  Purified rat irisin 

antibody was used to coat microtiter plate wells to 

make a solid-phase antibody, then irisin was added 

to wells, combined antibody which with HRP 

labeled goat anti-rat become antibody-antigen-

enzyme-antibody complex. After washing 

completely, 2, 2, 6, 6-Tetramethylpiperidine 

(TMP) substrate was added to obtain blue color. 

The reaction was terminated by the addition of 

sulphuric acid solution and the color change is 

measured spectrophotometrically at a wavelength 

of 450 nm. The concentration of rat irisin in the 

sample was then determined by comparing the 

optical density of the sample to the standard curve.  

2.6. Determination of serum C-terminal 

telopeptide of type I collagen (CTX)  level 

    CTX level was determined by using rat ELISA 

kit purchased from  Bio -Rad Inc., Hercules, CA, 

USA. This assay employs the competitive 

inhibition enzyme immunoassay technique. The 

microtiter plate provided in this kit was pre-coated 

with CRISP3. Samples were added to the 

appropriate microtiter plate wells with Horseradish 

Peroxidase (HRP) conjugated antibody preparation 

specific for CRISP3. The competitive inhibition 

reaction was launched between with pre-coated 

CRISP3 and CRISP3 in samples. A substrate 

solution was added and the color established is 

opposite to the amount of CRISP3 in the samples. 

The intensity of the color is measured (6).  

2.7. Dual energy X-ray absorptiometry (DEXA) 

on left tibia  

    Bone mass was measured using a dual X-ray 

absorptiometry device (DXA-Hologic model 

4500A, Waltham, MA, USA) at baseline and at the 

end of the experiment. Animals were anesthetized 

with intraperitoneal xylazine (20mg/kg) and 

ketamine (40mg/kg). They were placed in a prone 

position for bone mass measurements. Bone 

mineral density (BMD, g/cm2) and bone mineral 

content (BMC, g), were determined using specific 

small animal software (Version 610-0691 for QDR 

XP). 

2.8. Histopathological examination of right tibia  

        The rat was stretched on a wax platform and 

fixed with metal needles from the left hindlimb to 

the right forelimb. The skin was gently raised and 

snipped away from the muscle. The skin was 

peeled from the muscles, using scissors and a 

probe to tease away muscles that stick to the skin. 

Carefully, the biceps femoris and gastrocnemius 

were teased away to expose the leg bones. The 

distal end of the tibia was isolated and cut within 

the ankle joint cavity. The muscles were retracted 

over the knee joint; the femur was held by a pair of 

scissors at the proximal end of the knee joint space 

and gently twisted toward the reversed genuflex of 

the knee joint. At this point, the entire proximal 

end of the tibia (Knee joint end) was popped out 

and completely isolated then clean from any 

remaining muscle. Rat tibias were dissected out, 

fixed in 10% neutral buffered formaldehyde for 2 

days and decalcified in EDTA solution for 4 weeks 

(11). The decalcified specimens were dehydrated 

and processed to form paraffin blocks. Serial 

transverse and longitudinal sections (5 μm thick) 

from the diaphysis and metaphysis of tibia were 

prepared and stained by haematoxylin and eosin 

(H&E) and Masson trichrome stainings 19. All 
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sections were examined using light microscope. 

Sections were dewaxed in xylol, treated with 

graded alcohol and placed in water. The sections 

were stained in haematoxylin for 5-20 minutes, 

washed well in running tap water for 5 minutes. 

The excess stain was removed, and the slides were 

washed again. The slides were stained with 1% 

eosin for 10 minutes then washed in running tap 

water for 5 minutes, dehydrated through graded 

alcohols to xylol and mounted in a mixture of 

distyrene (a polystyrene), a plasticizer (tricresyl 

phosphate), and xylene (DPX). Then the slides 

were examined by expert in pathology.  Sections 

were dewaxed in xylol, treated with graded alcohol 

and were placed in water. Sections were 

mordanted in Bounin ´solution, microwave for 1 

minute, allowed to stand 15 minutes. Then they 

were washed for 5 minutes in running tap water to 

remove picric acid. Weigert ´s working 

haematoxylin was done for 5 minutes, then, they 

were rinsed in distilled water. Biebrich scarlet for 

5 minutes was done then they were rinsed in 

distilled water. Sections were put in 

phosphotungstic /phosphmolybdic acid for 10 

minutes then the solution was discarded. They 

were transferred directly into Aniline blue for 5 

minutes then rinsed in distilled water. They were 

put in 1% acetic acid for 1 minute, then solution 

was discarded. Then they were rinsed in distilled 

water, dehydrated through graded alcohol to xylol 

and mounted in DPX, clear Ed and coverslip. The 

slides were examined by expert in pathology and 

examined by image analysis. Olympus® digital 

camera was installed on Olympus® microscope 

with 1/2 X photo adaptor, using 20 X objective to 

photograph the slides.  Intel® Core I3® was used. 

It is computer based with Video Test® 

Morphology® software (Russia) with a specific 

built-in routine for measurement of percentage 

area to analyze the images.   

2.9. Immunohistochemistry of osteocalcin 

      Specimens were fixed in 4% buffered 

formaldehyde for 2 days at room temperature, and 

then decalcified in ethylenediaminetetraacetic acid 

(changed every 3 days) for 4 weeks. Decalcified 

tissues were then washed, dehydrated in gradient 

alcohol, embedded in paraffin wax, and cut into 4-

μm-thick sections along the sagittal plane of the 

distal tibia. Immunohistochemical localization of 

osteocalcin was done using antibodies purchased 

from Sigma Company. Stained sections were 

examined qualitatively under light microscope 

with a digital camera. 

2.10. Statistical analysis  

      Data were tabulated, coded then analyzed 

using the computer program SPSS (Statistical 

package for social science) version 23.0. 

Descriptive statistics were calculated in the form 

of mean ±Standard deviation (SD). In the 

statistical comparison between the different 

groups, the significance of difference was tested 

using one-way ANOVA (analysis of variance) to 

compare between groups followed by post-hoc 

Tukey test. Also, Pearson correlation analyses 

were used. A minimum level of significance is 

considered if p is<0.05. 

3. Results  

3.1. Exercise increases serum irisin level and 

decreases serum carboxy-terminal cross-linked 

telopeptide of type I collagen (CTX) level in 

exercise -osteoporotic (EX+OST) group 

       Table (1) shows a significant increase in 

serum irisin level in exercise (EX) group as 

compared to control (C) group. While osteoporotic 
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(OST) group showed a significant decrease in 

serum irisin level in relation to control (C) and 

exercise (EX) group. The exercise -osteoporotic 

(EX+OST) group had a significant increase in 

serum irisin level as compared to osteoporotic 

(OST) group. By comparing the serum carboxy-

terminal cross-linked telopeptide of type I collagen 

(CTX) level in different experimental groups, there 

was a significant decrease in CTX level in (EX) 

group as compared to (C) group.  On the other 

hand, there was a significant increase in (OST) 

group as compared to (C) and (EX) group. While 

there was a significant decrease in CTX level in 

exercise -osteoporotic (EX+OST) group relative to 

(OST) osteoporotic group. In addition, by 

comparing calcium level in different groups to the 

control (C) one, there were no significant 

differences. 

Table (1): Comparison of the estimated biochemical parameters among the different experimental 

groups.  

 (n =12) C 
group 

EX 
group 

OST 
group 

OST+EX 
group 

Irisin (ng\ml) 
 

P1 
P2 
P3 

65.55±2.99 
 

79.22±4.77 
 

<0.001* 
 
 

25.46± 3.26 
 

<0.001* 
<0.001* 

 
 

50.07±3.27 
 

<0.001* 
<0.001* 
<0.001* 

 
Calcium(mg\dl) 

 
P1 
P2 
P3 

9.55±0.14 
 

9.61±0.27 
 

NS 
 

9.34±0.42 
 

NS 
NS 

9.45±0.18 
 

NS 
NS 
NS 

 
CTX (ng\ml) 

 
P1 
P2 
P3 

45.41±4.88 
 

33.06±3.71 
 

<0.001* 
 

56.2±3.12 
 

<0.001* 
<0.001* 

 

49.77±3.18 
 

<0.05* 
<0.001* 
<0.01* 

 

 (C):   control group.   (EX): exercise group.    (OST): osteoporotic group. 

 (EX+OST): exercise- osteoporotic group.         

CTX I: carboxy-terminal cross-linked telopeptide of type I collagen 

Test used: One-way ANOVA followed by post-hoc Tukey test   P: Probability        

*: significance <0.05  

NS: non-significant 

P1: significance as compared to control group  

P2: significance as compared to exercise group  

P3: significance as compared to Osteoporotic group 
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3.2. Results of dual-energy x-ray absorptiometry 

(DEXA) 

       By comparing the parameters of bone 

measured by DEXA in different experimental 

groups, figures (1 A, B, E & F) showed a 

significant changes in exercise (EX) group as 

compared to the control (C) group expressed as a 

significant increase in bone mineral content and 

bone mineral density. On the other hand, there 

were a significant decrease in both bone mineral 

content and density in osteoporotic (OST) group 

compared to both (EX) and (C) group (Figure 1 C, 

D, E & F). Surprisingly, there was a significant 

increase in both mineral content and density in 

exercise osteoporotic (EX+ OST) group relative to 

(OST) group. 

 
a: significance as compared to control (C) group.  
b: significance as compared to exercise (EX) group.  
c: significance as compared to osteoporotic (OST) group. 
Test used: One-way ANOVA followed by post-hoc Tukey test 
Figure (1):  A) DEXA for  control (C) group   B)  DEXA for exercise group (EX) C) DEXA for  osteoporotic 
group (OST). D) DEXA for exercise- osteoporotic (EX+ OST) group. E) Bone mineral content in different 
experimental groups   F) Bone mineral density in different experimental groups 
 

3.3. Cortical bone thickness and trabecular bone 

area % increases relative to total bone area in 

exercise osteoporotic (OST+EX) group by 

Hematoxylin and Eosin stain 

      There is a normal bone architecture in both 

control (C) and exercise (EX) groups. Moreover, 

(EX) group showed a significant increase in 

cortical bone thickness and trabecular bone area % 

relative to total bone area in comparison to control 

group. Nevertheless, there were a significant 

changes in tibial bone of osteoporotic (OST) group 

(Figure 2). These changes were in the form of 

significant decrease in cortical bone thickness and 

trabecular bone area % relative to total bone area 

as compared to all other groups. As regard exercise 

osteoporotic (OST+EX) group, there was a 

significant increase in both cortical bone thickness 

and trabecular bone area % relative to total bone 

area as compared to (OST) group (Figure 2). 
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Test used: One-way ANOVA followed by post-hoc Tukey test 
Figure (2):  A) Bone section of control (C) group shows a complete bone trabeculae structure with ordered arrangement of trabeculae 
formed of outer lamellar and inner cancellous bone with network of anastomosing trabeculae enclosing bone marrow elements. (H&E, 
100X). B) Bone section of exercise (EX) group shows an exaggerated normal bone (H&E, 100X) C)   Bone section of osteoporotic 
(OST) group shows a reduction of bone trabeculae with observed thinning of the trabeculae with wide spacing between them (H&E, 
100X). D) Bone section of exercise - osteoporotic group shows a significant increase in both cortical bone thickness and trabecular 
bone area. (H&E, 100X) E) Cortical bone thickness in different experimental groups F) Trabecular bone area % relative to total bone 
area in different experimental groups. 
 

3.4.  The percentage area stained with Masson’s 

Trichrome decreases in in exercise 

osteoporotic group (EX+OST) 

     Figure (3 C) shows diffuse marked significant 

increase in percentage area stained with Masson’s 

Trichrome in osteoporotic (OST) group as 

compared to exercise (EX) and control (C) groups. 

However, there was a significant decrease in 

percentage area stained with Masson’s Trichrome 

in exercise osteoporotic group (EX+OST) relative 

to (OST) group (Figure 3 D). Surprisingly, by 

comparing the area stained with Masson’s 

Trichrome in (EX) group and (C) group, there was 

no significant difference   (Figure 3 E). 

 
Test used: One-way ANOVA followed by post-hoc Tukey test 
Figure (3):  A) shows control (C) group (Masson's Trichrome X 400). B) shows exercise (EX) group (Masson's Trichrome X 400) C)   
shows osteoporotic (OST) group (Masson's Trichrome X 400). D) shows exercise -osteoporotic (EX+OST) group (Masson's Trichrome X 
400). E) Comparison of percentage area of collagen deposition by  Masson's Trichrome among the different experimental groups. 
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3.5. Analysis of osteocalcin (OCN) 

immunohistochemistry examinations in 

different experimental groups 

     Figure (4) reveals a significant decrease in 

osteocalcin (OCN) activity in osteoporotic (OST) 

group as compared to both control (C) and 

exercise (EX) group. But, exercise- osteoporotic 

(EX+ OST) group showed a significant increase in 

OCN activity relative to osteoporotic group 

(Figure 4 D). In addition, by comparing OCN 

activity in exercised group to the control group, 

there was no significant difference (Figure 4 B). 

Test used: One-way ANOVA followed by post-hoc Tukey test 
Figure (4):  A) shows osteocalcin expression in control (C) group (X400). B) shows  osteocalcin expression in exercise 
(EX) group (X400). C)   shows osteocalcin expression in osteoporotic (OST) group (X 400). D) shows osteocalcin 
expression in exercise- osteoporotic (EX+OST) group (X 400). E) Comparison of osteocalcin activity among different 
experimental groups 
3.6. Correlation between serum irisin level and 

the estimated parameters  

         There is a significant positive correlation 

between serum irisin level and cortical bone 

thickness. Moreover, there is a significant positive 

correlation between serum irisin level and 

trabecular bone area % relative to total bone area. 

Also, irisin shows a significant positive correlation 

with bone mineral content and density, osteocalcin 

activity and blood calcium level. However, serum 

irisin level shows a significant negative correlation 

with CTX and Masson's Trichrome percentage 

area (MTC %A) (Table 3). 

Table (3): The correlation between serum irisin level and the estimated parameters:  

 
Pearson’s correlation coefficient   P: Probabilty  *:significance <0.05 
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4. Discussion 

         Osteoporosis is the most common bone 

disease in humans, representing a major public 

health problem. It is caused by an altered balance 

between bone anabolism and catabolism (20).  So, 

the aim of our work is to: (i) study the effect of 

exercise on irisin plasma level in rats (ii) identify 

the correlation between irisin level in blood and 

change in bone turnover in glucocorticoid - 

induced osteoporosis. 

      In the present experiment, we studied, for the 

first time, the osteoprotective effects of 

endogenous irisin induced by exercise against 

osteoporotic changes produced by glucocorticoids 

(GC) treatment in a rat model.     The assessment 

of bone metabolism includes two main aspects: 

bone mass and bone quality. The most common 

indicator of bone mass is bone mineral density 

(BMD) which is assessed by DEXA (21). It has 

been previously reported that a low BMD is one of 

the most important signs of osteoporosis (22). So, 

DEXA scan is the current gold standard test for the 

diagnosis of osteoporosis (23). By DEXA, the 

osteoporotic (OST) group showed significant 

decrease in bone mineral content and density. 

Moreover, it also showed deterioration of bone 

tissue and disturbance of bone architecture 

presented by histopathological examination and 

decreased osteocalcin expression by 

immunohistochemistry.  

      In the present study, the bone density of rats in 

the osteoporotic (OST) group was found to decline 

significantly compared to all other groups by 

DEXA.  Glucocorticoids were found to depress 

Wnt signaling pathway through increasing the 

expression of Wnt-antagonists (24). This pathway 

normally promotes the differentiation of bone 

marrow stromal cells  into mature osteoblasts, 

suppresses the apoptosis of osteoblasts, and 

enhances the proliferation and mineralization of 

osteoblasts (25).  

     Also, GCs increase the apoptosis of osteoblasts 

and mature osteocytes via activation of caspase 

3 (26). Osteoblast/osteocyte apoptosis induced by 

GCs may involve decreased expression of the pro-

survival factor B-cell lymphoma- extra large 

(BclXL) and increased expression of the 

proapoptotic factor BAK1 (BCL2 

Antagonist/Killer 1) (27). Furthermore, GCs 

reduce osteoblast proliferation and differentiation, 

possibly as a result of GC-induced suppression of 

bone morphogenic protein-2 (BMP-2) and 

expression of core binding factor (28).  

      By H&E, the osteoporotic group showed 

significant decrease in trabecular bone with 

observed thinning of the trabeculae with wide 

spacing between them. Histomorphometric studies 

have shown that GCs induce a thinning of the 

trabeculae and a loss of trabecular bone volume. 

Furthermore, disruption of cancellous bone 

microarchitecture (such as trabecular perforations) 

may occur, thus leading to an increase in the 

trabecular space and a decrease of the trabecular 

number (29). 

  

       Osteocalcin (OCN) is the most abundant 

marker in the bone matrix, which is released by the 

osteoblasts to the outside of cells, reflecting the 

state of bone formation (30). OCN activity showed 

significant decrease in osteoporotic group. This 

agrees with previous studies which reported a 

diminished osteocalcin activity after 

glucocorticoids treatment (31). This occurs as 

glucocorticoids produce different metabolic 
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phenotype in osteoblasts and reduce, but not 

totally abolish, their anabolic function and their 

ability to secrete OCN (32).  

       In the current study, the osteoporotic (OST) 

group showed a significant decrease in serum irisin 

level versus the control group. The decrease in 

serum irisin level may be attributed to osteoporosis 

that is associated with decrease in the expression 

of PPAR-γ that leads to prevention of the 

interaction of PGC 1 α with multiple transcription 

factors leading to decreased FNDC5 and irisin 

(33). Our current data confirm those by 

Anastasilakis et al. (34) who have shown lower 

serum irisin levels in postmenopausal women with 

previous osteoporotic fractures.  

      Our data did not reveal any significant changes 

in the serum calcium concentration in all groups as 

compared to control group. This result may be 

explained by the physiological regulatory 

mechanisms that control the calcium ion, and 

organized by calcitonin and parathyroid hormones. 

Since calcium participates in a variety of 

physiological processes and deviations in its serum 

level can affect the normal operations of the body 

(35). However, calcium level, herein, 

insignificantly decreased in (OST) group, which 

could be explained by the ability of 

glucocorticoids to reduce intestinal calcium 

absorption and increase renal calcium clearance 

(36). 

     The osteoporotic group showed a significant 

increase in CTX (carboxy-terminal cross-linked 

telopeptide of type I collagen) level. Detection of 

serum CTX-I content specifically reflects the 

resorption activity of osteoclasts. So, it is one of 

the most recommended investigation as specific 

bone resorption markers (37)  and its serum level 

is positively correlated with bone resorption 38. 

Increase in serum CTX-I in (OST) group might be 

due to increase bone and collagen degradation 

induced by glucocorticoids (39). This is confirmed 

by increase in percentage area stained with 

Masson’s Trichrome in (OST) group as compared 

to all other groups.  

     In comparison to the control group, the exercise 

(EX) group showed significant increase in serum 

irisin level associated with a significant decrease in 

CTX-1 level. 

    Irisin levels increase during exercise training 

(40, 41). Similarly, other studies have showed a 

positive correlation between irisin and physical 

activity.  There was no correlation between irisin 

levels and daily physical activity (39).   Here, the 

significant increase in plasma irisin levels could be 

explained by effect of exercise which induces 

peroxisome proliferator-activated receptor gamma 

and peroxisome proliferator-activated receptor 

coactivator 1 α (PGC-1α) gene expression that 

promotes FNDC5 expression leading to splicing of 

FNDC5 to irisin (42,43) 

    In our study, the exercised group had significant 

increase in bone mineral density and content in the 

tibia when compared to any other group this might 

be due to the ability of   exercise to preserve and 

promote greater bone formation. High frequency 

movement during swimming increases irisin level 

which increases BMD (44). Then irisin directly 

targets osteoblast and promotes osteoblast 

proliferation and bone mineralization via 

activating the p38 mitogen-activated protein kinase 

(p38 MAPK) and extracellular signal-regulated 

kinase (ERK) signaling pathways (45). This 

increases mRNA expression of osteoblast 

transcription regulators, including Runt-related 
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transcription factor-2 (Runx2), a key transcription 

factor associated with osteoblast differentiation, 

and osterix (Osx, also know sp7). Runx2 acts by 

binding to osteoblast‐specific element 2 (OSE2), 

which is found in the regulatory region of many 

osteoblast‐specific genes (46). Increased 

expression of Runx2 has been shown to be 

responsible for p38 in promoting osteogenesis. The 

p38 MAPK pathway is essential for skeletogenesis 

and bone homeostasis (47). ERK signaling 

pathway promoted osteoblast differentiation and 

bone mineralization48. Irisin also increases earlier 

osteoblast differentiation marker genes including 

osterix and bone sialoprotein (BSP) which play a 

vital role in matrix deposition and mineralization 

(49). This was evident, in the present study, by 

immunohistochemical staining that revealed 

increase in osteocalcin. Considering the above 

results, we conclude that irisin stimulates 

osteogenesis and help in bone mineralization. In 

young mice, r-irisin treatment increases cortical 

bone mineral density and positively modifies bone 

geometry, thus pro-osteoblastic genes are 

upregulated, and the activity of osteoblasts 

increases (50).  

      Here, the exercise (EX) group showed a 

significant increase in cortical bone thickness, 

trabecular bone density and trabecular bone area 

relative to total bone area. In this study, the 

increased mass of trabecular bone gained through 

swimming exercise was similar to that in other 

previous reports (51, 52). Also, our results are in 

agreement with others that indicated that irisin 

increases bone trabecular volume and cortical 

thickness in mice following intraperitoneal 

injection of irisin.  These may be attributed to 

osteogenic effect of irisin. It directly stimulates 

new bone synthesis by osteoblasts as it enhances 

osteoblast differentiation through the Wnt-β-

catenin signaling and inhibits osteoclast 

differentiation by suppressing the receptor 

activator of nuclear factor-κB ligand 

(RANK/RANKL) pathway. The osteogenic effect 

of irisin is also mediated initially by increasing 

activating transcription factor 4 (Atf4) mRNA 

expression, indicating enhanced precursor 

differentiation toward an osteoblast lineage (53). 

    Osteocalcin activity showed increase in 

exercised group. This might be due to increase in 

Runt related transcription factor 2 (Runx2) that is 

the specific transcription factor of osteoblasts and 

can play a leading role in regulating the expression 

of OCN genes (54).  

    By comparing to OST group, the EX+OST 

group showed a significant increase in serum irisin 

level and significant decrease in CTX -1. This 

could be explained by the ability of exercise to 

induce irisin release from muscle which inhibits 

bone resorption, enhances bone formation and 

ameliorates bone loss (55, 56).  

    In the present study, a significant increase in 

bone mineral density and content were recorded in 

(EX+ OST) group versus OST group. The 

preceding exercise training in the (EX+OST) 

group might increase BMD. This could be 

explained by the ability of swimming to induce a 

substantial increase in calcium content of bone that 

compensate the osteoporotic effect of 

glucocorticoids (57).  

      Histological examination of Hematoxylin and 

Eosin stained bone sections showed that the 

exercise preceding induction of osteoporosis 

attenuated the deteriorated structure of the tibia in 

the exercise-trained osteoporotic (EX+OST) group 
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which is observed by the increase in cortical 

thickness and trabecular number. This is 

contributed to the beneficial effects of muscle 

contraction and release of irisin on bone strength 

during exercise 58. 

 

     In OST+EX group, Masson’s Trichrome 

stained bone sections revealed a decrease in 

percentage area of collagen deposition, compared 

to osteoporotic group, as new bone formation 

replaces the area of degraded collagen deposition. 

There is, also, a significant increase of osteocalcin 

expression compared to OST group. This 

characterizes mature bones formation and a 

mineralization activity, which may be related to a 

satisfactory osseointegration process, featuring 

exercise effect on bone tissue 59, 60.  

      Finally, in this study, irisin released mainly by 

exercise, was found to be effectively improving 

different bone parameters such as bone mineral 

content and density. It is also positively correlated 

with cortical bone thickness and trabecular bone 

density. So, we can conclude that irisin is able to 

attenuate glucocorticoid- induced osteoporosis. 

These results indicate the therapeutic effects of 

irisin against glucocorticoids induced osteoporosis. 

5. Conclusions 

       Irisin may be the link between the beneficial 

effect of exercise and the protection against 

osteoporosis. This conclusion is supported by the 

positive correlation between serum irisin and bone 

mineral content, bone mineral density, 

microstructure of the bone and osteocalcin 

expression percentage areas. It is also supported by 

the negative correlation between serum irisin and 

serum CTX. Based on these findings, recombinant 

irisin replacement therapy may be a crucial 

osteoprotective intervention for those patients 

whose plasma irisin level is reduced. Clinical trials 

may also be considered to validate the results in 

humans, following further pre-clinical studies. 
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