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Abstract  

Background:  Irisin is a new myokine that has been linked  
to many metabolic diseases. Postmenopausal osteoporosis is  
a metabolic disease manifested by decreased bone mineral  
density; and physical exercise may play a role in its prevention  
and treatment. The relationship between irisin and physical  
exercise, and the role of irisin in osteoporosis are not clear  

yet.  

Aim of Study: The present study was performed to clarify  
the effect of swimming training on serum irisin levels in a rat  

model of postmenopausal osteoporosis induced in female  
albino rats.  

Material and Methods:  Forty eight adult female rats were  
divided into 4 equal groups: Control (CONT), swimming  
(SWIM), ovariectomized (OVX), and ovariectomized plus  
swimming (OVX + SWIM). Serum levels of irisin, estradiol,  
calcium, phosphorus alkaline phosphatase, and bone calcium,  
phosphorus, and femoral ash weights were measured and  
histopathological examination of femoral bones were per-
formed in all groups.  

Results:  Serum irisin levels were significantly increased  
in SWIM group compared with CONT group, and decreased  

in OVX group compared with CONT and SWIM groups. In  
OVX + SWIM group, they were significantly increased com-
pared with those of CONT and OVX groups; but, insignifi-
cantly changed compared with SWIM group. Positive corre-
lations were found between serum irisin and serum levels of  
estradiol, bone calcium and phosphorus, femoral bone ash  
weights in all groups; and with serum alkaline phosphatase  
in SWIM and OVX + SWIM groups.  

Conclusion: Swimming training increased serum irisin  
levels in ovariectomized rats and guarded against the occur-
rence of osteoporotic changes. So, the beneficial effects of  
swimming training on bone may be mediated by irisin.  
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Introduction  

IRISIN  is a newly discovered hormone-like my- 
okine that consists of 112 amino acid residues and  
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was reported to be synthesized in muscle tissue  
after proteolytic cleavage of its precursor, fibronec-
tin type III domain containing protein 5 (FNDC5)  
by unknown protease [1] . Several studies revealed  
marked distribution of irisin in human tissues as  
adipose tissue, liver, cardiovascular system, brain,  
bone, pancreas, kidney, immune system, ovary,  
peripheral myelin sheath and pancreatic islets [2,3] .  
Irisin was reported to be involved in inducing  

browning of adipose tissue, expression of Uncou-
pling Protein 1 (UCP-1) and improvement of sys-
temic metabolism by increasing energy expenditure  
[1,4,5] .  

Postmenopausal osteoporosis is a bone meta-
bolic disease occurring in old females and mani-
fested by reduced bone mineral density and in-
creased risk of fractures [6,7] . The mass and strength  
changes that occur in cancellous bones of ovariec-
tomized rats mimic the bone changes of menopausal  
women [8] . Although genetic factors are the primary  
determinant of osteoporosis [9] , physical exercise  
is submitted as one of the important protocols for  
prevention and treatment of osteoporosis [10,11] .  
The mechanisms of the anabolic effects exerted  
by physical exercise on bone are not clear yet,  
however, they were assumed to be exerted either  

via direct muscle force-generated mechanical sig-
nals or via indirect endocrine regulation [12] . Con-
tradictory reports were found about the beneficial  
effects of swimming exercise on the bones where  
some studies disapproved its ability to prevent  
bone loss alone [13,14] ; while, other studies con-
firmed its beneficial effects in ovariectomized rats  
[15,16] . Few studies investigated the role of irisin  
in bone metabolism and its relationship to bone  
changes that accompany osteoporosis, but the  
results are not established yet. Also, the experi-
mental studies regarding the influence of physical  
exercise on FNDC5 expression in muscles and  
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irisin levels in muscle and serum are limited and  

controversial.  

Therefore, the present study was performed to  
explore the effect of swimming training on serum  
levels of irisin in ovariectomized adult female  
albino rat as a model of postmenopausal osteoporo-
sis.  

Material and Methods  

Animals:  
The study was performed in the period from  

5th  March to 25 th  June 2016 in the Animal House  
of Faculty of Medicine, Zagazig University. A total  
number of 48 healthy adult female albino rats of  

a local strain weighing 200-250g were purchased  
from the Animal House of Faculty of Medicine,  

Zagazig University. The rats were housed 5 rats  
per cage in steel wire cages (50cm X 60cm X  

60cm) at comfortable room temperature, under  

controlled condition of light (12h dark and 12h  
light) and under hygienic conditions. All rats were  

provided free access to food and water and fed the  

same type of food that consisted of mixed com-
mercial rat laboratory chow. The rats were left for  

one week prior to the beginning of the experiments  
for adaptation to laboratory conditions. All the  

procedures in the study were permitted by the  

Institutional Research Board and Ethics Committee  

of Faculty of Medicine, Zagazig University.  

Methods:  

Grouping of animals:  The forty eight adult  
female albino rats were randomized after the ad-
aptation period and divided into 4 equal groups:  
Control sedentary group (CONT), swimming ex-
ercise group (SWIM), ovariectomized sedentary  
group (OVX) in which rats were bilaterally ova-
riectomized for induction of a rat model of post-
menopausal osteoporosis, and ovariectomized plus  
swimming exercise group (OVX + SWIM).  

Ovariectomy technique:  For induction of rat  
model of postmenopausal osteoporosis, ovariecto-
my was performed according to Irahara et al. [17] .  
The rats were anaesthetized by intraperitoneal  

injection of pentobarbital sodium (40mg/kg body  
weight; Misr CO. Pharm. Ind. S.A.A. Materia,  
Egypt) after overnight fasting, and then tied to the  

operating board where hair was removed from the  
lower abdomen by a small curved scissor and the  
bared skin was sterilized by 70% ethyl alcohol  
(ADWIC Laboratory Chemicals, Egypt). A midline  
incision was made through the skin and the abdom-
inal wall, the ovaries and fallopian tubes were  
located. The fallopian tubes were tied and the  

ovaries were removed. The viscera were restored  

and the abdominal wall incision was repaired with  
catgut thread, then the skin incision was repaired  

with silk suture. Garamycin cream (Misr Co.  
Pharm. Ind. S.A.A. Materia, Egypt) was put over  

the closed incision and covered with sterile gauze.  

Rats were observed until the recovery from an-
esthesia and ampicillin sodium (25mg/kg, IM; Misr  

CO. Pharm. Ind. S.A.A. Materia, Egypt) was given  
to guard against post-operative infections. The rats  

in CONT and SWIM groups were exposed to sham  
operations with the same procedure of ovariectomy  

without removal of the ovaries. In swimming  

groups, the training started one week after recovery  

from surgery.  

Exercise protocol:  Exercise was performed in  
a swimming tank (120 X 50cm tank containing  

38cm height of water at 30 ± 1ºC) at the same time  
of the day. Rats were habituated to the swimming  
exercise during the first week. Initially, rats swam  

for 15min, with increasing of additional 15min  
daily, until a swimming period of one hour was  
attained. Subsequently, a daily swimming period  
of one hour, 5 days/week, was maintained for 8  

weeks. At the end of each exercise session, animals  

were dried and kept in a warm environment. Rats  

were sacrificed 48hrs after last exercise session to  

minimize acute effects of exercise [18] .  

Determination of sexual cycle:  Vaginal secre-
tions were obtained by inserting the tip of a plastic  
pipette filled with 10mL of NaCl 0.9% into the  
vagina of the non-ovariectomized rats. Then the  

collected material was observed without staining  
under a light microscope. According to Marcondes  

et al., cycles with duration of 4-5 days were con-
sidered regular [19] .  

Blood sampling:  Blood samples were collected  
from non-ovariectomized groups in the afternoon  

of estrous day of their cycles after an overnight  

fasting to avoid circadian rhythm of serum hormo-
nal levels. The samples were collected from the  

retro orbital plexus of rats under ether anesthesia  

(ADWIC Laboratory Chemicals, Egypt) using glass  

capillaries in clean centrifuge tubes and allowed  
for clotting, and then serum was separated by  

centrifugation of blood for 10 minutes at 3000rpm.  
The supernatant sera were pipetted off using fine  

tipped automatic pipettes and then kept frozen at  

–20ºC till used for estimation of the following  
parameters in all groups:  

Serum levels of irisin: Using rat irisin ELISA  
Kits (SunRed Biotechnology Company, Shanghai,  

China) according to Bostrom et al. [1] .  
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Serum levels of estradiol: Using rat ELISA  
kits; Catalog number BC-1111 (BioCheck Inc 323  

Vintage Park Dr. Foster City, CA 94404) according  
to Tietz [20] .  

Serum levels of calcium: By colorimetric meth-
od using spectronic 21 UVD spectrophotometer  
(Bausch and Lamb, U.S.A.) according to Gindler  
et al. [21] .  

Serum levels of phosphorus:  By colorimetric  
method according to Goldenberg and Fernfindez  

[22].  

Serum levels of alkaline phosphatase: By color-
imetric method according to Belfield and Goldberg  
[23].  

Bone ashing:  According to the dry ashing pro-
cedure described by Doster et al. [24] , the right  
femur bones of the ether-anesthetized rats were  

finely dissected and cleaned of from adhering  
tissue. The whole bones were extracted two times  
with a 1:1 mixture of absolute ethanol and diethyl  

ether for 48h and one time with diethyl ether for  
24h. The dehydrated and defatted bones were dried  

in 80ºC oven for 48h, and then ashed in a muffle  

furnace at 600ºC for 48 hours after putting each  

bone in a clean porcelain dish. After that, bone ash  
weights were measured, and then hydrolyzed in 6  

N HCL for determination of calcium and phospho-
rus concentrations by the colorimetric methods  

described before.  

Bone histopathological sections:  The left femur  
bones of ether-anesthetized rats were removed,  

cleaned of adhering soft tissue, fixed and placed  
in 10% formalin solution for one day [25] . Then  
tissues were processed in ascending grades of  

alcohol, cleaned in xylol and embedded in paraffin  

blocks. Four-microns sections were cut on a stand-
ard rotatory microtome, stained by heamatoxylin  

and eosin stain (H & E) and observed for his-
topathological changes as described by Bancroft  

and Cook [26] .  

Statistical analysis:  The statistical analysis was  
done by using Statistical Package for the Social  

Science; SPSS program, Version 19 (SPSS Inc.  

Chicago, IL, USA). Values were given as mean ±  
SD. ANOVA followed by LSD post hoc statistical  
test was used for comparison of means of the  

variables in different groups. Pearson's correlation  

(r) analysis was performed to demonstrate possible  
relationships between serum levels of irisin and  

the measured parameters. p-value <0.05 was re-
garded as statistically significant for all statistical  

tests.  

Results  

Serum parameters [data shown in (Table 1)]:  

Regarding serum levels of irisin, they wer-
esignificantly increased in SWIM group compared  
with those of CONT group (p<0.01). In OVX  
group, they showed a statistically significant de-
crease when compared with those of CONT group  

(p<0.05) and SWIM group (p<0.001). In OVX +  
SWIM group, they were significantly increased  

compared with those of CONT and OVX groups  
(p<0.001), while, they showed insignificant change  

compared with those of SWIM group (p>0.05).  

As regard serum levels of estradiol, there was  
a statistically significant decrease in OVX group  
compared with those of CONT and SWIM groups  
(p<0.001); while, no significant changes were  

found between the levels in SWIM group when  
compared with those of CONT group (p>0.05). In  
OVX + SWIM group, they were significantly de-
creased compared with those of CONT and SWIM  
groups (p<0.001), while, they showed insignificant  
change compared with those of OVX group ( p  
>0.05). Also, statistically significant positive cor-
relations were found between serum levels of irisin  
and estradiol in all groups.  

Concerning serum levels of calcium, they were  
significantly increased in SWIM group when com-
pared with those of CONT group (p<0.05). In OVX  
group, they showed a statistically insignificant  
change when compared with those of CONT group  
(p>0.05) and a statistically significant decrease  

when compared with those of SWIM group (p  
<0.001). In OVX + SWIM group, they were sig-
nificantly increased compared with those of OVX  

group (p<0.05), while, they showed insignificant  
change compared with those of CONT and SWIM  
groups (p>0.05). Additionally, no statistically  
significant correlations were found between serum  
levels of irisin and calcium in all groups.  

As regard serum levels of phosphorus, there  
was a statistically significant increase in SWIM  

group when compared with those of CONT group  

(p<0.05). In OVX group, there was a statistically  

insignificant change when compared with those of  
CONT group (p>0.05), but they were significantly  
decreased when compared to those of SWIM group  

(p<0.01). In OVX + SWIM group, they were sig-
nificantly increased compared with those of CONT  
and OVX groups (p<0.01, p<0.001 respectively),  
while, they showed insignificant change compared  
with those of swim group (p>0.05). No statistically  
significant correlations were found between serum  
levels of irisin and phosphorus in all groups.  
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Regarding serum levels of alkaline phosphatase,  
they were significantly increased in SWIM and  
OVX groups when compared with those of CONT  

group (p<0.001); however, no statistically signif-
icant changes were found in OVX group compared  

with those of SWIM group (p>0.05). In OVX +  
SWIM group, they were significantly increased  
compared with those of CONT and OVX groups  
(p<0.001, p<0.05 respectively), while, they showed  
insignificant change compared with those of swim  
group (p>0.05). No statistically significant corre-
lations were found between serum levels of irisin  
and alkaline phosphatase in CONT and OVX  
groups; while they were positively correlated in  
SWIM and OVX + SWIM groups.  

Bone parameters [data shown in (Table 1)]:  
As regard bone calcium concentrations, they  

were significantly increased in SWIM group when  
compared with those of CONT group (p<0.01) and  
significantly decreased in OVX group when com-
pared with those of CONT and SWIM groups  
(p<0.01, p<0.001 respectively). In OVX + SWIM  

group, they were significantly decreased compared  
with those of SWIM group (p<0.001), and signif-
icantly increased compared with those of OVX  
group (p<0.05), while, they showed insignificant  
change compared with those of CONT group (p  
>0.05). Also, statistically significant positive cor-
relations were found between serum levels of irisin  
and bone calcium concentrations in all groups.  

Concerning bone phosphorus concentrations,  
there was a statistically significant increase in  
SWIM group when compared with those of CONT  
group (p<0.001) and a significant decrease in OVX  
group when compared with those of CONT and  
SWIM groups (p<0.01, p<0.001 respectively). In  
OVX + SWIM group, they were significantly de-
creased compared with those of SWIM group  
(p<0.01), and significantly increased compared  
with those of OVX group (p<0.001), while, they  
showed insignificant change compared with those  
of CONT group (p>0.05). Statistically significant  
positive correlations were found between serum  
levels of irisin and bone phosphorus concentrations  
in all groups.  

Table (1): Comparison between  the levels of the measured parameters in all groups.  

Parameters  
Groups  CONT  

group  
SWIM  
group  

OVX  
group  

OVX + SWIM  
group  

8.35± 1.38  

34.45±5.18  
r=0.702, p<0.05  

9.68±0.62  
r=0.333, NS  

4.92±0.49  
r=0.483, NS  

150.50± 15.68  
r=0.335, NS  

174.67±6.68  
r=0.645, p<0.05  

129.83 ±5.95  
r=0.684, p<0.05  

220.75± 16.23  
r=0.638, p<0.05  

10.54±2.03 a 
 

32.39±4.91  
r=0.795, p<0.01  

10.41 ±0.56a 
 

r=0.442, NS  

5.36±0.48a 
 

r=0.387, NS  

234.33±31.29a  
r=0.661, p<0.05  

188.67± 10.72a 
 

r=0.655, p<0.05  

141.33±9.72a 
 

r=0.616, p<0.05  

254.58±29.21 a 
 

r=0.698, p<0.05  

6.88± 1.18 a,b  

6.70± 1.38a,b  
r=0.916, p<0.001  

9.14±0.88b 
 

r=0.506, NS  

4.65±0.60b 
 

r=0.497, NS  

225.50±37.94 a 
 

r=0.464, NS  

160.25± 11.99a ,b  
r=0.602, p<0.05  

118. 17±7.98a,b  
r=0.602, p<0.05  

178.83±20.63 a,b  
r=0.669, p<0.05  

11.62± 1.56a,c  

8.01 ± 1.06a,b  
r=0.788, p<0.01  

9.94±0.89c 
 

r=0.250, NS  

5.60±0.57a,c  
r=0.170, NS  

254±26.30a,c  
r=0.966, p<0.001  

171.78± 11.55b ,c  
r=0.785, p<0.01  

131.45±5.39b,c  
r=0.682, p<0.05  

214.75±8.41 b ,c  
r=0.824, p<0.01  

Serum irisin (ng/ml)  

Serum estradiol (pg/ml)  

Serum calcium (mg/dl)  

Serum phosphorus (mg/dl)  

Serum alkaline phosphatase (IU/L)  

Bone calcium (mg/gm ash)  

Bone phosphorus (mg/gm ash)  

Ash weight (mg/femur)  

Data are represented as mean ±  SD.  
: Control sedentary group.  
: Swimming exercise group.  
: Ovariectomized group.  
: Ovariectomized plus swimming exercise group  

Regarding femoral bone ash weights, they were  
significantly increased in SWIM group compared  

with those of CONT group (p<0.001) and signifi-
cantly decreased in OVX group compared with  
CONT and SWIM groups (p<0.001). In OVX +  

: Significant versus CONT group.  
: Significant versus SWIM group.  
: Significant versus OVX group.  
: Correlation with serum irisin levels.  
: Non-significant (p>0.05), n=12.  

SWIM group, they were significantly decreased  
compared with those of SWIM group ( p<0.001),  
and significantly increased compared with those  
of OVX group (p<0.001), while, they showed  
insignificant change compared with those of CONT  

a  
b  
c  
r  
NS  

CONT  
SWIM  
OVX  
OVX + SWIM  
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group (p>0.05). Also, statistically significant pos- 
itive correlations were found between serum levels  
of irisin and femoral bone ash weights in all groups.  

Histopathological bone study Fig. (1):  
The Histopathological studies on the lower end  

of rats' femur bones showed normal bone tissue  

with parallel arrangement of bone trabeculae in  

CONT group, thick bone trabeculae with decreased  
marrow area between them in SWIM group, widely  

separated, thin-walled bone trabeculae with wid-
ened inter trabecular spaces and increased number  
of osteoclasts in the OVX group, and average-
sized bone trabeculae in OVX + SWIM group.  

(A) (B)  

(C) (D)  

Fig. (1): Photomicrographs of the lower end of rat femur from the studied groups (H & E stain *250). (A): (CONT; control  

sedentary group), (B): (SWIM; swimming exercise group), (C): (OVX; ovariectomized group), (D): (OVX + SWIM;  

ovariectomized plus swimming exercise group).  

Discussion  

In a part of the present study, the adult female  
albino rats were bilaterally ovariectomized and  
kept for eight weeks to induce a rat model of  
postmenopausal osteoporosis. The statistical anal-
ysis revealed a significant reduction in serum levels  
of estradiol in the OVX group when compared to  
those of the CONT group which ascertained the  
presence of ovarian deficiency. This finding is in  
agreement with other studies that demonstrated  
reduction in serum levels of estradiol after ovariec-
tomy [27-29] .  

The present study revealed statistically insig-
nificant changes in serum levels of both calcium  

and phosphorus in OVX group when compared to  
CONT group. Consistent with our finding, the  
study by Palermo et al., showed no difference in  
serum levels of both calcium and phosphorus be-
tween postmenopausal osteoporotic and non-
osteoporotic women [30] . In addition, Kawakita et  
al. did not find any difference in serum levels of  
both calcium and phosphorus between ovariect-
omized and control groups, and they attributed  
these non-significant changes to the increase in  
urinary calcium and phosphorus excretion together  
with the increase in bone turnover in the ovariec-
tomized rats [31] . Also, it was reported that meno-
pause is associated with decreased intestinal calci-
um absorption [32] . In contrast to our finding, other  
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studies revealed a significant reduction in serum  

levels of both calcium and phosphorus in the ova-
riectomized group when compared to those of the  
sham operated group [33,34] .  

The present study demonstrated a statistically  

significant reduction in the femoral bone concen-
trations of both calcium and phosphorus and fem-
oral bone ash weights in the OVX group when  
compared to those of the CONT group. In agree-
ment with our finding, Shiraishi et al., reported a  
significant decrease in bone mineral density in  
ovariectomized group in comparison to control  

group [33] . Moreover, the study by Abuohashish  
et al. demonstrated a reduction in bone calcium  
and phosphorus concentrations and femoral bones  
ash weights in osteoporotic group when compared  
to control one. They attributed these changes to  

the increase in osteoclastic bone resorption activ-
ities induced by increased cytokines as a result of  
estrogen deficiency  [35] .  

The present study revealed a statistically sig-
nificant increase in serum levels of alkaline phos-
phatase; as a marker of osteoblastic activity and  
bone formation; in the OVX group when compared  
to those of the CONT group. In agreement with  

our finding, some studies revealed a significant  
increase in serum levels of alkaline phosphatase  

in ovariectomized groups when compared to control  
groups [29,35] . These increased levels were proposed  
to be due to the micro architectural changes and  

increased bone remodeling that resulted from es-
trogen deficiency [36]  which increases the produc-
tion of both osteoblasts and osteoclasts, and the  

imbalance between bone formation and resorption  
lead to osteoporosis [37,38] . This imbalance was  
proposed to be due to either an increase in the  

lifespan of osteoclasts  [39]  or shortening of the  
lifespan of osteoblasts [40]  associated with estrogen  
deficiency. In contrast to our finding, an in vitro  
study revealed increased levels of alkaline phos-
phatase associated with the increase in the level  

of estrogen in osteoblastic cells [41] .  

To confirm the occurrence of osteoporosis in  
OVX group, histopathological examination of  
femoral bones was performed and revealed widely  

separated, thin-walled bone trabeculae with wid-
ened inter trabecular spaces and increased number  

of osteoclasts in OVX group in comparison to  
CONT group which revealed normal bone tissue  
with parallel arrangement of bone trabeculae. These  

findings are consistent with the histopathological  
findings demonstrated in other studies [35,42] .  

To assess the relationship between irisin and  
osteoporotic changes that were detected in the  

OVX group, serum levels of irisin were measured  

and were significantly decreased when compared  
with those of the CONT group. Also, statistically  
significant positive correlations were found between  

serum levels of irisin and estradiol in both CONT  
and OVX groups. These findings come in line with  
other studies which revealed lower levels of serum  
irisin in postmenopausal women with previous  

osteoporotic fractures [30,43,44] . Additionally, Huh  
et al., reported a significant positive correlation  
between circulating irisin and estradiol and sug-
gested that estradiol may induce irisin secretion  

either directly or through anabolic pathways to  
increase muscle mass and up regulates irisin [45] .  
The reduction in serum levels of irisin; which is  
considered as a myokine; was explained by the  

sarcopenia that results from estrogen deficiency  

[46] . Another explanation for the decreased serum  

levels of irisin in the ovariectomized rats is the  
increased visceral fat content which was reported  

to be negatively correlated with irisin [47] . In  
contrast to these findings, Zugel et al., reported  

that serum levels of irisin were significantly in-
creased after ovariectomy and attributed this ele-
vation to the molecular pathways associated with  
ovariectomy that stimulate chronic elevations in  

serum irisin as a compensatory mechanism in the  

early postmenopausal period [48] .  

The present study revealed statistically insig-
nificant correlations between serum levels of irisin  
and serum levels of both calcium and phosphorus  

in CONT and OVX groups. However, statistically  
significant positive correlations were found between  

serum levels of irisin and bone concentrations of  

calcium and phosphorus and femoral bone ash  

weights in CONT and OVX groups. In agreement  
with our findings, a positive correlation was re-
ported between serum levels of irisin and bone  

mineral density [49-52] . In contrast, other studies  
revealed insignificant correlations between serum  
levels of irisin and bone mineral density in post-
menopausal women with previous osteoporotic  
fractures [30,46] .  

In the present study, we induced a rat model of  
8-week course of swimming training in the adult  
female albino rats. The expected changes in the  

SWIM group were assessed by measuring the serum  

levels and bone femoral concentrations of both  
calcium and phosphorus and femoral bone ash  

weights. The statistical analysis revealed significant  

increases in the levels of all of the previous param-
eters in SWIM group when compared to those of  

the CONT group. These findings are consistent  

with the study by Piri et al., which revealed an  

increase in serum levels of calcium and phosphorus  
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and bone mineral density in exercise group com-
pared with control group [53] . Also, eight-weeks  
swimming training was found to enhance plasma  

calcium content and improve calcium absorption  
[54] . Moreover, it was reported that exposure of  

young rats to exercise stimulated bone growth with  
subsequent increase in the demand for minerals  

that was satisfied by an increase in serum Vitamin  
D3 level as well as increased intestinal absorption  

of calcium with depressed parathyroid hormone  
production [55] . This increase in bone minerals was  
suggested to be due to the increase in the osteoblasts  
with consequent increase in bone formation and  
mineralization [56] . In contrast to our findings, the  
study by Veigh et al., revealed insignificant differ-
ence in serum levels of calcium between swimming  
and control groups [57] . Also, a swimming regimen  
of shorter duration (4 weeks) in young female rats  
resulted in decreases in femoral and tibial mineral  

density  [58] .  

The present study revealed a statistically sig-
nificant increase in serum levels of alkaline phos-
phatase in SWIM group in comparison to CONT  
group. This finding comes in line with the study  

by Swissa-Sivan et al., which demonstrated in-
creased serum levels of alkaline phosphatase in  
exercise group compared to control one and ex-
plained this rise by the enhancement of osteoblastic  

activity in the bone tissue [59] . Osteoblasts were  
reported to secrete large amounts of alkaline phos-
phatase when they are actively depositing bone  

where some of this enzyme reaches the blood  

giving a good index of bone formation [60] . More-
over, exercise has been shown to induce differen-
tiation of bone marrow Mesenchymal Stem Cells  
(MSCs) towards osteoblasts which is manifested  
by an increase in the activities of alkaline phos-
phatase  [61] .  

The histopathological studies of femoral bones  

of SWIM group revealed thickening of the bone  

trabeculae with decrease in the marrow area be-
tween them in comparison to CONT group, which  
are consistent with some studies [15,59]  but disagree  
with another study that revealed higher bone loss  

in young female rats exposed to intensive swim-
ming exercises [13] .  

In the present study, the statistical analysis  

revealed a significant increase in serum levels of  

irisin in SWIM group when compared to those of  

CONT group. Consistent with our finding, Lu et  
al., reported that serum levels of irisin were higher  

in exercise rat groups than those in sedentary rat  

groups [62] . Also, serum levels of irisin were in-
creased after an 8-week course of cycling exercise  

in middle aged/older training group [47] . Addition-
ally, the study by Boström et al., demonstrated  

increased irisin levels after a 3-week course of  

free-wheel running in mice and a 10-week course  

of endurance training in healthy adults. The in-
creased irisin levels were attributed to the increase  

of peroxisome proliferator-activated receptor gam-
ma coactivator-1-alpha (PGC-1 a ) expression in  
skeletal muscles, which enhanced FNDC5 splicing  

of to form irisin [1] . Also, it may be attributed to  
the increase in muscle mass after exercise as irisin  

was reported to correlate with muscle mass [63] .  

In contrast to the present study, Jafari & Far-
zaneghi reported an insignificant increase in the  

plasma levels of irisin and FNDC5 of rats' heart  

tissue and muscle following an 8-week course of  

aerobic swimming exercise [64] . Additionally, Fain  
et al., did not detect any increase in FNDC5 mRNA  
and protein in skeletal muscle and serum levels of  
irisin after prolonged training in normal pigs [65] .  
Moreover, the meta-analysis of the randomized  
controlled trials in adult persons revealed a signif-
icant decrease in circulating levels of irisin after  

chronic exercise training [66] . Also, serum irisin  
levels showed a statistically insignificant difference  
in male adolescent swimmers compared with sed-
entary controls [67] .  

The present study revealed statistically signif-
icant positive correlations between serum levels  

of irisin and serum levels of alkaline phosphatase  

and bone concentrations of calcium and phosphorus  

and femoral bone ash weights in SWIM group.  
Our finding comes in line with Colaianni et al.,  

who reported an increase in the number of alkaline  

phosphatase positive colonies in the conditioned  
medium obtained from myoblasts of mice after  
wheel exercise [68] .  

In the present study we investigated the effect  

of swimming training on ovariectomized rats. The  
statistical analysis revealed significant increases  
in serum levels of calcium, phosphorus, alkaline  
phosphatase, and bone concentrations of calcium,  
phosphorus, and femoral bone ash weight in OVX  
+ SWIM group compared with OVX group. Also,  
the osteoporotic changes demonstrated by his-
topathological examination of femur bones in OVX  
group were ameliorated in OVX + SWIM group.  

The effect of swimming exercise on the osteoporot-
ic bone is still a matter of controversy. In this  

regard, Tsukahara et al., reported that water activ-
ities is important for preventing loss of bone mass  

[69] . Additionally, the study by Hart et al., demon-
strated that 12-week swimming exercise had a  

significant effect on bones of ovariectomized rats  
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that was confirmed by a greater bone mineral  

density and higher mechanical properties in trained  
compared with control rats [16] . Moreover, the  
study by Ooi et al., showed a significantly higher  
total bone mineral density and improved bone  

microstructure in ovariectomized-swimming group  

when compared to the ovariectomized-control  
group [15] . In contrast, other studies did not find  

good correlation between swimming exercise and  
bone mineral density in ovariectomized rats [70,71] .  

The present study found that serum levels of  

irisin were significantly increased in OVX + SWIM  

group compared with OVX group, and were posi-
tively correlated with bone concentrations of cal-
cium, phosphorus, and femoral bone ash weight  
in OVX + SWIM group. These positive correlations  
were proposed to be an indication for the stimula-
tory effect of irisin on osteoblast differentiation  

and consequently increase of alkaline phosphatase  

with subsequent increase of bone mineralization  
and weight. This stimulatory effect guarded against  

the osteoporotic changes that occur in ovariect-
omized rats as proved by biochemical analysis and  
histopathological examination. Consistent with our  

suggestion, an in vitro study demonstrated that  

osteoblast proliferation and expression of osteoblast  

differentiation markers, including alkaline phos-
phatase were enhanced by irisin that increased also  

deposition of calcium in cultured osteoblast [72] .  
Moreover, a recent study demonstrated the inhib-
itory effect of irisin on osteoclast differentiation  

[73] .  

In Conclusion:  

Postmenopausal osteoporosis induced experi-
mentally in adult female albino rats was associated  

with decreased serum levels of irisin. Swimming  
training of ovariectomized rats increased serum  

levels of irisin, together with simultaneous preven-
tion of osteoporotic changes. So, the present study  

suggested that the beneficial effects of swimming  
training in ovariectomized rats might be mediated  

through the stimulatory effect of irisin on bone  
formation.  

Recommendations:  

Further studies are required to clarify the effect  

of irisin administration on ovariectomized female  

rats with established osteoporotic changes.  
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