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Abstract

Background: Exercise may encourage myokines secretion
such asirisin. Irisin is one of the myocytokines that is related
to energy homeostasis and obesity.

Aimof Sudy: Study the effect of irisin and/or moderate
intensity swimming exercise on metabolic homeostasisin
high fat induced obesity in male albino rats.

Material and Methods: The present work will be carried
out on 50 male albino rats, they were divided into 2 groups
I: Control group 10 rats fed with normal diet and intraperitoneal
injected with 150 gLsaline daily for 8 weeks I1: Obese group
40 rats were fed with high fat diet they are subdivided into
4 subgroups 10 rats each Ila. Control obese I1b. Irisin treated
Obese these rats are intraperitoneal injected with irisinin a
dose of 100ng/ml per day for 8 weeks IIc. Exercise treated
Obese the exercise groups will swim for 30min aday, 5 days
aweek for 8 successive weeks I1d. Irisin and exercise treated
obese group rats will be treated as subgroup b and c.

At the end of the experimental period, the following
parameters were measured for all animals: Body Weight
(BW), Body Mass Index (BM1), abdominal circumference.
Blood samples were obtained to measure serum insulin, fasting
blood glucose, calculate Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR) and, Homeostatic M odel
Assessment of Insulin Sensitivity (HOMA-S), measure serum
Irisin, osteopontin, Total Cholesterol (TC), LDL cholesterol
level, HDL cholesterol level, Triglycerides (TG), Free Fatty
Acids (FFA), Nitrite/Nitrate and Malondialdehyde (MDA).

Results: Final BW inirisin and/or exercise animals are
significantly decreased as compared to final BW of control
obese group. Animal treated with Irisin and exercise shows
insignificant change as compared to final BW in normal
control group. BMI, abdominal circumpherence, serum insulin,
fasting glucose, Homa IR, osteopontin, TC, LDL, TG, FFA,
MDA are significantly increased in obese rats as compared
to normal control, either Irisin injection or exercise resultsin
significant decrease in all these parameters, when Irisin
injection is combined with exercise it causes significant
decrease when compared to control obese and insignificant
difference with normal control group. Asregard Irisin level,
HOMA insulin sensitivity, HDL and Nitrite/Nitrate they are
significantly decreased in obese rats as compared to normal
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control, either irisin injection or exercise results in significant
increase in these parameters, if Irisin injection is combined
with exercise it causes significant increase in these parameters
reaching the normal control level.

Conclusion: Irisin and/or moderate intensity swimming
exerciseinitiate anovel strategy for the treatment of obesity
also the potential use of irisin as a predictive marker for
insulin resistance has a therapeutic potential in obese rats.
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Introduction

SKELETAL muscle cells secrete signaling cy-
tokines peptides referred as myokines which act
in an autocrine, paracrine, and endocrine fashion
in response to exercise and contribute to the im-
mediate and chronic benefits of exercise [1]. Regular
physical activity isfound to play akey rolein
reducing the risk of obesity by increasing energy
expenditure, although the detailed mechanism of
which remains unclear [2] Irisin is one of the mo-
cytokinesthat isrelated to energy homeostasis and
Obesity [3]. However the effect of exercise on
serum irisin level showed the contradicting results.
[4-6] The contradicting results of irisin responses
induced by exercise might be resulted from the
difference of exercise formulaeither it isresistant
or aerobic exercise and the metabolic state.

The purpose of this study was to evaluate the
association of swimming exercise that istypically
considered an aerobic exercise and provides mod-
erate resistance exercise and/or irisin treatment
with serum irisin level and other obesity-associated
parametersin high-fat-diet fed Wistar rats.

Material and M ethods

Animals;

The present work was carried out on 50 male
Wister rats ranging in weight between 150-200gm .
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The rats were housed in isolated animal cages (five
rats in each cage) in a standard animal laboratory
room and had free access to water and food all

over the period of work and were kept at room
temperature. Animals were obtained from animal

house of Tanta University and the experiment was
approved by ethical committee of Faculty of Med-
icine, Tanta University (2019). This study was
carried out in Physiology Department Tanta Uni-
versity (2019).

Sudy design:
Animals were divided into two groups:

Group | (Control group 10 rats): Fed with a
Standard chow diet: 13.5% fat, 58% carbohydrate,
28.5% protein, and this represents 336kcal/100gm
till the end of the experiment [7].

Group Il (obese group 40 rats): Rats of this
group were fed with high fat diet (50.10% fat
mainly saturated; 33.60% carbohydrate; 16.30%
protein; and this represents 493kcal/100g) for 8
weeks|[8] after the 8 weeks this group was subdi-
vided into 4 equal Subgroups 10 rats each.

Subgroup Ila: Control obese group: Rats were
treated by intraperitoneal injection of 150 g-same
daily for 8 weeks.

Subgroup 1b: Irisin treated obese group: Rats

mass index (BMI) = Weight in grams/nose to
anus length in cm [12].

3- Abdominal circumference were measured for
all animals the biggest region of the rat's abdo-
men using soft ruler at the end of the experi-
mental period.

Samples collection and biochemical analysis:

Blood samples were obtained from retro-orbital
venous plexus 24 hours from the last exercise and
animals allowed for fasting overnight. Serum was
separated by centrifugation of blood at 3000rpm
for 15 minutes and the separated sera were then
stored in aliquots at —30°C till used for estimation
of the following parameters:

Fasting serum insulin by radioimmunoassay
procedure using insulin ELISA kit [13] fasting
serum glucose level by enzymatic colorimetric
methods [14] . Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR) [15] Homeostatic
model assessment of insulin sensitivity [15] are
calculated, Serum Irisin [16], osteopontin [17] total
cholesterol level [18], LDL cholesterol level [19],
HDL cholesteral level was measured according to
method of Grove [20] . Triglycerides level was
measured by GPO enzymatic method [21], free
fatty acids [22], Nitrite/Nitrate level [23]. Malond-
ialdehyde (MDA) [24] levels were measured.

were treated by intraperitoneal injection of 150 B—R.gaigtical analysis:

of prepared irisin solution (100ng/ml) daily for 8
weeks, the solution was prepared by dissolving
irisin powder in saline solution [9].

Subgroup llc: Exercise treated obese group:
Rats were treated by moderate intensity swimming
exercise. It was performed without aload in a
barrel filled with water at 33-35°C to a depth of
40-50cm, which allowed free swimming [10] . The
duration of the first swimming exercise was limited
to 15min then increased by 5min daily up to 30min.
Rats in the exercise groups swam for 30min a day,
5 days aweek for 8 successive weeks [11].

Subgroup I1d: Irisin and exercise treated obese
group: Rats were treated by intraperitoneal injection
of 150 gofsprepared irisin solution (100ng/ml)
daily for 8 weeks [9] in addition to exercise treat-
ment as in subgroup llc [11].

Anthropometric measures.

1- Body weight was measured at the start and the
end of the experiment to evaluate theinitial and
final body weight using electronic scale.

2- BMI iscalculated at the start (data not shown)
and the end of the experimental period body

All values were expressed as mean * Standard
Deviation (SD). Data were statistically analyzed
using one way ANOVA for multiple group com-
parisons, followed by scheffe (F) for comparison
between individual group. Significance was set at
(p<0.05).

Results

Asshownin (Table 1) final BW inirisin ttt or
exercise ttt animals are significantly decreased as
compared to final BW of control obese group.
Animal treated with Irisin and exercise show sig-
nificant decrease in final BW compared to control
obese rats, also they show insignificant change
compared to either initial or final BW in normal
control group, asregard BMI and Abdominal cir-
cumference both are significantly increased in
control obese rats as compared to normal control
group, either Irisin injection or exercise resultsin
significant decrease in them as compared to control
obese group, when Irisin injection is combined
with exercise it causes significant decrease and
improvement in these parameters reaching the
normal control level.
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Table (2) showed that osteopontin and Malond-
ialdehyde are significantly increased in control
obese rats as compared to normal control group,
either Irisin injection or exercise resultsin signif-
icant decrease in all these parameters as compared
to control obese group, when Irisin injection is
combined with exercise it causes significant de-
crease and improvement in these parameters reach-
ing the normal control level. Asregard irisin level
and nitrite/nitrate level they are significantly de-
creased in control obese rats as compared to normal
control either irisin injection or exercise resultsin
significant increase these parameters as compared
to control obese group, if Irisininjection is com-
bined with exercise it causes significant increase
in these parameters reaching the normal control
level.
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Table (3) showed significant increase in Serum
insulin, fasting glucose, HomalR, total cholesterol,
LDL, Triglyceride, FFA, in obese control rats as
compared to normal control group either irisin
injection or exercise resultsin significant decrease
these parameters as compared to control obese
group, if Irisin injection is combined with exercise
it causes significant decrease in these parameters
reaching the normal control level. On the other
hand it showed significant decrease in HOMA-IS
and HDL in obese control rats as compared to
normal control group either irisin injection or
exercise results in significant increase these param-
eters as compared to control obese group, if Irisin
injection is combined with exercise it causes sig-
nificant decrease in these parameters reaching the
normal control level.

Table (1A): Initial and final body weight in all groups studied (mean * SD).

Obese
Groups Normal control
I EE— Control Irisin ttt Exercise ttt Irisin & exercise ttt
Initial Final
Parameters Initial Final Initial Final Initial Final Initial Final
Body weight (gm) 191+ 274.7at 2883+ 437.4bct 2883+ 3105Pde+r 2883+ 3157pdg+ 2883+  269.9dfh
243 380 30.3 43.2 30.3 29.8 30.3 251 30.3 +415
p-vaue >0.05.
a Sigvs. initial normal control. e Sigvs. initia irisin treated obese.
b: Sig vs. fina normal control. f: Sigvs. fina irisin treated obese.
c: Signvs. initia control obese. g: Sig vs. initial exercise treated obese.
d: Sign vs. final control obese. h: Sig vs. final exercise treated obese.
Table (1B): BMI, abdominal circumference, in all studied groups (mean values * SD).
Groups Normal Obese
Parameters a control Control Irisin ttt Exercise ttt Irisin & exercise ttt
BMI (gm/cm?) 0.596+0.106  0.950a+0.140 0.667b+0.141 0.681b+0.142 0.579b+0.141
Abdominal circumference (cm)  14.47+1428 21.73a+2428 1691@b+1226 17.04abi0ggg  14.53bcd:’.*

p-vaue >0.05

a Sig vs. normal control.

b: Sig vs. control obese.

c: Signvs. Irisin treated obese.
d: Sign vs. exercisettt.

Table (2): Serumirisin, osteopontin, Nitrite/Nitrate, Malondialdehydein all studied groups (mean values + SD).

Obese
Parameters Normal control
Control Irisin ttt Exercise ttt Irisin & exercise ttt
Serum irisin (ng/ml) 37.9+3.089 28.83a+3.418  69.713P+4.403  72.962b+4.684  84.652P'C'd+4.638
Serum osteopontin (ng/ml) 36+3.4 76.5a+4.4 63.7ab+59 66.72b+55 38.10bcd+38
Nitrite/Nitrate ( gno/L) 15.90+1.921 9.358+1.23 11.53ab+ 156 11.12a.0+1.32 15.42b.cd£1 77
Malondialdehyde ( gmoklL ) 1.36+0.20 2.74a+0.35 1.92b+0.09 1.942'b+0.13 1.43b.6.d+0.17

p-value>0.05

a Sig vs. normal control.

b: Sig vs. control obese.

c: Signvs. Irisin treated obese.
d: Sign vs. Exercisettt.
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Table (3): Serum fasting glucose, insulin. HOMA-IR, (HOMA-S)
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in all studied groups (mean values * SD).

Obese

Parameters Normal control

Control Irisin ttt Exercise ttt Irisin & exercise ttt
Serum fasting glucose (mg/dl) ~ 88.41%8.19 148.7a10.17 106.492b+1457 110.3ab+1233  83.90b'c'd+8.408
Serum insulin ( glLeml) 1224+1788  18.66a+2.095 13.982b+124 14.062b+1362  12.400°Cd+1.902
HOMA-IR 2.65+0.287 6.84at0.861  3.772'b+0.384 3.792b+0.309 2.55b'cd+0.365
(HOMA-S) 0.329+0.005  0.290a+0.004 0.3158b+0.007  0.3132b+0.003  0.331b°c'd+0.008
a Sig vs. normal control. c: Sign vs. Irisin treated obese.
b: Sig vs. control obese. d: Sign vs. exercise ttt.
Table (4): Lipid profilein all studied groups (mean values * SD).

Obese
Parameters Normal control
Control Irisin ttt Exercise ttt Irisin & exercise ttt

Serum total cholesterol (mg/dl) 104.2£7.192  163.7a%46.54 122.9ab+9.43  127.4ab+1079  102.4b'c'd+1687
Serum LDL cholesterol (mg/dl) 49.15%4.51 73.97at4.84 56.028b+535 54.30abx490  4801Pcd+4.90
Serum HDL cholesterol (mg/dl) 41.12+4.09 24.03a*4.16  34.932bx420 36452b+4.15 41.70bcd+394
Serum triglycerides (mg/dl) 137547587  176.7a+9.851 147.32b+9891 1453ah+7377  134.3b.cd+7.704
Serum free fatty acids (mmol/ml)  86.3+6.56 189.9a£10.53 157&b+1049  163.2ab£14.97 87.5b'cd+9.7

p-vaue >0.05
a Sig vs. normal control.

b: Sig vs. control obese. d: Sign vs. exercise ttt.

Discussion

It is evident from the results of the present work
the beneficial effect of either irisin or exercise on
body weight asit significantly decreased final BW
inirisin ttt or exercise ttt animal. In addition,
animal treated with both Irisin & exercise show
significant decrease in BW compared to final BW
in control obese animals, irisin ttt group and exer-
cise ttt group and with insignificant difference
from final BW of normal control. Thisindicate
that combination of irisin and exercise treatment
are more potent in reducing body weight in obese
animal.

Body weight, BMI,abdominal circumference
are significantly decreased due to conversion of
white adipocytes to brown one by irisin leads to
increase energy expenditure and thermogenesis
with decrease in these anthropometric parameters
[25], negative association between circulating irisin
with body weight, BMI and abdominal circumfer-
ence has been previously reported [26].

Results of present work denote that irisin is
significantly decreased in obeseratsIrisinis se-
creted from skeletal muscle into circulation by
proteolytical cleavage of Fibronectin typelll do-
main-containing protein5 (FNDCS5) [27], the pre-
cursor of irisin. In obesity, FNDC5 expression,
and consequently secretion of irisin from adipocytes
isdecreased [26] . Thisresults are in accordance
with previous results that show reduction of irisin

c: Sign vs. Irisin treated obese.

in obese Chinese adults [28] . Lower levels of cir-
culating irisin in obese group could be explained
by impaired peroxisome proliferator activated
receptor-gamma coactivator 1 alpha (PGC-1a) ex-

pression and functions in the muscle and adipose
tissue PGC-1ais a master regulator of irisin secre-

tion. Moreno-Navarrete et al., reported a decreased
circulating irisin concentration and FNDC5 gene
expression in adipose tissue and muscle from obese
with a subsequent reduction in mitochondrial bio-

genesis and thus depression of irisin-the PGC-1 a -
dependent myokines. [29] But the significant in-
crease in glucose, insulin, HOMA IR in obese rats
observed in this study could be a cause of decrease
PGC-1a activity and decrease of irisin [30].

Kurdiovaet al., suggest that chronic hypergly-
cemia and hyperlipidemia are possible causes for
decreased FNDCS5 gene expression [31] . The low
irisin concentrations in obese could be also ex-
plained by hyperlipidemia but the Potential asso-
ciations between irisin concentration and lipid
profile are poorly understood [32] . Gouni-Berthold
identified higher probabilities of raised lipid levels
in subjects with low irisin concentrations asin
obese with inverse associations between irisin
concentrations and total, LDL cholesterol as well
astriglycerides [33].

Additional decrease in irisin secretion from
adipose tissue as aresult of the inflammatory
processes and oxidative stress observed in obesity
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cannot be excluded [34] . Obesity is characterized
by low-grade chronic inflammation and it induces
elevated oxidative stress. Increased production of
ROS impairs cellular structures together with
decreased antioxidant defense system [35].

Malondialdehyde (MDA) amarker of oxidative
stress was significantly increased in control obese
animals this reflects in vivo oxidative damage to
lipids and increased plasma lipid peroxidation.

It is clear that the level of osteopontinissig-
nificantly increase in obese rats Osteopontin, is
an extracellular matrix protein may play akey
role in linking obesity to the development of in-
sulin resistance by promoting inflammation and
the accumulation of macrophages in adipose ti-
ssue with subsequent decrease inirisin in these
animals [36] .

Nitrite/Nitrate are significantly reduced in obese
rats. Pivaet al., reported negative associations
between nitrite/nitrate levels and obesity which
were mediated by inflammation [37]. Impaired NO
metabolism, especially reduced NO production
and bioavailability, has been recognized as arisk
factor for development of obesity [3g].

Physical exercise increases endogenousirisin,
reduced adiposity and improved energy balance
and subclinical inflammation [39]. It is evident
from our results that after exercise irisin concen-
trations increase significantly. Varela-Rodriguez
et a., correlated the relation of Irisin mMRNA levels
in muscletissue and irisin levelsin the blood
plasma [40] .

Aerobic exercise increases serum irisin level
and prompt uncoupling protein 1 (UCP1) mRNA
expression in inguinal white adipose tissue, on the
other hand injection of an anti-irisin antibody pro-
ceeding to exercise prevent thisincrease in UCPL.
This suggests that irisin is an important stimulus
to white adipose tissue to increase UCPL expression
after exercise [27] . However Fain et al., observed
that serum irisin levelsincrease only in familia
hyperchol esterolemic animals not in normal meta-
bolic states after aerobic exercise [41]. Huh et dl.,
found that serum irisin increases after 30 minutes
of exercise [42] . Similarly, Kraemer et al., found
increase in serum irisin levelsin the first 54 minutes
of treadmill [43]. Sharmaet al., reported a positive
feedback loop whereby increased circulating irisin
increases PGC 1 &alevels, which in turn induces
further irisin secretion. PGClaisin fact the master
regulator capable of increasing UCPL proteinin
brown adipose tissue [44] .
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In the present study, 8 weeks of moderate in-
tensity swimming exercise or exogenous adminis-
tration of irisin to obese rats, significantly improved
all metabolic profile, oxidative and inflammatory
parameters as compared to control obese group,
on the other hand all parameters studied are returned
to normal control level in group treated both irisin
and exercise. Irisin reduces oxidative stress as
proved by significant decreasein MDA, it has been
previously reported that Irisin prevent oxidative
stressin the liver through the inhibition of protein
arginine methyltransferase-3 [45) Wang et d ., es-
tablished that Irisin treatment reduces I/R-induced
oxidative stress asit increases SOD activity [46].

Furthermore, irisin significantly increases NO
level, it has been previously reported that swimming
exercise increases eNOS expression at the protein
level [47].

Alsoirisinitself increased NO production and
phosphorylation of endothelial nitric oxide synthase
(eNOS) in endothelial cells [4g].

Combination of irisin administration and/or
induction of endogenous irisin release by exercise
reduce fasting blood glucose and increase insulin
sensitivity. Thisimprovement in glucose and lipid
profile was achieved by increase glucose uptake
combined with reduce gluconeogenesisin the liver
[49] . Exercise induced overexpression of Fndc5in
obese animals reduced hyperglycemia and hyper-
insulinemia [50] .

Irisin prevent glucose/lipid metabolic dearange-
ment, improve insulin resistance and increase
energy expenditure via enhance lipolysis and un-
coupling of oxidative phosphorylation [51] .

Irisin isinsulin-regeneration hormone and can
accelerate the generation of beta cell it has an
antiapoptotic action on pancreatic beta cells stim-
ulate their proliferation and insulin biosynthesis
and secretion [52] it has a potent antioxidant, anti-
inflammatory activities especially under condition
of exercise [53].

Conclusion:

Swimming exercise that represent aerobic and
resistant exercisein the sametime increaseirisin
secretion in abnormal metabolic state. Irisin either
endogenous or exogenous initiate a novel strategy
for the treatment of obesity and its complications
even in absence of caloric restriction through
ameliorating oxidative stress, increasing NO pro-
duction reducing osteopontin that is new indicator
for insulin resistance associated with metabolic
syndrome.
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