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Abstract

Background: Obesity is associated with many chronic
disorders such as type-2 diabetes mellitus, essential hyperten-
sion and Non-Alcoholic Fatty Liver Disease (NAFLD). Phys-
ical exercise has been shown to have positive effectsin the
prevention and attenuation of many of the obesity-related
disorders, however; the mechanisms have not been fully
elucidated.

Objective: The present study was designed to examine
the effect of moderate intensity exercise training on existing
cardio metabolic and hepatic complications linked to obesity
including dyslipidemia, insulin resistance, hypertension and
NAFLD.

Material and Methods: This study was conducted on 3
groups of adult male albino rats: Group-1: Normal diet fed
group Group-11: High Fat Diet (HFD) induced obesity group
in which obesity was induced by HFD for 12 weeks and
Group-I11: HFD induced obesity group fed on HFD for 12
weeks followed by moderate intensity swimming exercise
training for 8 weeks. In all groups, BMI, Abdomina Circum-
ference (AC), systolic, diastolic and mean arterial blood
pressures, heart rate, serum glucose, insulin and HOMA-IR,
serum Total Cholesterol (TC), Triglyceride (TG), Very Low-
density Lipoprotein Cholesterol (VLDL-c), Low-Density
Lipoprotein Cholesterol (LDL-c), High-Density Lipoprotein
Cholesterol (HDL-c) and Atherogenic Index (Al), serum
adiponectin, leptin, irisin, Tumor Necrosis Factor apha (TNF-
a), Interleukin-6 (I1L-6), Malondialdehyde (MDA), Superoxide
dismutase (SOD), Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST), Alkaline Phosphatase (ALP), Lactate
Dehydrogenase (LDH) and albumin were measured and his-
topathological examinations for hepatic tissues were also
done.

Results: The present study revealed that HFD significantly
increased BMI, AC, systalic, diastolic and mean arterial blood
pressures, heart rate, serum glucose, insulin, HOMA-IR, TC,
TG, LDL-c, VLDL-c, Al, ALT, AST, ALP, LDH, TNF-a, IL-
6, MDA and leptin levels, however, there were significant
decreases in serum HDL-c¢, SOD, albumin, adiponectin and
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irisin levels. NASH and cirrhosis were also observed in HFD-
induced obesity group. Conversely, chronic moderate intensity
swimming exercise training significantly reversed these
manifestations even in absence of caloric restriction.

Conclusion: Moderate exercise training seemsto be an
effective strategy to reverse almost all risk factors of cardio-
vascular diseases and NAFLD associated with metabolic
syndrome.
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Introduction

OBESITY isaserious public health problem that
is greatly correlated with many diseases including
type-2 diabetes mellitus, essential hypertension,
Non-Alcoholic Fatty Liver Disease (NAFLD) and
atherosclerotic heart problems which are produced
through metabolic syndrome risks (insulin-
resistance, dyslipidemia and hypertension) [1,2].

Moreover, adipose tissue is not only the primary
site for excess lipid storage but it also has an
endocrine function as it synthesizes a number of
biologically active substances (adipocytokines)
that regulate the body metabolism [3]. Disturbance
of these adipocytokine pathways in obesity plays
amajor role in development of many obesity-
related sequelae [4].

Another important predisposing factor for many
obesity-related disordersis the low-grade inflam-
mation of the enlarged fatty tissue and its release
of many inflammatory cytokines as tumor necrosis
factor-a (TNF-a) and Interleukin-6 (IL-6) that
have a negative impact on several non-adipose
tissues [s.

Both high-fat diet and declines of physical
activity are the mgjor causes for development of
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obesity [6] . Increasing physical activity has become
a useful non-pharmacological treatment approach
to control obesity, reverse existing cardiovascular
diseases and prevent or attenuate hepatic steatosis,

however, these data do not identify the physiolog-
ical or cellular mechanisms that elicit thisimprove-
ment [2,7].

Noteworthy, many studies have reported that
exercise training can affect adipocytokines circu-
lating levels and its expression in adipocytes that
may be one of the mechanisms by which exercise
improves the metabolic homeostasis, however, the
effect of exercise on adipocytokines levels depends
on exercise type and magnitude; thus, the results
revealed by distinct studies can't be standardized
8.

The present study was designed to determine
the effects of moderate intensity swimming exercise
training on cardiovascular, metabolic and hepatic
changes produced by HFD induced obesity and to
demonstrate some underlying mechanisms.

Material and Methods

This study was conducted in Faculty of Medi-
cine, Zagazig University in the period from January
to November 2017 and involved thirty healthy
adult male albino rats of local strain weighing 151-
190gm obtained from Faculty of Veterinary Med-
icine Animal House. Rats were kept under hygienic
conditions in steel wire cages (5/cage) at room
temperature, maintained on a natural light/dark
cycle with free access to water and adapted to the
new environment for one week before the experi-
ment going on. All experimental procedures were
approved by the Institutional Research Board and
Ethics Committee of Faculty of Medicine, Zagazig
University.

Rats were randomly assigned to three equal
groups: Group (1): Normal diet fed (contral) group;
rats were fed on normal chow diet (5% of diet
calories derived from fat, 18% from proteins and
77% from carbohydrates; 3.3kcal/g) for 12 weeks
[9, Group (I1): A high fat diet induced obesity
group; rats were fed on high fat diet (58% of diet
calories derived from fat, 18% from protein and
24% from carbohydrates; 5.6kcal/g) for 12 weeks
[9] (diets were obtained from Faculty of Agricul-
ture, Zagazig University), and Group (I11): A high
fat diet induced obesity followed by exercise train-
ing group; rats were fed a high fat diet chow for
12 weeks then subjected to a moderate intensity
swimming exercise training protocol for 8 weeks.

Exercise training protocol: Theratsin the
training group were confined to a swimming exer-
cise performed one hour per day, six days per week
for eight weeksin acylindrical tank of 80cm high,
and 120cm diameter and filled with heated water
50cm deep at (30-32°C) proceeded by pre-training
period done on three weeks (swimming exercise
performed for only 15 minutes in the first week,
the second week continued only 30 minutes, and
the third week performed 45 minutes, then duration
was increased gradually until the rats became able
to do exercise training for one hour per day). Upon
completion of exercise, rats were dried by atowel
and returned to their cages. The animal groups that
were not trained were subjected to stand in a 120cm
diameter plastic tank filled until 5cm height with
water at 30-32°C) [10,11] . No deaths occurred in
any group.

 Anthropometric measures:

Measurement of body weight: By using a digital
balance (Germany) at the start and the end of
experiment.

Measurement of rat length: Nose to anus length
was measured according to [12].

Calculation of Body Mass Index [BMI] : BMI=
body weight (gm)/length (cm2). The cutoff value
of obesity isBMI >0.68gm/cm2 [12].

Measurement of Abdominal Circumference
(AC) : A plastic tape was used to measure the
abdominal circumference at the largest zone of the
rat's abdomen [13].

» Measurement of systolic, diastolic and Mean
Arterial Blood Pressure (MABP) and Heart Rate
(HR):

Measured by non-invasive blood pressure mon-
itor (NIBP; 250 system, BioPAC system, INC.) as
described by Abubakar et al., [14].

Diastolic + (systolic-diastalic)
MABP =
3

» Sample collection:

Retro-orbital venous plexus blood samples were
obtained 48h after the last training to avoid imme-
diate effects of exercise and food was removed
from the animal cages the night before [15]. Serum
was obtained by allowing the blood samplesto
clot then centrifuged at 3000rpm for 20 minutes
and kept at (—20°C) and used to measure the levels
of glucose, insulin and HOMA-IR, Total Choles-
terol (TC), Triglyceride (TG), Very Low-Density
Lipoprotein Cholesterol (VLDL-c), Low-Density
Lipoprotein Cholesterol (LDL-c), High-Density
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Lipoprotein Cholesterol (HDL-c) and atherogenic
index, serum leptin, adiponectin, irisin, Tumor
Necrosis Factor Alpha (TNF-a), Interleukin-6 (IL-
6), Malondiadehyde (MDA), Superoxide Dismutase
(SOD), Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST), Alkaline Phosphatase
(ALP), Lactate Dehydrogenase (LDH) and albumin.

Livers were also excised and processed for his-
topathological studies.

e Biochemical analysis:
Measurement of serum glucose and insulin:

Serum glucose was estimated as described by
Tietz [16] using specific glucose kit (Bioscience,
Egypt) and analyzed by spectrophotometers device
(URIT-8 10, China).

Insulin was measured as described by Temple
et al., [17] using specific insulin kit (BioSource
Belgium) and analyzed by spectrophotometers
device.

Calculation of Homeostasis model assessment
of insulin resistance (HOMA-IR): Was calculated
according to the following formula:

Insulin ( glUAanL) X glucose (mg/dl)
HOMA-IR = [18]
405

Measurement of serum lipids profile:

TC and TG were measured by enzymatic color-
imetric method described by Tietz [16] using specific
cholesterol and triglycerides kits (Spinreact Spain)
and analyzed by spectrophotometers device. HDL-
¢ was measured by precipitating reagent method
described by Tietz [16] using HDL-c precipitating
reagent kit (Spinreact, Spain) and analyzed by
spectrophotometers device. LDL-c and VLDL-c
were measured by using Friedewald et al., [19]
formula.

TG TG
LDLc=TC = HDLc = (—) VLDLc=——
5 5

Calculation of Atherogenic Index (Al) : Was
calculated from the following formula:

Al = Log (triglyceridesHDL-c) [20]

Measurement of serum Leptin: Was measured
as described by Considine et ., [21], using com-
mercial ELISA kit, (Catalog Number RAB0005,
provided by Sigma-Aldrich Co).

Measurement of serum TNF- o level: Was meas-
ured as described by Fernando et a., [22], using
commercial ELISA kit, (Catalog Number
RABO0480, provided by Sigma-Aldrich Co).
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Measurement of serum IL-6 level: Was meas-
ured as described by Engvall and Perlmann [23],
using IL-6 ELISA Kit (Catalog Number RAB0306
provided by Sigma-Aldrich Co).

Measurement of serum adiponectin level: Was
measured as described by Kishore and Reid [24]
using commercial ELISA kit, (Catalog Number
RABOO005, provided by Sigma-Aldrich Co).

Measurement of serumirisin level: Was meas-
ured as described by Yang et al., [25] using irisin
ELISA kit (EK-067-16; Phoenix Pharmaceuticals,
Burlingame, CA).

Measurement of serum MDA level: Was meas-
ured as described by Satoh [26], using Biodiagnostic
kit (Biodiagnostic company, Dokki, Giza, Egypt).

Measurement of serum SOD activity: Was meas-
ured as described by Nishikimi et al., [27], using
kit provided by (Biodiagnostic company, Dokki,
Giza, Egypt).

Measurement of serum alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST)
levels: Were measured according to Rec [28], using
rat ALT & AST ELISA Kkits, (Catalog Number:
2011-11-0595, Shanghai Sunred Biological Tech-
nology, China).

Measurement of serum Alkaline Phosphatase
level: Was measured as described by Belfield and
Goldberg [29], using commercial kit (Catalog
Number 15-1711 provided by Sigma-Aldrich Co).
M easurement of serum lactate dehydrogenase
(LDH): Was measured according to Kachmar and
Moss[30], using commercial kit (Catalog Number
279 001, provided by Egyptian Company for Bio-
technology).

Measurement of serum albumin: Was estimated
by using the bromocresol green according to the
method described by Stoskopf [31].

» Tissue sampling and histopathological examina-
tion:

Immediately after collecting blood samples,
rats were killed by decapitation after light ether
anesthesia. The abdominal cavities of the rats were
opened to remove the livers. All removed livers
were fixed in 10% buffered formalin solution for
duration of 48-60 hour. After this, tissue samples
were processed through ethyle alchol and xylene
series, and embedded in paraffine blocks. Liver
specimens were sectioned (5 gn-thick), then stained
with hematoxylin and eosin [32] . The slides were
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examined under a light microscope by an expert
pathologist in a blinded fashion.

+ Satistical analysis:

Results were presented as mean + SD and ana-
lyzed using Version 18 SPSS program (SPSS Inc.
Chicago, IL, USA). One way analysis of variance
(ANOVA) was used followed by student-L east
Significant Differences (LSD) test to compare
statistical differences between groups. Pearson's
test was done to detect correlations between pa-
rameters. p-value less than 0.05 was considered to
be significant.

Results

The present study showed that HFD (Group I1)
significantly increased body weight, BMI, AC,
serum glucose, insulin and HOMA-IR, serum total
cholesteral, triglyceride, LDL-c, VLDL-c and
atherogenic index, serum leptin, TNF-a, IL-6,
MDA, ALT, AST, ALP, LDH. It aso significantly
increased systolic, diastolic and mean arterial blood
pressures and heart rate (p<0.001) with significant

Fig. (1): Photomicrograph of normal liver tissue of control
group showing normal sized central vein surround-
ed by normal rows and cords of normal hepatocytes
(H & E X400).

Fig. (3): Photomicrograph of liver tissue of high fat diet fed
rat showing dilated congested central vein sur-
rounded by dense fibrosis and aggregates of chronic
inflammatory cells . Thisindicates NASH (H &
E X400).

positive correlations versus BMI, but, it signifi-
cantly decreased serum albumin, HDL -c, adiponec-
tin, SOD and irisin levels (p<0.001) with significant
negative correlations versus BM| when compared
to control group (Group I) (Tables 1-4).

Whereas, chronic moderate exercise training
(Group I11) significantly decreased body weight,
BMI, AC, serum glucose (p<0.001), insulin (p<
0.01) and HOMA-IR, serum total cholesterol,
triglyceride, LDL-c, VLDL-c, and atherogenic
index, serum leptin, TNF-a, IL-6, MDA, ALT,
AST, ALP, LDH (p<0.001) and it also significantly
decreased systolic, diastolic and mean arterial
blood pressures and heart rate (p<0.001), but it
significantly increased serum abumin, adiponectin,
SOD (p<0.00 1), HDL-c and irisin levels (p<0.01)
when compared to HFD-induced obesity group
(Group 1) (Tables 1-4).

Moreover, histopathol ogical examination in the
present study revealed development of NASH and
fibrosisin the HFD fed rats (Group Il) Figs. (2,3)
that were improved by exercise training (Group

1) Fig. (4).

Fig. (2): Photomicrograph of liver tissue of high fat diet fed
rat showing heavy aggregations of chronic inflam-
matory cells and dense fibrosis surrounded by
hepatocytes. Thisindicates NASH with fibrosis (H
& E X400).

Fig. (4): Photomicrograph of liver tissue of high fat diet fed
followed by exercise training rat showing mildly
dilated congested central vein surrounded by mild
fatty change of the hepatocytes . This indicates
improvement of NASH (H & E X400).
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Table (1): Body weights, final BMI and AC of all studied groups.
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Groups
barameters Group | Group 11 Group 111
Initial body weight (gm): % + SD 172.4+8.54 166.2+7.31 169+4.94
p-value of LSD NSa NS
Final body weight (gm): % + SD 265+8.273 418.5+12.695 342.1+12.749
p-value of LSD p<0.0012 p<0.0012b
FinalBMI (gmicm?): % +SD 0.54+0.72 0.77+0.06 0.69+0.08
p-value of LSD p<0.0012 p<0. 0012, p<0.05P
AC (cm): X £ SD 15.1+1.19 21.9+2.07 18.2+1.03
p-value of LSD p<0.0012 p<0.001 2D
r with BMI r=0.934, p<0.001

a: Versusgroup-1.
b : Versusgroup-2.
NS: Non-Significant (p>0.05).

Table (2): Serum glucose, insulin, HOMA-IR, serum cholesterol, triglyceride, HDL-c, LDL-c, VLDL-c
and atherogenic index of al studied groups.

Parameters

Serum glucose (mg/dl):

Seruminsulin (gUAml):

HOMA-IR:

Serum cholesterol (mg/dl):

Serum triglyceride (mg/dl):

Serum HDL-c (mg/dl):

Serum LDL-c (mg/dl):

Serum VLDL-c (mg/dl):

Atherogenic index:

Groups

X +SD
p-value of LSD
r with BMI

%+ SD
p-value of LSD
r with BMI

% +SD
p-vaue of LSD
r with BMI

% +SD
p-vaue of LSD
r with BMI

X +SD
p-value of LSD
r with BMI

% +SD
p-value of LSD
r with BMI

% +SD
p-vaue of LSD
r with BMI

% +SD
p-vaue of LSD
r with BMI

% +SD
p-vaue of LSD
r with BMI

Group |

84.5+1031

20.499+3.38

4.285+0.96

71.78+11.53

70.703+14.32

41 8+7.15

15.84+3.13

14.14+2.865

0.226+0.044

Group 11

231.6+21.57
p<0.0012
r=0.894, p<0.001

42.79+7.11
p<0.0012
r=0.944, p<0.001

24.679+5.74
p<0.0012
r=0.973, p<0.001

181.72+19.58
p<0.0012
r=0.98, p<0.001

142.462+33.92
p<0.0012
r=0.889, p<0.01

19.12+3.17
p<0.0012
r=—0.951, p<0.001

134.11+19.58
p<0.0012
r=0.907, p<0.001

28.49+6.7859
p<0.0012
r=0.889, p<0.01

0.867+0. 137
p<0.0012
r=0.943, p<0.001

Group 111

10.63+ 10.63
p<0.0012b

33.949+5.45
p<0.0012, p<0.01b

10.983+2.51
p<0.0012b

98.08+6.78
p<0.0012b

101.045+86 1
p<0.0012b

35.35+5.77
p<0.052, p<0.01P°

42.51+6.003
p<0. 001D

20.2+1.722
p<0.012, p<0.001P

0.46+0.08 7
p<0. 001 &P
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Table (3): Serum leptin, adiponectin, irisin, TNF- o, IL-6, MDA and SOD of all studied groups.

Parameters

Serum leptin (ng/ml):

Serum adiponectin (ng/dl):

Serum irisin(ng/ml):

Serum TNF-a (pg/ml) :

Serum IL-6 (pg/ml):

Serum MDA (nmol/ml):

Serum SOD  (U/L):

Groups

X +SD
p-value of LSD
r with BMI

X +SD
p-vaue of LSD
r with BMI

X £ SD
p-value of LSD
r with BMI

X £ SD
p-value of LSD
r with BMI

X £ SD
p-valueof LSD
r with BMI

X +SD
p-valueof LSD
r with BMI

X +SD
p-value of LSD
r with BMI

Group |

3.15+0.53

Group 11

9.86+0.70

p<0.0012
r=0.963, p<0.001

7.32+111

3.511+0.74

p<0.0012
r=—0.928, p<0.001

17.28+1.83

8.19+0.84

p<0.0012
r=—0.961, p<0.001

47.17+3.77

63.16+1.94

p<0.0012
r=0.905, p<0.001

9.57+1.636

23.66+3 691

p<0.0012
r=0.9, p<0.001

40.2+5.28

66.01+8.43

p<0.0012
r=0.93 1, p<0.001

52.99+4.34

33.95+5.45

p<0.0012
r=—0.906, p<0.001

Group 111

6.6+ 1.4
p<0.001ab

551+0.61
p<0. 001 &P

12.17¢1.15
p<0.0012, p<0.01b

54.23+2.06
p<0.001ab

15.5+2.427
p<0.001ab

52.18%5.15
p<0. 001 &b

44, 09+4.45
p<0.001ab

Table (4): Systalic, diastolic and mean arterial blood pressures, heart rate and serum ALT, AST, ALP, LDH and
albumin of all studied groups.

Parameters

Systolic blood pressure (mmHQ):

Groups

X +SD

p-vaue of LSD

r with BMI

Diastolic blood pressure (mmHg): * = SD

MABP (mmHg):

Heart rate (beat/min):

SerumALT (mg/dl):

Serum AST (mg/dl):

Serum ALP (U/L):

Serum LDH (U/L) :

Serum albumin (g/dl):

p-vaue of LSD

r with BMI
X +SD

p-vaue of LSD

r with BMI
X +SD

p-vaue of LSD

r with BMI
% +SD

p-vaue of LSD

r with BMI
% +SD

p-vaue of LSD

r with BMI
X +SD

p-vaue of LSD

r with BMI
X +SD

p-vaue of LSD

r with BMI
X +SD

p-vaue of LSD

r with BMI

Group |

127.1+1.792

88.2+3.824

101 .233+£2.39

321.5+12.38

44.93+8.25

133.9+12.56

67.07+4.015

258.22+4.976

4.2+0.25

Group 11

169+4.163
p<0.0012
r=0.904, p<0.001

125.42+6.893
p<0.0012
r=0.933, p<0.00 1

139.95+5.82
p<0.0012
r=0.955, p<0.00 1

532.5+14.13
p<0.0012
r=0.946, p<0.001

137.2+9.33
p<0.0012
r=0.991, p<0.00 1

190.8+13 91
p<0.0012
r=0.835, p<0.05

101.1+8.283
p<0.0012
r=0.933 , p<0.00 1

571.4+7.09
p<0.0012
r=0.9, p<0. 001

1.852+051
p<0.0012

Group |1

144.1+3 479
p<0.001ab

103. 8+4.91
p<0.001ab

117.233+3.55
p<0.001ab

402.8+12. 06
p<0.001ab

89.9+7.12
p<0.001ab

160.7+17.83
p<0.001ab

83.6+3.930
p<0.0012b

440.84+6.927
p<0.0012b

2.938+0.53
p<0.001ab

r=-0.928, p<0.001
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Discussion

Obesity is a predisposing factor for many dis-
ordersincluding type-2 diabetes, essential hyper-
tension and Nonal coholic Fatty Liver Disease
(NAFLD). However, the mechanisms that link
obesity with high blood pressure and NAFLD have
not been fully elucidated [33]. NAFLD constitutes
spectra of liver diseases ranging from lipid accu-
mulation in liver (steatosis) to necrotic inflamma-
tion (nonal coholic steatohepatitis; NASH) with or
without hepatic fibrosis/cirrhosis [34]. NAFLD can
be improved through weight reduction and exercise
without medical therapy; however, the mechanism
of improvement remains unknown even though
many studies have been conducted to address this
issue [35].

The present study was designed to examine the
effect of moderate intensity exercise on existing
cardio metabolic and hepatic complications linked
to obesity including hyperlipidemia, insulin resist-
ance, hypertension and NAFLD.

In the present study, we observed a significant
increase in final body weight and BMI in high fat
diet fed group of rats, which indicates the occur-
rence of an overall obesity. In addition, these HFD
fed rats showed a significant increase in Abdominal
Circumference (AC) which indicate the occurrence
of visceral (=abdominal or central) obesity. These
findings are in accordance with those of many
researchers [33,36] .

Furthermore, in this model of obesity, we found
many of the characteristics of Metabolic Syndrome
(MS) as dydlipidemia, hyperglycemia, hyperin-
sulinemia, insulin resistance, type 2 diabetes mel-
litus, hyperleptinemia, hypertension, NAFLD, and
asignificant increasein Al. All these criteria of
MS were greatly reversed by chronic moderate
intensity exercise training even in the absence of
caloric restriction.

Our findings are in agreement with those of
Jun et al., [37] and Touati et al., [38] who revealed
that exercise ameliorated all the manifestations of
Metabolic Syndrome (MS) without shifting to a
normal caloric diet.

Our research results also showed that HFD
induced obesity in rats produced significant in-
creases in systolic, diastolic and mean arterial
blood pressures. These findings are in consistence
with the study of Aubin et al., [39] who reported
that a short period of high fat diet intake might
increase the number Ca2+ channels or change their
regul ations which increase the transmembrane
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Caz+ influx that lead to blood pressure elevation.
Furthermore, the changes in hemodynamic param-
eters (BPt & HR*) observed in the present study
in HFD-induced obesity group may be partialy
attributed to activation of sympathetic-renin-
angiotensin system, dyslipidemia, increased oxi-
dative stress and pro-inflammatory cytokines and
diminished endogenous NO production [10,33].

Moreover, liver injury is evidenced in HFD fed
rats in this study by the histopathological changes
in hepatic tissue as indicated by fatty infiltration
with the presence of foci of mixed inflammatory
cell infiltration and fibrosis that may indicate the
development of NASH and cirrhosis. These his-
topathological changes were associated with sig-
nificant increasesin serum levelsof ALT, AST,
ALP and LDH with significant positive correlations
versus BMI, and with significant decreasesin
serum levels of albumin with significant negative
correlations versus BMI. Thesefindingsarein
accordance with the findings of Gutierrez and
Romero [40] . Elevated ALT and AST circulating
levelsindicates asignificant hepatic injury [41].

Increased cal oric consumption over caloric
expenditure is the most common cause of NAFLD
in developed countries [42] . Regional triglycerides
accumulation and fatty acid transport is changed
in NAFLD obese patients. Lipoprotein lipase ac-
tivity is decreased in fatty tissue while increased
with increase in fatty acid transport proteins ex-
pressions in hepatic tissue in obese patients [43].

Insulin Resistance (IR) as indicated by the
significant increase in serum glucose and insulin
levels together with HOMA-IR increase in that
study, in HFD fed group, may promote hypertension
and NAFLD occurrence.

Insulin can be considered as both inflammatory
and anti-inflammatory, in normal conditionsinsulin
stimulates endothelial no production to exert a
vasorelaxant and anti-inflammatory effect. How-
ever, hyperinsulinemiain IR may activate mitogen-
activated protein kinase pathway |leading to vaso-
constriction, inflammation and sodium and water
retention that enhance blood pressure elevation
[44] .

IR and hyperinsulinemia also play an important
rolein NALFD development. Hyperinsulinemia
and elevated blood glucose and fatty acids reduce
li -oxidation and promote hepatic fatty acids and
triglycerides uptake & de novo lipid synthesis [45].

In addition, we found that HFD for a period of
12 weeks also produced a significant increasein
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theserum TC, TG, LDL-cand VLDL-c levels
together with a significant decrease in serum HDL -

c levelsin HFD-induced obesity in rats. These
findings are supported by the work of Touati et al.,

[38]. A significant increase in Atherogenic Index
(A1) has also been demonstrated in our study in
HFD fed group. As a consequence of increased
hepatic triglycerides, the liver produces an athero-

genic lipid profile that adversely affects the cardi-
ovascular functions [46] .

Increased hepatic fatty acids oxidation and
macrophage activation with increased secretion of
proatherogenic substances as TNF-a, I1L-6 and
oxidized LDL have also been argued as possible
mechanisms for atherosclerosis acceleration and
cardiovascular disease development in NAFLD
subjects [47] . It has also been shown that NASH
patients have increased atherosclerosis when com-
pared with simple steatosis ones therefore; NAFLD
appears to be an early predisposing factor for
atherosclerosis [49] .

Other important detectable parameter in our
model isthe presence of Oxidative Stress (OS),
which was evidenced by the significant increase
in serum level of MDA indicating lipid peroxidation
associated with the significant decrease in serum
SOD level in HFD-fed rats. OS activate hepatic
stellate cells that form collagen and increase the
inflammatory response, |eading to apoptosis and
fibrogenic effect in NASH [49] . Human studies
also support therole of OSin the pathogenesis of
hypertension, especially in obesity. Increased su-
peroxide over no production together with sympa-
thetic nervous system stimulation by OS reduces
vasodilation and plays a key role in development
of obesity related hypertension [50] .

Our results also revealed that HFD induced
obesity resulted in significant changesin various
adipocytokines. There were significant increases
inserum TNFa, IL-6 and leptin levels with signif-
icant positive correlations versus BMI but there
were significant decreases in serum adiponectin
and irisin levels with significant negative correla-
tions versus BMI in the HFD fed group. Thisisin
agreement with previous studies [51,52]. However,
at variance of our results, Stengel et al., [53] reported
higher circulating irisin levels in obese subjects
that positively correlated with body weight and
BMI. But, Sanchis-Gomar et al., [54] didn't find
any correlation between circulating irisin levels
and BMI.

Hepatic fat accumulation activates the inhibitor
of nuclear factor kappa-B kinase in hepatic cells

that activates nuclear factor-kappa-B and promotes
the expression of proinflammatory cytokines in-
cluding TNF-a and IL-6 that enhance hepatic injury
and atherosclerosis [55] .

Leptin also plays an important rolein NASH
pathogenesisin obese individuals [56] . Leptin levels
are enhanced by IL- 1 and TNF-a and help to
maintain inflammation and down regulate preproin-
sulin gene transcription and insulin secretion in
obesity [57] . Hyperleptinemia also elevates the
sympathetic drive viathe corticotropin-releasing
factor and a condition of partial or selective leptin
resistance seems to exist whereas the sympathoex-
citatory effects are maintained leading to hyperten-
sion and tachycardia [59] .

On the other hand, it was reported that circu-
|ating adiponectin level was reduced in obese
individuals [59] . Adiponectin could help in the
treatment of liver diseases through its insulin-
sensitizing and anti-inflammatory effects [60] .
Likewise, plasmairisin level isalso decreased in
NAFLD obese individuals and may protect against
liver steatosis through modulating the peroxisome
proliferator-activated receptor alpha signaling
pathway [61]. Moreover, Lu et al., [62] found that
irisin inhibits high glucose induced endothelial
cell apoptosis and vascular inflammation.

Noteworthy, our experimental findings showed
that exercise even without reduction of caloric
intake is associated with decrease of HFD-induced
visceral obesity. Thisisin agreement with those
from clinical studies [63].

In the present study and in another study [39],
exercise training and/or diverting from a HFD to
acontrol diet ameliorated lipid profiles and de-
creased the Atherogenic Index (Al). Touati et al.,
[38] also observed that the Al decreased in the
exercise-trained rats more than the modified diet
subjected ones.

Exercise training could suppress de novo lipo-
genesis through suppression of hepatic sterol reg-
ulatory element-binding protein-1c. It also increased
the expression and phosphorylation of hepatic 5'
AMP-activated protein kinase and thereby the
training-induced [3-oxidation of fatty acids to be a
potent non-pharmacol ogical method that act against
HFD-induced NAFLD and its complications [35].

Our study also revealed a significant improve-
ment of insulin resistance indicated by the signif-
icant decrease in serum glucose and insulin levels
together with decreased HOMA-IR in HFD-fed
group subjected to exercise training. Regular phys-
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ical activity improvesinsulin function and glucose
tolerance in obese patients with IR [64].

Moreover, the present study demonstrated that
obese rats subjected to moderate intensity exercise
training were associated with significant decreases
in systolic, diastolic and MABP. These results are
in accordance with those of Touati et al., [38] who
showed that diet modification and/or regular exer-
cise training resulted in a significant reduction of
arterial blood pressure and even prevention of
hypertension in obese rats that is more effective
in trained obese rats than in sendentary obese ones
with modified diet and reported that both exercise
and diet modification improve endothelial dysfunc-
tion by increasing expression and activity of en-
dothelial NOS and reduction of OS.

The exercise training beneficial effects on HFD-
induced fatty liver were also demonstrated in our
study by the significantly decreased serum ALT,
AST, ALP and LDH and the improvement in liver
histopathology. Many studies have also reported
reductions in hepatic lipid content in NAFLD
patients after exercise training intervention pro-
grams that did not decrease weight which suggest
that exercise per se can reverse hepatic steatosis
[65,66] .

Exercise training also significantly decreased
the serum levels of TNFa, IL-6 and leptin but
significantly increased the serum levels of adi-
ponectin and irisin in the HFD fed group subjected
to exercise training. Exercise training especially
that which is associated with reduced fat mass
corrects the dysfunction in adipokine and cytokine
expression and the degree of improvement vary
with the type and magnitude of exercise [67]. More-
over, exercise stimulates the expression of fibronec-
tin type-111 domain containing protein 5, which is
cleaved and secreted asirisin [68] . Irisin increases
energy expenditure and may help in control of
certain diseases associated with IR such as NAFLD
[69].

Exercise also controls the release and activity
of TNF-a & IL-6 that helpsin the protective effects
of physical activity astheir strict balance isimpor-
tant for metabolic homeostasis [70] . Decreased
renin-angiotensin and sympathetic nervous systems
activities were a so reported with regular exercise
training leading to lowering of HR and BP [15].

In summary, the data from this study demon-
strated that HFD-induced obesity is associated
with insulin resistance, dyslipidemia, altered adi-
pocytokines production, decreased antioxidant
levels, hemodynamic changes, fatty liver disease

1991

(steatohepatitis) and hepatic dysfunction. In addi-
tion, moderate exercise training seems to be an
effective method to improve almost all factors of
cardiovascular diseases and NAFLD risks associ-
ated with metabolic syndrome. Thus, exercise
training may be recommended either alone or with
drug therapy for treatment of HFD-induced obesity
associated complications.

Further studies are required, especially in hu-
mans, to determine the preferred type and magni-
tude of exercise that will be more effective.

Acknowl edgment:

To Professor Kamal EL-Kashishy, Department
of Pathology, Faculty of Medicine, Zagazig Uni-
versity, for doing the histopatholgical study.

References

1- GUNGOR N.: Overweight and Obesity in Children and
Adolescents. Journal of Clinical Research in Pediatric
Endocrinology, 6 (3): 129-43, 2014.

2- KACHURS, LAVIEC., SCHUTTER A., MILANI R.
and VENTURA H.: Obesity and cardiovascular diseases.
Minerva Medica, 108 (3): 212-28, 2017.

3- SAELY C., GEIGER K. and DREXEL H.: Brown versus
white adipose tissue: A mini-review. Gerontology, 58 (1):
15-23, 2012.

4- CAO H.: Adipocytokines in Obesity and Metabolic Dis-
ease. J. Endocrinol., 220 (2): 47-59, 2014.

5- GREGOR M. and HOTAMISLIGIL G.: Inflammatory
mechanisms in obesity. Annual review of immunology,
29: 415-45, 2011.

6- WESTERTERP K.: Perception, passive overfeeding and
energy metabolism. Physiology and behavior, 89 (1): 62-
5, 2006.

7- HAUSJ, SOLOMON T.,KELLY K., FEALY C., KULL-
MAN E., SCELS| A. and KIRWAN J.: Improved hepatic
lipid composition following short-term exercise in honal-
coholic fatty liver disease. The Journal of Clinical Endo-
crinology and Metabolism, 98 (7): 1181-8, 2013.

8- ALBU A. and LUPU D.: Adipokines, systemic inflamma-
tion and exercise. Palestrica of the Third Millennium
Civilization and Sport, 16 (3): 257-61, 2015.

9- SVEGLIATI-BARONI G., CANDELARESI C., SAC-
COMANNO S, FERRETTI G., BACHETTI T., MAR-
ZIONI M., De MINICIS S,, NOBILI L., SALZANOR,,
OMENETTI A., PACETTI D., SSGMUND S., BENEDET-
Tl A. and CASINI A.: Gastrointesinal, Hepatobiliary and
Pancreatic Pathology .A Model of Insulin Resistance and
Nonalcoholic Steatohepatitis in Rats. The American Jour-
nal of Pathology, 169 (3): 846-60, 2006.

10- SOUZA H.C., PENTEADO D.M., MARTIN-PINGE M.,
BARBOSA N., TEIXEIRA VDE P. and BLANCO J.:
Nitric oxide synthesis blockade increase hypertrophy and
cardiac fibrosis in rats submitted to aerobic training. Arg.
Bras. Cardial., 89 (2): 99-104, 2007.



1992 Effect of Exercise Training on Metabolic Homeostasis & Some Hepatic & Cardiovascular Functions

11- HUANG C., WANG T., TUNG Y. and LINW: Effect of
exercise training on skeletal muscle SIRT1 and PGC-1 .
expression levelsin rats of different age. International
Journal of Medical Sciences, 13 (4): 260-70, 2016.

12-NOVELLIE Y., GALHARDI C., EBAID G., RODRIGUES
H. and MANI F.: Anthropometrical parameters and mark-
ers of obesity inrats. Lab Anim., 41 (1): 111-9, 2007.

13- GERBAIX M., METZ L., RINGOT E. and COURTEIX
D.: Visceral fat mass determination in rodent: Validation
of dual-energy X-ray absorptiometry and anthropometric
techniquesin fat and lean rats. Lipidsin Health and
Disease, 140: 1-9, 2010.

14- ABUBAKAR M., UKWUANI A. and MANDE U.: Anti-
hypertensive activity of Hibiscus Sabdariffa aqueous
calyx extract in Albino rats. Sky Journal of Biochemistry
Research, 4 (3): 16 -20, 2015.

15- TEIXEIRA-LEMOS, E., NUNES S, TEIXEIRA F. and
REIS F.: Regular physical exercisetraining assistsin
preventing type 2 diabetes development: Focus on its
antioxidant and anti-inflammatory properties. Cardiovas-
cular diabetology, 10 (1), doi:10.1186/1475-2840-10-12,
2011

16- TIETZ N.: Clinica guide to laboratory tests, 3 rd edition.
WB Saunders Co. Philadelphia PA, 1995.

17- TEMPLE R., CLARK P. and HALES C.: Measurement
of insulin secretion in type 2 diabetes: Problems and
pitfalls. Diabetic Medicine, 9: 503-12, 1992.

18- MATTHEWS D., HOSKER J., RUDENSKI A., NAYLOR
B., TREACHER D. and TURNER R.: Homeostasis model
assessment: Insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in man.
Diabetologia, 28: 412-9, 1985.

19- FRIEDEWALD W., LEVY R. and FREDRICKSON D.:
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin. Chem., 18: 499-502, 1972.

20- JURGONSKI A., JUSKIEWIEZ J., ZDUNEZYK Z. and
BOGUSAW K.: Caffeoylquinic acid-rich extract from
chicory seeds improves glycemiaatherogenic index and
antioxidant status in rat. Nutrition, 28: 300-6, 2012.

21- CONSIDINE R., CONSIDINE 1., WILLIAMS C., HYDE
T. and CARO J.: The hypothalamic leptinreceptorsin
humans: The hypothalamic leptin receptors in human:
Identification of incidental sequence polymorphism and
absence of the db/db mouse and fa/farat mutation. Dia-
betes, 45: 992-4, 1996.

22- FERNANDO B., MARLEY R.,HOLT S, ANAND R,,
HARRY D., SANDERSON P., SMITH R., HAMILTON
G. and MOORE K.: N-acetylcysteine prevents develop-
ment of the hyperdynamicciculation in the portal hyper-
tensiverat. Hepatology, 28 (3): 689, 1998.

23- ENGVALL E. and PERLMANN P.: Enzyme-linked im-
munosorbent assay (ELISA). Quantitative assay of immu-
noglobulin G. Immunochemistry, 8 (9): 871-4, 1971.

24- KISHORE U. and REID K.: Immunopharmacology, 49:
159, 2000.

25- YANG X., YUAN H., L1 J, FAN J,, JA S,, KOU X. and
CHEN N.: Swimming intervention mitigates HFD-induced
obesity of rats through PGC-1 o -irisin pathway. Eur. Rev.
Med. Pharmacol. Sci., 20 (10): 2123-30, 2016.

26- SATOH K.: Serum lipid peroxide in cerebrovascular
disorders determined by a new colorimeteric method.
clinicachimica Acta, 90: 37-43, 1978.

NISHIKIMI M., ROA N. and YOGI K.: The occurance
of superoxide anion in the reaction of reduced phena-
zinemethosul phate and molecular oxygen. Biochem.
Biophy. Res. Commun., 46 (2): 849-54, 1972.

27

28- REC J.: Estimation of serum ALT. J. Clin. Biochem., 8:
658, 1970.

BELFIELD A. and GOLDBERG D.: Hydrolysis of ade-
nosine monophosphates by acid phosphatases as measured
by a continuous spectrophotometric assay. Biochem. Med.,
4: 135-48, 1971.

30- KACHMAR J. and MOSS D.: Enzymes. In Fundamentals
of clinical chemistry. NW Tietz, editor, saunders, phila-
delphia: 652-6603, 1976.

31- STOSKOPF M.: Fish medicine. Sounders Company,
U.S.A. pp: 882, 1993.

ALTUNKAYNAK Z.: Effect of high fat diet induced
obesity on female rat livers (A histochemical study): Eur.
J. Gen. Med., 2 (3): 100-9, 2005.

BHANDARI U., KUMAR V., KHANNA N. and PANDA
B.: The effect of high-fat diet-induced obesity on cardio-
vascular toxicity in Wistar albino rats. Human and exper-
imental toxicology, 30 (9): 1313-21, 2011.

34- LIMA M., LEITE L., GIODA C.,LEMEF.,, COUTOC,,
COIMBRA C. and FERRARI T.: A novel Wistar rat model
of obesity-related nonal coholic fatty liver disease induced
by sucrose-rich diet. Journal of Diabetes Research, doi.
0ra/10.1155/2016/9127076, 2015.

CHOJ, LEEI.,KIM D.,KOH Y., KONG J, LEE S. and
KANG H.: Effect of aerobic exercise training on non-
alcoholic fatty liver disease induced by a high fat diet in
C57BL/6 mice. Journal of exercise nutrition and biochem-
istry, 18 (4): 339-46, 2014.

36- MATSUO T., TAKEUCHI H., SUZUKI H. and SUZUKI
M.: Body fat accumulation is greater in rats fed a beef
tallow diet than in rats fed a safflower or soybean oil diet.
AsiaPacific Journal of Clinical Nutrition, 11 (4): 302-8,
2002.

37- JUN H., HWANG K., KIM Y. and PARK T.: High-fat
Diet Alters PP2A, TC 10, and CIP4 Expression in Visceral
Adipose Tissue of Rats. Obesity, 16 (6): 1226-3 1, 2008.

38- TOUATI S, MEZIRI F., DEVAUX S., BERTHELOT A.,
TOUYZ R. and LAURANT P.: Exercise reverses metabolic
syndrome in high-fat diet-induced obese rats. Medicine
and science in sports and exercise, 43 (3): 398-407, 2011.

39- AUBIN M., LAJOIE C., CLEMENT R., GOSSELIN H.,
CALDERONE A. and PERRAULT L.: Femaleratsfed a
high-fat diet were associated with vascular dysfunction
and cardiac fibrosis in the absence of overt obesity and
hyperlipidemia: Therapeutic potential of resveratrol.
Journal of Pharmacology and Experimental Therapeutics,
325 (3): 961-8, 2008.

GUTIERREZ R. and ROMERO R.: Effects of bixinin
high-fat diet-fed-induced fatty liver in C57BL/6J mice.

Asian Pacific Journal of Tropical Biomedicine, 6 (12):

1015-21, 2016.

29

32

33

35

8


http://doi.org/10.1155/2016/9127076,
http://doi.org/10.1155/2016/9127076,
http://doi.org/10.1155/2016/9127076,

Nabil A. Soliman, et al.

41- HUANG T., CHANG C,, KAOE. and LIN J.: Effect of
Hibiscus sabdariffa extract on high fat diet-induced obesity

and liver damage in hamsters. Food and nutrition research,
59, doi: 10.3402/fnr.v59.29018, 2015.

42- VERNON G., BARANOVA A. and YOUNOSSI Z.: Sys-
tematic review: The epidemiology and natural history of
non-alcoholic fatty liver disease and non-alcoholic stea-
tohepatitisin adults. Alimentary pharmacology and ther-
apeutics, 34 (3): 274-85, 2011.

43- MUSSO G., GAMBINOR., De MICHIELI F., DURAZZO
M., PAGANO G. and CASSADER M.: Adiponectin gene
polymorphisms modul ate acute adiponectin response to
dietary fat: Possible pathogenetic rolein NASH. Hepa-
tology, 47 (4): 1167-77, 2008.

44- ZHOU M., SCHULMAN I. and RAIJL.: Vascular inflam-
mation, insulin resistance, and endothelial dysfunction
in salt-sensitive hypertension: Role of nuclear factor
kappa B activation. Journal of hypertension, 28 (3): 527-
35, 2010.

45- YKI-JARVINEN H.: Liver fat in the pathogenesis of
insulin resistance and type 2 diabetes. Digestive diseases,
28 (1): 203-9, 2010.

46- ALKHOURI N., KISTANGARI G., CAMPBELL C,,
LOPEZ R., ZEIN N. and FELDSTEIN A.: Mean platelet
volume as a marker of increased cardiovascular risk in
patients with nonal coholic steatohepatitis. Hepatology,
55 (1): 331333, 2012.

47- GAGGINI M., MORELLI M., BUZZIGOLI E., DeEFRON-
ZO R., BUGIANESI E. and GASTALDELLI A.: Non-
alcohalic fatty liver disease (NAFLD) and its connection
with insulin resistance, dyslipidemia, atherosclerosis and
coronary heart disease. Nutrients, 5 (5): 1544-60, 2013.

48- XU X.,LUL.,DONGQ,, LI X.,ZHANG N., XIN Y. and
XUAN S.: Research advances in the relationship between
nonalcoholic fatty liver disease and atherosclerosis. Lipids
in health and disease, 14 (1): 158, 2015.

49- TAKAKI A., KAWAI D. and YAMAMOTO K.: Multiple
hits, including oxidative stress, as pathogenesis and
treatment target in non-al coholic steatohepatitis (NASH):
International Journal of Molecular Sciences, 14 (10):
20704-28, 2013.

50- NAGAE A., FUJTA M., KAWARAZAKI H., MATSUI
H., ANDO K. and FUJITA T.: Sympathoexcitation by
oxidative stress in the brain mediates arterial pressure
elevation in obesity-induced hypertension. Circulation,

119 (7): 978-86, 2009.

51- MEYERL., CIARALDI T., HENRY R., WITTGROVE
A. and PHILLIPS S.: Adipose tissue depot and cell size
dependency of adiponectin synthesis and secretion in
human obesity. Adipocyte, 2 (4): 217-26, 2013.

MORENO-NAVARRETE J., ORTEGA F., SERRANO
M., GUERRA E., PARDO G., TINAHONESF., RICART
W. and FERNANDEZ-REAL J.: Irisin is expressed and
produced by human muscle and adipose tissue in associ-
ation with obesity and insulin resistance. J. Clin. Endo-
crinol. Metab., 98: 769-78, 2013.

53- STENGEL A., HOFMANN T., GOEBEL-STENGEL M.,
ELBELT U., KOBELT P. and KLAPP B.: Circulating
levels of irisin in patients with anorexia nervosa and

52

1993

different stages of obesity-correlation with body mass
index. Peptides, 39: 125-30, 2013.

SANCHIS-GOMAR F., ALISR., PAREJA-GALEANO
H., SOLA E., VICTOR V., ROCHA M., HERNANDEZ
A.and ROMAGNOLI M.: Circulating irisin levels are
not correlated with BMI, age, and other biological param-
etersin obese and diabetic patients. Endocrine, 46: 674-
7, 2014.

55- BASARANOGLU M., BASARANOGLU G., SABUNCU
T. and SENTURK H.: Fructose as akey player in the
development of fatty liver disease. World Journal of
Gastroenterology, 19 (8): 1166-72, 2013.

56- KWON D., KANG W.,NAM Y.,LEEM,, LEE |, KIM
H. and BAIK M.: Dietary protein restriction induces
steatohepatitis and alters leptin/signal transducers and
activators of transcription 3 signaling in lactating rats.
The Journal of Nutritional Biochemistry, 23 (7): 791-9,
2012.

57-ZUOH., SHI Z., YUAN B., DAl Y., WU G. and HUSSAIN
A.: Association between serum leptin concentrations and
insulin resistance: A population-based study from China.
PL0S One, 8 (1): €54615,doi:10.1371/journal .pone.
0054615, 2013.

MYERSM., HEYMSFIELD S,, HAFT C., KAHN B,,
LAUGHLIN M., LEIBEL R. and YANOVSKI J.: Chal-
lenges and opportunities of defining clinical leptin resist-
ance. Cell Metabolism, 15 (2): 150-6, 2012.

59- OSTROWSKA L., FIEDORCZUK J. and ADAMSKA E.:
Effect of diet and other factors on serum adiponectin
concentrations in patients with type 2 diabetes. Rocz.
Panstw. Zakl. Hig., 64 (1): 61-6, 2013.

PALLAVI M., SUCHITRA M. and RAO P.: Role of
adipokines in the pathogenesis of non alcohoalic fatty liver
disease. J. Clin. Sci. Res., 4: 3 1-9, 2015.

61- ZHANG H., ZHANG X., MA Z., PAN L., CHEN Z., HAN
H. and YANG S.: Irisinisinversely associated with
intrahepatic triglyceride contents in obese adults. Journal
of Hepatology, 59 (3): 557-62, 2013.

62- LU J.,, XIANG G., LIU M., MEI W., XIANG L. and
DONG J.: Irisin protects against endothelial injury and
ameliorates atherosclerosis in apolipoprotein E-Null
diabetic mice. Atherosclerosis, 243 (2): 438-48, 2015.

63- SLENTZ C., DUSCHA B., JOHNSON J., KETCHUM
K., AIKEN L., SAMSA G. and KRAUS W.: Effects of
the amount of exercise on body weight, body composition,
and measures of central obesity: STRRIDE-a randomized
controlled study. Archives of internal medicine, 164 (1):
31-9, 2004.

GOODPASTER B., KATSIARAS A. and KELLEY D.:
Enhanced fat oxidation through physical activity is asso-
ciated with improvementsin insulin sensitivity in obesity.
Diabetes, 52 (9): 2191-7, 2003.

65- JOHNSON N., SACHINWALLA T., WALTON D., SMITH
K., ARMSTRONG A., THOMPSON M. and GEORGE
J.: Aerobic exercise training reduces hepatic and visceral
lipids in obese individual s without weight loss. Hepatology,
50 (4): 1105-12, 2009.

66- SULLIVAN S,, KIRK E., MITTENDORFER B., PAT-
TERSON B. and KLEIN S.: Randomized trial of exercise

X

58

60

R



1994 Effect of Exercise Training on Metabolic Homeostasis & Some Hepatic & Cardiovascular Functions

effect on intrahepatic triglyceride content and lipid kinetics dependent myokine that drives brown-fat-like devel opment
in nonalcohoalic fatty liver disease. Hepatology, 55 (6): of white fat and thermogenesis. Nature, 481 (7382): 463-
1738-45, 2012. 8, 2012.

67- GARCIA-HERMOSO A., CEBALLOS-CEBALLOSR,, 69- VILLARROYA F.: Irisin, turning up the heat. Cell metab-
POBLETE-ARO C., HACKNEY A., MOTA J. and olism, 15 (3): 277-8, 2012.

RAMIREZ-VELEZ R.: Exercise, adipokines and pediatric !
obesity: A meta-analysis of randomiged controllgd trias. 70- ARIASLOSTE M., RA.N.CHAL. ., ROM ERO'GOM EZ
X ) M. and CRESPO J.: Irisin, aLink among Fatty Liver

International Journal of Obesity, 41 (4): 475-82, 2017. Di . Physical Inactivity and Insulin Resistance. Inter-

68- BOSTROM P., WU J., JEDRY CHOWSKI M., KORDE national Journal of Molecular Sciences, 15 (12): 23163-
A, YEL., LOJ and KAJIMURA S.: A PGC1-[agr]- 78, 2014.

S S g (aadg (¥ (19T (e by catydWI T
ADoned| Aauuld 73500 (B Aygatdi Are 919 il
Oyl (S8 (i ol AL

Leia p il ] il ks ]y SBI laaill o (g Suadl 51 Jio Biadall el phisd ) (o sssall pa Liarad) dagi it uon $\ Btk
Banall Tasall a¥la 5 Lingl aily . JsaSI 52 iadll S G2 50 Sysan iy Dysasl] Dueg¥ly il a1yl Eyging ualuat ] ol
O @l yull Ga wpsall cglil i 1ia . all i Luinal) Taas¥ Gn 5588 il SliSns¥) (gsins b il Loy iadll <13l
saa3 al cilealull b il KLy Thaeall o yo cilielde £ 3kas o Llisll 3 Lulaal LSBT & 06 & San (el ua il Luayles
ol 13 ) 655 ) LY g g

L9y il iy Gangy ¥ 15Y) e Butctll Juiaall el as il 80 Gand Talpull ih crane &) ya Lo
Olsall b oadll e o132 alaTiuls L yad Buaall Thacall ¢ dgad b I il gy Dygad]

ills ala 18:=10Y G L Loy 3 BT cLadl 135l S5 o (800 s e Ll 538 s pml st Byl Mg
s LBl e panally elogical VY Bual gasshll #1380 e gRa3a3 o3 131 e gamall - Biploaie clegome 808 ] Lilside Lpaseddd o3
AUs3 g (3l Bsmall Tiamall Ge yame (s BIEH e sanally legasal VY Bsal aall e 132 e 13 5al) £l Bumall Barad) degane
paslial A el daliadl Gk e Butl) Juine (uallf il 0 gealid iyl oyt ells B o8 gl VY Bsad gyl e 3132
praad] LK 550 oleuny psall Sl Gl waay dshs i oulid o3 22l 556 Ll G padll e #1380 g 5lhainy] g
2Sslall (g5ins puld o3 LS calaganall JS g QU s Junay pull ks Lassing (phluasifly (o l¥) Slodll anll bink,
oabiie Aaall g lls BESH (e anll o5l TN cypaally (K Joiuad S (g 5tnas ol Laglia colboun pa Sl sat¥ s
postl S35 daley Gy iipus¥ly Galll (gsionay Gl ) liad jdhe Glius pa fua BESY (adate Jadll oyl BEI
@SSOy S padandt) STsieel cntiylonuly uoaiud) isieel Gui¥Y)y Sipracass syl supeadly seadll gls gsllally V= oSl Ty Ll
sy Sl Lol pull el jredaty wI Yoo Lyl o3 iy aill Jamna (g Graadl¥ s 5uiliensd GnllSI¥ g Stamgsalgns

LS yiihay oloall Iasmay (3l punl (128 00 S o i) DY 3 50l ] ool e o 381 Tt all Lol ol sl
Lagliag aall Juaa (3 Galpeai¥ g 3oSslall lygionny Qi) el s Junny pull kadud loiyging laliwsi¥ly ualisy ) anll ik y acuall
>dGay lan LESH addiae Saull (ylgslly B0 (addse Saall Gygsally LESEN (panlly (K S iend I @lisionny Glsu?
@y banally Sl Sigiaal GSYY ) @listuney saall (gls allally V=gl ils Gl o sll 5A3 Jales Gialll elysinnny Gul yid) alial
GO e Saall gl clisioee & Lilaaa] TYS (o3 all dgay o Hilicgd KV Sata g aaleas oSy 5 il gt
3aS 5ud Sas K Qlgl] G gopaall panidll BT LS Sligracans wsuiSol upaadly Ga5an¥ s 53SA0ns¥ @lisiinay sVl
Bl il a3 o3 ) BB e gamall Sl iyl iy 1in oyl e IR Bimal] arad) e sans (o3 4L il
5 Tegamally g lie sie sole 5,585l clalaall pran b Ussale Liauad s

o slas] (o Ly Loy ianadl sle linl] i Tasbie 8l o Gonlaadl ke e otatl] Jsinn bl s i) o plae ey
2 il a1 2 m Dypaat) Tang¥ly il e 5 yll] Jalye Jality oo ai¥) ol Ta3bie muals cigynall (¥ o158
lsas



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

