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Abstract: Introduction: Obesity is a metabolic disease associated with insulin resistance and release of multiple
cytokines as IL-6. Nuclear factor — kappaB (NF-kB) is accused to be a central mediator of inflammatory and stress
responses occurring in obesity. Aim of the work: The aim of this work was to induce a model of obesity and insulin
resistance in rates that simulate human obesity. Also to assess the level of IL-6 and the expression of NF-«kB in liver and
muscles of these rats and the effect of exercise on their levels. Materials And Methods: The study was carried on 21
male Wister rats divided into :- group1(7rats) the control group fed on diet derived from fat for 3 months. Group 2 (14
rats) fed on high fat diet for the same period of time, after one month group 2 were subdivided equally into group2A
the resting group and group2B practicing swimming exercise for the rest two months. At the end of the three months
blood samples were taken from all rats for estimation of levels of glucose and insulin to estimate insulin resistance
(HOMA), they were sacrificed and samples of their livers and muscles for estimation of levels of IL-6 by ELIZA and
expression of NF- kB by western blotting. Results: After one month there was a significant increase in weight in
group? rats than the control,the weight gain continued at the end of the experiment with no effect of exercise. Insulin
resistance was significantly increased with increasing weight, and decreased by exercise. As regard level of liver IL-6 ,
there was a significant increase in the exercising group2B than the control and the non-exercising group2A,while
muscle IL-6 as well as liver likelihood ratio of NF- k B showed significant increase in both groups 2A and B than the
control with no exercise effect. Activity of muscle NF- kB showed a significant increase in groups2A and B than the
control, also in group2B than group 2A.Conclusion: High fat diet can lead to weight gain and obesity that is associated
with increasing insulin resistance which can be improved by exercise. Obesity may be accompanied by release of NF-
kB that can increase IL-6. Effect of exercise on the studied parameters is contradicting,
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1. Introduction adhesion molecule 1), enzymes (eg, cyclooxygenase 2,
Nuclear factor kappa-light-chain-enhancer of nitric oxide synthase), and antiapoptotic factors.”
activated B cells (NF-xB) is a protein complex that Obesity is a disease affecting increasing numbers
controls the transcription of DNA. NF-«xB is found in of global populations, It has been demonstrated that
almost all animal cell types and is involved in cellular increased fat mass is associated with increased
responses to stimuli such as stress, cytokines, free macrophage infiltration, increased release of cytokines,
radicals, ultraviolet irradiation, oxidized LDL, and adipokines and free-fatty acids from adipocytes and/or
bacterial or viral antigens.”* NF-kB plays a key role activated macrophages, and local insulin resistance .A
in regulating the immune response to infection . It has central mediator of inflammatory and stress responses

also been implicated in processes of synaptic plasticity is the NF-kB family of transcription factors. 'V
and memory. &7 Although a number of studies have explored the
In quiescent cells, NF-kappa B is located in the effect of obesity on inflammatory mediators,
cytoplasm in an inactive form, bound to an inhibitor surprisingly few studies have directly compared
molecule called I kappa B. Stimulation of cells through activation of NF-«B itself in obese individuals with
a variety of mechanisms triggers a cascade of lean controls. The dynamic regulation of NF-xB
signaling events that ultimately results in the activity during weight gain is thus unknown, and it is
degradation of 1 kappa B by the proteasome. This not known whether increased NF-kB signaling is
degradation releases active NF-kB, which then presented before, simultaneously, or after metabolic
translocates into the nucleus, where it binds to specific parameters are affected. More specifically, the time
DNA sequences on its target genes, initiating the course of inflammation induced in parallel with obesity
transcription of gene products including various on an high fat diet (HFD) has not been elucidated,
cytokines (eg, interleukin [IL]-1, IL-6, IL-8, tumor including the organs involved, nor the dynamics of
necrosis factor), angiogenesis factors (eg, vascular inflammation development.®?
endothelial growth factor), cell adhesion molecules (eg, IL-6 is a pleiotropic cytokine with a wide range of
intercellular adhesion molecule 1 and vascular cellular biological  activities in  immune  regulation,
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hematopoiesis, inflammation and oncogenesis. Its
activities are shared by IL-6-related cytokines such as
leukemia inhibitory factor (LIF), cilliary neurotrophic
factor (CNTF) and oncostatin M .*®

IL-6 exerts its biological effects through a
receptor complex composed of the IL-6 binding
subunit gp80 and dimer of the signal-transducing
receptor subunit gp130 4%

IL-6 acts as both a pro-inflammatory and anti-
inflammatory cytokine. IL-6 is also a "myokine," a
cytokine produced from muscle, and is elevated in
response to muscle contraction, ¥

Adipose tissue is the source of a wide variety of
molecules involved in the regulation of energy output
and carbohydrate metabolism. Among these,
proinflammatory cytokines such as tumor necrosis
factor (TNF)-o and interleukin (IL)-6, in particular,
appear to play a role in modulating insulin sensitivity
in peripheral tissues and have been associated with the
development of insulin resistance in adults. %
Furthermore, glucose induces oxidative stress and
increased NF-kB binding, and it also increases the
transcription of NF-kB —dependent proinflammatory
genes (TNF-a and IL-6) .4™1®)

Aim of the work

The aim of this work is to induce a model of
obesity and insulin resistance in rates by high fat diet to
simulate human obesity. Also to assess the level of IL-
6 and the expression of NF-kB in liver and muscles of
these animal models and the effect of exercise on their
levels.

2. Materials and Methods:

An approval of the ethical committee in faculty of
medicine was obtained. A 21 male Wister rats (100-
200) g body weight were fed as follows:

Group 1 :Control diet (5% of energy derived from fat,
18% from proteins and 77% from carbohydrates
; 3.3 Kcal/g )™

Group 2: High fat diet (HFD) ( 58% derived from fat,
18% proteins and 24% from carbohydrates ;
5.6K cal/g) . The amount of lipid was provided
mainly by saturated fat as butter or dairy
products also polyunsaturated fat as corn oil or
sunflower oil./"?

After one month, the rat group on HFD will be divided

into:

Group2A: HFD sedentary group that continue on the
same diet without exercise for additional 2
months.

Group 2B: HFD exercise trained. The exercise protocol
consisted of swimming for lh/day , 5 days/
week for additional 2 months. This protocol
represents a moderate aerobic exercise training
in rats.®”
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At the end of experiment rats were sacrificed ,
plasma samples were taken and liver and skeletal
muscle were obtained for estimation of the following :

Fasting plasma insulin and glucose levels for
calculation of IR according to Matthews et al®'’
homeostasis model assessment of insulin resistance
(HOMA-IR) using the formula:

IR = fasting insulin x fasting glucose / 22.5

Determination of IL-6 in liver & muscles by
ELISA kit (Ray Biotech, Inc.) according to the
manufacturer’s instructions. #?

Determination of Nuclear factor kB (NF-kB )
expression by western blotting in liver and muscle: **
For western blotting, equivalent concentrations of
protein were separated by 10% SDS-PAGE and
transferred onto nitrocellulose filter. The filters were
then incubated in blocking solution for 2 hrs at room
temperature. The filters were reacted with the anti-NF-
kB antibody (R&D systems) at a dilution of 1:1000 for
2 hrs. Then the blot was washed three times (5 minutes
each) with 1X PBST (0.05% Tween in phosphate
buffered saline PBS) and then washed for 10 min with
Tris buffered saline (TBS) with shaking. Filters were
then incubated with horseradish peroxidase-conjugated
secondary antibody (R&D systems) of 1:1000 for 1 h.
After the secondary incubation the membrane was
washed 3 times (Smin each) with TBST (TBS with
0.05%Tween) and then washed again in TBS with
shaking.  3,3’-Diaminobenzidine (DAB) substrate
solution was prepared, then 30 pl hydrogen peroxide
were added. After developing the color of the blot, the
reaction was stopped after appearance of the expected
bands by pouring out the substrate and rinsing with
distilled water repeatedly. As an internal control, Beta
Actin antibody  (Affinity-purified Sheep Anti-
human/mouse/rat Actin Antibody from R&D systems)
was used as control.

Statistical Analysis:

Data were collected and analyzed using SPSS
program versionl0. Qualitative data were described
using number and percent. The values of the measured
parameters were expressed as mean + SD. Mann-
Whitney and t-test were used to compare between two
samples. Spearman Rho correlation coefficient was
performed for evaluating correlation between the
qualitative variables.

3. Results

Table 1 shows the weight gain among the studied
groups after Imonth , there is a significant increase in
weight of rats on high fat diet (group2) than the
control (groupl)[ Z=3.681 p <0.0001]. At the end of
the experiment there is a significant increase in group
2A ,also in group 2B than the control groupl, while
there is no significant difference between group2A and
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group 2B as shown respectively [Z=3.13, Z=3.134 p
0.001], [ Z=0.771 p0.456].

Table 2 shows the values of insulin resistance and
IL-6 in liver and muscle of the studied groups, where
there is significant increase of the value of insulin
resistance of group 2A and group 2B than control group
[Z=3.13 p0.001,Z= 2.047 p=0.038] , also there is
significant decrease in group 2B than group 2A
[2=2.747, p= 0.004 ]. As regard levels of liver IL-6
there is insignificant difference between group 2A and
the control [Z=0.064 p=1.0] while a significant
difference is found between group2 Band the control
[Z=2.236 p=0.026] also between groups 2B and
2A[Z=2.108 p=0.038] . MuscleIL-6 values shows a
significant difference between group 2A also group2B
and control groupl[Z=2.108  p=0.038 , Z=2.492
p=0.011] while there is insignificant difference between
groups2B and2 A[Z=1.725p=0.097].

Likelihood ratio(LR) of nuclear factor- kB (NF-
kB) expression of the studied groups is shown in
table3, where a significant increase in liver NF- kB in
group 2A and group2B than the control [LR=6.363,
13.86 p=0.042,0.003] while there is no significant

difference between the rats on high diet with exercise
or without groups 2B and 2A[LR=5.04 p=0.169]. LR
of muscle NF- kB shows significant increase in groups
2A and B than the control groupl[LR=11.032,19.41
p=0.042,< 0.0001], Also between groups 2Band
2B[LR=11.03 p=0.004].

Table 4 represents a correlation between weight
gain at different intervals and insulin resistance with
the studied parameters among the studied groups.
There is a positive correlation between weight gain
after 1 month and muscle IL-6 , liver and muscle NF-
kB [r=0.562,0.553,0.773p=0.008,0.009, <0.0001] while
at the end of the experiment there is positive
correlation between the weight gain and liver and
muscle IL-6 [r=0.524, 0.644p=0.015,0.002] also
between weight gain and liver and muscle NF- kB
[r=.606,0.638 p=0.004,0.002]. while table 5 shows the
correlation between IL-6 and NF- «B among the
studied groups of rats, where there was a positive
correlation between muscle NF- kB and muscle IL-6
and liver NF- B[ r = 0.66, 0.817 p =0.001, <0.0001 ]
respectively.

Tablel: Weight gain at the end of 1* and 3" months of study among different groups of rats.

Weight gain Groups Min-Max Mean+SD P P1 P2 P3
Control 10-28 17.7£5.5 7=3.681
st . %k
1*" month Rats on high fat 45-85 63.2412.8 (<0.0001)
diet
Control 4-30 21.748.5
30 onth g{"’;scfsvemh no 34-51 43.146.6 7=3.13 7=3.134 7=0.771
T (0.001)* (0.001)* (0.456)
ese wi 35-62 46.9+11.1
exercise

P: Significance between control and rats on high fat diet
P2: Significance between control and obese rats with exercise
Z: Mann Whitney test

*significant at P<0.05

Table 2: Results of insulin resistance and IL-6 (pg/mg protein) among different groups of rats

P1: Significance between control and obese rats with no exercise
P3: Significance between obese rats with and without exercise.

Parameter Groups Min-Max Mean+SD P1 P2 P3
Control 1.4-2.3 1.7+£0.4
Insulin Obese with no 7=3.13 7=2.047 7=2.747
resistance exercise 2.4-37 4.7+11 (0.001)* (0.038)* (0.004)*
Obese with exercise 1.6-3.6 2.5+0.7
Control 128.0-278.9 195.2+53.8
. Obese with no _ 7=2.236 7=2.108
Liver IL-6 exercise 109.5-349.8 203.5+81.5 7=0.064 (1.0) (0.026)* (0.038)*
Obese with exercise 104.8-366.6 321.6+£96.5
Control 15.5-43.9 29.8+10.6
Obese with no 7=2.108 7-2.492 -
Muscle IL-6 exercise 27.4-72.2 51.9+17.8 (0.038) ©.011)* 7=1.725 (0.097)
Obese with exercise 25.2-86.2 67.6+21.5

P1: Significance between control and obese rats with no exercise

P3: Significance between obese rats with and without exercise.
Z: Mann Whitney test *significant at P<0.05
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P2: Significance between control and obese rats with exercise
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Table 3: Likelihood ratio of NF-kB among different studied groups .

NF-kB P1 P2 P3
Liver NF-kB LR=6.363 LR=13.86 LR=5.04
P=0.042* P=0.003* P=0.169
Muscle NF-kB LR=11.032 LR=19.41 LR=11.03
P=0.004* P<0.0001* P=0.004*

P1: Significance between control and obese rats with no exercise
P2: Significance between control and obese rats with exercise
P3: Significance between obese rats with and without exercise.

LR: Likelihood ratio *significant at P<0.05

Table (4): Correlation between weight gain at different timings and insulin resistance with markers studied

among studied rats.

Weight gain 1* month Weight gain 1* month Insulin resistance
Markers R P R P " P
Liver IL-6 0.327 0.148 0.524 0.015* -0.071 0.76
Muscle IL-6 0.562 0.008* 0.644 0.002* 0.343 0.128
Liver NF-kB 0.553 0.009* 0.606 0.004* 0.255 0.264
Muscle NF-kB 0.773 <0.0001* 0.638 0.002* 0.338 0.134
r: Spearman Rho correlation *significant at P<0.05

Table 5: Correlation between IL-6 and NF-kB markers among studied rats

Markers Liver IL-6 Muscle IL-6 Liver NF-kB
R P R P R P
Liver IL-6 ——- —-
Muscle IL-6 0.347 0.124 ——- —-
Liver NF-kB 0.409 0.065 0.336 0.137 -—-- -
Muscle NF-kB 0.352 0.118 0.66 0.001* 0.817 <0.0001*
r: Spearman Rho correlation *significant at P<0.05

4. Discussion

Genetic and environmental factors play a role in
the development of obesity. Diet is one of the main
environmental factors that contribute to this disease.
Human studies have shown that increased fat intake is
associated with body weight gain which can lead to
obesity and other related metabolic diseases. ***® Our
data showed increased weight of rats fed on high
saturated fat, this finding is in agreement with other
researches who denotes that diets with 60 kcal% fat are
commonly used to induce obesity in rodents since
animals tend to gain more weight more quickly.?”*
Also, it has been shown that high-fat diets used in
laboratory animal research contain more saturated fat
are quite capable of inducing obesity in susceptible
strains in contrast to animals fed similar amounts of fat
containing fish oil that did not gain as much weight as
those fed diets with more saturated fat ®® and were
more insulin sensitive .?”

The results of this study clarified that insulin
resistance increased with weight gain that can be
improved by exercise , this can be explained by the
finding that muscular exercise can increase insulin
sensitivity by several mechanisms®", including
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enhancing both GLUT4-dependent glucose transport in
skeletal muscle , increasing skeletal muscle
vascularization, mitochondrial neobiogenesis, and
eventually tissue mass , repartitioning intracellular fat,
thereby improving its utilization and fat mass loss.****
Adenosine monophosphate-activated kinase (AMPK)
activity- a key regulator of energy-modulating
pathways in skeletal muscle is acutely increased by
muscle contraction , it has been termed an "energy
sensor” that shift the cell's metabolic activities away
from substrate storage toward oxidative substrate
disposal to create ATP.®¥ Several of the early studies
observed significant improvements in glucose
tolerance and insulin sensitivity in response to
exercise training and corresponding reductions in body
fat.’® Duncan et al.®” describes the effects of exercise
without weight loss on insulin sensitivity and several
markers of lipid metabolism in a group of 18 sedentary
men and woman. The principal finding was that insulin
sensitivity and plasma lipase activity increased without
a corresponding change in BMI, waist circumference,
or cardiorespitarory fitness. The authors concluded that
modest amounts of exercise without weight loss
positively affect markers of glucose and lipid
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metabolism in previously sedentary adults. It is
reasonable to suggest that the beneficial impact of daily
exercise on insulin resistance would be magnified if
associated with diminished body weight.®®

In this study the results of estimating liver IL-6
were increased significantly in rats on high fat diet
performing exercise (group 2B) than the control group.
Also, there was a significant increase between group
2B and the resting rats (group 2A).These results may
denote that exercise induces an inflammatory status
that is accompanied by production of inflammatory
cytokines, thus it may have a role in increasing IL-6 by
the liver. Febbraio et al.®” tested the hypothesis that
the liver releases IL-6 during exercise in human
subjects by  measuring IL-6  across  the
hepatosplanchnic viscera. It was observed that rather
than releasing IL-6, the liver actually eliminates this
cytokine during exercise.

Muscle IL-6 levels were found to be increased in
rats of groups 2A&B on high fat diet without and with
exercise than the control group . These results may
prove that obesity is an inflammatory condition that is
responsible for high level of IL-6. Also exercise may
be accompanied by muscle injury, and accumulation of
cellular debris in the areas of tissue damage, triggers an
inflammatory reaction characterized, in part, by the
production of cytokines. It was found also that there
was no significant difference between groups 2A&B.
This finding may be due to the effects of exercise
intensity, duration and mode. Also, it may be due to
the duration passed between the end of exercise and
taking the muscle biopsy. This is proved by a large
increase in mRNA expression of MCP-1, IL-6, and IL-
8 at 2 h post exercise, and modest increases at 4 h.“”
Although number of studies have demonstrated that
working muscle produces IL-6, muscle biopsies
obtained before and after exercise in human subjects
and rats demonstrate very little IL-6 mRNA in resting
muscle but a 100-fold increase in exercising skeletal
muscle.

Furthermore, several human studies have shown a
marked increase in circulating IL-6 during prolonged
exercise, mainly due to increased local production in
the working skeletal muscle.***® In rodents there is
also an increase in IL-6 expression in working muscle
and plasma IL-6 concentration during exercise ,**4"#)

One study protocol used repeated sprint
swimming trials showed increased markers of muscle
inflammation (IL-6 and C-reactive protein). The
significant increase in plasma IL-6 concentrations was
observed in those subjects after the third sprint
swimming as compared to in-water group. This may
reflect a pronounced inflammation in the muscle and
be a factor causing further muscle damage indicated by
the increased levels of CK (creatine kinase) in the
blood during the repeated sprint swimming bouts. “*
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The study showed a significant increase in liver
NF-kB in groups 2A&B than the control group. This
can be explained by the fact that high fat diet promoted
inflammation and NF-kB activation . ®® Fan et al.®"
reported that NF-kB binding activity was higher in the
rats fed HFD diet than that in the controls. Also it has
been shown that consumption of a HFD enhanced NF-
kB p65 subunit activation in rat liver. ®? It was
reported that HFD causes twofold increase in hepatic
NF-kB activity indicating that the NF-kB pathway in
liver is activated by both genetic (hyperphagic) and
diet-induced obesity.*

The present study doesn’t show a significant
difference between groups 2B and 2A which denotes
that there is no effect of swimming exercise on liver
NF-xB. This can be explained as liver is concerned
with elimination of the cytokine rather than producing
1t.

The present study showed a significant increase
in the level of muscle NF-xB both in groups 2A&2B
than the control group , also between the exercising
group 2B and the resting group 2A. These findings
may denote that both obesity as well as exercise can
induce inflammatory cytokines mediated by release of
NF-«B. This finding is in agreement with a study
which demonstrated that insulin-resistant subjects
have increased NF-kB activity in muscle.*¥ The
stimulation of NF-«xB by exercise seems
counterintuitive, since the NF-xB pathway has been
associated with insulin resistance, whereas physical
activity typically improves insulin sensitivity.® Also
, it was found that acute cycle exercise increased NF-
kB activity in nondiabetic (lean and obese) subjects.
Furthermore, the stimulatory effect of aerobic exercise
on NF-kB activity observed in humans is in line with
results from prior studies performed in rodents .*>*"
The reason for the discrepancy with the human study
by Durham et al. ®® which showed a reduction in
NF-xB activity, is likely related to the different modes
of exercise utilized.

Our data showed a positive correlation between
weight gain and the studied parameters specially at the
end of the experiment. This finding can be explained
by many studies that demonstrated that obesity is an
inflammatory condition involving many components
of the classical inflammatory response to pathogens
and includes systemic increases in circulating
inflammatory cytokines .Nonalcoholic fatty liver
disease (NAFLD) is associated with an increase in
M1/Thl cytokines and quantitative increases in
immune cells. There is also evidence of increased
inflammatory cytokine production and increased
inflammation in skeletal muscle in obesity."”

HFD was accompanied by a two fold increase in
hepatic NF-kB activity.*?Also , it was demonstrated
that insulin-resistant subjects have increased NF-xB
activity in muscle.® Muscle from obese and T2DM
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subjects had increased basal IL-6 mRNA levels by
about twofold .“” IL-6 might also play an indirect
deleterious role in NAFLD pathogenesis. In diet-
induced obese mice, treatment with IL-6 antibodies
improved sensitivity to insulin.®” Liver steatosis
activates IKK-B and NF-«kB, which upregulates IL-6
production and secretion.*”

In this study , there was a positive correlation
between muscle NF-kB activity and muscle IL-6 as
the data provide solid evidence that acute exercise in
lean adults stimulates muscle NF-«kB activity
correlating  with  the  transient release of
proinflammatory cytokines such as IL-6 .*YIt was also
recorded that specific kB binding sites on the
promoter region of genes coding MCP-1, IL-6, and
IL-8 were identified that make these inflammatory
myokines as both key activators and downstream
target genes of the NF-kB signaling pathway. “*

Refrences

1. Gilmore TD. (2006): Introduction to NF-xB:
players, pathways, perspectives. Oncogene.; 25
(51): 6680-4.

2. Brasier AR. (2006):The NF-kB regulatory
network. Cardiovasc. Toxicol.; 6 (2): 111-30.

3. Perkins ND. (2007) :Integrating cell-signalling
pathways with NF-kB and IKK function. Nat.
Rev. Mol. Cell Biol.; 8 (1): 49-62.

4. Tian B,A.R.Brasier (2003): Identification of a
nuclear factor k B-dependent gene network.
Recent Prog. Horm. Res.;58: 95-130.

5. Meffert MK, JM. Chang, B.J.Wiltgen,M.S.
Fanselow,D. Baltimore. (2003) : NF-kappa B
functions in synaptic signaling and behavior. Nat.
Neurosci. ;6 (10): 1072-8.

6. Levenson JM, S Choi, SY Lee, YA Cao, HJ Ahn,
KC Worley, M Pizzi, HC Liou, JD Sweatt.
(2004): A bioinformatics analysis of memory
consolidation reveals involvement of the
transcription factor c-rel. J. Neurosci.; 24 (16):
3933-43.

7. Merlo E, R Freudenthal, A Romano. (2002):The
IkappaB kinase inhibitor sulfasalazine impairs
long-term memory in the crab Chasmagnathus.
Neuroscience.; 112 (1): 161-72.

8. Elliott PJ, JS Ross.(2001).The Proteasome: A
New Target for Novel Drug Therapies: The Role
of NF-kappa B. Am J Clin Pathol.;116(5):637-46.

9. Weisberg SP, D McCann, M Desai, M
Rosenbaum, RL Leibel, AW Ferrante Jr. (2003).
Obesity is associated with  macrophage
accumulation in adipose tissue. J Clin Invest.;
112:1796-1808.

10. Fantuzzi G. (2005) .Adipose tissue, adipokines,
and inflammation. J Allergy Clin Immunol.;
115:911-919.

http://www.americanscience.org

484

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Clement K, N Viguerie, C Poitou, C Carette, V
Pelloux, CA Curat, A Sicard, S Rome, A Benis,
JD Zucker, H Vidal, M, Laville GS Barsh, A
Basdevant, V Stich, R Cancello, D Langin.
(2004).Weight loss regulates inflammation-
related genes in white adipose tissue of obese
subjects. FASEB J.; 18:1657-69.

Carlsen H, F Haugen, S Zadelaar, R Kleemann, T
Kooistra, CA Drevon, R Blomhoff . (2009): Diet-
induced obesity increases NF-kB signaling in
reporter mice. Genes Nutr.; 4(3): 215-22.
Kishimoto T.(2005): Interleukin-6: from basic
science to medicine—40 years in immunology.
Annu. Rev. Immunol.; 23:1.0LOGY IN JAPAN
Kishimoto T. (2010). IL-6: from its discovery to
clinical applications. International Immunology.;
22( 5): 347-52.

Febbraio MA, BK Pedersen. (2005): Contraction-
induced myokine production and release: is
skeletal muscle an endocrine organ?. Exerc Sport
Sci Rev.; 33 (3): 114-19.

Tilg H, AR Moschen. (2008): Inflammatory
mechanisms in the regulation of insulin
resistance. Mol Med.; 14(3-4):222-31.

Aljada A, J Friedman, H Ghanim, P Mohanty, D
Hofmeyer, A Chaudhuri, P Dandona. (2006):
Glucose ingestion induces an increase in
intranuclear nuclear factor kappaB, a fall in
cellular inhibitor kappaB, and an increase in
tumor necrosis factor alpha messenger RNA by
mononuclear cells in healthy human subjects.
Metabolism.; 55:1177— 85.

Tripathy D, P Mohanty, S Dhindsa, T Syed, H
Ghanim, A Aljada, P Dandona. (2003): Elevation
of free fatty acids induces inflammation and
impairs vascular reactivity in healthy subjects.
Diabetes.; 52:2882— 87.

Surwit R, M Feinglos, J Rodin, A Sutherland, A
Petro, E Opara, C Kahn.(1995): Differential
effects of fat and diabetes in C5BL/6J and A/J
mice. Metabolism.; 44:645-51.

Gobatto CA, MAR Mello, CY Sibuya, JRM
Azevedo, et al.(2001): Maximal lactate steady
state in rats submitted to swimming exercise.
Comp Biochem Physiol.;130:21-7.

. Matthews DR, JP Hosker, AS Rudenski, et
al.(1985):Homeostasis model assessment: insulin
resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man.
Diabetologia.; 28(7):412- 9.

Esposito E., A Iacono, G Bianco, G Autore, S
Cuzzocrea, P Vajro, R Canani, A Calignano, G
Raso ,Meli R.(2009): Probiotics reduce the
inflammatory response Induced by a high-fat diet
in the liver of young rats. J Nutr.; 139: 905-11.
Sharman MJ , JS Volek. (2004): Weight loss
leads to reductions in inflammatory biomarkers

editor(@americanscience.org




Journal of American Science, 2012;8(5)

http://www.americanscience.org

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

after a very-low-carbohydrate diet and a low-fat
diet in overweight men.Clin sci.; 107: 365— 69.
Buettner R, J Scholmerich, LC
Bollheimer.(2007): High-fat diets: modeling the
metabolic disorders of human obesity in rodents.
Obesity.; 15: 798-808.

Zhang M, XY Lv, J Li, ZG Xu, L Chen.(2008):
The characterization of high-fat diet multiple low-
dose streptozotocin induced type 2 diabetes rat
model. Exp Diabetes Res.; 2008 : 704045- 54.
Amin KA, MA Nagy.(2009): Effect of Carnitine
and herbal mixture extract on obesity induced by
high fat diet in rats. Diabetol Metab Syndr.; 1:1-
17.

Ghibaudi L, J Cook, C Farley, M van Heek, JJ
Hwa. (2002): Fat intake affects adiposity,
comorbidity factors, and energy metabolism of
sprague-dawley rats. Obes Res.; 10: 956- 63.
Johnston SL, DM Souter, BJ Tolkamp, 1J Gordon,
AW Illius, I Kyriazakis, JR Speakman.(2007):
Intake compensates for resting metabolic rate
variation in female C57BL/6J mice fed high-fat
diets. Obesity (Silver Spring) .;15: 600-06.

Wang H, LH Storlien , XF Huang.(2002) :Effects
of dietary fat types on body fatness, leptin, and
ARC leptin receptor, NPY, and AgRP mRNA
expression. Am J Physiol FEndocrinol Metab
.;282: E1352-E1359.

Buettner R, KG Parhofer, M Woenckhaus, CE
Wrede, LA Kunz-Schughart, Scholmerich J, LC
Bollheimer.(2006): Defining high-fat-diet rat
models: metabolic and molecular effects of
different fat types. J Mol Endocrinol.; 36: 485-
501.

Balkau B, L Mhamdi, JM Oppert , J Nolan,
A Golay, F Porcellati, M Laakso, E
Ferrannini. (2008): Physical Activity and Insulin
Sensitivity ,The RISC Study.Diabetes.; 57(10)
:2613-18.

.Holloszy JO.(2005): Exercise-induced increase
in muscle insulin sensitivity. J Appl Physiol.;
99:338-43.

Joseph AM, H Pilegaard, A Litvintsev, L Leick,
DA Hood. (2006): Control of gene expression and
mitochondrial biogenesis in the muscular
adaptation to endurance exercise. Essays
Biochem.; 42:13-29.

Horowits JF.(2007): Exercise-induced alterations
in muscle lipid metabolism improve insulin
sensitivity. Exerc Sport Sci Rev.; 35:192-96.
Kraegen E.(2002): Effects of activation of AMP
kinase on muscle insulin resistance. Symposium:
The role of AMP kinase in exercise on substrate
metabolism. Program and abstracts of the 62nd
Scientific Sessions of the American Diabetes
Association.  June 14-18, San Francisco,
California. Diabetes.; 51 ( 2).

http://www.americanscience.org

485

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Ross R, D Dagnone, PJH Jones, H Smith, A
Paddags, R Hudson, I Janssen.(2000): Reduction
in obesity and related comorbid conditions after
diet-induced weight loss or exercise-induced
weight loss in men: a randomized controlled trial.
Ann Intern Med.; 133:92-103.

Duncan GE, MG Perri, DW Theriaque, AD
Hutson, RH Eckel, PW Stacpoole.(2003):
Exercise training, without weight loss, increases
insulin sensitivity and postheparin plasma lipase
activity in previously sedentary adults. Diabetes
Care.; 26:557— 62.

Ross R.(2003): Does Exercise Without Weight
Loss Improve Insulin Sensitivity?. Diabetes Care.
26 (3): 944- 45.

39.Febbraio MA, P Ott, HB Nielsen, A
Steensberg, C Keller, P Krustrup, NH Secher, BK
Pedersen. (2003): Hepatosplanchnic clearance of
interleukin-6 in humans during exercise.Am J of
Physiol.; 285: E397-E402.

Vella L, MK Caldow, AE Larsen, D , PAD Gatta,
P Gran, AP Russell, D Cameron-Smith.(2012):
Resistance exercise increases NF-kB activity in
human skeletal muscle. Am J Physiol.; 302 (6)
:R667-R73.

RL Starkie, MJ Arkinstall, T Koukoulas, JA
Hawley, MA Febbraio. (2001): Carbohydrate
ingestion attenuates the increase inplasma
interleukin-6, but not skeletal muscle interleukin-
6 mRNA, during exercise in humans. Journal of
Physiology .; 533: 585-91.

A Steensberg, MA Febbraio, T Osada, P
Schjerling, G van Hall, B Saltin, BK Pedersen.
(2001): Interleukin-6 production in contracting
human skeletal muscle is influenced by
preexercise muscle glycogen content. Journal of
Physiology .; 537,:633— 39.

Jonsdottir I, P Schjerling, K Ostrowski, S Asp,
EA Richter, BK Pedersen. (2000): Muscle
contractions induces interleukin-6 mRNA
production in rat skeletal muscles. Journal of
Physiology .; 528 :157— 63.

Pedersen BK, L Hoffman-Goetz.( 2000): Exercise
and the immune system: regulation,integration,
and adaptation. Physiol Rev .;80:1055— 81.
Pedersen BK, A Steensberg, P Schjerling.( 2001):
Muscle-derived interleukin-6:possible biological
effects. J Physiol .;536:329-337.

Febbraio MA, BK Pedersen.( 2002): Muscle-
derived interleukin-6: mechanisms for activation
and possible biological roles. FASEB J.;16:1335—
47.

Colbert LH, JM Davis, DA Essig, A Ghaffar, EP
Mayer.( 2001): Tissue expression and plasma
concentrations of TNF, IL-1, and IL-6 following
treadmill exercise in mice. Int J Sports Med
.522:261-67.

editor(@americanscience.org




Journal of American Science, 2012;8(5)

http://www.americanscience.org

48.

49.

50.

51.

52.

53.

Jansson JO, K Wallenius, I Wernstedt, C Ohlsson,
SL Dickson, V Wallenius.( 2003): On the site and
mechanism of action of the anti-obesity effects of
IL-6. Growth Horm IGF Res .;13(Suppl A):S28-
S32.

Roshan VD, A Yazdanshenas, M Ranjbar, S
Yazdani. (2011):The Effects of In-Water versus
Out-of-Water Active Recoveries on Cytokines
and CK Production after Repeated Sprint
Swimming Bouts. Iranian Journal of Health and
Physical Activity.; 2 (2): 19-24.

Zhang X, F Dong, J Ren, MJ Driscoll, Culver
B.(2005): High dietary fat induces NADPH
oxidase-associated  oxidative  stress  and
inflammation in rat cerebral cortex. Exp Neurol.,
191:318-25.

Fan JG, Y Qian, XY Zheng, XB Cai, Lu
YS.(2006): Effects of pentoxifylline on hepatic
nuclear factor-kappa B signaling pathway and
insulin resistance in non- alcoholic steatohepatitis
rats induced by fat-rich diet. Zhonghua Gan Zang
Bing Za Zhi.; 14:762- 66.

Jain SK , JL Croad, T Velusamy, JL Rains, R
Bull.(2010) Chromium  dinicocysteinate
supplementation can lower blood glucose, CRP,
MCP-1, ICAM-1, creatinine, apparently mediated
by elevated blood vitamin C and adiponectin and
inhibition of NFkappaB, Akt, and Glut-2 in livers
of zucker diabetic fatty rats. Mol Nutr Food Res.;
54:1371- 80.

Cai D, M Yuan, DF Frantz, PA Melendez, L
Hansen, J Lee, SE .(2005): Local and systemic
insulin  resistance resulting from hepatic

4/29/2012

http://www.americanscience.org

486

54.

55.

56.

57.

58.

59.

60.

activation of IKK-f and NF-«B. Nat Med. ; 11(2):
183-90.

Tantiwong P, K Shanmugasundaram, A Monroy,
S Ghosh, M Li, RA DeFronzo, E Cersosimo, A
Sriwijitkamol, S Mohan, N Musi. (2010): NF-xB
activity in muscle from obese and type 2 diabetic
subjects under basal and exercise-stimulated
conditions. Am J Physiol.; 299 (5): E794-E801.
Brooks SV, A Vasilaki, LM Larkin, A McArdle,
MJ Jackson.(2008): Repeated bouts of aerobic
exercise lead to reductions in skeletal muscle free
radical generation and nuclear factor «B
activation. J Physiol .;586: 3979— 90.

Ho RC, MF Hirshman, Y Li, D Cai, JR Farmer,
WG Aschenbach, CA Witczak, SE Shoelson, LJ
Goodyear.(2005): Regulation of IkB kinase and
NF-kB in contracting adult rat skeletal muscle.
Am J Physiol Cell Physiol.; 289: C794—-C801.

Ji LL, MC Gomez-Cabrera, N Steinhafel, J Vina.
(2004): Acute exercise activates nuclear factor
(NF)-kB signaling pathway in rat skeletal muscle.
FASEB J .;18: 1499-1506.

Durham WIJ, YP Li, E Gerken, M Farid, S
Arbogast, RR Wolfe, MB Reid. (2004):Fatiguing
exercise reduces DNA binding activity of NF-kB
in skeletal muscle nuclei. J Appl Physiol.; 97:
1740-1745.

Lumeng CN, AR Saltiel. (2011): Inflammatory
links between obesity and metabolic disease. J
Clin Invest.;121(6):2111-17.

Klover PJ, AH Clementi, RA Mooney.(2005):
Interleukin-6  depletion selectively improves
hepatic insulin action in obesity.
Endocrinology.;146:3417-27.

editor(@americanscience.org




