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Objective: Obesity is associated with chronic inflammation and increased inflammatory
markers. The aim of the present study was to investigate the effects of obesity and aerobic
exercise training, as well as curcumin supplementation, on inflammatory factors in male rats.
Methods: Twenty-five adult male Wistar rats, eight weeks old and weighing 187.5 + 9.37 g,
were randomly selected and fed a high-fat diet for 8 weeks to induce obesity. The rats were
divided into five groups: healthy, obese, obese + exercise, obese + supplement, and obese +
exercise + supplement. After confirming obesity, curcumin supplementation was
administered as an oral solution and aerobic exercise was performed in the respective groups
for 8 weeks, 5 sessions per week. Real Time-PCR was used to measure the expression of
TLR4, NF-kB, NLRP3, and IL-1p genes. One-way analysis of variance and Tukey's post hoc
test were used to determine the difference between groups at a significance level of p<0.05.

Results: According to the results of the one-way analysis of variance test, there is a
significant difference between the present study groups in the expression of TLR4, NF-kB,
NLRP3 and IL-1f genes after eight weeks of aerobic training and curcumin supplementation
(p=0.001). The results of the Tukey post-hoc test showed that the expression of the above
genes was significantly higher in the obese group than in the healthy group (p=0.001). Also,
these gene expressions were significantly lower in the obese + exercise, obese + supplement
and obese + exercise + supplement groups than in the obese group (p=0.001). Regarding the
TLR4, NF-xB, NLRP3 and IL-1B genes, no significant difference was observed between the
healthy, obese + exercise, obese + supplement and obese + exercise + supplement groups
(p<0.05).

Conclusion: The present study suggests that aerobic exercise combined with curcumin
supplementation leads to improvement of the TLR4/NF-kB/NLRP3/IL-1 signaling pathway
in obese male rats.
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Extended Abstract

Introduction

Obesity is closely associated with a wide
range of diseases, such as diabetes,
dyslipidemia, hypertension, and various
types of cancer. In obesity, visceral fat cells
tend to enlarge due to excessive accumulation
of triglycerides. These enlarged fat cells
release lipid droplets into the surrounding
area and induce a local inflammatory
response in macrophages. As a result, the
phenotype of visceral fat cells changes from
an anti-inflammatory to a pro-inflammatory
state. This leads to the production of
inflammatory cytokines and chemokines by
visceral fat cells. In addition, the number of
macrophages in adipose tissue increases
rapidly, creating a vicious cycle of
inflammation. The Toll-like receptor 4
(TLR4) signaling pathway is widely
recognized as a major factor in obesity-
induced inflammation. It is well established
that TLR4 is activated by lipopolysaccharide
(LPS) and plays a critical role in mediating
the interaction between inflammatory and
metabolic signals. TLR4 is an extracellular
receptor that plays a critical role in the
recognition of antigenic information. Upon
activation by LPS or fatty acids, TLR4 forms
a complex with myeloid differentiation
protein-2 (MD-2). This complex transduces
signals into the cell and triggers an
inflammatory response. In addition, early
myeloid differentiation response 88 (MyD88)
binds to TLR4 complexes and transmits
signals to downstream molecules, including
interleukin-1 receptor-associated kinase 4
(IRAK4). This activation leads to subsequent
signaling cascades. Tumor necrosis factor
receptor-associated factor 6 (TRAF6) is
activated by IRAK4, leading to the activation

of nuclear transcription factor kappa B (NF-
kB). Activation of NF-kB initiates the
transcription and expression of
proinflammatory genes and leads to the over-
accumulation of various mediators, including
proinflammatory and inflammatory
cytokines. The NOD-like receptor family
pyrin  domain  protein 3 (NLRP3)
inflammasome can also facilitate the
secretion of inflammatory cytokines and has
been shown to be an important component of
the innate immune system that acts as an
initiator of pathology-associated
inflammation.  Notably, the activated
TLR4/NF-xB pathway is highly involved in
the transcription and translation of NLRP3.
Accordingly, it is undeniable that blocking
the TLR4/NF-kB/NLRP3 pathway could be a
potential treatment for inflammation-related
disorders, including obesity. Furthermore,
interleukin 1 beta (IL-1B) is a
proinflammatory cytokine with diverse
physiological functions and pathological
significance, which is secreted by epithelial
cells and macrophages. Studies have reported
that IL-1p levels are directly related to body
mass index (BMI) and its levels are higher in
obese individuals than in normal weight
individuals [3]. Therefore, the IL-13/NLRP3
pathway plays an important role in adipose
tissue (AT)-induced inflammation and the
development of obesity-related diseases. The
aim of this study was to identify the
relationship between aerobic exercise and
curcumin  supplementation and obesity
induced by TLR4/NF-xB/NLRP3/IL-1B
inflammation and to investigate the potential
mechanism of the effect of aerobic exercise
on obesity-related diseases.
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Methods

25 healthy male Wistar rats with an average
age of eight weeks and an average weight of
187.5 + 9.37 g were purchased from Razi
Serum Institute, Mashhad. The samples were
kept in controlled laboratory conditions at a
temperature of 25 + 3 °C, a light-dark cycle
of 12:12 hours, and a humidity of 35 to 55%.
One week was allowed for the rats to adapt to
the controlled laboratory conditions and the
specific diet. After one week, the rats were
divided into two groups: normal diet (5 rats)
and high-fat diet (20 rats). For eight weeks,
the ND group was fed a standard diet (10%
fat, 70% carbohydrate, and 20% protein) and
the HFD group was fed a high-fat diet (60%
fat, 20% carbohydrate, and 20% protein),
prepared by the pellet mill of Razi Serum
Institute. The Lee index (cubic root of body
weight (g) / body length (cm) multiplied by
1000) was used to assess the degree of
obesity in animals, and values above 310
were considered obese rats. Rats that
consumed a normal diet were placed in the
healthy group, and obese rats were placed in
four groups: obese, obese + exercise, obese +
supplement, and obese + exercise +
supplement (each group of five rats). Also,
since the aim of this study is to examine the
independent effect of exercise training and
curcumin supplementation; the obese groups
were fed a high-fat diet until the end of the
study. In the aerobic training protocol, rats
trained according to the exercise program for
eight weeks, five sessions per week. To
measure maximal oxygen consumption
(VO2max), rats initially ran on a treadmill for
five minutes at a speed of six meters per
minute and a zero-degree incline to warm up.
Then, the treadmill speed was increased by 3
meters per minute every 3 minutes until the
rats reached exhaustion and were unable to
continue. The criterion for reaching VO2max
was the inability of rats to continue the
training protocol by increasing the speed and

hitting the end of the treadmill three times in
a row within a minute. The aerobic group
trained as follows: after a 5-10 minute warm-
up at an intensity of 50-60% of VO2max,
they trained continuously for 50 minutes at an
intensity of 65-75% of VO2max, and finally,
they cooled down for five minutes at an
intensity of 50-60% of VO2max. Curcumin
supplement was administered orally in 4%
carboxymethyl oleate solvent at a dose of 100
mg/kg body weight one hour before exercise
to obese+supplement and
obesetexercise+supplement groups. Rats
were anesthetized 48 hours after the last
exercise  session using intraperitoneal
injection of ketamine (100 mg/kg body
weight) and xylazine (10 mg/kg body
weight); then an incision was made in the
abdomen of the rats and subcutaneous fat was
removed.

Results

According to the results of the one-way
analysis of variance test, there is a significant
difference between the present study groups
in the expression of TLR4, NF-xB, NLRP3
and IL-1p genes after eight weeks of aerobic
training and curcumin supplementation
(p=0.001). The results of the Tukey post-hoc
test showed that the expression of TLR4, NF-
kB, NLRP3 and IL-1B genes in the obese
group was significantly higher than in the
healthy group (p=0.001). The expression of
TLR4, NF-xB, NLRP3 and IL-1P genes in
the obese + exercise, obese + supplement and
obese + exercise + supplement groups was
significantly lower than in the obese group
(p=0.001). The decrease in the expression of
the aforementioned genes in the obese +
exercise + supplement group was evident
compared to the obese + exercise and obese
+ supplement groups, but this difference was
not significant (p>0.05). Regarding TLR4,
NF-«B, NLRP3, and IL-1B genes, no
significant  differences were observed
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between the healthy, obesetexercise,
obese+supplement, and
obese+exercise+supplement groups
(p>0.05).

Discussion

The present study suggests that aerobic
exercise ~ combined  with  curcumin
supplementation leads to improvements in
the TLR4/NF-«B/NLRP3/IL-1p signaling
pathway in obese male rats. These changes
seem to be an effective strategy for reducing
disorders associated with overweight and
obesity. It should be noted that aerobic
exercise ~ combined  with  curcumin
supplementation was more effective than
curcumin  supplementation and aerobic
exercise. However, more studies in this field
seem necessary.

Keywords: Aerobic training, Curcumin,
TLR4, NF-xB, NLRP3, IL-1f3
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