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Abstract
Background: Inflammation plays an important role in the development of atherosclerosis. Interleukin-1 beta (IL-1β ) and lipocalin-2
(LCN-2) are important inflammatory markers in the pathogenesis of atherosclerosis.
Objectives: This study aimed to investigate the interactive effects of high intensity interval exercises (HIIT) with flaxseed oil consumption on IL-1β and LCN-2 gene expressions in the heart tissue of rats.
Methods: In this experimental study, 20 adult male Wistar rats were randomly selected and divided into four groups of five rats: (1)
Control, (2) HIIT, (3) 20 mg/kg of flaxseed oil, and (4) HIIT with mg/kg 20 flaxseed oil. Groups 2 and 4 ran on a treadmill for 10 weeks
and five weeks each, with 90% to 95% intensity of VO2max . For analysis of the research findings, Kolmogorov-Smirnov statistical
analysis and two-way ANOVA were used (P ≤ 0.05).
Results: Ten weeks of HIIT (P = 0.001) and flaxseed oil consumption (P = 0.03) had a significant effect on reducing the LCN-2 gene
expression in the heart tissue of rats. However, 10 weeks of HIIT (P = 0.19) and flaxseed oil consumption (P = 0.19) had no significant
effect on IL-1β gene expression in the heart tissue of rats. In addition, 10 weeks of HIIT with flaxseed oil has no interactive effects on
IL-1β (P = 0.91) and LCN-2 (P = 0.99) in the heart tissue of rats.
Conclusions: Although it seems that the simultaneous use of flaxseed oil with HIIT does not have interactive effects on IL-1β and
LCN-2 gene expressions in the heart tissue of rats, the use of flaxseed oil and HIIT alone results in improved LCN-2 gene expression
in the heart tissue of rats.
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1. Background
Inflammation plays an important role in the development and advancement of atherosclerosis. Increased levels of inflammatory factors can lead to leukocyte adhesion to the endothelium of the vessels and ultimately cause
atherosclerosis (1). Lipocalin-2 (LCN-2) is a cytokine that
belongs to the lipocalin family and acts as an inflammatory cytokine on signaling pathways. The expression and
secretion of lipocalin-2 is induced by many inflammatory
stimuli, including interleukin-1 beta (IL-1β ) (2-4). Research
has shown that IL-1β , with its inflammatory properties, reduces cellular function and is associated with an increase
in LCN-2 (5, 6). On the other hand, it has been shown that

inflammatory mediators such as LCN-2 and IL-1β are associated with the development and advancement of various
diseases, including cardiovascular disease, kidney damage, intestinal inflammation, and cancer (7). From ancient
times, plants have played an important role in the treatment of many diseases. It has also been noted that Iranians
have been pioneering people in the use of medicinal herbs
(8). Flaxseeds contain omega-3 and omega-6 fatty acids
and research has shown that flaxseed oil has many biological agents, including anti-inflammatory and anti-oxidant
effects; in addition, omega-3 and omega-6 fatty acids in
flaxseed oil prevent diseases caused by inflammation, including cardiovascular disease (9). Accordingly, studies
today attribute this characteristic of omega-3 to its anti-
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inflammatory effects (10). A study found that flaxseed oil
reduced oxidative stress and reduced the incidence of inflammation in dialysis patients (11). In another study, it was
found that flaxseed oil reduced the C-reactive protein (CRP)
in obese subjects (12). Few studies have been conducted on
the effect of flaxseed oil on the concentration of inflammatory factors. One study found that a 10-week flaxseed diet
reduced the levels of IL-1β and TNF-α in male Wistar rats
(13). Another study also found that a flaxseed oil consumption period reduced the concentration and gene expression of the intercellular adhesion molecule-1 (ICAM-1), an
agent of inflammatory mediators (14). Regarding the effect
of exercises on immune response, studies have shown that
there is an inverse relationship between levels of physical
activity with inflammatory mediators, with a high level of
physical fitness with low levels of inflammatory mediators
(13-15). It has also been shown that high intensity interval
training, in addition to reducing the amount of time and
level, has a similar effect on health compared to endurance
training (16). Accordingly, the results of the study showed
that IL-1β levels in rats decreased after a mandatory exercise course on the treadmill (17). In another study, 16 weeks
of exercise training significantly reduced the level of IL1β (18). Another study also found that exercise had no effect on inflammatory mediators such as IL-1β (19, 20). Few
studies have been conducted on the effect of physical activity on lipocalin, thus, in a study, the effect of a treadmill
training period on retinol binding protein-4 (RBP-4) levels in male rats was evaluated, which resulted in reduced
levels of RBP-4 visceral fat tissue after the exercise period,
though the LCN-2 was not monitored (RBP4 belongs to the
lipocalin family) (21). In another study, the effect of high
intensity interval training (HIIT) on the gene expression
of inflammatory biomarkers was investigated and the results showed that high HIIT reduced serum levels and gene
expression of IL-1β and LCN-2 in fast and slow contraction
muscles (22). Still again, in another study, it was found that
aerobic training significantly inhibited the increase of IL1β gene expression from particulate matter 10 (PM10) in
male rats (23). Regarding the simultaneous effect of sports
exercises and flaxseed oil supplementation on IL-1β and
LCN-2 factors, there are very few studies. In one study, it was
found that flaxseed oil consumption along with exercise
training decreased IL-1β and TNF-α levels in rats with ischemic heart disease (24). In another study, exercise training and flaxseed oil consumption reduced the concentration of IL-1β and TNF-α (13).
2. Objectives
Regarding the contradictions and the role of inflammatory factors in the development of diseases and the lim2

ited research on the effect of flaxseed oil on LCN-2 gene expression, as well as the limited studies on the effect of HIIT
on LCN-2, this study aimed to investigate the interactive effects of HIIT combined with flaxseed oil consumption on
IL-1β and LCN-2 gene expression in the heart tissue of rats.
3. Methods
In this experimental study, 20 Wistar rats with a weight
range of 323.7 ± 29.07 grams and 18 weeks old were selected
from the animal house of Baqiyatallah University of Medical Sciences, based on availability, and were assigned as the
statistical sample of the study. Rats were kept at 22 ± 2°C,
45% - 50% humidity and dark-light cycle (12 hours of light
and 12 hours of darkness). Before performing the research,
the rats were allowed to adapt to the laboratory environment and were then randomly divided into four groups
of five rats: (1) Control, (2) HIIT, (3) 20 mg/kg flaxseed oil,
and (4) HIIT 20 with mg/kg flaxseed oil. The food of rats
was provided from Karaj Behparvar Animal Food Company,
which rats were freely availed with it. To prepare flaxseed
oil, freshly ground flaxseeds were provided from Mehriz
city of Yazd province, and after drying, the oil was extracted
using oil extraction apparatus and fed to rats in appropriate doses.
The training groups performed the relevant trainings
at the specific time for ten weeks, each week for five sessions, including running with 90% to 95% intensity of
VO2max on the rodents’ treadmill, and at the same time,
the control group was placed on a treadmill for 15 minutes
with a speed of 2 m/min to equalize the effect of stress.
It should be noted that the HIIT protocol included three
stages of warming-up, the main body of the training (three
intervals), and cooling. The trainings were performed in
a 6 minute warm-up phase with 50% to 60% intensity of
VO2max , in the main body phase, 4 minute high intensity
interval trainings with 90% to 95% intensity of VO2max , 2
minute low intensity interval training with 50% to 60% intensity of VO2max , and training in the cooling stage was
done for 6 minutes with 50% to 60% intensity of VO2max .
The training protocol lasted up to 72 hours before sacrificing the rats. At the end of the research period, rats were
sacrificed and their heart tissue was removed.
For molecular analysis at the gene expression level, at
first, the extraction of RNA was carried out, according to
the manufacturer’s protocol (CinnaGen, Iran). Then, using
the light absorption property at 260 nm, with the aid of
the following relationship, the concentration and degree
of purity of the RNA sample was quantitatively achieved.
C (µg/µL) = A260 × ε × d/1000
C: A260 concentration: Optical absorption at 260 nm
wavelength; ε: Molar offset for RNA at 40 and for DNA at
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50, d: Dilution factor.
After extracting RNA with high purity and high concentration from all of the samples, cDNA synthesis steps
were taken according to the manufacturer’s protocol (Fermentas, USA) and then, the synthesized cDNA was used for
conducting reverse transcription reaction. Initially, the designed primers for genes were examined and genes were
examined by quantitative q-RT PCR method.
• IL-1β
-F: TAC CTA TGT CTT GCC CGT GGA G
-R: ATC ATC CCA CGA GTC ACA GAG G
• LCN-2
-F: GGA ATA TTC ACA GCT ACC CTC
-R: TTG TTA TCC TTG AGG CCC AG
Data on mean and standard deviation were reported.
The Shapiro-Wilk test was used to evaluate the normal distribution of the findings, and, as the distribution of the
findings was normal, two-way analysis of variance was
used to compare the levels of research variables in the four
groups. The significance level was considered to be 0.05 in
all statistics.

4. Results
The levels of LCN-2 and IL-1β gene expressions in the
heart tissue of four groups of study are presented in Table 1. The results of Shapiro-Wilk test showed that distribution of the findings was normal. The results of the two-way
ANOVA test in Table 2 shows that 10 weeks of HIIT (F = 17.01;
P = 0.001 and effect size = 0.51) and flaxseed oil consumption (F = 5.47; P = 0.03, and effect size = 0.25) have a significant effect on the reduction of LCN-2 gene expression in the
heart tissue of rats. However, HIIT with flaxseed oil has no
interactive effects on the reduction of LCN-2 gene expression in the heart tissue of rats (F = 0.001; P = 0.99 and effect size = 0.001). In addition, 10 weeks of HIIT (F = 1.85; P =
0.19, and effect size = 0.10) and flaxseed oil consumption (F
= 1.85; P = 0.19 and effect size = 0.10) has no effect on the IL1β gene expression in the heart tissue of rats. Besides, HIIT
with flaxseed oil has no interactive effects on the IL-1β gene
expression in the heart tissue of rats (F = 0.01; P = 0.91 and
effect size = 0.001).

5. Discussion
The beneficial effects of exercise on metabolic parameters have been reported in many studies. However, there is
little evidence of its impact on the immune system and inflammatory parameters in the heart tissue. Regarding the
effect of exercise activities on immune responses, there is
an inverse association between inflammatory biomarker
J Arch Mil Med. 2018; 6(4):e83888.

Table 1. LCN-2 and IL-1β Gene Expressions in the Heart Tissue of Four Groups of
Researcha
Group

Control

Variable
LCN-2

IL-1β

0.6483 ± 0.03543

0.2308 ± 0.05301

HIIT

0.5715 ± 0.04802

0.2018 ± 0.03873

Flaxseed oil consumption

0.6048 ± 0.04276

0.2018 ± 0.04290

HIIT with flaxseed oil

0.5276 ± 0.03968

0.1773 ± 0.03934

a

Values are expressed as mean ± SD.

concentrations and physical activity level, meaning that
in subjects with high physical activity and high physical
fitness, inflammatory factors are significantly lower than
those with no activity or low physical fitness (25). For this
purpose, the present study was designed to determine the
effects of 10 weeks of HIIT with flaxseed consumption on
LCN-2 and IL-1β gene expression in myocardial tissue of
healthy adult rats. Regarding the values of LCN-2 and IL-1β
gene expressions, the results of the study indicated a significant decrease in LCN-2 in the HIIT group, flaxseed consumption, and the interactive group of HIIT and flaxseed
consumption. However, the HIIT, the flaxseed consumption, and the HIIT with flaxseed consumption, had no significant effect on IL-1β levels. The potential reason for nonsignificant impact of combination of HIIT and flaxseed
consumption could be due to different issues such as small
sample size, low consumption dose of flaxseed consumption, or short research period. Virtually, it could be due
to the heterogeneity of the impact of this combination
within the group that made dispersion for the variable and
reduce the power of test. There are limited results regarding the effects of exercise on LCN-2 and IL-1β . In this regard, Mansouri et al. evaluated the effect of 7 week treadmill training on RBP-4 values in male rats. Their training
protocol consisted of 20 minutes of training at a low speed
of 15 - 20 m/min for 5 days a week, then, the duration and
intensity of the training increased, thus, in the last 2 weeks
the rats trained for 35 minutes and 30 m/min. They showed
that following these trainings, RBP-4 levels of visceral and
muscular fat in rats decreased (21). However, this study was
conducted on one of the LCN-2 families; LCN-2 was not directly evaluated and the targeted tissue to be evaluated was
not coronary heart disease.
In addition, in regards to human studies (on serum
samples), Choi et al. evaluated the effect of 12 weeks of aerobic exercise training on LCN-2 serum in obese women. In
this research, exercise activities consisted of 45 minutes
per day and resistance training included 20 minutes per
day of exercise. The results indicated no change in LCN-2
after 12 weeks of aerobic and resistance training (26). In
3

Khademi Y et al.

Table 2. Results of Two-way Analysis of Variance to Investigate the Effect of HIIT and Flaxseed Oil Consumption on LCN-2 and IL-1β Gene Expressions in the Heart Tissue of Rats
Variable/Factor

Sum of Squares

df

F

P Value

Effect Size

HIIT

0.03

1

17.01

0.001

0.51

LCN-2

Flaxseed oil

0.01

1

5.47

0.03

0.25

HIIT and flaxseed oil interaction

1.31

1

0.001

0.99

0.001

Total

6.98

20

HIIT

0.004

1

1.85

0.19

0.10

Flaxseed oil

IL-1β

0.004

1

1.85

0.19

0.10

HIIT and flaxseed oil interaction

2.50

1

0.01

0.91

0.001

Total

0.86

20

contrast to the above studies, Bijeh and Abbasian showed
that endurance training for 4 weeks and 50% to 75% intensity of VO2max could significantly reduce serum LCN-2 levels
(27). However, the discussion of the results of the present
study should be done extremely carefully. This is due to
the fact that in the study of Mansouri et al. RBP-4 (a member of the LCN-2 family) as well as adipose and muscle tissues were used and other studies were conducted on human subjects (21). In this regard, Lovatel et al. also evaluated the IL-1β values in the hippocampus of male rats after training on the treadmill. Their results indicated that
compulsory training on the treadmill was associated with
a decrease in IL-1β in the hippocampus of male rats (17). In
addition, Agarwal et al. assessed the effect of 16 weeks of
exercise training on the levels of IL-1β in male rats. Their
results also showed a significant decrease in IL-1β values in
male rats’ brain (18). Speisman et al. also evaluated the effects of 12-week cycling training on IL-1β male rats. Their
results indicated a reduction in IL-1β values in rats’ brains
(28). Regarding the above items, it is likely that the reduction of LCN-2 gene expression in the present study results
from a decrease in the amount and activation of NF-kB due
to exercise activity. Although the exact mechanism for reducing LCN-2 gene expression in the present study is not
well known, it may indicate the adaptive adjustability and
anti-inflammatory nature of sport activity. On the other
hand, myocardial inflammation plays a pivotal role in the
functioning of the heart and its disorders (29) and is one of
the common characteristics in CVDs (30). Inflammation is
a potent inducer of oxidative stress, and NF-kB responds to
inflammation and induces oxidative stress (31). Oxidative
stress and inflammation share common and corporate signaling pathways. ROS can trigger inflammation through
damage to macromolecules. ROS is also a product of the
inflammation process (32). Several transcription factors

4

play an important role in the development of myocardial
inflammation and CVDs (33). Nuclear factor-kappa B (BNFkb) is a polytropic transcription factor associated with the
pathology of many heart diseases. Oxidative stress causes
the transfer of NF-kb to the nucleus and the transcription
of several pathogenic genes (34) and mediates the expression of a number of genes from the pro-inflammatory cytokines (29, 33). NF-Kbp65 is one of the most important
family members of NF-Kb and plays an important role in
the development of disease (33). Modulating the inflammatory response is a new and promising way of treating
CVDs (35).
Recently, it has been found that vitamin D, omega-3,
and omega-6 play an important role in modulating the
immune/inflammatory system (36). Omega-3 and omega6 play an important role in inflammatory system modulation, which is done by regulating the production of inflammatory cytokines and inhibiting the proliferation of
pro-inflammatory cells, both of which play a determining role in the pathogenesis of inflammatory diseases (3638). Omega-3 also inhibits NF-kB activity by suppressing
NF-kB nuclear transmission and its transcription activity
(37). Inhibition of NF-kB activation is an effective strategy to prevent the production of inflammatory and proinflammatory cytokines. The suppression of NF-kB activation is involved in reducing inflammation of the heart
(29, 30). The training activity also positively regulates the
antioxidant defense and proteins reconstruction mechanisms in the body through redox sensitive transcription
factors, including NF-kB. A temporary and transient increase in the ROS levels activates the NF-kB cascade. The
NF-kB signal cascade is positively correlated with antioxidant defense mechanisms to counteract and prevent the
formation of defective inflammatory cycles and oxidative
stress associated with cardiovascular disease (32). A review
J Arch Mil Med. 2018; 6(4):e83888.
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of the related literature cannot provide a proper and accurate evidence of the effect of different intensities of aerobic
exercise on the concentration of LCN-2 and IL-1β . As noted
above, there has been little research on the effect of physical activity on these adipocytokines, and extremely little
research on LCN-2. In this regard, Choi et al. examined
the effects of exercise on LCN-2, which resulted in no significant changes in LCN-2 concentrations after 12 weeks of
moderate-intensity exercise in obese women (26). Therefore, this hypothesis is likely to be raised that the main reason for the ineffectiveness of their program has been the
intensity of exercise, and it seems that a higher intensity
exercise may reduce the levels of this adipocytokine. On
the other hand, due to the fact that the intensity of exercise
is the main factor affecting the outcome of the exercise, the
assessment of the effect of exercise intensity on the blood
levels of these variables is important. There is also the hypothesis that the greater the amount of energy consumed
during exercise and the higher metabolic pressure on body
organism, the more evident the lowering of the fat mass is
(39), which may potentially affect LCN-2 levels in the bloodstream. Whether the change in exercise intensity affects inflammatory, adipocytokines has been studied on some of
them (39). However, the effect of exercise intensity on LCN2 and IL-1β blood levels requires further evaluation. LCN-2
has been named as a mediator of obesity and insulin resistance,and other metabolic disorders associated with obesity (2, 4). The same link between obesity and the incidence
of inflammation and chronic diseases seems to have raised
LCN-2 as an inflammatory marker for researchers. The results of this study showed that the values of this adipocytokine significantly decreased in the training group, however, in the study of de Graaf-Roelfsema et al. which was
performed less intensely than the present study, there was
no significant change, despite the decrease. Perhaps this
decrease is attributed to the nature of the exercises with
a higher intensity, which although it causes inflammation
in the short term (40), it has anti-inflammatory effects in
the long term and decreases the risk of insulin resistance
by decreasing the fat mass. Since regular physical exercises
have a positive effect on other inflammatory markers and
cardiovascular risk factors, such as triglyceride, low density lipoprotein, and total cholesterol (41), the reason why
levels of this cytokine have not diminished after moderate intensity exercise is likely to be due to other factors,
including hormonal changes and substrate metabolism
that have not been addressed in this study. Given that excessive oxidative stress and inflammation (42) contribute
to the development of chronic diseases, the use of auxiliary agents in efforts to minimize oxidative stress may be
helpful. This is especially true for people who are typically involved in extreme sports activities as an ergogenic
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factor. Fatty acids alleviate the effects of free radicals in
two ways. First, omega-3 fatty acids may increase catalase
levels in peroxisomes and cytoplasm, thus, improving defense against free radicals. Second, omega-3 fatty acids are
replaced by fatty acids that are attacked by oxygen radicals (43, 44). In addition, omega-3 consumption has been
shown to reduce urine F2 isoprostane as an oxidative stress
biomarker. In vivo findings on the mechanism of omega-3
activity led to a series of studies that directly demonstrated
inhibitory effects of docosahexaenoic acid on NOX, that is,
NOX2 and NOX4 (45). Therefore, since cardiovascular disease and oxidative stress are a major problem people face,
and physical activity increases the antioxidant defense system by reducing oxidative stress. In addition, considering
the positive effects of exercise activity and antioxidant supplements, omega-3 and omega-6 alone, on the formation
of defective inflammatory cycles, the use of these antioxidant supplements is likely to enhance the effect of exercise
activity.
5.1. Conclusion
According to the results of this study, it can be concluded that although the use of flaxseed oil simultaneously with HIIT does not have interactive effects on IL-1β
and LCN-2 in the heart tissue of rats, the use of flaxseed oil
and HIIT alone can improve the LCN-2 gene expression in
the heart tissue of rats.

Footnotes
Authors’ Contribution: All authors equally contributed
to the writing and revision of this paper.
Conflict of Interests: There was no conflict of interest.
Ethical Considerations: For ethical considerations, animal experimental procedures were in accordance with institutional guidelines and approved by the Ethical Committee of Laboratory Animals Care at Marvdasht Islamic
Azad University, Marvdasht, Iran. (IR.MIAU.REC.1396.163).
Funding/Support: None declared.

References
1. Kargarfard M, Lam ET, Shariat A, Asle Mohammadi M, Afrasiabi
S, Shaw I, et al. Effects of endurance and high intensity training
on ICAM-1 and VCAM-1 levels and arterial pressure in obese and
normal weight adolescents. Phys Sportsmed. 2016;44(3):208–16. doi:
10.1080/00913847.2016.1200442. [PubMed: 27291761].
2. Wang Y, Lam KS, Kraegen EW, Sweeney G, Zhang J, Tso AW, et
al. Lipocalin-2 is an inflammatory marker closely associated with
obesity, insulin resistance, and hyperglycemia in humans. Clin
Chem. 2007;53(1):34–41. doi: 10.1373/clinchem.2006.075614. [PubMed:
17040956].

5

Khademi Y et al.

3. Yan QW, Yang Q, Mody N, Graham TE, Hsu CH, Xu Z, et al. The
adipokine lipocalin 2 is regulated by obesity and promotes insulin
resistance. Diabetes. 2007;56(10):2533–40. doi: 10.2337/db07-0007.
[PubMed: 17639021].
4. Zhang J, Wu Y, Zhang Y, Leroith D, Bernlohr DA, Chen X. The role
of lipocalin 2 in the regulation of inflammation in adipocytes
and macrophages. Mol Endocrinol. 2008;22(6):1416–26. doi:
10.1210/me.2007-0420. [PubMed:
18292240]. [PubMed Central:
PMC2422824].
5. Kralisch S, Weise S, Sommer G, Lipfert J, Lossner U, Bluher M,
et al. Interleukin-1beta induces the novel adipokine chemerin
in adipocytes in vitro. Regul Pept. 2009;154(1-3):102–6. doi:
10.1016/j.regpep.2009.02.010. [PubMed: 19233230].
6. Sommer G, Weise S, Kralisch S, Lossner U, Bluher M, Stumvoll M, et
al. Lipocalin-2 is induced by interleukin-1beta in murine adipocytes
in vitro. J Cell Biochem. 2009;106(1):103–8. doi: 10.1002/jcb.21980.
[PubMed: 19009554].
7. Bahmani P, Halabian R, Masroori N, Rouhbakhsh M, Ebrahimi M,
Nourani MR, et al. [Induction of heme oxygenase-1 by lipocalin 2 mediated by NF-κB transcription factor]. J Iran Anat Sci. 2009;7:33–44. Persian.
8. Mohammadi Karizno F, Saghebjoo M, Foadoddini M, Sarir H. [The role
of aerobic training and Pistacia atlantica extract on the levels of protein carbonyl, heat shock protein 70, and glycogen in the liver tissue
of diabetic rats]. J Birjand Univ Med Sci. 2014;21(1):35–47. Persian.
9. Zuk M, Kulma A, Dyminska L, Szoltysek K, Prescha A, Hanuza J, et al.
Flavonoid engineering of flax potentiate its biotechnological application. BMC Biotechnol. 2011;11:10. doi: 10.1186/1472-6750-11-10. [PubMed:
21276227]. [PubMed Central: PMC3040132].
10. Sneddon AA, Tsofliou F, Fyfe CL, Matheson I, Jackson DM, Horgan G,
et al. Effect of a conjugated linoleic acid and omega-3 fatty acid mixture on body composition and adiponectin. Obesity (Silver Spring).
2008;16(5):1019–24. doi: 10.1038/oby.2008.41. [PubMed: 18356842].
11. Mirfatahi M, Tabibi H, Nasrollahi A, Hedayati M, Taghizadeh M. Effect
of flaxseed oil on serum systemic and vascular inflammation markers and oxidative stress in hemodialysis patients: A randomized controlled trial. Int Urol Nephrol. 2016;48(8):1335–41. doi: 10.1007/s11255016-1300-5. [PubMed: 27115157].
12. Ren GY, Chen CY, Chen GC, Chen WG, Pan A, Pan CW, et al. Effect of
flaxseed intervention on inflammatory marker C-reactive protein: A
systematic review and meta-analysis of randomized controlled trials.
Nutrients. 2016;8(3):136. doi: 10.3390/nu8030136. [PubMed: 26959052].
[PubMed Central: PMC4808865].
13. Khademi Y, Azarbayjani MA, Hosseini SA. [Simultaneous effect of
high-intensity interval training (HIIT) and consumption of flaxseed
on serum levels of TNF-α and IL1β in rats]. Horizon Med Sci.
2017;23(4):257–63. Persian.
14. Khademi Y, Azarbayejani MA, Hossini A. [The effect of high intensity aerobic interval training (HIIT) and flaxseed oil on ICAM- 1 gene
expression in heart tissue of male wistar rats]. Armaghan Danesh.
2016;21(116):873–86. Persian.
15. Beavers KM, Brinkley TE, Nicklas BJ. Effect of exercise training on
chronic inflammation. Clin Chim Acta. 2010;411(11-12):785–93. doi:
10.1016/j.cca.2010.02.069. [PubMed: 20188719]. [PubMed Central:
PMC3629815].
16. Talanian JL, Galloway SD, Heigenhauser GJ, Bonen A, Spriet LL. Two
weeks of high-intensity aerobic interval training increases the capacity for fat oxidation during exercise in women. J Appl Physiol (1985).
2007;102(4):1439–47. doi: 10.1152/japplphysiol.01098.2006. [PubMed:
17170203].
17. Lovatel GA, Elsner VR, Bertoldi K, Vanzella C, Moyses Fdos S, Vizuete
A, et al. Treadmill exercise induces age-related changes in aversive memory, neuroinflammatory and epigenetic processes in
the rat hippocampus. Neurobiol Learn Mem. 2013;101:94–102. doi:
10.1016/j.nlm.2013.01.007. [PubMed: 23357282].
18. Agarwal D, Welsch MA, Keller JN, Francis J. Chronic exercise mod-

6

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ulates RAS components and improves balance between pro- and
anti-inflammatory cytokines in the brain of SHR. Basic Res Cardiol. 2011;106(6):1069–85. doi: 10.1007/s00395-011-0231-7. [PubMed:
22124756]. [PubMed Central: PMC3261080].
Jenkins NT, Padilla J, Arce-Esquivel AA, Bayless DS, Martin JS, Leidy HJ,
et al. Effects of endurance exercise training, metformin, and their
combination on adipose tissue leptin and IL-10 secretion in OLETF
rats. J Appl Physiol (1985). 2012;113(12):1873–83. doi: 10.1152/japplphysiol.00936.2012. [PubMed: 23019312]. [PubMed Central: PMC3544496].
Molanouri Shamsi M, Hassan ZH, Gharakhanlou R, Quinn LS, Azadmanesh K, Baghersad L, et al. Expression of interleukin-15 and inflammatory cytokines in skeletal muscles of STZ-induced diabetic rats:
Effect of resistance exercise training. Endocrine. 2014;46(1):60–9. doi:
10.1007/s12020-013-0038-4. [PubMed: 24006180].
Mansouri M, Nikooie R, Keshtkar A, Larijani B, Omidfar K. Effect of
endurance training on retinol-binding protein 4 gene expression
and its protein level in adipose tissue and the liver in diabetic rats
induced by a high-fat diet and streptozotocin. J Diabetes Investig.
2014;5(5):484–91. doi: 10.1111/jdi.12186. [PubMed: 25411614]. [PubMed
Central: PMC4188104].
Hasanvand B, Soori R, Rastegar Moghadam Mansouri M, Abbasian S.
[The effect of high intensity interval training on gene expression of inflammatory biomarkers in fast-and slow muscles of rats]. Armaghane
Danesh. 2017;21(12):1164–78. Persian.
Pak Rad B, Agha Alinejad H, Zamani A, Fashi M, Rezaei Seraji B, Rajabi Z.
[Study of effect of aerobic exercise in particulate air pollution tlr4 and
il-1β genes expression in male wistar rats’heart tissue]. Sport Physiol.
2016;8(31):77–92. Persian.
Nounou HA, Deif MM, Shalaby MA. Effect of flaxseed supplementation
and exercise training on lipid profile, oxidative stress and inflammation in rats with myocardial ischemia. Lipids Health Dis. 2012;11:129.
doi: 10.1186/1476-511X-11-129. [PubMed: 23036047]. [PubMed Central:
PMC3508923].
Christian F, Smith EL, Carmody RJ. The Regulation of NF-kappaB Subunits by Phosphorylation. Cells. 2016;5(1). doi: 10.3390/cells5010012.
[PubMed: 26999213]. [PubMed Central: PMC4810097].
Choi KM, Kim TN, Yoo HJ, Lee KW, Cho GJ, Hwang TG, et al. Effect
of exercise training on A-FABP, lipocalin-2 and RBP4 levels in obese
women. Clin Endocrinol (Oxf). 2009;70(4):569–74. doi: 10.1111/j.13652265.2008.03374.x. [PubMed: 18710473].
Bijeh N, Abbasian S. [The effect of intensity of aerobic training and dietary pattern changing on interleukin-1β and resistance insulin indexes in non-active obese subjects]. Arak Med Univ J. 2013;16(7):1–13. Persian.
Speisman RB, Kumar A, Rani A, Foster TC, Ormerod BK. Daily exercise improves memory, stimulates hippocampal neurogenesis and
modulates immune and neuroimmune cytokines in aging rats. Brain
Behav Immun. 2013;28:25–43. doi: 10.1016/j.bbi.2012.09.013. [PubMed:
23078985]. [PubMed Central: PMC3545095].
Yang Y, Lv J, Jiang S, Ma Z, Wang D, Hu W, et al. The emerging role of
Toll-like receptor 4 in myocardial inflammation. Cell Death Dis. 2016;7.
e2234. doi: 10.1038/cddis.2016.140. [PubMed: 27228349]. [PubMed Central: PMC4917669].
Dange RB, Agarwal D, Masson GS, Vila J, Wilson B, Nair A, et al.
Central blockade of TLR4 improves cardiac function and attenuates
myocardial inflammation in angiotensin II-induced hypertension.
Cardiovasc Res. 2014;103(1):17–27. doi: 10.1093/cvr/cvu067. [PubMed:
24667851].
Halder SK, Sharan C, Al-Hendy A. 1,25-dihydroxyvitamin D3 treatment shrinks uterine leiomyoma tumors in the Eker rat model. Biol
Reprod. 2012;86(4):116. doi: 10.1095/biolreprod.111.098145. [PubMed:
22302692]. [PubMed Central: PMC3338660].
Sallam N, Laher I. Exercise modulates oxidative stress and inflammation in aging and cardiovascular diseases. Oxid Med Cell Longev.
2016;2016:7239639. doi: 10.1155/2016/7239639. [PubMed: 26823952].

J Arch Mil Med. 2018; 6(4):e83888.

Khademi Y et al.

[PubMed Central: PMC4707375].
33. Yu XH, Zheng XL, Tang CK. Nuclear factor-kappaB activation as a
pathological mechanism of lipid metabolism and atherosclerosis.
Adv Clin Chem. 2015;70:1–30. doi: 10.1016/bs.acc.2015.03.004. [PubMed:
26231484].
34. Bagul PK, Deepthi N, Sultana R, Banerjee SK. Resveratrol ameliorates cardiac oxidative stress in diabetes through deacetylation of
NFkB-p65 and histone 3. J Nutr Biochem. 2015;26(11):1298–307. doi:
10.1016/j.jnutbio.2015.06.006. [PubMed: 26298192].
35. Steven S, Munzel T, Daiber A. Exploiting the pleiotropic antioxidant
effects of established drugs in cardiovascular disease. Int J Mol Sci.
2015;16(8):18185–223. doi: 10.3390/ijms160818185. [PubMed: 26251902].
[PubMed Central: PMC4581241].
36. Yin K, Agrawal DK. Vitamin D and inflammatory diseases. J Inflamm Res. 2014;7:69–87. doi: 10.2147/JIR.S63898. [PubMed: 24971027].
[PubMed Central: PMC4070857].
37. Chen S, Swier VJ, Boosani CS, Radwan MM, Agrawal DK. Vitamin
D deficiency accelerates coronary artery disease progression
in swine. Arterioscler Thromb Vasc Biol. 2016;36(8):1651–9. doi:
10.1161/ATVBAHA.116.307586. [PubMed: 27255724]. [PubMed Central:
PMC4965317].
38. Norman PE, Powell JT. Vitamin D and cardiovascular disease. Circ
Res. 2014;114(2):379–93. doi: 10.1161/CIRCRESAHA.113.301241. [PubMed:
24436433].
39. Mohebbi H, Moghadasi M, Rahmani-Nia F, Hassan-Nia S, Noroozi
H. [Effect of 12 weeks life-style activity modification (LAM) on

J Arch Mil Med. 2018; 6(4):e83888.

40.

41.

42.

43.

44.

45.

adiponectin gene expression and plasma adiponectin in obese men].
Iran J Endocrinol Metab. 2010;12(1):25–81. Persian.
de Graaf-Roelfsema E, Keizer HA, van Breda E, Wijnberg ID, van der
Kolk JH. Hormonal responses to acute exercise, training and overtraining. A review with emphasis on the horse. Vet Q. 2007;29(3):82–
101. doi: 10.1080/01652176.2007.9695232. [PubMed: 17970286].
Graham TE, Yang Q, Bluher M, Hammarstedt A, Ciaraldi TP, Henry
RR, et al. Retinol-binding protein 4 and insulin resistance in lean,
obese, and diabetic subjects. N Engl J Med. 2006;354(24):2552–63. doi:
10.1056/NEJMoa054862. [PubMed: 16775236].
Chung HY, Cesari M, Anton S, Marzetti E, Giovannini S, Seo
AY, et al. Molecular inflammation: Underpinnings of aging
and age-related diseases. Ageing Res Rev. 2009;8(1):18–30. doi:
10.1016/j.arr.2008.07.002. [PubMed: 18692159]. [PubMed Central:
PMC3782993].
Gomes EC, Silva AN, de Oliveira MR. Oxidants, antioxidants, and the
beneficial roles of exercise-induced production of reactive species.
Oxid Med Cell Longev. 2012;2012:756132. doi: 10.1155/2012/756132.
[PubMed: 22701757]. [PubMed Central: PMC3372226].
Visioli F, Giordano E, Nicod NM, Davalos A. Molecular targets of
omega 3 and conjugated linoleic Fatty acids - "micromanaging" cellular response. Front Physiol. 2012;3:42. doi: 10.3389/fphys.2012.00042.
[PubMed: 22393325]. [PubMed Central: PMC3289952].
Richard D, Bausero P, Schneider C, Visioli F. Polyunsaturated fatty
acids and cardiovascular disease. Cell Mol Life Sci. 2009;66(20):3277–
88. doi: 10.1007/s00018-009-0085-4. [PubMed: 19590823].

7

