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Abstract

Background: Herein, we studied the effects of two different exercise protocols on IL-17 and CRP
plasma levels along with the anti-inflammatory effects of fish oil. The purpose of the present study
was to investigate the effect of FEicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA)
consumption along with two different types of physical activities on IL-17 and CRP plasma levels in
trained male mice.

Methods: A total of 130 adult male mice of Syrian race with the age of 2 months and the weight of
351 grams were selected. At the beginning, 10 mice were killed in order to determine the amounts
of pre-test variables. The rest of the mice were randomly divided into 6 groups including control
group (n=20), supplement (n=20), aerobic exercise (n=20), anaerobic exercise (n=20), supplement-
aerobic exercise (n=20), and supplement-anaerobic exercise (n=20). Blood samples were withdrawn
from the tail under intraperitoneal ketamine and xylasine anaesthesia. The anaerobic training pro-
gram included 8 weeks of running on treadmill, 3 sessions per week; the aerobic training program
included 8 weeks of running on treadmill, 5 sessions per week. At the end of the training program,
the blood sample from each group was taken in order to measure the CRP and IL-17 levels. The
analysis of variance (ANOVA) was used to determine the differences among the groups.

Results: The results showed that there was a significant difference in IL-17 and CRP plasma levels
between the groups after 8 weeks (P<0.05).

Conclusion: Following the two different training programs, both IL-17 and CRP plasma levels in-
creased, although these observed increases were not same for two measured variables. The results
might also show that the effect of the supplement depends on the type of training.
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Introduction
Polyunsaturated fatty acids are vital for
both animals’ and humans’ health. Unsatu-

pears that omega-3 fatty acid fulfills its bio-
logical effects by changes in lipid mem-
brane or by directly activating the sub-

rated fatty acids in fats are omega-3 and
omega-6 fatty acids both of which play
fundamental roles in body metabolism.
Omega-3 fatty acids are classified into
three groups of Alfa-linolenic Acid (ALA),
Docosahexaenoic  Acid (DHA), and
Eicosapentaenoic Acid (EPA) (1) . It ap-

strates for metabolism. The role of omega-3
fatty acids in body is to fight with various
diseases and inflammation (2). Therefore,
inflammatory responses are necessary in
preventing diseases and it seems that the
true balance in consuming omega-3 and
omega-6 fatty acids can help the issue (1).
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Different parts of immune system are in-
volved in fighting with inflammation. Cy-
tokines are one of the subdivisions of this
system (3,4). The word “cytokine” is ap-
plied to a group of public regulatory factors
including lymphokines made of lympho-
cytes and monokines made of monocytes
(5). One of these cytokines is IL-17. IL-17
is clearly involved in inducing and mediat-
ing the inflammation. Although IL-17 is
derived from a T cell, it is a pre-
inflammatory cytokine, and it is assumed to
have some role in progression of various
inflammatory diseases, secretion of IL-16,
and activating neutrophil in the tissue (6).
The prognosis of inflammation and patho-
genic factors in the body, on the other hand,
is one of the most important and sensitive
roles of immune system undertaken by
some proteins. Quantity of the proteins in
plasma and serum are changed due to the
factors such as inflammation called acute
phase proteins (APP) (7). The role of most
of these proteins is to decrease the inflam-
matory damages in tissues (8) . The C - re-
active protein (CRP) is one of the acute
phase proteins produced by liver and is one
of the primary indicators of inflammation
in the body (9). Measuring CRP is the best
way to diagnose tissue damages due to its
rapid increase at the onset of the tissue
damage and its rapid decrease soon after
the recovery. Physical activity is one of the
ways that causes inflammation (10). In the
past two decades, it is said that the physical
activity has deep impacts on immune sys-
tem, and the metabolic changes resulting
from physical activity with muscle contrac-
tion and hormonal changes can be found in
some organs like liver and adipose tissue
(10). In some studies on the effect of physi-
cal activity on CRP and IL-17, the intensity
of training has been highly emphasized. For
example, the results of a study showed that
one session intense training would increase
IL-17 in mice whereas one session physical
activity with moderate intensity would not
change IL-17 production in mice. In this
study, it was also found that the intense and
moderate training would cause an increase
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in IL-16 level in the trained mice (11). The
result of the two types of intense and light
training programs was also studied and the
outcomes proved that after eight weeks, the
level of this cytokine increased in a group
with intense training but there was no alter-
ation in another group (10). In contrast,
Golzari Z. et al. found that if a combined
program (including warm-up, stretching
exercise, aerobic exercise, strength training
and a relaxation program at the end of each
session) is used for eight weeks, IL-17 level
do not increase; in some people, there will
be some decrease as a result of low level of
training intensity (12). On the other hand,
some studies has been done on CRP after
physical activity (8,13,14). One of the
training studies in this regard was per-
formed by Kim HJ, et al. They studied the
effect of running distance during marathon
(42.195 Km) and ultra marathon (200 Km)
on CRP and found that after marathon, the
level of this protein does not change but
after one day, it increased ¥4 times and after
four days, it went back to its original level.
They also stated that the CRP level after
ultra marathon increased 40 times and it
remained in the same level up to six days
after the race (14). In contrast, in another
study, it was stated that the CRP level in
healthy people and those with cardiovascu-
lar disease will decrease following twenty
weeks of training with the intensity of 75%
maximum oxygen consumption on ergome-
ter bike but this decrease is more notable in
subject patients (13).

Therefore, regarding the effect of physi-
cal activity on inflammation, the purpose of
this research is to study the effect and com-
parison of eight weeks intense aerobic or
anaerobic physical training on possible
changes in some systematic inflammatory
markers (CRP, and IL-17). We are also
looking for possible effects of omega-3 fat-
ty acids on CRP and IL-17 levels and if
yes, it relation to the type of activity.

Methods
Data
In this experimental study, 130 mice of
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Table 1. Anaerobic exercise program (speed, slope and time)

Training ses- Speed (mi- Slope (de- Time (se- Rest between cycles
sions i
1-6 3 24 5 30 1
7-8 4 24 5 30 1
9-12 4 27 10 30 1
13-16 5 27 10 30 1
17-18 5 30 15 30 1
19-24 6 30 15 30 1
Table 2. Aerobic exercise program (speed, slope and time)
Days Variable 1 2 3t 40 5 6" 7" 8"
week week week week week week week week
Speed (m/min) 10 10 12 13 17 19 22 27
g > Slope (degree) 5 10 15 15 15 15 18 18
=i Time (m) 15 15 60 60 60 60 60 60
Speed (m/min) 10 10 12 13 17 19 22 27
§ = Slope (degree) 5 13 15 15 15 15 18 18
s Time (m) 15 15 60 60 60 60 60 60
Speed (m/min) 10 12 12 13 17 19 22 27
s > Slope (degree) 8 13 15 15 15 15 18 18
g3
= Time (m) 15 15 60 60 60 60 60 60
Speed (m/min) 10 12 12 13 17 19 22 27
;5 2 Slope (degree) 8 15 15 15 15 15 18 18
S Time (m) 15 15 60 60 60 60 60 60
Speed (m/min) 10 12 12 13 17 19 22 27
E 2 Slope (degree) 10 15 15 15 15 15 18 18
~ Time (m) 15 45 60 60 60 60 60 60
Syrian race with the age of 2 months and supplement groups began to run on tread-
the weight of 35+1 grams were selected. At mill for one week, with the speed of 5 me-
first, 10 mice were killed to determine pre- ters per minute and zero slopes for 10
test variables; Unconscious was induced minutes. After getting familiar with the
using Ketamine (30 to 50 mg per kg body treadmill, the speed increased to 7 meters
weight, intraperitoneally) mixed with per minute, the slope raised to 5 degrees
Xylazine (3 to 5 mg per kg body weight, and the duration to 15 minutes. On the oth-
intraperitoneally) and then blood samples er hand, the anaerobic training program in-
were taken from their tail. The rest of mice cluded 8 weeks of running on treadmill, 3
were randomly divided into six groups in- sessions per week (10). The mice in the an-
cluding control group (n=20), supplement aerobic and supplement-anaerobic groups
(n=20), aerobic exercise (n=20), anaerobic ran on the treadmill for one week (3 ses-
exercise (n=20), supplement-aerobic (n= sions) with the intensity of 12 meters per
20), and supplement-anaerobic (n=20). The minute. The training program included the
mice were kept in separate cages (6 mice speed, slope, and duration of running on
per cage), with a mean temperature of 23+2 treadmill (see the aerobic program in Table
°C and a light cycle of 12 hours light and 1 and the anaerobic program on Table 2).
12 hours darkness. The mice had free ac- The mice in three groups of supplement,
cess to water and food packets. The physi- aerobic-supplement and anaerobic-
cal activity started using rodents’ treadmill supplement were fed (using gavage) 0.2 ml
(with 7 simultaneous lines). The aerobic (0.06 ml/g of body weight) of fish oil
training program included 8 weeks of run- (omega 3) including DHA and EPA for 8
ning on treadmill, 5 sessions per week (15). weeks on a daily basis. At the end of the
In order to get familiar with the treadmill, exercise, the blood samples from each
the aerobic exercise and aerobic- group were taken in order to measure the
Med J Islam Repub Iran 2015 (12 July). Vol. 29:236. 3 http://mjiri.iums.ac.ir
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CRP and IL-17 levels. Measurement were
performed using Elisa kits, MOUSE-KIT
(ID Labs inc., Hungary) for IL-17 and
CRP-KIT (Neflometry, England) for CRP.

Statistical Analysis

Data analysis was performed using the
SPSS version16. The analysis of variance
(ANOVA) was used to determine the dif-
ferences among the groups; if significant,
Tukey’s post hoc test was used. The signif-
icance level of statistical analysis is 0<0.05.

Results

The results showed that there was a sig-
nificant difference in interleukin-17 level
among the groups (p<0.05). This research
showed that the supplement consumption
(without physical activity) causes a signifi-
cant decrease in IL-17 level (p<0.05) but
applying both training programs leads to a
significant increase in this cytokine; this
increase is more notable after doing anaer-
obic exercise (p<0.01). Furthermore, when
aerobic exercise is together with supple-
ment consumption (aerobic-supplement
group) there is no difference between the
results of this group and the aerobic group;
but when the supplement consumption is
together with anaerobic exercise, it doesn’t
increase and there is no significant change
in IL-17 level (Table 3). On the other hand,

Control group

Supplement group

Aerobic exercise

Anaerobic exercise
Supplement-aerobic exercise

Table 3. Changes in interleukin-17 (pg/ml) before and after aerobic and anaerobic exercises in groups

the results of recent research showed that
there is a significant difference in the levels
of CRP among the groups (p<0.05). Com-
paring the average CRP before and after the
exercise in the groups indicated that the
supplement consumption results in a nota-
ble decrease in this protein. During the
physical activity, the CRP level will in-
crease but this increase is more notable in
aerobic group (p<0.01) (Table 4). There is
also a significant difference between sup-
plement-aerobic group and supplement-
anaerobic group and the results showed that
the supplement consumption with aerobic
exercise will only decrease the slope
whereas the supplement consumption with
anaerobic exercise makes no significant
change.

Discussion

The results of current research show
that there is a significant difference in IL-
17 and CRP plasma levels after EPA and
DHA supplement consumption along
with physical activity. These dependent
variables are involved in regulation of
immunity and inflammatory
responses(16,17). Although pre-
inflammatory cytokines are necessary for
immunity defense, the maximum produc-
tion of these cytokines can cause the in-
flammation and then the injury to skeletal

Before exercise After exercise
120.98+5.67 126.00*+8.42
120.98+5.67 93.06%+6.25
120.98+5.67 126.06*+9.32
120.98+5.67 143.96**+8.54
120.98+5.67 129.12*+5.68
120.98+5.67 121.32+5.98

Supplement-anaerobic exercise

* Stars indicate there is a significant difference (p<0.05)
** Stars indicate there is a significant difference (p<0.01)

Table 4. Changes in CRP (u/1) before and after aerobic and anaerobic exercises in groups

Before exercise After exercise

Control group 0.82+0.35 0.99+0.32
Supplement group 0.82+0.35 0.30*+0.20
Aerobic exercise 0.82+0.35 2.30**+0.95
Anaerobic exercise 0.82+0.35 1.70*+1.10
Supplement-aerobic exercise 0.82+0.35 1.35%+0.98
Supplement-anaerobic exercise 0.82+0.35 1.10+£0.89
* Stars indicate there is a significant difference (p<0.05)
** Stars indicate there is a significant difference (p<0.01)
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muscle, weakness and increased risk of
infection (18) IL-17 cytokine is able to
activate the macrophages, the fibroblasts,
secretion of IL-1, IL-6, and IL-8 cyto-
kines, the secretion of E2 prostaglandins
and nitric oxide (19). Some researchers
believe that IL-17 plasma levels may be a
helpful biochemical marker to determine
the acute inflammation presented in skel-
etal muscle (20,21). As you can see in
table 3, anaerobic exercises caused the
highest levels of IL-17. The results of
current research, like some other re-
searches, show that the intensity of the
exercise is a key factor (12). Another re-
search indicated that in an activity with
high intensity, IL-17 level was increased
but in a group with low intensity, there
was no change (11). Lowder et al. studied
the effect of four weeks physical activity
on treadmill and the results showed that
IL-17 had decreased. These researchers
also stated that the main cause of this de-
crease was probably due to the low inten-
sity of the exercise (19). In current re-
search, it was also specified that the
changes to IL-17 levels differed in physi-
cal activities with various intensities
(aerobic & anaerobic) and this increase
was more in anaerobic exercises (it
should be noted that there is any way
some increase in aerobic exercises).
However, these results are inconsistent,
compared with some other studies(19),
and it can be due to the number of weeks.
Similar to this, Duzova H.et al also stated
that the production of IL-17 was in-
creased by high intensity or long time
activities but it was not increased in a
group with short time physical activity
(one week) with moderate intensity (11).
The involved mechanism is probably due
to the fact that the high intensity physical
activity leads to the release of pre-
inflammatory cytokines and these cyto-
kines, in turn, will cause the production
of anti-inflammatory cytokines such as
IL-2, IL-6, and IL-10 (6). It appears that
the consecutive production of these pre-
inflammatory and anti-inflammatory cy-
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tokines will cause IL-17 to be produced
by blood peripheral leukocytes and skele-
tal muscle (17). The results of supple-
ment consumption along with aerobic
and anaerobic exercises should also be
taken into consideration. The results of
current research show that the supple-
ment consumption in aerobic group
didn’t have any effect on IL-17 levels
(129.06 pg/ml in aerobic group and
129.12 pg/ml in aerobic-supplement
group); but omega-3 consumption along
with anaerobic physical activity prevents
the increase in this cytokine, and there is
no change in IL-17 level as compared
with the values before the exercise (after
the exercise completion, 143.96 pg/ml in
anaerobic group and 129.12 pg/ml in aer-
obic-supplement group). The reason for
the differences in supplement consump-
tion can be related to the different IL-17
levels as a result of aerobic and anaerobic
physical activities. It is foreseen that the
IL-17 level should be reached to the ex-
tent so that the effect of omega 3 sup-
plement consumption can be observed. .
Therefore, a threshold for IL-17 produc-
tion for the effect of supplement con-
sumption can be mentioned (meaning
that IL-17 level doesn’t reach the desired
threshold to make the supplement effec-
tive as a result of aerobic exercise). With
regard to the results of above studies, it
can be said that the intensity or duration
of the physical activity is a key factor in
increased production of interleukin-17,
but the supplement consumption can
change the result. Thus, it was specified
that the supplement consumption, the
supplement consumption together with
aerobic exercises and supplement con-
sumption along with anaerobic exercises
respectively will cause a decrease in IL-
17 (as compared with control group), will
have no effect on IL-17 (as compared
with aerobic group), and will prevent the
IL-17 increase (as compared with anaer-
obic group).

The CRP normal range in adults is
about 0.8-5 ml per liter blood, but it can
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be increased up to 1000 times as a result
of infection or physical activity because
the amount of secretion of APPs depends
directly or indirectly on factors such as
the production of cytokines and T cells
(8) . The gathered information shows that
the CRP plays an important role in in-
flammation (7). This acute phase reactant
can be found in human arteriosclerosis
plaque together with LDL (8). CRP stim-
ulates the expression of plaque in endo-
thelial cells and enhances the adhesion of
the plaque to these cells. This infor-
mation shows that CRP is not merely an
inflammation marker but a risk factor in
turn (9) . Some researchers believe that
the amount of production of this protein
depends on the duration, intensity, type
of exercise and the distance travelled by
an individual (9) . For example, in a
study, researchers found that the level of
this protein doesn’t change soon after
marathons; however, there is a remarka-
ble increase after ultra-marathons (14).
The results of current research indicate
that the CRP level in aerobic exercise
group has increased more than the anaer-
obic exercise group (2.3 and 1.7 mg/L
respectively). It was also specified that
the amount of this protein would increase
more in exercises with more distance
travelled. Table 4 shows that the supple-
ment group has the least amount in CRP
and this indicates the effect of omega-3
consumption on this protein. In con-
formity with the result of current re-
search, another study proved that omega-
3 consumption for 8§ weeks by 6 women
and 6 men led to a CRP decrease (2). In
another study, the researchers stated that
consuming 6 grams of EPA daily for 8
weeks would cause a decrease in the CRP

time is a key factor for supplement to be
effective (9). On the other hand, this
study showed that when the supplement
is used, the level of CRP increases in
supplement-aerobic group less than the
aerobic group (without supplement con-
sumption); for instance, the CRP level
increases about 180% as a result of aero-
bic exercise and 64% when it goes with
supplement consumption. Comparison of
these four groups (aerobic, anaerobic,
supplement-aerobic and  supplement-
anaerobic) reveals that supplement con-
sumption has affected the CRP level (in-
cremental changes with a CRP milder
slope in supplement-aerobic group as
compared with aerobic group and insig-
nificant increase in supplement-anaerobic
group). Why supplement consumption
cannot prevent its increase in aerobic ex-
ercises (contrary to anaerobic exercises)?
It appears that the distance travelled and
high level of this protein followed by
aerobic exercise (without supplement
consumption) is a reason. It should also
be noted that the supplement consump-
tion led to a decrease in the the slope of
CRP increase.

Conclusion

Finally, it can be said that EPA and
DHA supplement consumption decreases
the IL-17 plasma level. The results of this
study shows that the amount of cytokine
depends more on the intensity of exercise
but the CRP level depends more on the
distance travelled. Besides, the effect of
omega-3 consumption on these two vari-
ables depends on the type of exercise.
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level from 11 mg/L to 8 mg/L (probably
due to a decrease in IL-6). However, in
contrast, the researchers in a study found
that consuming 4 grams of fish oil daily
doesn’t increase the CRP level in fat in-
dividuals. Short time supplement con- References
sumption (one week) has been mentioned . 1. Calder PC. ' n—3 polyunsgturated fatty aqids,
. . inflammation, and inflammatory diseases. The American
as a reason for this ﬁndlng (9) Therefore’ journal of clinical nutrition 2006;83(6):S1505-19S.

http://mjiri.iums.ac.ir 6 Med J Islam Repub Iran 2015 (12 July). Vol. 29:236.


https://mjiri.iums.ac.ir/article-1-3013-en.html

[ Downloaded from mjiri.iums.ac.ir on 2026-07-11 ]

H. Alizadeh, et al.

2. Simopoulos A. Evolutionary aspects of diet, the
omega-6/omega-3 ratio and genetic variation: nutritional
implications for chronic diseases. Biomedicine &
Pharmacotherap. 2006;60(9):502-7.

3. Pischon T, Hu FB, Rexrode KM, Girman CJ, Manson
JE, Rimm EB. Inflammation, the metabolic syndrome,
and risk of coronary heart disease in women and men.
Atherosclerosi. 2008;197(1):392-9.

4. Shoelson SE, Lee J, Goldfine AB. Inflammation and
insulin resistance. Journal of Clinical Investigatio.
2006;116(7):1793.

5. Aggarwal BB, Shishodia S, Sandur SK, Pandey MK,
Sethi G. Inflammation and cancer: how hot is the link?
Biochemical pharmacolog. 2006;72(11):1605-21.

6. Graber JJ, Allie SR, Mullen KM, Jones MV, Wang T,
Krishnan C, et al. Interleukin-17 in transverse myelitis and
multiple  sclerosis.  Journal of neuroimmunolog.
2008;196(1):124-32.

7. Arikawa AY, Thomas W, Schmitz KH, Kurzer MS.
Sixteen weeks of exercise reduces C-reactive protein
levels in young women. Medicine and science in sports
and exercis. 2011;43(6):1002-9.

8. Inoue N. Vascular C-reactive protein in the
pathogenesis of coronary artery disease: role of vascular
inflammation and oxidative stress. Cardiovascular &
Haematological Disorders-Drug  Targets (Formerly
Current Drug Targets-Cardiovascular & Hematological
Disorders. 2006;6(4):227-31.

9. Sallam N, Khazaei M, Laher 1. Effect of moderate-
intensity exercise on plasma C-reactive protein and aortic
endothelial function in type 2 diabetic mice. Mediators of
inflammatio 2010;2010.

10. Cunningham P, Geary M, Harper R, Pendleton A,
Stover S. High intensity sprint training reduces lipid
peroxidation in fast-twitch skeletal muscle. JEPonline
2005;8(6):18-25.

11. Duzova H, Karakoc Y, Emre MH, Dogan ZY,
Kilinc E. Effects of acute moderate and strenuous exercise
bouts on IL-17 production and inflammatory response in
trained rats. Journal of sports science & medicine 2009;
8(2):219.

12. Golzari Z, Shabkhiz F, Soudi S, Kordi MR,
Hashemi SM. Combined exercise training reduces IFN-y
and IL-17 levels in the plasma and the supernatant of

Med J Islam Repub Iran 2015 (12 July). Vol. 29:236.

peripheral blood mononuclear cells in women with
multiple sclerosis. International immunopharmacology
2010;10(11):1415-9.

13. Lakka TA, Lakka H-M, Rankinen T, Leon AS, Rao
D, Skinner JS, et al. Effect of exercise training on plasma
levels of C-reactive protein in healthy adults: the
HERITAGE Family Study. European Heart Journal
2005;26(19):2018-25.

14. Kim HJ, Lee YH, Kim CK. Changes in serum
cartilage oligomeric matrix protein (COMP), plasma CPK
and plasma hs-CRP in relation to running distance in a
marathon (42.195 km) and an ultra-marathon (200 km)
race. European journal of applied physiology 2009;
105(5):765-70.

15. Rico H, Gervas J, Hernandez E, Seco C, Villa L,
Revilla M, et al. Effects of alprazolam supplementation on
vertebral and femoral bone mass in rats on strenuous
treadmill training exercise. Calcified tissue international
1999;65(2):139-42.

16. Moseley T, Haudenschild D, Rose L, Reddi A.
Interleukin-17 family and IL-17 receptors. Cytokine &
growth factor reviews 2003;14(2):155-74.

17. Kawaguchi M, Adachi M, Oda N, Kokubu F, Huang
S-K. IL-17 cytokine family. Journal of Allergy and
Clinical Immunology 2004;114(6):1265-73.

18. Kebir H, Kreymborg K, Ifergan I, Dodelet-Devillers
A, Cayrol R, Bernard M, et al. Human TH17 lymphocytes
promote blood-brain barrier disruption and central
nervous system inflammation. Nature medicine 2007;
13(10):1173-5.

19. Lowder T, Dugger K, Deshane J, Estell K,
Schwiebert LM. Repeated bouts of aerobic exercise
enhance regulatory T cell responses in a murine asthma
model. Brain, behavior, and immunity 2010;24(1):153-9.

20. Durelli L, Conti L, Clerico M, Boselli D, Contessa
G, Ripellino P, et al. T-helper 17 cells expand in multiple
sclerosis and are inhibited by interferon-f. Annals of
neurology 2009;65(5):499-509.

21. Huppert J, Closhen D, Croxford A, White R, Kulig
P, Pietrowski E, et al. Cellular mechanisms of IL-17-
induced blood-brain barrier disruption. The FASEB
Journal 2010;24(4):1023-34.

http://mjiri.iums.ac.ir


https://mjiri.iums.ac.ir/article-1-3013-en.html
http://www.tcpdf.org

