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ABSTRACT:

Objective: The purpose of this study is to investigate effects of resistance training on IL-6, IL-8, TNF-a, blood hematocrit and cortisol levels.
Materials and Methods: Thirteen players from Manisa Celal Bayar University soccer team and 14 sedentary male students were used as the study
subjects. The subjects, whose average age was 18-24 years old, were healthy and free of any cardiovascular diseases. Anthropometrics measurements
and blood samples were obtained from all the subjects. Blood samples were obtained basal sample (before the exercise), immediately after the training
program (post-exercise), and 2 hours after the training program (2h post-exercise). All subjects participated in the training program in which intensity
prescribed individually in 10 different exercises; seated leg press, knee extension, knee flexion, chest press, chest flys, lat pull down, shoulder press,
triceps extension, biceps curl and sit-ups. The exercise protocol was 8-10-12 repetitions of each exercise at 70 to 80 % of one-repetition maximum in
accordance with the pyramid training system and three sets for each station. The volume of resistance training was 50-60 minutes.

Results: Post exercise IL-6 (p= 0.05) and IL-8 (p= 0.04) concentration of athletes were statistically lower compared to that of sedentary group. Two
hours after the exercise, the TNF-a values of the sedentary individuals were also statistically higher than those of the trained individuals.
Furthermore, serum cortisol concentrations were found to be decreased in both study groups in post exercise and 2h post exercise samples compared
to basal values (p<0.05). Post exercise I1L-8 (p=0.04) and TNF-a (p=0.04) values of sedentary group increased significantly compared to values at 2h
post exercise. There was no statistically significant change in IL 6 values of the trained and sedentary subjects immediately after the exercise.
Conclusion: I1L-6, IL-8, and TNF-a responses to resistance training vary depending on the recruitment of different muscle fiber types by the trained
individuals during the resistance training and the recovery of glycogen storage, which is found to be different from that of sedentary individuals. The
decrease in the serum IL-6 and IL-8 concentrations at post exercise and 2h post-exercise samples in the training group when compared to the
sedantary group revealed us that, training lowers the proinflammatory marker IL-6 and IL-8 which reflects a positive effect of the training on the
overall body inflammation status.

KEY WORDS Resistance Exercise; IL-6; IL-8; TNF-a; Cortisol

INTRODUCTION secretion of  pro-inflammatory  cytokines

It is well-known that inflammation is released by macrophages in the visceral adipose
increased by clinical conditions such as tissue. It has been observed that phySiC&' activity
atherogenesis, thrombogenesis, cardiovascular has a similar inflammatory pathogenesis. In
diseases, insulin resistance, obesity and type-2 addition, this inflammatory response has been
diabetes mellitus [1]. In these cases, reported to vary not only due to the type,
inflammation is accelerated by the elevated intensity and scope of the exercise but also the
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physical fitness level of the person undertaking
the physical workload [2].

In the clinical inquiry, inflammatory markers
such as interleukins, cytokines and hormones are
used as independent variables [1]. Cytokines are
released in response to inflammatory reactions
such as infection and tissue damage [3].
Exercise induces increased circulating levels of
a number of cytokines [4]. Recent studies on
exercise and cytokine response have shown that,
certain cytokines are visible in the blood during
and after exercise [5, 6, 7, 8, 9].

Studies investigating the immune response to
exercise are divided into two categories
according to the type of the exercise. Resistance
exercise may cause myofibrillar disruption and
inflammatory response. In fact, cytokines are
increased in the circulation in response to
intense concentric and eccentric muscle
contractions [10] The first and the most common
study area is the effect of aerobic activities on
the immune system markers. In response to the
exercise, IL-6 is released into the blood, which
is synthesized in the skeletal muscles [4,11]. In a
study conducted with marathon runners, the
concentration of IL-6 cytokine just after the
marathon was found to have increased 50 times
compared with the baseline values [11]. This
was believed to be subsequent to the glycogen
depletion in the muscles [12]. In the same study,
it was also observed that long-term aerobic
exercise involving both concentric and eccentric
contractions either increased or did not change
the plasma concentration of IL-8. Likewise, in
another study, it was reported that the
remarkable increase in the plasma concentration
of IL-8 was only as a response to aerobic
concentric exercise [12], and the elevated levels
of IL-6 and TNF-o in circulation were
associated with the development of sarcopenia.
Despite the significant increase in IL-6 and
TNF-a concentrations in blood circulation
following aerobic exercise, the result was not the
same for muscles. While some studies reported
an increase in the TNF-o levels after exercise,
others found that the levels were reduced
[13,14]. In addition to aerobic exercise, studies
on the second exercise type, the resistance
exercise, have been carried out since 2000 [9,
15]. One of the most important difference

between resistance and aerobic exercise is that
after the resistance exercise muscle glycogen is
not fully consumed. Another important
discrepancy results from the structural and
functional properties of muscle fiber types used
during resistance exercise of different
intensities, and from the muscle varied content
of the muscle glycogen of the recruited fibers
[16]. In addition, IL-6 release in acute exercise
varies according to the duration and intensity of
the exercise, the muscle mass involved in
exercise [17]. Furthermore, training background
of the participants could also affect the
aforementioned variables and the causes of
different results on immune markers right after
resistance training. while a single bout of
resistance training increases plasma cytokines,
chronic long-term resistance training increases
antioxidant capacity and the long term effects
due to adaptation to training results in low
plasma cytokines [18].

There have been a limited number of studies
conducted with trained and untrained individuals
to demonstrate the effect of a single resistance
training session and the acute changes in
circulating cytokines [7, 8, 9, 10, 19, 20, 21].
Therefore, the aim of this study is to investigate
the effect of resistance exercise on the levels of
serum cortisol hormone, IL-6, IL-8 and TNF-a
in trained and sedentary individuals.

METHODS

The participants of this study were 27
men attending the School of Physical
Education and Sports in Manisa Celal Bayar
University (MCBU). Thirteen players from
the school’s football team constituted the
trained study group, and the sedentary
control group was formed from 14 male
students with  similar  anthropometric
measurements. The football players were
randomly selected from the 25 students
competing in the school team. The control
group participants were randomly selected
from healthy male students of MCBU
between the ages of 18 and 24 with no
cardiovascular diseases and with a normal
skeletal-muscle function. To form the
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sedentary group, face-to-face and phone call
interviews were conducted and fourteen
voluntary individuals who had not
undertaken regular physical exercise for 6
months were selected. The research was
approved by the Ethics Committee of the
MCBU Faculty of Medicine.

Study Design

Prior to the study, all the participants
underwent a physical examination and an
electrocardiography (ECG). Before the
experiments, the anthropometric
measurements were obtained. The body
weight and body fat index analyses were
performed using the Tanita Bioelectrical
Impedance system (Tanita 300 MA, Tanita
C.O., Tokyo—Japan). In order to determine
the initial exercise loads, 8, 10 and 12
repetition maximums (RM) were obtained
from each participant and each exercise
station at least 72 hours before the
experiment [22, 23]. Before the
resistance exercise or other experiments, the
participants engaged in a slow-pace warm
up exercise run was performed on the
Nordictrack (USA) 9600 model and
SportsArt 6310 model treadmills. Jimsa
brand (Bursa-Turkey) resistance machines
were used for seated leg press, knee
extension, knee flexion, chest press,
butterfly press, lat pulldown, triceps
extension, shoulder press and sit-up stations
[24, 25]. Exercises involving free weights
such as the biceps curl were performed
using Jimsa barbell and weights.

To determine the basal levels of the
biochemical parameters before the exercise
program, forearm venous blood samples

Statistical Analysis

The SPSS (Statistical Package for the Social
Sciences) 16 software package for Windows

were collected from all participants between
08.00 and 09.00 after a minimum of 12-hour
fasting. Before the exercise, the participants
also jogged for 5 minutes followed by a 5-
minute stretch for muscle groups. The
experimental exercise routine lasted 50-60
minutes on the following 10 stations; seated
leg press, knee extension, knee flexion,
chest press, butterfly press, lat pulldown,
shoulder press, triceps extension, biceps curl
and sit-up. The exercise protocol was 8-10-
12 repetitions of each exercise at 70 to 80 %
of one-repetition maximum (1RM) in
accordance with the pyramid training system
and three sets for each station [26, 27].
Resting intervals were 2 minutes between
each station and 1-1.5 minute between each
set. In-between the sets and stations, the
participants stretched their working muscles
[28]. Blood samples were collected from the
participants twice; one being immediately
after exercise (post exercise) and the other
two hours later (2h post exercise) [7, 29].

Blood Collection and Biochemical Analysis

Cortisol, hematocrit (htc), I1L-6, IL-8 and
TNF-a concentrations were analyzed in the
serum samples. Serums TNF-a, IL-6 and IL-
8 concentrations were assessed by
commercial reagents (Human TNF-o, IL-6,
IL-8 Bender MedSystems GmbH, Europe-
Vienna, Austria) by using enzyme
immunoassay (ELISA) method. The serum
cortisol levels were analyzed with the
electrochemiluminescence  method  on
analyzer (DXI-800, Beckman Coulter Inc.
Fullerton, CA, USA). Complete blood count
analysis and hct levels were performed on
analyzer  (LH700, Beckman Coulter
Systems, Fullerton, CA, USA).

XP was used for the statistical analysis.
Mann Whitney U test was employed to
determine whether there was a statistical
difference between the study and sedentary
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groups in terms of descriptive and
anthropometric measurements and
independent variables (Hct, cortisol hormone,
IL-6, IL-8 and TNF-a values before,
immediately after and two hours after

STATISTICAL RESULTS

Table 1 presents the descriptive statistics
of the trained and sedentary groups that
participated in this study. Contrary to
expectations, there was no significant

resistance  exercise). The  within-group
analysis was performed using the Wilcoxon
Signed Rank Test. The significance level was
taken as 0.05.

difference between the two groups in terms of
the  descriptive  statistics and  the
anthropometric measurements.

Table 1. The descriptive statistics of the sedentary and trained young male participants

Group Trained Sedentary

(n=13) (n=14) P

Age “leos) ey 019

et v
e ) e L
e B

ot e 2
i e
FAM (9 (56.7.708) (54744 075

BMI: Body mass index, FFM: Fat-free mass, TBW: Total body water
*p < 0.05 Values are presented as meanzstandard deviation and the minimum and maximum values are given in
parenthesis under the mean values. The analysis between the groups was performed using the Mann Whitney U test.

According to results of the Mann Whitney
U analysis, there is given the trained and
sedentary individuals in terms of their
cortisol, Hct, IL-6, IL-8 and TNF-a values

before, immediately after and two hours after
the exercise (Table 2).

Table 2. Parametric values of the trained and sedentary groups before (basal), immediately after (post exercise) and two

hours after the exercise (2h post exercise).

n Basal p Post p 2h Post p
Exercise Exercise
Cortisol Trained 14 14.29+4.20 031 7.32£1.95 0.30 7.19+2.58 0.29
(pg/ml) Sedentary 14  13.51+4.45 ' 8.23+£2.98 ' 7.65+3.21 '
Hematocrit Trained 14 4513+353 0.36 44.66+3.36 0.18 43.64+3.52 0.35
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(%) Sedentary 14  45.85:3.36 46.03+4.40 44.20£3.60

LOGUM) gty 14 sesoss % aomw 0% agnm 028
LBGUM) et 14 aeozeis OO 2948013 0% aloaser 008
e Jmd dsEeE o o o, 2mme g

Values are presented as meantstandard deviation.

*p < 0.05 The analysis between the groups was performed using the Mann Whitney U test.

According to the results of the analysis,
the basal IL-8 values of the sedentary
individuals were found significantly higher
than those of the footballers (p=0.01), and this
difference was apparent in the results
obtained after the exercise (p=0.04). Also, the
IL-6 values of the trained group immediately
after the exercise were found to be
statistically lower than those of the sedentary

group (p=0.05). Furthermore, two hours after
the exercise, the TNF-a values of the
sedentary individuals were also statistically
higher than those of the trained individuals.

Table 3 presents the values of the two
groups in terms of the change values obtained
before, immediately after and two hours after
the exercise.

Table 3. Change values (A) within the trained and sedentary groups in terms of the results obtained before,
immediately after (post exercise) and two hours after the exercise (2h post exercise)
Values are presented as meanzstandard deviation. The intra-group analysis was performed using the Wilcoxon signed

Trained Group

Sedentary Group

Basal- Post exercise.-

Basal- 2h post

Post exercise.-

Post 2h post exercise exercise B:;:rlé?::t 2h post exercise exercise
exercise % A % A o A % A % A
% A
Cortisol(pg/ml) -95.22 1.8 -98.7° -64.1¢ -7.5 -76.6°
Hematocrit(%) -1.0 2.3 -3.4¢ 0.9 4.1 -3.79
IL-6 (pg/ml) -2.4 0.5 -1.8 5.4 13.9 18.6
IL-8 (pg/ml) -17.2 40.3 30.0 -37.9 28.2" 1.0
TNF-o (pg/ml) -7.8 -26.6 -36.6 -42.8 51.3 30.5

rank test method p < 0.05

=0.001 p=0.002 °p=0.009 %=0.002 ¢p=0.004 p=0.003 9p=0.001 "p=0.041

According to the results of the Wilcoxon
Test, there was a significant decrease in the
cortisol change values of football players
before and immediately after the exercise
(p=0.001), and this decline was similar for the
cortisol (p=0.002) and hematocrit (p=0.009)
values before and two hours after the
exercise.

Statistical analysis indicated a significant
decrease in the cortisol (p=0,002) change
values of sedentary participants before and
immediately after the exercise. Statistical

10=0.041

analysis shown a significant reduce in the
cortisol (p=0,004) and hematocrit (p=0,001)
change values of sedentary participants
between baseline and 2 hours after the
exercise. Also statistical analysis indicated a
significant decrease in the cortisol cortisol
change values of sedentary participants
immediately after the exercise

Also a similar trend was observed in
terms of hematocrit (p=0,003) change values
between after the exercise and 2 hours after
the exercise. In addition, a significant increase
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was observed in the IL-8 and TNF-a change
values (p=0.041) immediately after and two
hours after the exercise.

DISCUSSION

In this study, the effect of resistance
exercise of individual-based intensity on the
inflammatory symptoms and serum cortisol
levels in trained and sedentary individuals, the
IL-8 cytokine level was found to be reduced
by 2.4 % in the trained group after the
exercise while it increased by 5.4 % in the
sedentary group. A similar result was
obtained regarding the TNF-a values, which
is interference  helping to regulate
inflammation. Compared to the initial basal
values, in the trained group, the TNF-a levels
decreased by 36.6% immediately after the
exercise and by 26.6% two hours after the
exercise; while in the sedentary group, it
increased by 51.3% and 30.5%, respectively.
The most remarkable result in terms of the
immune responses of the participants was
related to the I1L-8 values. The decrease in the
IL-8 values immediately after the exercise
was 17.2 % in the trained group whereas there
was a 37.9 % increase in the sedentary group.
The results of our study indicate that in
addition to age, body mass index and basal
TNF-a and CRP values [2], the sports history
and physical fitness level of participants and
the intensity of exercise have a great impact
on the inflammatory responses to resistance
exercise. In the evaluation of immune system
responses to exercise, the physical fitness
level of participants should be taken into
consideration. In the studies conducted with
healthy non-athletic male participants [7, 30],
the IL-6 values were found to increase after
low and high intensity resistance exercise,
which is also in agreement with the results we
obtained from the sedentary group. Similarly,
Edwards et al. [31] observed an increase in
the IL-6 values after maximal exercise and
found no significant difference after
submaximal exercise. However, there was a

significant increase in the IL-6 values at 30
and 60 minutes after exercise. Hirose et al.
[30] found that after resistance exercise there
was a significant decrease in the TNF-a and
IL-8 levels of the sedentary individuals and/or
those engaged in recreational sports, which is
also in agreement with the results of our study
regarding the sedentary group. In another
study, 17 healthy untrained men were divided
into three different exercise groups; control,
bicycle and knee extension. The resistance
exercise group undertaking the knee extension
performed two-legged knee extensions at
loads of 60% of each participant’s maximum
capacity. The IL-8 results of the knee
extension group were similar to those
obtained in our study in the sedentary group
and the highest level was reached 1.5 hours
after the exercise [32]. When the results of
our study regarding the responses of trained
participants to resistance exercise are
compared with those in the literature [33],
there was no statistically significant
difference in the IL-6 and TNF-a values after
resistance exercise, which supports the results
of our study. Nienam et al. [25] found an
increase in all the cytokine values (IL-6, IL-8
and TNF-0) of the strength-trained subjects
after resistance exercise. Yet, it is not
meaningful to compare their results with our
study since they investigated mMRNA using the
muscle biopsy technique.

The abundance of studies conducted with
sedentary and recreation sports groups allows
for the comparison of some of the results we
obtained, whereas, the lack of studies with
trained individuals signify the contribution of
our study to the literature. The difference
between the sedentary and trained individuals
in terms of their inflammatory symptom
responses to resistance exercise can be
explained by the type of muscle fibers they
recruit for exercise. While the muscle fiber
type used by trained individuals at loads
corresponding to the 70 to 80 % of maximum
load is more frequently limited to type lla and
type I, for the sedentary individuals it also
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includes type Ilb fibers which contain more
glycogen [34, 35]. In addition, glycogen is
maintained in the type Ilb fibers of trained
individuals. However, in the untrained
individuals, the fast consumption of glycogen
due to the selected muscle group and low
anaerobic endurance changes the cytokine
responses. This hypothesis proposed by the
results of our study is also supported by
Hirose et al. [30]. In addition, the effect of
different exercise types on glycogen oxidation
and cytokine responses has been investigated
and sports branches requiring long-term
endurance have been compared. The results
from marathon runners showed that IL-
concentration increased 50 times after the run,
which was attributed to the decrease in the
muscle glycogen content [11]. This also
supports the hypothesis we have proposed.
Another reason for the different cytokine
responses of trained and untrained individuals
has been reported as trained individuals
having a higher number of capillaries per
muscle fibers and increased GLUT4 proteins
inducing the glycose uptake into the skeletal
muscles [35, 36], which increases the amount
of glycogen consumed by trained individuals
particularly during high intensity exercise.
Furthermore, higher number of capillaries per
muscle fibers and increased GLUT4 proteins
inducing the glycose uptake into the skeletal
muscles by trained individuals particularly
during high intensity exercise [35, 36], lead to
higher level of glycogen consumption and
different cytokine responses. In terms of the
blood Hct values, there was a statistically
significant decrease in both trained and
sedentary groups two hours after the exercise.
In the literature, the Hct values were found to
increase after long-term aerobic exercise,
which is attributed to a small amount of
decrease in the blood serum due to fluid loss
during exercise [37]. The increase in the Hct
levels after exercise has been explained by the
fluid loss during endurance or long duration
training. We believe that the resistance
exercise used in the current study was not

sufficiently long or intensive to create a
difference in the blood serum levels.
However, since the participants were not
restricted in terms of their liquid intake before
and after the exercise, the decrease in the Hct
levels could be related to liquid intake.
Similarly, Ramel et al. [38] observed a
decrease in the hematocrit values of trained
individuals two hours after the exercise.
However, contrary to our study, the increase
in the sedentary group two hours after
exercise was not found to be significant.

In the current study, when compared with
the basal values, the decrease in cortisol
levels immediately after and two hours after
the exercise was significant. There was no
difference between the trained and untrained
individuals in terms of their cortisol responses
to the intensity and type of exercise.
However, in the literature, hormonal
responses to different exercise types have
been investigated. In similar studies, while
there was no significant change in the cortisol
values after resistance exercise [33, 38, 39], a
significant increase was observed in cortisol
levels following long-term exercise [40, 41].
It was assumed that the difference in the
results obtained from two different types of
exercise was attributed to the glycogen
content during and after the exercise. When
the whole glycogen content is depleted during
recovery after aerobic exercise, not all the
glycogen content is wused after 1-hour
exercise, particularly with anaerobic weights.
In addition, during the recovery of ATP used
in exercises performed with weights, the
blood is accumulated and there is an increase
in the lactate, pyruvic acid and glycogen
content,  which  accelerates  glycogen
resynthesis during recovery. All these factors
are considered to change the hormonal
balance. In addition, in the resistance
exercise, type 1l muscle fibers are extensively
used and their recovery rate is much faster
than type | muscle fibers used in the aerobic
exercise [42].
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In our study, the change in the cortisol
hormone during the recovery can also be
associated with the measurements and
exercise taking place early in the morning.
This is also supported by other studies in the
literature [43]. Similar to our research,
another  study [41] conducted  with
participants of similar age and comparable
demographic data using exercise of different
intensity and types showed that after
resistance exercise there was a statistically
significant decrease in cortisol levels obtained
in the morning.

In conclusion, the lack of statistical
difference between the footballers and
sedentary participants in terms of their
anthropometric parameters can be explained
by the intermittent anaerobic nature of
football training. In addition, the increased
anaerobic threshold of trained individuals due
to the type of training and their biochemical
responses to the resistance exercise performed
with fixed loads have an impact on the type of
muscle fiber type recruitment during the
exercise and the glycogen metabolism after
the exercise and during the recovery.
Therefore, when the IL-6, IL-8 and TNF-a
responses associated with the muscle
glycogen metabolism are compared, in
addition to age, body mass index, basal TNF-
a and CRP values and the type of exercise [2],
it is also important to take the athletic of the
and physical fitness level of the participants
into consideration.

Additionally, the differences between the
cortisol levels measured in the morning in our
study and at different times of day in other
studies will not only contribute to further
studies on immune system and resistance
exercise but can also assist in determining the
appropriate time of day to undertake
resistance exercise programs in team sports.

In the future studies; we recommend that
the training background, the frequency and
intensity of the training, the levels of muscle
glycogen content and the time of day of the

training of the participants should be taken
into consideration.

22

International Journal of Applied Exercise Physiology www.ijaep.com



THE RESISTANCE TRAINING ON SERUM CORTISOL VOL. 7 (2)

REFERENCES

1. Ertek S, and Cicero A. Impact of physical activity on inflammation: effects on cardiovascular disease risk and
other inflammatory conditions. Archives of Medical Science, 2012. 8(5): p.794-804.

2. Calle MC, and Fernandez ML. Effects of resistance training on the inflammatory response. Nutrition Research and
Practice, 2010. 4(4): p. 259 - 269.

3. Peake JM, Suzuki K, Hordern M, Wilson G, Nosaka K, Coombes JS. Plasma cytokine changes in relation to
exercise intensity and muscle damage. European Journal of Applied Physiology, 2005. 95(5-6): p.5 14 — 521.

4. Pedersen BK, Steensberg A, Schjerling P. Muscle-derived interleukin-6: possible biological effects. Journal of
Physiology, 2001. 15(536): p. 329 — 337.

5. Pedersen BK, and Hoffman LG. Exercise and immune system: Regulation, integration, and adaptation.
Physiological Reviews, 2000. 80(3): p. 1055-1081.

6. Nehlsen SL, Fagoaga OR, Nieman DC, Hensan DA, Butterworth DE, Schmitt RL, and et all. Carbohydrate and the
cytokine response to 2.5 hours of running. Journal of Applied Physiology, 1997. 82(5): p. 1662-1667.

7. Philips MD, Mitchell JB, Currie-Elolf LM, Yellott RC, Hubing KA. Influence of commonly employed resistance
exercise protocols on circulating IL-6 and indices of insulin sensitivity. Journal of Strength and Conditioning
Research, 2010. 24(4): p. 1091-1101.

8. Buford TW, Cooke MB, Willoughby DS. Resistance exercise- induced changes of inflammatory gene expression
within human skeletal muscle. European Journal of Applied Physiology 2009. 107(4): p. 463 - 471.

9. Maclntyre DR, Sorichter S, Mair J, Berg A, McKenzie DZ. Markers of inflammation and myofibrillar proteins
following eccentric exercise in humans. European Journal of Applied Physiology, 2001. 84(3): p. 180-186.

10. lzquierdo M, lbafiez  J, Calbet JA, Navarro-Amezqueta |, Gonzalez-lzal M, Idoate F,and et all.
Cytokine and hormone responses to resistance training. European Journal of Applied Physiology, 2009. 107(4): p.
397 - 409.

11. Steensberg A, Fisher CP, Keller C, Moller K, and Pedersen BK. IL-6 enhances plasma IL-1 ra, IL-10, and cortisol
in human. American Journal of Physiology. Endocrinology and Metabolism, 2003. 285(2): p. 433-437.

12. Pederson BK. Exercise and cytokines. Immunology & Cell Biology, 2000. 78: p. 532-535.

13. Petersen AM, and Pedersen BK. The anti-inflammatory effect of exercise. Journal of Applied Physiology, 2005.
98(4): p. 1154-1162.

14. Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Spiegelman BM. Increased adipose tissue expression of tumor
necrosis factor-alpha in human obesity and insulin resistance. The Journal of Clinical Investigation, 1995. 95(5): p.
2409-2415.

15. Smith LL, Anwar A, Fragen M, Rananto C, Johnson R, Holbert D. Cytokines and cell adhesion molecules
associated with high-intensity eccentric exercise. European Journal of Applied Physiology, 2000. 82: p. 61-67.

16. Foss ML, Keteyian SJ. Physiological Basis for Exercise and Sports. 1998. McGraw-Hill.

17. Fischer CP. Interleukin-6 in acute exercise and training: what is the biological relevance? Exercise Immunology
Review, 2006. 12: p. 6 — 33.

23
International Journal of Applied Exercise Physiology www.ijaep.com


http://www.ncbi.nlm.nih.gov/pubmed?term=Calle%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=20827340
http://www.ncbi.nlm.nih.gov/pubmed?term=Fernandez%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=20827340
http://www.ncbi.nlm.nih.gov/pubmed/20827340
http://www.ncbi.nlm.nih.gov/pubmed/20827340
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peake%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16151834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16151834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hordern%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16151834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16151834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nosaka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16151834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coombes%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=16151834
http://link.springer.com/search?facet-author=%22Donna+L.+MacIntyre%22
http://link.springer.com/search?facet-author=%22Stephan+Sorichter%22
http://link.springer.com/search?facet-author=%22Johannes+Mair%22
http://link.springer.com/search?facet-author=%22Aloys+Berg%22
http://link.springer.com/search?facet-author=%22Donald+C.+McKenzie%22
https://www.ncbi.nlm.nih.gov/pubmed/?term=Izquierdo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19649649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iba%C3%B1ez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19649649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calbet%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19649649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Navarro-Amezqueta%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19649649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez-Izal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19649649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Idoate%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19649649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fischer%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=17201070

THE RESISTANCE TRAINING ON SERUM CORTISOL VOL. 7 (2)

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Calle MC, Fernandez ML. Effects of resistance training on the inflammatory response. Nutrition Research and
Practice, 2010. 4(4): p. 259 — 269.

Uchida MC, Nosaka K, Ugrinowitsch C, Yamashita A, Martins E Jr, Moriscot AS, Aoki MS. Effect of bench press
exercise intensity on muscle soreness and inflammatory mediators. Journal of Sports Sciences, 2009. 27(5): p. 499 -
507.

Smith LL, Anwar A, Fragen M, Rananto C, Johnson R, Holbert D. Cytokines and cell adhesion molecules
associated with high-intensity eccentric exercise. European Journal of Applied Physiology, 2000. 82(1-2): p. 61 -
67.

Peake JM, Nosaka K, Muthalib M, Suzuki K. Systemic inflammatory responses to maximal versus submaximal
lengthening contractions of the elbow flexors. Exercise Immunology Review, 2006. 12: p. 72 - 85.

Kraemer WJ, Clemson A, Triplett NT, Bush JA, Newton RU, Lynch JM. The effects of plasma cortisol elevation on
total and differential leukocyte counts in response to heavy-resistance exercise. European Journal of Aplied
physiology Occupational Physiology. 1996. 73(1-2): p. 93 - 97.

Newton MJ, Morgan GT, Sacco P, Chapman DW, Nosaka K. Comparison of responses to strenuous eccentric
exercise of the elbow flexors between resistance-trained and untrained men. Journal of Strength Conditioning
Research, 2008. 22(2): p. 597 - 607.

Rowbottom DG, Green KJ. Acute exercise effects on the immune system. Medicine and Science and Sports
Exercise, 2000. 32(7 suppl): p. 396 - 405.

Nieman DC., Davis JM., Brown VA., and et al. Influence of carbonhydrate ingestion on immune changes after 2 h
of intensive resistance training. Journal of Applied Physiology, 2004. 96(4): p. 1292-1298.

McDowell SL, Weir JP, Eckerson JM, Wagner LL, Housh TJ, Johnson GO. A preliminary investigation of the
effect of weight training on salivary immunoglobulin A. Research Quarterly for Exercise and Sport. 1993. 64(3): p.
348 — 351.

Nieman DC, Henson DA, Sampson CS, Herring JL, Suttles J, Conley M, Stone MH, Butterworth DE, Davis JM.
The acute immune response to exhaustive resistance exercise. International of Sports Medicine, 1995. 16(5): p. 322
- 328.

Simonson SR, Jackson CG. Leukocytosis occurs in response to resistance exercise in men. Journal of Strength
Conditioning Research, 2004. 18(2): p. 266 - 271.

MacKinnon LT, Jenkins DG. Decreased salivary immunoglobulins after intense interval exercise before and after
training. Medicine and Science and Sports Exercise, 1993. 25(6): p. 678 - 683.

Hirose L, Nosaka K, Newton M, Laveder A, Kano M, Peake J, Suzuki K. Changes in inflammatory mediators
following eccentric exercise of the elbow flexors. Exercise Immunology Reviews, 2004. 10: p. 75 - 90.

Edwards KM, Burns VE, Ring C, Carroll D. Individual differences in the interleukin-6 response to maximal and
submaximal exercise tasks. Journal of Sports Sciences, 2006. 24(8): p. 855 - 862.

Akerstrom T, Steensberg A, Keller P, Keller C, Penkowa M, and Pedersen BK. Exercise induces interleukin_8

expression in human skeletal muscle. The Journal of Physiology, 2005. 563(pt 2): p. 507 - 516.

24

International Journal of Applied Exercise Physiology www.ijaep.com


https://www.ncbi.nlm.nih.gov/pubmed/?term=Calle%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=20827340
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandez%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=20827340
https://www.ncbi.nlm.nih.gov/pubmed/?term=McDowell%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=8235057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weir%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=8235057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eckerson%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=8235057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=8235057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Housh%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=8235057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20GO%5BAuthor%5D&cauthor=true&cauthor_uid=8235057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nieman%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henson%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sampson%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herring%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suttles%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Conley%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stone%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butterworth%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=7558530
http://www.ncbi.nlm.nih.gov/pubmed/15633588

THE RESISTANCE TRAINING ON SERUM CORTISOL VOL. 7 (2)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Brunelli DT, Caram K, Nogueira FRD, Libardi CA, Prestes J, Cavaglieri CR. Immune responses to an upper body
tri-set resistance tarining session. Clinical physiology and functional imaging, 2014. 34(1): p. 64 - 71.

Armstrong RB, Laughlin MH. Metabolic indicators of fibre recruitment in mammalian muscles during locomotion.
The Journal of Experimental Biology, 1985. 115: p. 201-213.

Heinonen |, Nesterov SV, Kemppainen J, Fujimoto T, Knuuti J. et al. Increasing Exercise Intensity Reduces
Heterogeneity of Glucose Uptake in Human Skeletal Muscles. PL0oS One, 2012. 7(12): €52191. doi:10.1371.
Goodyear LJ, and Kahn BB. Exercise, glucose transport, and insulin sensitivity. Annual Review of Medicine, 1998.
49: p. 235-261.

Fry AC, Kraemer WJ, Ramsey LT. Pituitary-adrenal-gonadal responses to high-intensity resistance exercise
overtraining. Journal of Applied Physiology, 1998. 85(6): p. 2352 - 2359.

Ramel A, Wagner KH, Elmadfa I. Acute impact of submaximal resistance exercise on immunological and
hormonal parameters in young men. Journal of Sports Sciences, 2003. 21(12): p. 1001 - 1008.

Volek JS. Influence of nutrition on responses to resistance training. Medicine and Science in Sports and Exercise,
2004. 36(4): p. 689 - 696.

Vries WR, Bernard TM, Roij MH, Koppeschaar HP. Dynamic exercise discloses different time-related responses in
stress hormones. Psychosomatic Medicine, 2000. 62(6): p. 866 - 872.

Pledge D, Grosset JF, Onambele-Pearson GL. Is there a morning-to-evening difference in the acute IL-6 and
cortisol responses to resistance exercise?. Cytokine, 2011. 55(2): p. 318 - 328.

Murphy RM, Xu H, Latchman H, Larkins NT, Gooley PR, Stapleton DI. Single fiber analyses of glycogen-related
proteins reveal their differential association with glycogen in rat skeletal muscle. American Journal of Physiology.
Cell Physiology., 2012. 303(11): p. 1146 - 1155.

Hékkinen K, Pakarinen A, Alén M, Kauhanen H, Komi PV. Neuromuscular and hormonal responses in elite
athletes to two successive strength training sessions in one day. European Journal of Applied Physiology and
Occupational Physiology, 1988. 57(2): p. 133 - 139.

25

International Journal of Applied Exercise Physiology www.ijaep.com


http://www.ncbi.nlm.nih.gov/pubmed/?term=Metabolic+indicators+of+fibre+recruitment+in+mammalian+muscles+during+locomotion
http://www.ncbi.nlm.nih.gov/pubmed/15064597
http://www.ncbi.nlm.nih.gov/pubmed?term=Murphy%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=23015546
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23015546
http://www.ncbi.nlm.nih.gov/pubmed?term=Latchman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23015546
http://www.ncbi.nlm.nih.gov/pubmed?term=Larkins%20NT%5BAuthor%5D&cauthor=true&cauthor_uid=23015546
http://www.ncbi.nlm.nih.gov/pubmed?term=Gooley%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=23015546
http://www.ncbi.nlm.nih.gov/pubmed?term=Stapleton%20DI%5BAuthor%5D&cauthor=true&cauthor_uid=23015546
http://www.ncbi.nlm.nih.gov/pubmed/?term=23015546
http://www.ncbi.nlm.nih.gov/pubmed/?term=23015546
http://www.ncbi.nlm.nih.gov/pubmed?term=H%C3%A4kkinen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=3349977
http://www.ncbi.nlm.nih.gov/pubmed?term=Pakarinen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=3349977
http://www.ncbi.nlm.nih.gov/pubmed?term=Al%C3%A9n%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3349977
http://www.ncbi.nlm.nih.gov/pubmed?term=Kauhanen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3349977
http://www.ncbi.nlm.nih.gov/pubmed?term=Komi%20PV%5BAuthor%5D&cauthor=true&cauthor_uid=3349977
http://www.ncbi.nlm.nih.gov/pubmed/?term=3349977
http://www.ncbi.nlm.nih.gov/pubmed/?term=3349977

