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Abstract

Objectives

The aim was to compare the effect of upper and lower body high-intensity exercise on cho-

sen genes expression in athletes and non-athletes.

Method

Fourteen elite male artistic gymnasts (EAG) aged 20.6 ± 3.3 years and 14 physically active

men (PAM) aged 19.9 ± 1.0 years performed lower and upper body 30 s Wingate Tests.

Blood samples were collected before, 5 and 30 minutes after each effort to assess gene

expression via PCR.

Results

Significantly higher mechanical parameters after lower body exercise was observed in both

groups, for relative power (8.7 ± 1.2 W/kg in gymnasts, 7.2 ± 1.2 W/kg in controls, p = 0.01)

and mean power (6.7 ± 0.7 W/kg in gymnasts, 5.4 ± 0.8 W/kg in controls, p = 0.01). No differ-

ences in lower versus upper body gene expression were detected for all tested genes as

well as between gymnasts and physical active man. For IL-6 m-RNA time-dependent effect

was observed.

Conclusions

Because of no significant differences in expression of genes associated with cellular stress

response the similar adaptive effect to exercise may be obtained so by lower and upper

body exercise.
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Introduction

High intensity exercise causes metabolic changes on many levels of human body altering the

production of interleukins and heat shock protein [1–3], the availability of substrates, activation

of metabolic enzymes [4], and others. All these changes start at the level of gene transcription.

It is now understood that changes in genes expression caused by exercises occur primarily in

genes associates with apoptosis and inflammation [1]. Considerable evidence demonstrates the

influence of various types of exercise on inflammation [5, 6] and the expression of genes encod-

ing heat shock protein [7, 8], thereby mediating the health benefits of episodic and prolonged

exercise. The health promoting effects of exercise are associated with production of interleukins,

elicited anti-inflammatory response trough inflammation [1], and increased stress tolerance.

It is now clear that measuring changes in the expression of genes associated with the cellular

stress response, such as HSPA1A and HSPB1, synthesized by the cells of an organism in response

to a variety of stimuli, including heat, oxidative, metabolic and chemical stress [9, 10]may be use-

ful in determining physical workload [11] and intensity [12–14]or to monitor training [15]. The

literature also suggests that type of physical work [16] and type of training [17] may affect the

expression of genes encoding heat shock protein (HSP) and interleukins. In addition, athletes

showed a decreased expression of HSPA1A mRNA as an adaptation to exercise [18]. According

to Zeibig, et al. [19]and Maltseva, et al. [7], assessing the expression of genes encoding HSP may

provide a valuable source of information about metabolic changes and the purposeful limitation

of applied training loads. Such measurements may be particularly important for athletes, espe-

cially high-level athletes, among whom the variability of physiological indicators is not very

dynamic. It is also possible that such changes are associated with specific types of training that

accompany various sporting disciplines.

Determining of pro- and anti-inflammatory cytokines after exercise is important in terms

of health [5] and physical effort. Optimizing the inflammatory and immune responses may help

to promote health and prevent overtraining [5]. Ziemann, et al. [20]suggested that decreasing

inflammation and increasing anti-inflammatory factors is very important for adaptation to exer-

cise. Moreover, high intensity interval exercise can induce a greater increase in IL-6 protein com-

pared with continuous moderate-intensity exercise [21]. Reports in the literature indicate that

production of pro- and anti-inflammatory proteins accompanied the stress response, regardless

of the kind of stressors (e.g., temperature, physical effort) or signalling pathway activation, includ-

ing the HSF-1 and NF-kB pathways [2, 3]. Changes in the expression of these genes is the result of

changes in signalling via these pathways.

Only one study in the literature has associated changes in protein levels of IL6 and IL10

after intense judo exercises involving the lower and upper body separately [22]. According to

these authors it is difficult to investigate lower and upper body high intensity performance and

immunometabolic responses because there is a weaker adaptation to exercises in athletes that

focus on the upper body [22] as well as in sedentary people. The authors suggest that despite

the higher performance in lower body, the inflammatory response did not differ between exer-

cise performed using the upper body. Importantly, this research is based entirely on the results

obtained by observation of protein levels. There are no data in the literature reporting changes

in the expression of genes encoding interleukins and heat shock proteins during intense exer-

cise performed by the lower and upper body.

Artistic gymnasts must demonstrate skills in accordance with accepted techniques by per-

forming exercises on various apparatuses, forcing athletes to demonstrate extremely high levels

of explosive power and endurance-strength capabilities without significantly mobilizing the

aerobic processes [23]. The duration of gymnastics exercises at the highest level in all competi-

tive apparatuses, except vaulting, is small (40 to 70 s). In gymnastics, the anaerobic metabolism
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is considered the main energy supplier. This maximal, short duration effort categorizes gym-

nastics as a high-intensity, anaerobic sport in which the upper and lower body should be well-

trained [24–26]. Moreover, our research involving athletes and non-athletes suggests that the

response to exercise may be different. Furthermore genes tested in this study are easy inducible

by similar stimuli, such as oxidative stress, muscle damages but also are sensitive to transcrip-

tional factors (HSF-1 mainly induce heat shock protein and NF-kB especially IL6). It is possible

that changes in temperature, oxidative stress, muscle damages could be similar after lower and

upper body Wingate test, which is performed with maximal intensity but in short time.

In many sports anaerobic possibilities within upper body are more important than

within lower body [27]. Unfortunately there are not much data in the literature associated

with response to exercises performed by upper body, especially in response to exercise at

molecular level. To our knowledge it is the first study in which influence of upper and

lower body exercises on stress-related genes expression in athletes and non-athletes was

compared.

Thus, the aim of this study was to evaluate the changes between lower and upper body

high intensity exercise in expression HSPA1A, HSPB1, and HSF-1 as well as NF-kB, IL6 and

IL10 in athletes and non-athletes. Based on the available literature obtained for protein level

we hypothesize that regardless expected high differences between upper and lower body

Wingate Test changes in gene expression may be little in leukocytes in both groups and that

these changes may be smaller in athletes because of their good adaptation to high intensity

exercise.

Methods

Ethics statement

This study was approved by the Bioethics Committee for Clinical Research at the Regional

Medical Chamber in Gdańsk and conducted according to the Declaration of Helsinki. All par-

ticipants gave their written consent to participate in the study and were informed about the

purpose and test procedures as well as about the possibility of withdrawal of consent at any

time for any reason.

Participants

A group of 14 elite male artistic gymnasts (EAG) aged 20.6 ± 1.9 years and 14 physically active

men (PAM) aged 20.2 ± 1.2 years participated in this study. The gymnasts trained for 2 ses-

sions per day 6 days per week (25–28 hours). Physically active men declared regular recrea-

tional participation in sports such as running, swimming, judo, and team sports (on average,

2–3 times a week for a duration of 45 minutes). This group, untrained in professional gymnas-

tics, served as a control group with respect to long-term gymnastic training.

The participants had a normal health status during the previous three months (no injuries

to the bone or the muscle tissue; no intake of drugs during the study; negative medical history

regarding disorders of the cardiovascular system, autonomic nervous system, mental disor-

ders, craniocerebral traumas, and other diseases that might directly affect the obtained results).

The participants were informed of the nature and possible inconveniences associated with the

experiment. Descriptive physical characteristics are shown in Table 1 (individual data can be

found in Table A in S1 File).

Comparisons of subjects’ anthropometric characteristics did not show significant differ-

ences in body mass index (BMI) (p = 0.75, F1,43 = 0.13). However, the PAM had a higher total

body mass (p<0.05, F1,43 = 5.2) and height (p< 0.001, F1,43 = 21.2) than the EAG.

Similar Stress Response to Lower and Upper Body Exercises
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Experimental overview

The study consisted of two parts. First was the measure of anaerobic components of fitness

using Wingate Anaerobic Tests (WAnTs) and the second was the assessment of gene expression

in blood samples collected during the first part. Each part of the study is described in additional

detail below. Prior to any testing, all participants attended 1 hour familiarization session, one

week prior to experiment to ensure that all participants were familiar with the testing equip-

ment and procedures. All participants performed lower and upper body Wingate Test. Actual

measurements began with lower body WAnT. Before the test, venous blood was taken at rest as

well as 5 and 30 minutes after completion. Because of regular training in gymnasts from Mon-

day to Saturday our sportsmen performed lower and upper body exercises on Mondays after 48

hours of brake. One week later, participants completed the upper limb WAnT and blood sam-

ples were collected at rest before and up to 5 and 30 minutes after completion of the test [7]. For

48 hours prior to testing, participants were asked to refrain from exhaustive exercise, to main-

tain their normal dietary habits, and to come to the laboratory in a euhydrated state. The partic-

ipants were instructed to avoid caffeine, alcohol and soda one month before experiment.

Measurement of anaerobic components of fitness: lower body and upper body wingate

tests. The lower body WAnT was conducted on a cycle ergometer (Monark 894E, Peak Bike

from Sweden). For each participant, the saddle height was adjusted so that the knee remained

slightly flexed after the completion of the downward stroke (with final knee angle approxi-

mately 170–175˚). Toe clips were used to ensure that the participants’ feet were held firmly in

place and in contact with the pedals. Before any experimental testing, each individual com-

pleted a standardised warm-up on the cycle ergometer (5 min at 60 rpm, 1W/kg). Each partici-

pant was required to pedal with maximum effort for a period of 30 s against a fixed resistive

load of 75 g/kg of total body mass as recommended by [28].

The upper body WAnT was conducted on a hand cycle ergometer (Monark 891E). Partici-

pants sat in a chair fixed to the ground and were advised to keep their feet flat on the ground

and remain seated throughout the WAnT. The seat height and back rest were adjusted so that

with the crank position on the opposite side to the body and the hand grasping the handles,

the elbow joint was almost in full extension (140–155˚) and the shoulders in line with the cen-

tre of the ergometer’s shaft. A standard resistive load equivalent to 50 g/kg of total body mass

was applied for each participant [29]. Before the test, the participants completed a warm-up

that involved 5 min of arm cranking using a power output of 1 W/kg and a crank rate of 60

rev/min.

For both lower body WAnT and upper body WAnT, each participant was instructed to

cycle as fast as possible and was given a 3 s countdown before the set resistance was applied.

Verbal encouragement was given to all participants to maintain their highest possible cadence

throughout both WAnTs. Both cycle ergometers were connected to a PC to allow data capture

via the MCE 5.1 software. The following WAnT variables were measured: peak power (W)

and relative peak power (W/kg) was calculated as the highest single point of power output

Table 1. Physical characteristics of the elite artistic gymnasts (EAG) and physically active men (PAM)

in mean and standard deviation (SD).

EAG vs PAM

Body mass (kg) 68.3 ± 6.5 * 73.7 ± 6.9

Height (cm) 171.4 ± 4.1 * 177.6 ± 4.1

Body mass index (kg/m2) 23.3 ± 1.5 23.4 ± 1.9

* p < 0.05, difference between gymnast (EAG) and control (PAM).

doi:10.1371/journal.pone.0171247.t001

Similar Stress Response to Lower and Upper Body Exercises

PLOS ONE | DOI:10.1371/journal.pone.0171247 January 31, 2017 4 / 13



(recorded at 0.2 s intervals); mean power (W) and relative mean power (W/kg) was the average

power output during the 30 s test.

Sample collection and genetic research methodology. Blood for genetic research was

collected three times on the day of each test (immediately before and up to 5 and 30 minutes

after Wingate Test completion). To eliminate erythrocytes, 2 ml of venous blood was treated

with red blood cell lysis (RBCL) buffer (A&A Biotechnology, Gdynia, Poland).The remaining

white blood cells were lysed using Fenozol (A & A Biotechnology, Gdynia, Poland). Further

isolation of RNA was carried out by a chemical method as described by Chomczynski and Sac-

chi [30]. Purity and concentration of the isolated RNA was determined by spectrophotometry

(Eppendorf BioPhotometer Plus, Germany). cDNA synthesis from 2 μg RNA was performed

using the TranscriptMe Kit, containing oligo dT and random hexamers (Blirt, Gdańsk,

Poland).

For the analysis of genes expression, real-time PCR (LightCycler 480 II, Roche, Poland) was

applied twice in three replicates for each sample using a LightCycler polimerase (Roche,

Poland). The temperature-time profile of the reaction was consistent with the manufacturer’s

instructions. For each reaction, a melt curve analysis was performed. The TATA box protein

(TBP) was used as a housekeeping gene. To amplify the genes, the following primer sequences

were applied (Table 2).

Statistical analysis

Descriptive statistics included mean ± SD for all measured variables. The normality of distribu-

tion was checked with the Shapiro-Wilk’s test. Gene expression data were collected and relative

gene expressions were analysed in Excel 2010. In order to calculate the level of gene expression,

the method of Schmittgen and Livak [31] was used, and data were then transformed from 2^ to

linear value. To assess statistical significance of the changes in genes expression before and after

exercise (WAnT), a repeated measures analysis of variance (ANOVA) was used. To determine

the differences in genes expression after the lower and upper body WAnT, a paired t-test was

calculated. To calculate differences between groups, two-way ANOVA of repeated measures (2

groups x 3 measures) was applied. Post-hoc analyses were implemented when appropriate with

Tukey’s post hoc test. The data was presented on the Figures as 2^fold changes (2^FC). A one-

way analysis of variance (ANOVA) was used to determine the difference between PAM and

Table 2. Primers used in PCR reactions.

Primers

TBP R: TTCGGAGAGTTCTGGGATTGTA

F: TGGACTGTTCTTCACTCTTGGC

HSPA1A R: TCTGTCGGCTCCGCTCTGAGAT

F: ACTCCCGTTGTCCCAAGGCTTC

HSPB1 R: GAGGAAACTTGGGTGGGGTCCA

F: AAGGATGGCGTGGTGGAGATCA

HSF-1 R: CAGGAGCTTGGAGTCCATGCA

F: GAGCAGCTCCTTGAGAACATC

IL6 R: GACATCAAGGCGCATGTGAAC

F: TCCACGGCCTTGCTCTTGTTT

IL10 R: AATTCGGTACATCCTCGACGG

F: GAATCCAGATTGGAAGCATCC

F, forward primer; R, reverse primer.

doi:10.1371/journal.pone.0171247.t002
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EAG in performance characteristics in all variables during the WAnTs. In addition, the effect

size of the researched relations was estimated (Cohen’s d values). All calculations and graphics

were performed using GraphPad Prism 6.0 (ftx.pl/program/graphpad-prism). Differences were

considered statistically significant differences at a level of p�0.05.

Results

Characteristics of lower and upper body Wingate Anaerobic Test (WAnT) assessments for all

participants are summarized in Table 3 (individual data can be found in Table B in S1 File).

In both groups there were significantly higher values after lower body exercise. Absolute

peak power differences between means ranged from 139.6 W in elite male artistic gymnasts

(EAG) and 234.9 W in physically active men (PAM) (p< 0.01). The range for absolute mean

power was from 107 W in EAG to 190.7 W in PAM (p< 0.01), 1.9 W/kg to 3.2 W/kg (p< 0.01)

for relative peak power, and 1.6 W/kg and 2.7 W/kg (p< 0.01) for relative mean power. Differ-

ences between all analysed parameters were higher for the PAM group.

Though not significant, PAM produced higher absolute peak power (p = 0.60, F1,26 = 0.26)

and mean power (p = 0.41, F1,26 = 0.67) during the lower body WAnT compared to their gym-

nast counterparts. Relative peak power (p = 0.25, F1,26 = 1.37) and mean power (p = 0.33, F1,26 =

0.77) were similar in both groups. In contrast, the gymnasts produced significantly higher abso-

lute mean power (p<0.042, F1,26 = 4.55) relative peak power (p< 0.001, F1,26 = 16.16) and

mean power (p< 0.001, F1,26 = 25.72) during the upper body WAnT compared to the PAM

group. Absolute peak power (p = 0.08, F1,26 = 3.25) of the upper body was also higher in the

gymnasts, but the difference was not significant.

Gene expression

The changes in expression of HSF1, HSPB1, and HSPA1A m-RNA after supramaximal lower

and upper body effort in both groups are presented in Fig 1 and NF-kB, IL6, IL10 m-RNA in

Fig 2. Changes in expression are presented as 2^-fold changes (2^FC) (Figs 1 and 2, Tables C

and D in S1 File).

Applied supramaximal effort in the lower and upper body caused up-regulation of all genes

in both groups. Changes in expression HSF-1, HSPA1A and HSPB1 m-RNA was similar after

Table 3. Lower and upper body Wingate Anaerobic Test (WAnT) characteristics of elite artistic gymnasts (EAG) and physically active men (PAM)

in mean and standard deviation (SD).

WAnT EAG PAM Cohen’s d

Mean ± SD (95% CI) Mean ± SD (95% CI) EAG / PAM

Lower body

Absolute peak power (W) 753.6 ± 114.9 (690.4–816.8) 777.1 ± 127.2 (702.6–851.5) 0.19

Absolute mean power (W) 582.5 ± 75.5 (539.2–626.4) 609.9 ± 97.2 (553.7–665.9) 0.31

Relative peak power (W/kg) 11.1 ± 1.0 (10.6–11.6) 10.5 ± 1.4 (10.2–11.3) 0.49

Relative mean power (W/kg) 8.6 ± 0.6 (8.2–8.9) 8.3 ± 1.0 (7.6–8.9) 0.36

Upper body

Absolute peak power (W) 614.0 ± 90.3 (562.2–666.5) 542.2 ± 126.8 (473.2–611.1) 0.65

Absolute mean power (W) 475.5 ± 69.2* (435.5–515.5) 419.2 ± 70.9 (373.4–460.6) 0.80

Relative peak power (W/kg) 9.1 ± 1.4 * (8.5–9.5) 7.3 ± 1.3 (6.6–8.1) 1.33

Relative mean power (W/kg) 7.0 ± 0.6 * (6.6–7.3) 5.6 ± 0.8 (5.2–6.1) 1.97

WAnT, Wingate anaerobic test.

* p < 0.001, difference between EAG and PAM.

doi:10.1371/journal.pone.0171247.t003
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lower and upper body exercises in EAG and PAM. There were no significant differences

between this groups but the expression of HSF-1 and HSPA1A m-RNA was slightly lower in

EAG after exercise performed by upper body compare to PAM.

Changes in IL6, and IL10 m-RNA 5 and 30 min post supramaximal exercise lower and

upper body are presented in Fig 2.

After supramaximal effort in the lower and upper body the changes in IL6, IL10 m-RNA

were different. Generally, there is a noted tendency toward lower expression of IL6 and higher

expression of IL10 m-RNA 30 min after exercise. It can be seen by downregulation of expres-

sion of IL6 through up-regulation IL10 m-RNA after lower and upper body exercise. The

decrease in IL6 m-RNA 30 min after exercises compare to 5 min was significant in both groups

and after lower and upper body exercises amounted to: 2^2.80-fold to 2^1.77-fold p = 0.001

and 2^2.49 to 2^1.43 p = 0.02 in EAG and 2^3.17-fold to 2^1.8 p = 0.05 and 2^2.95 to

2^1.7-fold p = 0.015 in PAM.

Differences between lower and upper body exercises for NF-kB, IL6 and IL10 m-RNA were

not significant in the EAG or PAM groups 5 or 30 min after exercise (ANOVA 2-way). There

were also no significant differences between EAG and PAM.

Discussion

To our knowledge this is the first study in which lower and upper body high intensity exercise

is analyzed on the transcript level. We hypothesized that WAnT results would be higher after

lower body exercise for all indicators. This hypothesis was correct, all indicators were on

higher after lower body exercise (Cohen’s d strong for all measures and groups, Table 3). Com-

pared to physical active men untrained in gymnastics, the athletes had significantly greater rel-

ative peak and mean power in the upper body during WAnT assessment, indicating specific

adaptation of anaerobic capabilities. People in control group were significantly taller and

heavier than our gymnast, but BMI was the same in both groups, which reduced the

Fig 1. 2^FC in genes expression after lower and upper body exercise in EAG (gray bars) and PAM (dark

bars).

1. 2^FC between 5 min after and rest value.

2. 2^FC between 30 min after and rest value.

doi:10.1371/journal.pone.0171247.g001
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differences during WAnTs. Relatively fewer exercises engage the lower body as they are mainly

utilized in short, explosive efforts. This may help to explain the lack of differences in relative

peak and mean power between EAG and PAM observed in the lower limb WAnT. However, it

is difficult to unequivocally state that the results observed in the EAG studied here are typical

for this group of athletes. For example, in a study of anaerobic capabilities in elite French gym-

nasts, [32] showed that relative peak (13.4 ± 1.3 W/kg) and mean power (9.6 ± 1.0 W/kg) were

higher in the lower body than in the upper body. Similar higher relative peak results (11.7 ±
1.2 W/kg) were also observed in elite Greek gymnasts, although this difference was less pro-

nounced in comparison to the difference presented here [23]. In contrast, anaerobic capabili-

ties of the upper body in EAG appeared similar to those described in the previously mentioned

international French gymnasts [32] (relative peak power: 9.2 ± 1.1 W/kg; relative mean power:

6.6 ± 0.6 W/kg) as well as to athletes training in judo [33] and wrestling [34].

Our results associated with heat shock protein and interleukin genes expression showed no

significant differences between lower and upper body exercises. However, slightly higher dif-

ferences between groups was observed after exercise performed by upper body (mainly in

HSF-1 m-RNA). This may indicate specific adaptation gymnasts to exercises performed by

upper body. The differences in genes encoding IL6 and IL10 was also no significant both

between lower/upper exercises and between groups. Similar data associated with inflammation

were reported by Lira, et al. [22], obtained for interleukin on seven male judo athletes who per-

former repeatable Wingate testing on lower an upper body exercise. The authors suggest no

differences in plasma interleukin 6 and 10 after lower and upper body exercise. Independent

that our study was performed on transcript level in leukocytes the observed changes are similar

and up-regulation in genes expression can suggest, that these cells participate in total

Fig 2. 2^FC in genes expression after lower and upper body exercise in EAG (gray bars) and PAM (dark

bars). X-fold changes were calculated as B/A.

1. 2^FC between 5 min after and rest value.

2. 2^FC between 30 min after and rest value.

*significant differences between 5 and 30 min post body exercise.

doi:10.1371/journal.pone.0171247.g002
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inflammation. The response to physical exercise is not only local but systemic, making analysis

of relative gene expression in peripheral blood leukocytes a reasonable indicator of the whole

body response to our experimental intervention [7].

Changes in the expression of genes such as HSPA1A and HSPB1 are hard to interpret. On

the one hand, their overexpression suggests the level of stress load [35], whereas a decrease in

their expression after exercise might be associated with the absence of adequate protection

against factors disrupting metabolic functions within the body. In addition there are only few

reports referring to changes of the expression these genes after acute exercise [1] and between

athletes and active people.

The differences between EAG and PAM in gene expression examined in our study were

also no significant, but several directions can be distinguished. The lower activity in EAG was

for HSF-1, NF-kB, HSPA1A, IL6 m-RNA. These differences are consistent with the results

obtained by several authors, which reports significantly lower expression of genes associated

with heat shock protein especially in HSPA1A m-RNA in athletes compare to sedentary people

[11, 36]. Our study showed lower expression of HSPA1A in athletes, especially after upper

body exercise and are consistent with results reported by Buttner, et al. [11] and Neubauer,

et al. [36], who reported a lower level of expression of these genes in athletes in compare to

untrained people. It can be postulated, that for athletes stress load caused by lower and upper

Wingate Anaerobic Test was smaller [19]. Moreover, lower gene expression results after upper

body exercise in athletes accompanied with better results of Wingate test. We suspect that the

tested gymnasts may have high adaptation of the upper limbs to exercise as effect of specific

training. On the second hand control group had good physical possibilities, and they should’t

be treated as sedentary people. It is possible that there are differences in activation of endocrine

system (especially stress hormones) between groups. In the literature there are interesting

studies in which cortisol level after four WAnTs was investigated. Moreover, changes in corti-

sol level occurred only in people regularly trained but not in control group [37, 38]. For this

reason cortisol level in control group was not analyzed during high-intensity intermittent

training [39]. Since it is known that cortisol level may influence IL1 and IL6 values, these dif-

ferences between groups may also affect genes expression [40].

Two of the examined transcriptional factors are associated with the stress cellular response

[3]. HSF-1 is responsible for activation of HSPA1A and HSPB1, among other things, while NF-
kB enhances the inflammatory response, including IL6 activation and is known as redox-sensi-

tive transcription factor [41]. There are some reports in the literature that associate downregu-

lation of NF-kB expression with IL10 m-RNA [42–44]. In our study, this relationship was also

slightly, but higher expression of IL10 30 min after exercises caused in slightly lower expression

NF-kB m-RNA. Additionally, this effect was similar after lower and upper body exercise and

caused in significantly lower expression IL6 m-RNA. Decrease of IL6 m-RNA after exercise

was also reported in the literature. Nieman, et al. [45] investigated time effect of IL10 and IL6
expression after WAnT and reported 2.7-fold increase for IL10 and 0.8-folddecrease of IL-6 m-

RNA in the same time (from immediately after to 1 hour after). Two hour after exercise there

were no changes in IL6 m-RNA after acute exercise. In our study significant effect time for IL6
m-RNA was observed after lower and upper body exercise in both groups.

The changes in gene expression results following upper Wingate Anaerobic Test in PAM

and EAG presented in this study suggest no time dependent changes in expression of HSF1
during half hour after exercise. It is well-known that HSF-1 is an activation domain of genes

encoding HSP. Because of the fact that slightly higher mean changes in HSF-1 were observed

30 min after exercise, it is possible, that changes in HSPA1A and other genes may be higher

later. This suggestion is related to methodology as magnitude of changes may be dependent on

the time at which the determination is made.
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Moreover, the results are not consistent with the results published by Radom-Aizik, et al.

[6]. The authors reported that 30-min of acute exercise affected HSP genes expression only in

untrained men. This differences may be associated with the short time frame and aerobic char-

acteristic of the applied effort and/or relative lower load for studied athletes as well as better

adaptation to acute exercise than in the gymnasts examined here.

Data in the literature indicate a higher stability of HSPB1 m-RNA during and after various

exercises. Maltseva, et al. [7] reported no changes in expression HSPB1 after 30 min of moder-

ate intensity exercise. This study on basketball players indicated that after plyometric training,

overexpression of HSPB1 occurs later and not immediately post effort [8]. In present study up-

regulation of HSPB1 m-RNA appears 5 min after exercises and level of m-RNA was similar

after 30 min after exercise. The study on plasma level HSP70 and HSP27 showed, that there

are strong correlation between HSP70 and HSP27 after exercises performed with different

intensity [46]. Cited authors concluded, that changes in these proteins are associated with

intensity and duration of exercise. In our study HSPB1 m-RNA after upper body exercises was

similar to obtained after lower body and was not downregulated in athletes, as HSPA1A. It is

possible that HSPB1 plays a very important role in the degradation of damaged proteins during

physical effort [16, 47] and that the demands of small HSP synthesis occur longer. Further-

more, transcriptional activity can be stimulated by muscle damage [48]. Therefore, greater

muscle damage can occur because of higher possibilities to exercise (significantly higher rela-

tive and mean power in gymnast after upper body exercise and slightly higher expression in

HSPB1 m-RNA.

In conclusion, independently from the higher performance in lower body exercise, there

was no significant difference in inflammatory gene expression (IL6, IL10) and genes encoding

heat shock proteins (HSPA1A, HSPB1) between lower and upper body exercise and between

groups. Therefore, stress load after lower and upper body exercises was similar and health ben-

efits as well as adaptive changes to exercise can be obtained by prolonged exercise performed

both for lower and upper body. In the literature there is information, that HIIT exercise can

be beneficial in areas of the body other than those directly involved in the exercise [49]. Our

results indicate, that this sentence is also associated with adaptation to training on molecular

level.

Practical application

Based on obtained results it can be suggested that for the maintenance of adaptation on molec-

ular level, lower and upper body training could be useful. It is useful information for sport

practice, that during forced breaks in the exercises performed by upper limbs appropriate con-

tinuation of training by lower limbs would be recommended, and vice versa.
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