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Abstract: Physical activity has a positive effect on human health and well-being, but intense exercise
can cause adverse changes in the organism, leading to the development of oxidative stress and
inflammation. The aim of the study was to determine the effect of short-term cold water immersion
(CWI) and a sauna bath as methods of postexercise regeneration on the indicators of inflammation
and oxidative damage in the blood of healthy recreational athletes. Forty-five male volunteers
divided into two groups: ‘winter swimmers’ who regularly use winter baths (n = 22, average age
43.2 £ 5.9 years) and ‘novices” who had not used winter baths regularly before (1 = 23, mean age
25 + 4.8 years) participated in the study. The research was divided into two experiments, differing in
the method of postexercise regeneration used, CWI (Experiment I) and a sauna bath (Experiment
II). During Experiment I, the volunteers were subjected to a 30-min aerobic exercise, combined
with a 20-min rest at room temperature (RT-REST) or a 20-min rest at room temperature with an
initial 3-min 8 °C water bath (CWI-REST). During the Experiment II, the volunteers were subjected
to the same aerobic exercise, followed by a RT-REST or a sauna bath (SAUNA-REST). The blood
samples were taken before physical exercise (control), immediately after exercise and 20 min after
completion of regeneration. The concentrations of selected indicators of inflammation, including
interleukin 13 (IL-13), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 8 (IL-8), interleukin 10
(IL-10), transforming growth factor 31 (TGF-f1) and tumor necrosis factor « (TNF-«), as well as the
activity of indicators of oxidative damage: al-antitrypsin (AAT) and lysosomal enzymes, including
arylsulfatase A (ASA), acid phosphatase (AcP) and cathepsin D (CTS D), were determined. CWI
seems to be a more effective post-exercise regeneration method to reduce the inflammatory response
compared to a sauna bath. A single sauna bath is associated with the risk of proteolytic tissue damage,
but disturbances of cellular homeostasis are less pronounced in people who regularly use cold water
baths than in those who are not adapted to thermal stress.

Keywords: exercise; inflammation; cytokines; lysosomal enzymes; serine protease inhibitor; oxidative
stress; cold water immersion; sauna bath

1. Introduction

In recent years, there has been observed a growing interest in a healthy lifestyle.
Undoubtedly, physical activity is widely recognized as an important part of healthy way
of life. However, intense exercise can cause fatigue in the musculoskeletal and nervous
systems and also result in adverse changes in the organism, leading to the development
of inflammation [1]. Exercise-induced muscle injury (EIMD) is a common consequence of
intense training. The recovery of muscles to their functional state before exercise sometimes
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takes up to several days [2]. The activation of inflammatory processes is essential for muscle
repair and adaptation to exercise. On the other hand, excessive or persistent inflammation
is thought to contribute to further tissue damage due to the nonspecific phagocytic function
of inflammatory cells, such as neutrophils [3]. Oxidative stress is also an important element
modulating the inflammatory response after exercise. The increasing demand for energy
after exercise causes greater oxygen consumption by the mitochondria, which increases
the formation of reactive oxygen species (ROS) [4]. High levels of ROS can cause the
peroxidation of the cell membrane and destabilization of the structure of muscle cells [5,6].
Increased production of ROS can also lead to the disruption of lysosomal membrane
integrity by peroxidation of lysosomal membrane lipids [7]. Structural changes in muscle
fibers are also accompanied by increased release of certain intracellular enzymes, including
those belonging to lysosomal acid hydrolases [8]. Thus, the released lysosomal enzymes
can be used as markers of oxidative damage [9,10]. The mediators of the initiation of the
inflammatory reaction are released at the site of damage to the muscle tissue as a result of
the damage caused by ROS [5,11]. On the other hand, increased ROS levels during exercise
can also contribute to some of the post-exercise adaptations [12]. Moderate exposure to ROS
is necessary to trigger the organism’s adaptive responses, such as activation of antioxidant
defenses [13].

Exercise can elicit an acute-phase response, characterized by an increase in periph-
eral blood levels of cytokines and chemokines [4]. Accumulation of pro-inflammatory
cytokines, neutrophils and macrophages is responsible for the damage to and dysfunction
of the muscle tissue [14]. Physiotherapeutic treatments, such as massage, kinesiother-
apy and various methods that use low and high temperatures can be an effective way to
support the process of rehabilitation of even minor injuries and can stimulate biological
regeneration [15-18].

In recent years, the results of numerous studies have emphasized the positive effect of
winter baths on the human organism [19-21]. Pain and anti-inflammatory therapies based
on the use of low temperatures have long been used to treat many diseases [22,23]. How-
ever, exposure of the organism to low ambient temperatures can also cause physiological
stress [9]. Cold water immersion (CWI) is believed to reduce blood cytokine levels, which
may inhibit the development of inflammation after exercise [24]. On the other hand, it is
known that low temperatures affect the mobilization of leukocytes [25]. In addition, it has
been suggested that exposure to cold initiates changes in cytokine expression associated
with a nonspecific acute phase response that may be the result of multiple interactions
between cytokines and neuroendocrine hormones [26]. CWI is the process of immersing a
part of or the whole body (except the head) in water with a temperature below 15 °C [27].
CWI is becoming more and more popular as a regenerative method for athletes due to its
effectiveness and low costs [3,24,28]. Recent studies have begun to question the effective-
ness of muscle cooling, providing many indications that neither inflammation nor muscle
damage is actually reduced by CWI [29]. Still, the use of low temperatures remains the
leading method of regeneration among competitive athletes after intense exercise. Many
people justify using CWI after exercise based on its clear benefits [29]. The differences in the
results of studies describing the effect of CWI on post-exercise regeneration of the organism
may be related to the lack of standardization and a significant variety of CWI protocols
(e.g., athlete’s level of training, type of training performed, exercise intensity, immersion
time and water temperature) [30].

Exposition to a high ambient temperature during a sauna bath is an another form
of thermotherapy. Increased organism temperature triggers a series of thermoregulatory
reactions that prevent overheating [31]. It may lead to a reduction in the amount of ROS,
which results in a reduction in oxidative stress and in the activity of the inflammatory
pathway [32]. There is growing evidence that exposure to high ambient temperatures can
trigger adaptive mechanisms such as the regulation of genes involved in muscle growth and
differentiation [33]. On the other hand, dehydration and hyperthermia belong to the major
dangers of excessive thermal stress [34]. In addition, being overweight and a sedentary
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lifestyle can further aggravate thermal stress [35,36]. There is little evidence for the effects of
sauna baths on an athlete’s organism, but some studies have found that entering the sauna
immediately after exercising provides an additional training stimulus [32,37]. The use of
high temperatures is believed to be a useful treatment to reduce post-exercise soreness
by increasing blood flow to target muscles, improving their oxygenation and helping to
remove harmful metabolites produced during exercise from regenerating muscles [38].

Both CWI and sauna are supposed to be treatments that reduce inflammation in
skeletal muscles. However, there are few scientific reports about the effect of exposure to
cold or heat on pro-and anti-inflammatory cytokine levels. Moreover, most of the studies
were performed in the population of professional athletes, while there are no studies on the
general population and recreational athletes [39]. In addition, only few studies focused on
the effect of CWI or post-exercise sauna treatment on markers of inflammation in less than
two hours. This is why the aim of this study was to determine the effect of CWI and sauna
baths on the concentration of selected cytokines and the activity of selected lysosomal
enzymes in people regularly or sporadically exposed to cold and heat.

2. Materials and Methods
2.1. Participants

Forty-five healthy men participated in the study. The participants were divided into
two groups: winter swimmers, people regularly undergoing winter baths (average age
43.2 £ 5.9 years) and novices who had not used winter baths regularly before (mean age
25 £ 4.8 years). The subjects did not change their eating habits (first of all did not take
dietary supplements with antioxidant and anti-inflammatory activity) and physical activity,
and did not undergo any therapy that could affect the parameters of inflammation in
the organism, immediately before or during the study. The study was approved by the
Bioethics Committee at Collegium Medicum in Bydgoszcz, UMK in Torun, Poland (no.
KB 278/2016). The participants were informed about the purpose of the study and the
potential associated risks and gave their written consent to participate in the study.

A 170 Physical Fitness Test (PWC170) was performed to determine the participants’
aerobic fitness. PWC170 consisted of two 5-min standard exercise sessions on a bicycle
ergometer (Monark Ergomedic 828 E). The load of the second exercise test was increased to
obtain a heart rate (HR) of 170 beats per minute (bpm) but not to exceed it. The PWC170
index was calculated from the mean HR value recorded at the end of each 5-min exercise.
HR was measured with a frequency meter (Polar Electro Oy, Finland). Load (power in watts,
W) was calculated during exercise with a HR of 170 bpm. The test result was calculated
from the formula [40]:

PWC170 = P1 + (P2 — P1)/(170 — HR1) (HR2 — HR1)

P1 —the power of the first exercise test;

1.  P2—the power of the second exercise test;
2. HR1—HR during the first exercise test;

3. HR2—HR during the second exercise test

The PWC170 value correlates well with the maximum oxygen consumption (VOsmax),
which is a fundamental indicator of the oxygen function [41]. VOppax for all study par-
ticipants during each stage of both experiments was calculated according to the Astrand-
Ryhming nomogram using the PWC170 values [42]. Borg Category-Ratio-10 (CR10) scale
with values ranging from “0” to “10” was used to assess the subjective level of fatigue
(RPE). The first value “0” means “no effort” and the last “10” means “extremely hard”
effort. There is also an effort index above 10, labeled as “x”. It is the effort that makes the
person “unable to continue” the exercise [43]. The RPE scale was used at each stage of both
research experiments after 30 min of exercise.

In order to assess the level of daily physical activity, participants completed the
International Physical Activity Questionnaire (IPAQ). In both study groups, the volunteers
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rated the level of weekly physical activity between “medium” and “high”. The energy cost
of effort according to IPAQ is expressed in units called MET (metabolic equivalent of work).
1 MET is the value of your resting metabolic rate and is the volume of oxygen consumed in
1 min, which is approx. 3.5 mL/kg/min. Each type of physical activity can be expressed
in units of MET-min/week by multiplying the coefficient assigned to this activity by the
number of days of exercise in weeks and the duration in minutes per day [44]. The IPAQ
level of “high” level means that the subjects met one of the following two criteria: three
or more days of intense physical effort, a total of at least 1500 MET-min/week, seven or
more days of any combination of efforts (walking, moderate or vigorous exercise) more
than 3000 MET-min/week [44]. On the other hand, the “average” physical effort means
that the subjects met one of the following three criteria: 3 or more days of intense physical
activity, not less than 20 min a day; 5 or more days of moderate exercise or walking for no
less than 30 min a day; 5 or more days of any combination of efforts (walking, moderate
or vigorous exercise) exceeding 600 MET-min/week [44]. The basic characteristic of the
studied groups is presented in Table 1.

Table 1. Basic characteristics of the study group (data are presented as means + SD).

Parameter Winter Swimmers Novices
Group size [n] 22 23
Age [yr] 432 +5.9 25.0 + 4.8
BH [cm] 1746 + 7.3 179.7 £ 5.0
BM [kg] 85.7 + 13.9 814 1+9.6
BMI [kg/m?] 28.06 + 3.81 253427
BF [%] 225+5.0 15.6 4.3
TBW [%] 56.7 + 3.7 61.5+3.3
estimated VOppax [ML/kg/min] 1 3595+ 6.6 4095 £ 6.6
Borg CR10! 3.75 £ 0.91 4.06 £0.8
estimated VOyppax [ML/kg/min] 2 36.15+74 40.67 £ 6.7
Borg CR10? 35+12 4.08+0.6
estimated VO, ax [ML/kg/min] 3 35.86 £7.2 40.85 + 6.5
Borg CR103 37+£11 4.07 £0.9
estimated VOopay [ML/kg/min] 4 36.14 + 6.9 40.87 + 6.8
Borg CR10* 35+09 4.02+£0.8
IPAQ “moderate”—"high” “moderate”—"high”

1 Experiment I Session I, 2 Experiment I Session II, > Experiment II Session I, # Experiment II Session II, BH—body
height, BM—body mass, BF—body fat, TBW—total body water, VO;max—maximum oxygen consumption, Borg
CR10—rating of perceived exertion scale.

The measurement of the body components (body fat, BF and total water content, TBW)
of the participants was carried out using the Tanita bioelectric impedance analyzer—BC
418 MA (Tanita Corporation, Tokyo, Japan).

2.2. Study Design

The research was carried out at the Central Research Laboratory of the University
of Olsztyn in Olsztyn, Poland and was divided into two experiments. The experiments
differed in the method of post-workout regeneration used. In Experiment I it was an
immersion in cold water, and in Experiment II it was a sauna treatment. The research
was carried out in a cross-over study. Participants were assigned to control conditions
(stage I) or to CWI/sauna treatment (stage II) in a cross-sequence (cross-over study). Each
participant attended all stages (stage I and stage II during Experiment I, stage I and stage 11
during the Experiment II). The stages were separated by a week-long break. The scheme of
the course of the research is presented in Figure 1.
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Figure 1. The scheme of the course of the research. HRmax—maximum heart rate, WS—winter
swimmers, N—novices.

During the first stage of Experiment I, the volunteers were subjected to 30-min aerobic
exercise [with a power of 70% of the maximum heart rate—70% HRmax] on a bicycle er-
gometer [Monark Ergomedic 828 E]. HRmax was calculated according to the Oja, Tuxworth
formula: HRmax = 205 — 0.5 x age [45]. Then, the participants rested in a sitting position
at room temperature (passive regeneration, RT-REST). During the second stage (one week
later), the participants performed an identical physical effort, but 5 min after its completion,
they were subjected to a 3-min bath in a pool with cold water at 8 °C, and then rested in a
sitting position for another minutes (up to 20 min). The participants of the experiment were
dressed only in swimming trunks and they immersed the whole body in the water, except
for the head and neck. During both sessions, blood samples were taken from each test sub-
ject three times from the median posterior vein: before exercise (control, BE), immediately
after exercise (AE) and 20 min after each type of rest (RT-REST or CWI-REST). Experiment
II was also divided into two stages. During the first stage, the subjects were subjected
to the same exercise as in Experiment I on a bicycle ergometer [30 min, with a power of
70% of the maximum heart rate—70% HRmax]. Then the participants rested seated at
room temperature (similar to Experiment I). During the second stage (one week later), the
participants performed an identical exercise, but 5 min after its completion they underwent
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a sauna treatment. This treatment consisted of two 10-min entries to the sauna (temperature
85 °C, relative humidity 5-10%). After each exit from the sauna, the participants cooled
the body in a shower with cold water and rested in a sitting position. The cooling and rest
time was 3 min (in accordance with the generally recognized rules of the sauna). During
both stages blood samples were taken from each examined person three times from the
posterior vein: BE (control), AE and 20 min after rest, both RT-REST and the sauna bath
(SAUNA-REST); the mean values of the trials were given as a result.

2.3. Determination of the Activity of al-Antitripsin (AAT) and Lysosomal Enzymes

The determination of the activity of «l-antitrypsin in the blood serum was performed
using the Eriksson method, the principle of which is to measure the decrease in the enzy-
matic activity of trypsin as a result of a short incubation with defibrinated blood serum [46].
The AAT activity is expressed in mg of inhibited trypsin/mL of serum. In order to deter-
mine the arylsulfatase A (ASA) activity, the Roy’s method modified by Bleszyniski was used.
The activity of this enzyme is measured as the amount of 4-nitrocatechol (4-NC) released
during enzymatic hydrolysis of the substrate (4-nitrocatechol sulphate). ASA activity is
expressed in nmol 4-NC/mg protein/min. Acid phosphatase activity was determined
using the Bessy method in Krawczyniski’s modification [47]. The activity of this enzyme
is measured as the amount of p-nitrophenol released during enzymatic hydrolysis of the
substrate, p-nitrophenol phosphate. The acid phosphatase activity is expressed in nmol
p-nitrophenol/mg protein/min. Anson’s method was used to determine the activity of
cathepsin D [42]. In this method, the addition of a phenolic reagent produces a blue color,
the level of which is determined spectrophotometrically. Cathepsin D activity is expressed
in nmoles of tyrosine/mg protein/min.

2.4. Determination of the Cytokine Concentrations

Ready-made analytical kits based on the ELISA method were used to determine
the concentration of IL-1f3, IL-6, IL-8, IL-10, TNF-« (expressed in pg/mL) and TGF-1
(expressed in in ng/mL). Diaclone SAS (France) kits were used for the tests. The determi-
nations were carried out in accordance with the instructions provided by the manufacturer.
Microplates with wells coated with monoclonal antibodies highly specific for the cytokines
detected were attached to each analytical kit.

2.5. Statystical Analysis

Statistical analysis was carried out using the STATISTICA 12 PL package. The obtained
results were subjected to post-hoc statistical analysis (HSD Tukey’s test) using the one-way
statistical test ANOVA (analysis of variance). When performing the analysis, all ANOVA
assumptions regarding the equality among each group separately, homogeneity of variance
(Levene’s test) and the assessment of compliance of the analyzed variables with the normal
distribution (Kolmogorov-Smirnov test) were taken into account. The results are presented
as the arithmetic mean value + standard deviation (SD). Comparisons were considered as
statistically significant when the calculated value of the tested probability was p < 0.05.

3. Results
3.1. The activity of a1-Antitripsin and Lysosomal Enzymes in Winter Swimmers

In both stages of Experiment I, no statistically significant changes in AAT and ASA
and CTS D activity in the blood serum of winter swimmers after exercise (AE), as well as
after exercise followed by the regeneration at room temperature (RT-REST), were found.
Comparing the results obtained after RT-REST with the results obtained after the regen-
eration combined with CWI (CWI-REST), no statistically significant differences in AAT
activity and the determined lysosomal enzymes (p > 0.05) were found (Figure 2a-d).
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Figure 2. The activities of «l-antytrypsin and lysosomal enzymes in blood serum of winter swim-
mers (n = 22) in Experiment I: (a) AAT activity; (b) AcP activity; (¢) ASA activity; (d) CTS D
activity. Data are presented as the mean values & SD. AAT—«l-antytrypsin, AcP—acid phosphatase,
ASA—arylsulfatase, CTS D—cathepsin D, BE—before exercise, AF—after exercise, RT-REST—20-min
recovery at room temperature, CWI-REST—20-min recovery at room temperature combined with
3-min cold water immersion.

In the first stage of Experiment II (regeneration combined with sauna bath, SAUNA-
REST), a statistically significant increase of about 46% in CTS D activity was observed
AE versus BE (p < 0.05). Twenty minutes after RT-REST, the activity of this enzyme was
approximately 52% lower than AE (p < 0.05) (Figure 3d). In the second stage of Experiment
IT (SAUNA-REST), a statistically significant increase of about 36% in AAT activity 20 min
after SAUNA-REST, compared to BE (p < 0.001), was observed (Figure 3a). Moreover, it was
shown that AAT activity 20 min after RT-REST was lower than 20 min after SAUNA-REST
(p < 0.001) (Figure 3a). There were no statistically significant differences in the activity of
lysosomal enzymes comparing RT-REST and SAUNA-REST.

Comparing the activity of AAT and lysosomal enzymes after CWI-REST with their
activity after SAUNA-REST, statistically significant differences in the activity of AAT, AcP
and ASA were observed. AAT activity 20 min after SAUNA-REST was approximately
55% higher than 20 min after CWI-REST (p < 0.01) (Figure 3a). Moreover, AcP activity
was higher by about 52% (p < 0.01) (Figure 2b) and ASA activity by about 62% (p < 0.01)
(Figure 3c) after SAUNA-REST than after CWI-REST.
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Figure 3. The activities of al-antytrypsin and lysosomal enzymes in blood serum of winter swim-
mers (n = 22) in Experiment II: (a) AAT activity; (b) AcP activity; (c) ASA activity; (d) CTS D
activity. Data are presented as the mean values £ SD. AAT—a«l-antytrypsin, AcP—acid phosphatase,
ASA—arylsulfatase, CTS D—cathepsin D, BE—before exercise, AF—after exercise, RT-REST—20-min
recovery at room temperature, SAUNA-REST—rest combined with sauna bath, * p < 0.05 vs. BE,
**p < 0.001 vs. BE, 4 p <0.05 vs. AE, * p < 0.001 vs. RT-REST, °° p < 0.001 vs. CWI-REST.

3.2. The Activity of a1-Antitripsin and Lysosomal Enzymes in Novices

There were no statistically significant changes in the activity of the parameters tested
in the blood serum of novices AE compared to BE (p > 0.05) in both stages of Experiment I
(Figure 4a—d). Moreover, there were no statistically significant changes in the determined
parameters after RT-REST and after CWI-REST versus BE and AE (p > 0.05) (Figure 4a—d).
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Figure 4. The activities of al-antytrypsin and lysosomal enzymes in blood serum of novices (1 = 23)
in Experiment I: (a) AAT activity; (b) AcP activity; (c) ASA activity; (d) CTS D activity. Data are pre-
sented as the mean values & SD. AAT—al-antytrypsin, AcP—acid phosphatase, ASA—arylsulfatase,
CTS D—cathepsin D, BE—before exercise, AF—after exercise, RT-REST—20-min recovery at room
temperature, CWI-REST—20-min recovery at room temperature combined with 3-min cold water
immersion.

In the second stage of Experiment II, the activity of AcP 20 min after SAUNA-REST
was higher than AE (p < 0.001) and higher than BE (p < 0.001). Moreover, the activity
of AcP 20 min after SAUNA-REST was higher than the activity of this enzyme 20 min
after RT-REST (p < 0.001) (Figure 5b). The activity of CTS D AE was higher than BE
(p < 0.001). However, 20 min after SAUNA-REST, the activity of this enzyme was lower
than AE (p < 0.001) (Figure 5d).

Significantly lower CTS D activity in the blood serum of novices after SAUNA-REST
compared to the activity of this enzyme after CWI-REST was observed (p < 0.05) (Figure 5d).
Moreover, statistically significant higher activity of AcP after SAUNA-REST than after
CWI-REST was noted (p < 0.05) (Figure 5b).
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Figure 5. The activities of al-antytrypsin and lysosomal enzymes in blood serum of novices (1 = 23)
in Experiment II: (a) AAT activity; (b) AcP activity; (c) ASA activity; (d) CTS D activity. Data are pre-
sented as the mean values & SD. AAT—a«l-antytrypsin, AcP—acid phosphatase, ASA—arylsulfatase,
CTS D—cathepsin D, BE—before exercise, AF—after exercise, RI-REST—20-min recovery at room
temperature, SAUNA-REST—rest combined with sauna bath, ** p < 0.001 vs. BE, 44 p < 0.001 vs. AE,
## p < 0.001 vs. RT-REST, © p < 0.05 vs. CWI-REST.
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3.3. The Concentration of Cytokines in Winter Swimmers

In the first stage of Experiment I, a statistically significant increase in the concentration
of IL-1f (p < 0.05) and IL-6 (p < 0.001) in the blood serum of winter swimmers AE compared
to BE was observed (Figure 6a). However, 20 min after RT-REST, the concentration of
IL-6 was statistically significantly lower than AE (p < 0.001) (Figure 6b). No statistically
significant changes were observed in the concentration of IL-8, IL-10, TNF-ox and TGF-31
AE versus BE as well as after RT-REST (p > 0.05) (Figure 6¢c—f). In the second stage of
Experiment I, IL-6 was almost 4-fold higher AE than control (p < 0.05). However, the
concentration of IL-6 20 min after CWI-REST was lower than AE (p < 0.001) (Figure 6b).
Moreover, a statistically significant increase in the concentration of IL-10 20 min after CWI-
REST versus AE was found (p < 0.001). Twenty minutes after CWI-REST, the concentration
of this cytokine was also more than 5-fold higher than BE (p < 0.05) (Figure 6d). However,
no statistically significant changes in the concentration of IL-1§3, IL-8, TNF-« and TGF-
1 AE and CWI-REST (p > 0.05) were observed (Figure 6a,c,e,f). A significantly lower
concentration of IL-6 (p < 0.001) and a statistically significantly higher concentration of
IL-10 (p < 0.001) after CWI-REST than after RI-REST were observed (Figure 6b,d).
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Figure 6. The concentration of selected cytokines in blood serum of winter swimmers (n = 22)
in Experiment I: (a) IL-1f3 concentration; (b) IL-6 concentration; (c) IL-8 concentration; (d) IL-10
concentration; (e) TNF-o concentration; (f) TGF-31 concentration. Data are presented as the mean
values £ SD. IL-13—interleukin 1, IL-6—interleukin 6, IL-8—interleukin 8, IL-10—interleukin
10, TNF-o—tumor necrosis factor «, TGF-p1—transforming growth factor 31, BE—before exercise,
AF—after exercise, RT-REST—20-min recovery at room temperature, CWI-REST—20-min recovery at
room temperature combined with 3-min cold water immersion, * p < 0.05 vs. BE, ** p <0.001 vs. BE,
A4 5 <0.001 vs. AE, # p < 0.001 vs. RT-REST.

In the first stage of Experiment II a statistically significant increase in the concentration
of IL-1p of approx. 60% AE (p < 0.001) versus BE was noted. However, 20 min after RT-REST
the concentration of this cytokine was lower by about 25% than AE (p < 0.001) (Figure 7a).
There was also a two-fold increase in IL-6 concentration (p < 0.001) (Figure 7b) and a 3-fold
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increase in IL-10 concentration (p < 0.001) (Figure 7d) AE compared to BE. 20 min after
RT-REST the concentration of IL-10 was lower than AE (p < 0.001), but was still twice as
high as BE (p < 0.001). No statistically significant changes in the concentration of IL-§,
TNF-« and TGF-$1 AE as well as after RT-REST were observed (p > 0.05) (Figure 7c,e,f).
In the second stage of Experiment II, a statistically significant 6-fold increase in the con-
centration of IL-6 was observed AE (p < 0.001) versus BE. 20 min after SAUNA-REST, the
concentration of this cytokine was statistically significantly lower than AE (p < 0.001) and
still about three times higher than BE (p < 0.001) (Figure 7b). There was also a statistically
significant increase in IL-8 concentration 20 min after SAUNA-REST versus AE (p < 0.05)
(Figure 7c). Moreover, AE the concentration of IL-10 increased more than 2,5-fold versus BE
(p < 0.001). In turn, 20 min after SAUNA-REST, the concentration of this cytokine was
higher by approximately 27% than AE (p < 0.05) and approximately 3,5-fold higher than BE
(p < 0.001) (Figure 7d). The concentration of TGF-f31 immediately AE was also higher than
BE (p < 0.001), and 20 min after SAUNA-REST, as in the case of IL-10, the concentration of
this cytokine was statistically significantly higher than AE (p < 0.001) and almost 3-fold
higher than BE (p < 0.001) (Figure 7f). There were no statistically significant changes in the
concentration of IL-1f3 and TNF-« (p > 0.05) after SAUNA-REST (Figure 7a,e). Moreover
statistically significantly higher levels of IL-10 (p < 0.001) and TGF-31 (p < 0.001) were
observed after SAUNA-REST versus RT-REST (Figure 7d,f). However, no statistically
significant differences in the concentrations of IL-1f3, IL-6, IL-8 and TNF-o were observed
(Figure 7a—c,e).

The concentration of IL-6 (p < 0.001) and TGF-p1 (p < 0.001) was higher after SAUNA-
REST versus after CWI-REST (Figure 7b,f). On the other hand, the concentration of IL-8
(p < 0.05) was lower after SAUNA-REST than after CWI-REST (Figure 7c). There were
no statistically significant differences in the concentrations of IL-13, IL-10 and TNF-o
comparing SAUNA-REST and CWI-REST (Figure 7a,d,e).

3.4. The Concentration of Cytokines in Novices

In the first stage of Experiment I, a statistically significant higher concentration of
IL-1B (p < 0.05) and IL-6 (p < 0.001) in the blood serum of novices AE than BE was observed.
20 min after RT-REST the concentration of IL-13 was 2-fold lower than AE (p < 0.001),
while the concentration of IL-6 20 min after RT-REST was still statistically significantly
higher than BE (p < 0.001). A statistically significant increase of IL-10 concentration 20 min
after RT-REST compared to the concentration BE and AE was found (p < 0.001) (Figure 8d).
The concentration of TNF-decreased by about 26% AE (p < 0.05) versus BE. 20 min after
RT-REST, the concentration of this cytokine increased by about 42% (p < 0.05) versus AE
(Figure 8e). In this study, no statistically significant changes in the concentration of TGF-{31
and IL-8 AE and after RT-REST were observed (p > 0.05) (Figure 8c,f). In the second stage
of the Experiment I the concentration of IL-13 20 min after CWI-REST was statistically
significantly lower (p < 0.05) than AE (Figure 8a). The concentration of IL-6 after CWI-REST
was statistically significantly higher (p < 0.05) compared to AE (Figure 8b). There were
no statistically significant changes in the concentration of IL-8, IL-10, TNF-a and TGF-31
AE and after CWI-REST compared to the values BE (p > 0.05) (Figure 5c—f). Comparing
RT-REST and CWI-REST, an approximately 31% lower IL-8 concentration (p < 0.05) was
observed 20 min after CWI-REST compared to the concentration of this cytokine 20 min
after RT-REST (Figure 8c). Moreover, the concentration of IL-10 (p < 0.001) was higher
by about 23% after CWI-REST than after RT-REST (Figure 8d). However, no statistically
significant differences were observed in the concentrations of IL-1f3, IL-6, TNF-ox and
TGF-B1 (p > 0.05) (Figure 8a,b,e,f) comparing RT-REST and CWI-REST.
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Figure 7. The concentration of selected cytokines in blood serum of winter swimmers (n = 22)
in Experiment II: (a) IL-13 concentration; (b) IL-6 concentration; (c) IL-8 concentration; (d) IL-10
concentration; (e) TNF-« concentration; (f) TGF-f1 concentration. Data are presented as the mean
values £ SD. IL-1p3—interleukin 1, IL-6—interleukin 6, IL-8—interleukin 8, IL-10—interleukin
10, TNF-o—tumor necrosis factor «, TGF-B1—transforming growth factor 31, BE—before exercise,
AF—after exercise, RT-REST—20-min recovery at room temperature, SAUNA-REST—rest combined
with sauna bath, * p < 0.05 vs. BE, ** p < 0.001 vs. BE, 4 p < 0.05 vs. AE, 44 p <0.001 vs. AE,
## p < 0.001 vs. RT-REST, ° p < 0.001 vs. CWI-REST.
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Figure 8. The concentration of selected cytokines in blood serum of novices (n = 23) in Experiment

I: (a) IL-1p concentration; (b) IL-6 concentration; (c) IL-8 concentration; (d) IL-10 concentration;
(e) TNF-o concentration; (f) TGF-p1 concentration. Data are presented as the mean values £ SD.
IL-1B—interleukin 13, IL-6—interleukin 6, IL-8—interleukin 8, IL-10—interleukin 10, TNF-o—tumor
necrosis factor «, TGF-B1—transforming growth factor 31, BE—before exercise, AF—after exercise,
RT-REST—20-min recovery at room temperature, CWI-REST—20-min recovery at room temperature
combined with 3-min cold water immersion, * p < 0.05 vs. BE, ** p < 0.001 vs. BE, 4 p < 0.05 vs. AE,
A4 5 <0.001 vs. AE, # p < 0.05 vs. RT-REST, # p < 0.001 vs. RT-REST.
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In the first stage of the Experiment II more than a 2-fold increase in the concentration of
TGF-B1 (p < 0.001) was noted AE versus BE. 20 min after RT-REST the concentration of this
cytokine was still statistically significantly higher (p < 0.001) than BE (Figure 9f). However,
no statistically significant changes in the concentration of IL-1p, IL-6, IL-8, IL-10 and TNF-o
(p > 0.05) were observed, both AE and RT-REST (Figure 9a—e). In the second stage of
Experiment II, the concentration of IL-6 AE was about 4-fold higher than before exercise
(p < 0.001), while 20 min after SAUNA-REST, it was even almost 6-fold higher than BE.
Moreover, 20 min after SAUNA-REST a statistically significant increase in the concentration
of this cytokine was observed (p < 0.001) compared to AE (Figure 9b). The concentration of
TGF-1 AE was about 85% higher than BE (p < 0.001), while 20 min after SAUNA-REST
it was even almost 2.5-fold higher than BE (p < 0.001). Moreover, 20 min after SAUNA-
REST, a statistically significant increase in the concentration of this cytokine by about 45%
(p < 0.001) was observed compared to AE (Figure 9f). There was also a statistically signifi-
cant increase in the concentration of IL-10 20 min after SAUNA-REST (p < 0.001) compared
to AE. Moreover, the concentration of this cytokine was approximately 5-fold higher 20 min
after SAUNA-REST than BE (p < 0.001) (Figure 9d). Similarly, there was a statistically
significant increase in the concentration of TNF-a 20 min after SAUNA-REST (p < 0.001)
compared to AE. The concentration of TNF-« was also higher by approximately 63% 20 min
after SAUNA-REST than BE (p < 0.001) (Figure 9¢). Comparing the concentration of selected
cytokines after RT-REST and after SAUNA-REST, statistically significantly higher concen-
trations of IL-6 (p < 0.001), IL-10 (p < 0.001) and TGE-1 (p < 0.05) were observed 20 min
after SAUNA-REST (Figure 5b,d,f). However, no statistically significant differences in the
concentration of IL-1(3, IL-8 and TNF-o were observed after SAUNA-REST comparing to
RT-REST (Figure 9a,c.e).

Statistically significant differences in the concentration of selected cytokines between
SAUNA-REST and CWI-REST were noted. The concentration of IL-6 (p < 0.001), IL-8
(p <0.001), TNF-o (p < 0.05) and TGF-f1 (p < 0.001) were higher 20 min after SAUNA-REST
compared to the values obtained 20 min after CWI-REST (Figure 9b,c,e,f). However, no
statistically significant differences were observed in the IL-1f3 and IL-10 concentrations
(Figure 9a,d).
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Figure 9. The concentration of selected cytokines in blood serum of novices (n = 23) in Experiment
IL: (a) IL-1p concentration; (b) IL-6 concentration; (c) IL-8 concentration; (d) IL-10 concentration;
(e) TNF-o concentration; (f) TGF-1 concentration. Data are presented as the mean values £ SD.
IL-1p—interleukin 13, IL-6—interleukin 6, IL-8—interleukin 8, IL-10—interleukin 10, TNF-a—tumor
necrosis factor «, TGF-B1—transforming growth factor 31, BE—before exercise, AF—after exercise,
RT-REST—20-min recovery at room temperature, SAUNA-REST—rest combined with sauna bath,
*p <0.05vs. BE, ** p < 0.001 vs. BE, 44 p < 0.001 vs. AE, * p <0.05 vs. RT-REST, #* p < 0.001 vs.
RT-REST, © p < 0.05 vs. CWI-REST, °° p < 0.001 vs. CWI-REST.

4. Discussion

The reduction of post-exercise muscle damage can protect the health and physical
integrity of athletes, increasing their chances of achieving goals after a training cycle [48].
Due to a lack of scientific evidence, the selection of a form of post-exercise regeneration
appropriate for given athlete is a serious dilemma of athletes, coaches and scientists
involved in sports medicine [49].
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4.1. The Influence of Cold Water Immersion on the Indicators of Inflammation and Oxidative
Damage in Blood

Literature data suggest that exposure to cold may aid recovery by alleviating exercise-
induced inflammation [16,50]. CWI has been shown to improve the well-being of athletes
and to reduce swelling and muscle soreness; however, this mechanism has not been well
described so far [20,51,52]. Only a few research studies have reported anti-inflammatory effect
of CWI, while there have been many studies on the cytokine response to exercise [50,53]. In
this study, the IL-6 level was higher after RT-REST and CWI-REST than before and after
exercise. This result is in agreement with the findings of Roberts et al. [24], who showed
increased IL-6 after CWI as well as after active regeneration (10-min cycling with low
exercise intensity) after exercise. The increase in IL-6 expression after prolonged exposure
to cold was also demonstrated by Rhind et al. [25]. Accordingly, Peake et al. [54] observed
that the concentration of IL-6 was significantly higher after a CWI session than after exercise.
On the other hand, White et al. [55] observed that CWI used after a high-intensity sprint
run did not significantly reduce plasma concentrations of IL-6 and IL-8. Increased plasma
levels of IL-6 may point to the sustained release of IL-6 from skeletal muscle in response to
CWI-stimulated glycogenolysis [8,24]. The higher concentration of IL-6 after CWI-REST
compared to the value AE in novices may result from modulation of muscle tissue as
a consequence of exposure to cold. Different results obtained in this study and in some
research conducted by other authors may result from differences in the status of participants
subjected to exercise. Circulating levels of inflammatory markers are elevated with total
and abdominal obesity, possibly owing to a higher secretion rate of cytokines by adipose
tissue in obese people [56]. Lifestyle-related behavioral interventions, including changes in
food intake/diet and regular physical activity, may have clinically significant benefits in
improving responses to inflammation [57].

In presented study, the concentration of IL-10 was statistically significantly higher after
CWI-REST than after RT-REST in both studied groups. IL-10 is believed to be the primary
anti-inflammatory agent, as it inhibits the production of pro-inflammatory cytokines by
activated monocytes and macrophages [8,58]. The concentration of this cytokine in winter
swimmers was significantly higher after CWI-REST than AE and BE. A similar direction of
changes in the concentration of IL-10 in the blood serum was observed in novices. These
results are consistent with the findings of Bartley et al. [59], who showed an increase in
the concentration of IL-10 after a 12-min CWI in competitors participating in the world
triathlon championships. The results obtained in this study seem to confirm the positive
effect of a single CWI as a factor regulating the local inflammation caused by exercise.
Considering IL-10 concentration, the changes were comparable, while IL-6 concentration
changed adversely in winter swimmers and novices, as the concentration of IL-6 in regular
winter swimmers decreased both after RT-REST and CWI-REST.

In this study, no statistically significant changes in the TNF-« concentration were
found in winter swimmers. This result might reflect the changes in the IL-6 levels, be-
cause TNF-« concentration depends on the secretion of IL-6, as this cytokine inhibits the
expression of TNF-« [60]. It is postulated that prolonged immersion in cold water may
adversely affect the regeneration process by inducing an increase in the concentration of
TNF-«, lymphocytes and monocytes [61]. TNF-« has been shown to be a potent stimulator
of muscle proteolysis in vivo [62]. Thus, an increase in TNF-« concentration may inhibit
post-exercise regeneration. According to the literature data, the immunostimulatory effect
of low temperature may be associated with the intensification of the noradrenaline response
to cold [63]. On the other hand, published data suggest that repeated short-term exposure
to cold has beneficial effects by inhibiting inflammation and mobilizing the immune sys-
tem [63]. There was a delayed (after 6 and 12 h) decrease in TNF-« concentration after
10-min. CWI and after 170-min. intermittent CWI in young, healthy men not adapted
to cold, but in these reported studies, exposure to cold was not preceded by exercise. In
our study no changes in TNF-« in winter swimmers were observed, but IL-6 differed in
athletes that are adapted and not adapted to cold. Rhind et al. [25] showed that exposure to
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cold after intense exercise resulted in a significant reduction in TNF-o concentration. They
suggest that cold-induced changes in TNF-« expression could be associated with increased
catecholamine secretion accompanying exposure to cold. In people not adapted to cold,
CWI causes a reaction known as “cold shock” at water temperatures below 15 °C [64].
This physiological response is manifested by elevated levels of stress hormones including
cortisol, adrenaline, and noradrenaline [8,64,65]. In the early stages of cold stress, glucocor-
ticoids and catecholamines stimulate leukocytes to leave the organs and enter the blood
and lymph vessels [66]. Then, due to the reflex of sympathetic activity, exposure to cold
causes blood vessels to constrict. This, in turn, reduces the perfusion of loaded tissues,
thereby reducing the circulatory exposure of the tissues to inflammatory cells [5]. CWI
may therefore benefit recovery from exercise by inducing vasoconstriction and reducing
infiltration of inflammatory cells into the muscles. According to this mechanism, CWI can
reduce clinical signs of inflammation, including swelling of the limbs after exercise [67].
However, it is difficult to capture the ideal moment when the concentration of cytokines is
significantly changed under the influence of the factors described above. It is possible that
the changes occur at a different time point from the time of blood collection determined
in this study. In this study, in novices, the concentration of TNF-« increased significantly
to the values observed at the beginning of the study after 20 min of the rest, both at room
temperature and including CWI. Both the blood sampling time and the decreased TNF-«
concentration after submaximal exercise in novices may explain these discrepancies in the
study results. It can be assumed that CWI did not lower TNF-« levels, because the load
during exercise was not sufficient to promote an increase in the level of this inflammatory
marker. The lack of statistically significant changes in the concentration of TNF-o may also
be related to the changes in the concentration of IL-6 shown in this study.

In the case of IL-8, it was noticed that the concentration of this cytokine after CWI-REST
was statistically significantly lower than after RT-REST. Contrary to the results obtained
in this study, Bartley et al. [59] observed an increase in the concentration of IL-8 after
a 12-min CWI in competitors participating in the world triathlon championships. This
pro-inflammatory cytokine is released in the early phase of the inflammatory response [68].
Researchers postulate that CWI protocols with too long exposure to cold temperatures may
exacerbate post-exercise inflammation.

Similarly to IL-8, a decrease in the concentration of IL-13 was observed in novices
both after RT-REST and CWI-REST. The physiological stress induced by CWI increases
tissue metabolism and appears to stimulate the immune system in volunteers participating
in the study. IL-1§3, a key pro-inflammatory cytokine, is considered a biomarker of systemic
inflammation as well as of the stress response [69,70]. Thus, the results obtained in this
study seem to partially confirm the beneficial effect of regular winter baths (which is the
case in the winter swimmers group) on inflammation. At the same time, these results may
suggest a possible role of this activity in the development of the functional plasticity of
the organism’s stress response. TGF-31 is another cytokine that is extremely important
in the organism’s response to exercise, because it is involved in the process of muscle
regeneration [71]. In this study, no statistically significant changes in the concentration of
this cytokine in both winter swimmers and novices were observed as a result of the CWL

Considering the activity of AAT and lysosomal enzymes, no statistically significant
changes were observed after the use of various methods of post-exercise regeneration
in both winter swimmers and novices. This could mean that short-term CWI used as a
postexercise regeneration method did not damage the lysosomal membranes and lysosomal
enzymes did not enter the bloodstream. It has been proven that lysosomal enzymes
are involved in the formation of post-exercise damage to muscle cells [72,73]. Exercise
causes greater oxygen consumption by the mitochondria, leading to increased formation
of ROS, which results in peroxidation of the muscle cell membrane. Structural changes in
muscle fibers caused by oxidative stress are accompanied by increased release of lysosomal
hydrolases [4,74]. According to the results obtained in this study, Sutkowy et al. [75]
observed that neither rest at room temperature nor rest combined with CWI affected
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the activity of lysosomal enzymes in the blood serum. Moreover, Mila-Kierzenkowska
et al. [76] observed no changes in the activity of lysosomal enzymes in healthy participants
after immersion in a river with a water temperature of 0 °C. CWI in water below 15 °C is
physiologically stressful and can be dangerous to the organism [8,65]. The lack of changes
in the activity of lysosomal enzymes in the blood serum of the participants of this study may
suggest that the protocol of using a 3-min CWI is safe, as it did not damage the lysosomal
membrane and release enzymes into the bloodstream. Similar results were reported by
Mila-Kierzenkowska et al. [76], who studied the effect of cold water bathing on the activity
of lysosomal enzymes in men who regularly undergo winter baths and in volunteers who
had not previously used winter baths.

4.2. The Influence of Sauna Bath on the Indicators of Inflammation and Oxidative Damage in Blood

The reduction in post-exercise inflammatory response after a single session of exercise
and CWI can be interpreted as a positive effect of exposure to low temperatures. However,
it is well known that inflammation is an important part of the muscle repair process and that
its reduction can be counterproductive in long-term training adaptations. Consequently,
CWI appears to be a beneficial regenerative treatment, but only used in the short term.
Long-term use of a cold water bath may not be beneficial in the process of adaptation to
training. It is believed that “periodization of recovery” should be an important element in
sports training programs [77].

There are numerous studies that have documented the positive effects of sauna on
human health and overall efficiency of athletes [17,78-80]. However, exposure to heat
also poses a challenge for the organism, which responds naturally to changes in ambient
temperature [81]. Long-term hyperthermia may be a limiting factor in physical perfor-
mance [82]. During exposure to heat stress, there is a reaction from the cardiovascular
system aimed primarily at increasing blood flow through the skin, which is necessary for
the proper dissipation of internal heat shock [34]. This response occurs through dilation of
cutaneous blood vessels in combination with increased cardiac output and redistribution
of blood flow and volume away from the central vascular bed, e.g., through visceral and
renal circulation [83]. It is well known that as a result of overheating or exercise, genes
encoding heat shock proteins (HSPs) and interleukins are induced [34]. In the available
literature, there are only few reports on changes in the concentration of interleukins during
a single Finnish sauna treatment, both in people who train regularly and in people who
do not regularly perform exercise [34]. Occasional reports of the influence of the sauna on
the organism of athletes concern changes in the number of leukocytes and the profile of
white blood cells [31]. In this study, it was observed that the inflammatory response after
a sauna bath is more intensified in novices than in the group of winter swimmers. This
group showed higher concentrations of IL-6, IL-10 and TGF-f31 in the blood serum after
SAUNA-REST than after RT-REST On the other hand, winter swimmers showed higher
concentrations of IL-10 and TGF-31 after SAUNA-REST than after RT-REST.

In this study, the concentration of IL-6 in novices after SAUNA-REST was statistically
significantly higher than after RT-REST. There are studies showing that passive heating
of the organism can cause a sharp increase in circulating IL-6 levels in young, healthy
men, in overweight young men, and in men with a spinal cord injury [84-87]. However,
during these tests, a prolonged (60-120 min) hot water (3940 °C) immersion was used.
In turn, Dugué and Leppanen [88], observed a significant increase in cortisol and IL-6
levels after a single sauna treatment. Similar results were obtained by Brenner et al. [62]
in the experiment involving seven volunteers after a 1-h water bath at 35 or 38 °C, and
then cooling the body in a climate chamber at 5 °C. Behzadi et al. [89] subjected middle-
aged people to two 10-min sauna treatments, which resulted in a strong increase in IL-6
levels. The authors concluded that the increase in IL-6 is correlated with the intensity of
the thermal stimulus. These results are consistent with the results obtained in this study;
however, in the studies cited above, the sauna treatment was not preceded by physical
exertion.
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In this study, a statistically significant increase in the concentration of IL-10 in the
serum of studied subjects after SAUNA-REST in comparison with the concentration of this
cytokine AE was found. Moreover, in both groups a higher concentration of IL-10 was
observed after SAUNA-REST than after RT-REST and these changes were more pronounced
in the novices group. Considering the concentration of TNF-«, a statistically significant
increase after SAUNA-REST versus AE and BE was found, while in winter swimmers no
statistically significant changes in the concentration of TNF-« were observed. Moreover,
analyzing the concentration of IL-8, no statistically significant changes were noted in
novices as a result of using a sauna bath as a method of post-exercise regeneration. In
turn, the concentration of IL-8 in winter swimmers was significantly reduced 20 min after
SAUNA-REST compared to AE. Pilch et al. [90] investigated the effect of a sauna bath
on the indicators of inflammation in trained and untrained men. The authors noted an
increase in the concentration of IL-10 after completing a series of ten sauna treatments and
before the last treatment only in the group of trained men. The researchers postulate that
the adaptive increase in IL-10 was aimed at reducing the inflammatory response and the
production of pro-inflammatory cytokines after the applied hyperthermia.

Moreover, in this study, an increase in the concentration of TGF-31 after SAUNA-
REST was noted in the novices as compared to BE. It was higher after a sauna bath than
after RT-REST. The direction of changes in the concentration of this cytokine in winter
swimmers was the same, but these changes were less marked than in novices. TGF-31
plays a significant negative role during the muscle regeneration process. This cytokine is
able to inhibit the proliferation of myoblasts as well as promote the formation of fibrosis.
Thus, specific inhibition of the TGF-31 signaling pathway can significantly improve the
regenerative capacity of skeletal muscle [71,91].

The results obtained for IL-6, IL-8, IL-10, TNF-« and TGF-{31 may confirm the adaptive
effect of regular winter baths on the adverse effects of thermal stress. A one-time sauna
bath does not seem to be a significant stress factor for people who regularly use winter
baths and may be a safe form of post-exercise regeneration for them. The disturbances
of cellular homeostasis after a sauna bath are less harmful than for people who are not
adapted to thermal stress. This fact can be explained by the occurrence of thermotolerance
mechanisms in winter swimmers, thanks to which mild heat stress induces a state of
temporary resistance to high temperatures [76]. Short-term but regular exposure to harmful
conditions such as bathing in water during winter can lead to cellular adaptation and
facilitate the maintenance of physiological cell functions under the influence of various
stress factors [76]. Thermal stress can improve the readiness and effectiveness of the
organism’s response to stress and the immune response by increasing the secretion of
cytokines in people who regularly use winter baths [70]. The organism’s adaptation to
repeated cold stress, previously postulated as an organism-hardening mechanism, may
result in increased tolerance to stress and infectious diseases [76]. Dugue and Leppéanen [88]
found that the cytokine response after temperature stress (swimming in ice water combined
with sauna treatment) was significantly higher in the group of people who did not regularly
use winter baths than in the group of winter swimmers. The authors found that exposure to
cold and heat affected both the endocrine and immune systems. Moreover, they indicated
that the adaptation of individuals to changes in ambient temperature may occur when
they are regularly subjected to stress. One-time heat treatments are a heavy burden on
the organism, but repeated treatments alleviate the organism’s response to stress [90].
Exposure to high temperatures in a sauna immediately after training can enhance the
organism’s adaptive response [92]. Using a sauna can also be a good option for physically
inactive people to improve specific cellular responses and increase the production of anti-
inflammatory cytokines [90]. It is worth emphasizing, however, that in order for these
treatments to actually have a beneficial effect on the human organism and to support
post-workout regeneration, they should be used as a series of treatments.

Sauna baths that combine heating and cooling of the human organism with a short
effect of high air humidity [93], cause vasodilation and then contraction of all the body’s
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vessels [94]. The ischemia that occurs first, and then the organism congestion, may cause
an increase in the production of ROS as a result of a reaction catalyzed by xanthine oxidase.
Increased production of ROS can damage cell membranes [95]. The potential oxidative
stress induced by the sauna treatment may damage lysosomal membranes and release
lysosomal hydrolases into the peripheral blood [95]. It is believed that the source of the
increased permeability of lysosomal membranes and the increase in the activity of lysosomal
enzymes during or after exercise is an increase in pH in lysosomes and a decrease in the
aggregation of enzymatic proteins inside them. These changes arise as a consequence
of the accumulation of ammonia in the lysosomes, the concentration of which increases
significantly in skeletal muscles and in the blood during exercise [96]. The effect of a sauna
bath on the organism is considered to be similar to the effects of physical exercise; therefore,
it is possible that ammonia accumulates in lysosomes also after this type of treatment [96].
In winter swimmers no statistically significant changes in the activity of AcP, ASA and
CTS D were observed 20 min after SAUNA-REST compared to the results obtained AE
and BE, while in novices the activity of AcP increases after SAUNA-REST and was higher
than after RT-REST. In turn, the activity of CTS D in novices after the sauna bath was
lower than AE. There were no statistically significant changes in AAT and ASA activity
after the sauna treatment in novices, while in winter swimmers a statistically significant
increase in AAT activity was noted 20 min after the sauna bath, compared to BE. Moreover,
20 min after RT-REST, AAT activity was statistically significantly lower than after SAUNA-
REST. In their research, Mila-Kierzenkowska et al. [76] noticed that the sauna treatment
significantly influences the activity of lysosomal enzymes and the activity of AAT both
in winter swimmers and in novices. The authors observed that after the sauna bath CTS
D activity decreased significantly, while ASA activity increased. In contrast, AcP activity
remained unchanged in both groups. AAT activity increased following heat exposure in
both experienced and novice winter swimmers. The increase in AAT activity in the blood
serum due to the operation of the sauna can therefore be explained by the stress induced in
the organism as a result of this treatment [96].

4.3. Comparison of the Influence of Cold Water Immersion and Sauna Bath as Methods of
Post-Exercise Regeneration

Analyzing the results obtained in this study, it can be noticed that the concentration of
selected cytokines (IL-6, IL-8 and TNF-«) in the blood serum of novices are higher after
SAUNA-REST than after CWI-REST. Moreover, in the group of winter swimmers, only
the concentration of IL-6 was higher, and the concentration of IL-8 was even lower after
SAUNA-REST compared to CWI-REST. Therefore, it seems that CWI is a more effective
method of one-time post-exercise regeneration used to reduce the inflammatory response
induced by exercise compared to a sauna bath. Moreover, the concentration of TGF-f31 in
both groups was higher after SAUNA-REST than after CWI-REST. This cytokine can inhibit
myocyte proliferation [85]; therefore, the use of the biological regeneration method based
on the use of low temperatures seems to have a more beneficial effect on the regeneration
of skeletal muscles than a one-time sauna treatment. In this study, differences in the activity
of AAT and lysosomal enzymes between the applied regeneration methods were also
observed. The activity of AcP was higher, while the activity of CTS D was lower in the
blood serum of the novices after SAUNA-REST compared to CWI-REST. Also, the activities
of AAT, AcP and ASA in the serum of winter swimmer were higher after SAUNA-REST
than after CWI-REST. It can therefore be concluded that the risk of proteolytic tissue damage
is lower when using short-term CWI.

It should be emphasized that differences in the inflammatory response after CWI
and after a sauna bath occurred probably not only due to the type of thermal shock, but
also to different exposure times. The results presented in this study do not allow for an
unambiguous comparison of the stress associated with exposure to cold and heat. The CWI
session lasted only 3 min, while the sauna treatment lasted 23 min (two entries of 10 min
and 3 min of rest). It is therefore possible that short-term exposure to cold was insufficient
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to induce changes in the inflammatory markers indicated. A longer stay in the conditions of
high temperatures in the sauna favored the occurrence of changes in the tested parameters.
However, a 20-min immersion in water at a temperature of 8 °C could be dangerous to
the health of the study group. The CWI time used in this study was consistent with the
standard protocols described in the available literature.

This study has some limitations. The studied groups were not homogenous. Some
parameters describing these two groups differ significantly, including age, diet and BMI as
well as the training status and cold adaptation. However, our intention was not to compare
these groups directly, but only to demonstrate whether the nature of the changes in the
examined parameters under the influence of CWI or a sauna bath was similar or different.

5. Conclusions

In conclusion, the influence of short-term CWI on the level of inflammatory markers
during post-exercise regeneration turned out to be limited, but the use of a 3-min CWI
seems to be harmless even for people who are not adapted to low ambient temperatures. It
can be postulated that the modulation of cytokine concentration could occur much later
than at the time points selected as the time of blood collection from the participants of this
experiment. However, in the case of a single sauna bath, a greater effect on the parameters
of inflammation and tissue damage was found, especially in people who are not regularly
subjected to changed ambient temperatures. It seems that in order to obtain the beneficial
effects of the sauna, a series of treatments should be used. Research should be continued,
in which the CWI time, the number of sauna treatments or the time of blood collection
after regeneration will be varied. This may allow for the development of safe and effective
protocols of the use of CWI and a sauna bath as a means of supporting recovery after
exercise.

Author Contributions: Conceptualization, C.M.-K.; methodology, C.M.-K. and T.B.; data curation,
M.P, CM.-K. and T.B,; investigation, M.P., T.B., M.B. (Michat Boraczynski), K.S.-G., RW. and M.B.
(Marlena Budek); formal analysis, M.P., C.M.-K., K.S.-G. and P.S.; visualization, M.P., C.M.-K. and
R.W.; writing—original draft preparation, M.P., C.M.-K.; writing—review and editing, M.P., CM.-K.
and A.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Bioethics Committee of COLLEGIUM MEDICUM IN
BYDGOSZCZ OF THE NICOLAUS COPERNICUS UNIVERSITY IN TORUN, Poland (protocol code
KB 278/2016, date of approval 26 April 2016).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Niemeld, M.; Kangastupa, P.; Niemeld, O.; Bloigu, R.; Juvonen, T. Acute Changes in Inflammatory Biomarker Levels in Recreational
Runners Participating in a Marathon or Half-Marathon. Sport. Med. 2016, 2, 21. [CrossRef] [PubMed]

2. Vieira, A.; Siqueira, A.F.; Ferreira-Junior, J.B.; Do Carmo, J.; Durigan, J.L.Q.; Blazevich, A.; Bottaro, M. The Effect of Water
Temperature during Cold-Water Immersion on Recovery from Exercise-Induced Muscle Damage. Int. J. Sports Med. 2016, 37,
937-943. [CrossRef] [PubMed]

3. White, G.; Caterini, J.E. Cold Water Immersion Mechanisms for Recovery Following Exercise: Cellular Stress and Inflammation
Require Closer Examination. J. Physiol. 2017, 595, 631-632. [CrossRef] [PubMed]

4. Accattato, F; Greco, M.; Pullano, S.A.; Care, L; Fiorillo, A.S.; Pujia, A.; Montalcini, T.; Foti, D.P; Brunetti, A.; Gulletta, E. Effects of
Acute Physical Exercise on Oxidative Stress and Inflammatory Status in Young, Sedentary Obese Subjects. PLoS ONE 2017, 12,
€0178900. [CrossRef]

5. White, G.E.; Wells, G.D. Cold-Water Immersion and Other Forms of Cryotherapy: Physiological Changes Potentially Affecting

Recovery from High-Intensity Exercise. Extrem. Physiol. Med. 2013, 2, 26. [CrossRef]


http://doi.org/10.1186/s40798-016-0045-0
http://www.ncbi.nlm.nih.gov/pubmed/27747777
http://doi.org/10.1055/s-0042-111438
http://www.ncbi.nlm.nih.gov/pubmed/27557407
http://doi.org/10.1113/JP273659
http://www.ncbi.nlm.nih.gov/pubmed/28145015
http://doi.org/10.1371/journal.pone.0178900
http://doi.org/10.1186/2046-7648-2-26

Antioxidants 2022, 11, 2445 23 of 26

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

dos Santos Silva, M.A.; de Carvalho, T.R.; da Cruz, A.C.M.B.; de Jesus, L.R.G,; da Silva Neto, L.A.; Trajano, E. T.L.; Bezerra, ES.
Effect of Time-Dependent Cryotherapy on Redox Balance of Quadriceps Injuries. Cryobiology 2016, 72, 1-6. [CrossRef]
Nagakannan, P; Tabeshmehr, P.; Eftekharpour, E. Oxidative Damage of Lysosomes in Regulated Cell Death Systems: Pathophysi-
ology and Pharmacologic Interventions. Free Radic. Biol. Med. 2020, 157, 94-127. [CrossRef]

Pawlowska, M.; Mila-Kierzenkowska, C.; Boraczynski, T.; Boraczyriski, M.; Szewczyk-Golec, K.; Sutkowy, P.; Wesotowski, R.;
Smoguta, M.; Wozniak, A. The Effect of Submaximal Exercise Followed by Short-Term Cold-Water Immersion on the Inflammatory
State in Healthy Recreational Athletes: A Cross-over Study. J. Clin. Med. 2021, 10, 4239. [CrossRef]

Wozniak, A.; Wozniak, B.; Drewa, G.; Mila-Kierzenkowska, C.; Rakowski, A. The Effect of Whole-Body Cryostimulation on
Lysosomal Enzyme Activity in Kayakers during Training. Eur. |. Appl. Physiol. 2007, 100, 137-142. [CrossRef]

Liebert, M.A.; Butler, D.; Bahr, B.E.N.A. And Implications for Lysosomal Enhancement Strategies And. Antioxid. Redox Signal.
2006, 8, 185-196.

Borges, L.; Dermargos, A.; Gray, S.; Barros Silva, M.B.; Santos, V.; Pithon-Curi, T.C.; Gorjao, R.; Hatanaka, E. Neutrophil Migration
and Adhesion Molecule Expression after Acute High-Intensity Street Dance Exercise. J. Immunol. Res. 2018, 2018, 1684013.
[CrossRef] [PubMed]

Scheele, C.; Nielsen, S.; Pedersen, B.K. ROS and Myokines Promote Muscle Adaptation to Exercise. Trends Endocrinol. Metab. 2009,
20, 95-99. [CrossRef] [PubMed]

He, F; Li, J; Liu, Z.; Chuang, C.C.; Yang, W.; Zuo, L. Redox Mechanism of Reactive Oxygen Species in Exercise. Front. Physiol.
2016, 7, 486. [CrossRef] [PubMed]

Suzuki, K. Exhaustive Exercise-Induced Neutrophil-Associated Tissue Damage and Possibility of Its Prevention. J. Nanomed.
Biother. Discov. 2017, 7, 23-25. [CrossRef]

Cornwell, A ; Nelson, A.G.; Heise, G.D.; Sidaway, B. Acute Effects of Passive Muscle Stretching on Vertical Jump Performance. J.
Hum. Mov. Stud. 2001, 40, 307-324.

Weldon, S.M.; Hill, R.H. The Efficacy of Stretching for Prevention of Exercise-Related Injury: A Systematic Review of the Literature.
Man. Ther. 2003, 8, 141-150. [CrossRef]

Scoon, G.S.M.; Hopkins, W.G.; Mayhew, S.; Cotter, J.D. Effect of Post-Exercise Sauna Bathing on the Endurance Performance of
Competitive Male Runners. . Sci. Med. Sport 2007, 10, 259-262. [CrossRef]

Hsu, Y.H.; Chen, W.Y,; Lin, H.C.; Wang, W.T.J.; Shih, Y.E. The Effects of Taping on Scapular Kinematics and Muscle Performance
in Baseball Players with Shoulder Impingement Syndrome. |. Electromyogr. Kinesiol. 2009, 19, 1092-1099. [CrossRef]

Bleakley, C.; McDonough, S.; Gardner, E.; Baxter, G.D.; Hopkins, ].T.; Davison, G.W. Cold-water Immersion (Cryotherapy) for
Preventing and Treating Muscle Soreness after Exercise. Cochrane Database Syst. Rev. 2012, 2, 1-28.

Bleakley, C.M.; Bieuzen, F.; Davison, G.W.; Costello, ].T. Whole-Body Cryotherapy: Empirical Evidence and Theoretical Perspec-
tives. Open Access J. Sport. Med. 2014, 5, 25. [CrossRef]

Sutkowy, P.; Wozniak, A.; Boraczynski, T.; Mila-Kierzenkowska, C.; Boraczyriski, M. Postexercise Impact of Ice-Cold Water Bath
on the Oxidant-Antioxidant Balance in Healthy Men. Biomed Res. Int. 2015, 2015, 706141. [CrossRef] [PubMed]

Airaksinen, O.V,; Kyrklund, N.; Latvala, K.; Kouri, J.P.; Grénblad, M.; Kolari, P. Efficacy of Cold Gel for Soft Tissue Injuries. Am. J.
Sports Med. 2003, 31, 680-684. [CrossRef]

Giemza, C.; Matczak-Giemza, M.; Ostrowska, B.; Bie¢, E.; Dolinski, M. Effect of Cryotherapy on the Lumbar Spine in Elderly Men
with Back Pain. Aging Male 2014, 17, 183-188. [CrossRef] [PubMed]

Roberts, L.A.; Nosaka, K.; Coombes, J.S.; Peake, ].M. Cold Water Immersion Enhances Recovery of Submaximal Muscle Function
after Resistance Exercise. Am. J. Physiol. Integr. Comp. Physiol. 2014, 307, R998-R1008. [CrossRef] [PubMed]

Rhind, S.G.; Castellani, ].W.; Brenner, LK.M.; Shephard, R.J.; Zamecnik, J.; Montain, S.J.; Young, A.]J.; Shek, P.N. Intracellular
Monocyte and Serum Cytokine Expression Is Modulated by Exhausting Exercise and Cold Exposure. Am. J. Physiol.-Regul. Integr.
Comp. Physiol. 2001, 281, 50-51. [CrossRef]

Lubkowska, A.; Szyguta, Z.; Chlubek, D.; Banfi, G. The Effect of Prolonged Whole-Body Cryostimulation Treatment with Different
Amounts of Sessions on Chosen pro-and Anti-Inflammatory Cytokines Levels in Healthy Men. Scand. . Clin. Lab. Investig. 2011,
71,419-425. [CrossRef]

Abaidia, A.-E.; Lamblin, J.; Delecroix, B.; Leduc, C.; McCall, A.; Nédélec, M.; Dawson, B.; Baquet, G.; Dupont, G. Recovery from
Exercise-Induced Muscle Damage: Cold-Water Immersion versus Whole-Body Cryotherapy. Int. J. Sports Physiol. Perform. 2017,
12, 402-409. [CrossRef]

Ihsan, M.; Watson, G.; Abbiss, C.R. What Are the Physiological Mechanisms for Post-Exercise Cold Water Immersion in the
Recovery from Prolonged Endurance and Intermittent Exercise? Sport. Med. 2016, 46, 1095-1109. [CrossRef]

Nadarajah, S.; Ariyagunarajah, R.; Jong, E.D. Cryotherapy: Not as Cool as It Seems. ]. Physiol. 2018, 596, 561-562. [CrossRef]
Dufiabeitia, I.; Arrieta, H.; Rodriguez-Larrad, A.; Gil, J.; Esain, I.; Gil, S.M.; Irazusta, ].; Bidaurrazaga-Letona, I. Effects of Massage
and Cold Water Immersion After an Exhaustive Run on Running Economy and Biomechanics: A Randomized Controlled Trial. J.
Strength Cond. Res. 2019, 36, 149-155. [CrossRef]

Pilch, W.; Pokora, I; Szygulla, Z.; Paltka, T.; Pilch, P; Cisoni, T.; Malik, L.; Wiecha, S. Effect of a Single Finnish Sauna Session on
White Blood Cell Profile and Cortisol Levels in Athletes and Non-Athletes. J. Hum. Kinet. 2013, 39, 127-135. [CrossRef] [PubMed]
Hussain, J.; Cohen, M. Clinical Effects of Regular Dry Sauna Bathing: A Systematic Review. Evid.-Based Complement. Altern. Med.
2018, 2018, 1857413. [CrossRef] [PubMed]


http://doi.org/10.1016/j.cryobiol.2016.01.001
http://doi.org/10.1016/j.freeradbiomed.2020.04.001
http://doi.org/10.3390/jcm10184239
http://doi.org/10.1007/s00421-007-0404-0
http://doi.org/10.1155/2018/1684013
http://www.ncbi.nlm.nih.gov/pubmed/30069484
http://doi.org/10.1016/j.tem.2008.12.002
http://www.ncbi.nlm.nih.gov/pubmed/19269849
http://doi.org/10.3389/fphys.2016.00486
http://www.ncbi.nlm.nih.gov/pubmed/27872595
http://doi.org/10.4172/2155-983x.1000156
http://doi.org/10.1016/S1356-689X(03)00010-9
http://doi.org/10.1016/j.jsams.2006.06.009
http://doi.org/10.1016/j.jelekin.2008.11.003
http://doi.org/10.2147/OAJSM.S41655
http://doi.org/10.1155/2015/706141
http://www.ncbi.nlm.nih.gov/pubmed/25866803
http://doi.org/10.1177/03635465030310050801
http://doi.org/10.3109/13685538.2013.863860
http://www.ncbi.nlm.nih.gov/pubmed/24304196
http://doi.org/10.1152/ajpregu.00180.2014
http://www.ncbi.nlm.nih.gov/pubmed/25121612
http://doi.org/10.1152/ajpregu.2001.281.1.R66
http://doi.org/10.3109/00365513.2011.580859
http://doi.org/10.1123/ijspp.2016-0186
http://doi.org/10.1007/s40279-016-0483-3
http://doi.org/10.1113/JP275665
http://doi.org/10.1519/JSC.0000000000003395
http://doi.org/10.2478/hukin-2013-0075
http://www.ncbi.nlm.nih.gov/pubmed/24511348
http://doi.org/10.1155/2018/1857413
http://www.ncbi.nlm.nih.gov/pubmed/29849692

Antioxidants 2022, 11, 2445 24 of 26

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Méline, T.; Solsona, R.; Antonietti, ].P.; Borrani, F.; Candau, R.; Sanchez, A.M. Influence of Post-Exercise Hot-Water Therapy on
Adaptations to Training over 4 Weeks in Elite Short-Track Speed Skaters. |. Exerc. Sci. Fit. 2021, 19, 134-142. [CrossRef] [PubMed]
Zychowska, M.; Pétrola, P; Chrusciniski, G.; Zielifiska, J.; Géral-Pétrola, J. Effects of Sauna Bathing on Stress-Related Genes
Expression in Athletes and Non-Athletes. Ann. Agric. Environ. Med. 2017, 24, 104-107. [CrossRef]

Podstawski, R.; Borystawski, K.; Clark, C.C.T.; Choszcz, D.; Finn, K.J.; Gronek, P. Correlations between Repeated Use of Dry
Sauna for 4 x 10 Minutes, Physiological Parameters, Anthropometric Features, and Body Composition in Young Sedentary and
Overweight Men: Health Implications. Biomed Res. Int. 2019, 2019, 7535140. [CrossRef]

Huhtaniemi, I.T.; Laukkanen, J.A. Endocrine Effects of Sauna Bath. Curr. Opin. Endocr. Metab. Res. 2020, 11, 15-20. [CrossRef]
Hannuksela, M.L.; Ellahham, S. Benefits and Risks of Sauna Bathing. Am. J. Med. 2001, 110, 118-126. [CrossRef]

Peterson, A.R.; Smoot, M.K,; Erickson, J.L.; Mathiasen, R.E.; Kregel, K.C.; Hall, M. Basic Recovery Aids: What's the Evidence?
Curr. Sports Med. Rep. 2015, 14, 227-234. [CrossRef]

Bresnahan, R. Cold Water Immersion and Anti-Inflammatory Response: A Systematic Review. Exerc. Sport Sci. Rev. 2019, 1,
1388-1389.

Weber-Rajek, M.; Katarzyna, C.; Magdalena, W.; Joanna, S.; Irena, B.; Agnieszka, R.; Ciechanowska, K.; Weber-rajek, M.; Sikorska,
J.; Bulatowicz, I.; et al. Metody Odnowy Biologicznej w Sporcie = Biological Recovery Methods in Sport. J. Health Sci. 2014, 4,
241-252. [CrossRef]

Sjostrand, T. Changes in the Respiratory Organs of Workmen at an Oresmelting Works. Acta Med. Scand. 1974, 196, 687-699.
Astrand PO, R.K. Textbook of Work Physiol; McGraw-Hill: New York, NY, USA, 1986.

Borg, E.; Borg, G.; Larsson, K.; Letzter, M.; Sundblad, B.M. An Index for Breathlessness and Leg Fatigue. Scand. . Med. Sci. Sport.
2010, 20, 644-650. [CrossRef] [PubMed]

Centre of Health ProTection. Level of Physical Activity. 2016. Available online: https:/ /Sites.Google.Com/Site/Theipaq/Scoring-
Protocol (accessed on 20 March 2022).

Oja, P; Tuxworth, B. Eurofit for Adults. Assesment of Health-Relatedfitness; Council of Europe Publishing: Tampere, Finland, 1995.
Szczeklik, E. Enzymologia Kliniczna; Panst; Zaklad Wydawnictw Lekarskich: Warszawa, Poland, 1974.

Krawczynski, J. Enzymatic diagnostics in practical medicine. In Methods of Investigation; Patistwowy Zaklad Wydawn Lekarskich:
Warszawa, Poland, 1972.

Fonseca, L.B.; Brito, C.J.; Silva, R.].S.; Silva-Grigoletto, M.E.; da Silva, W.M.; Franchini, E. Use of Cold-Water Immersion to Reduce
Muscle Damage and Delayed-Onset Muscle Soreness and Preserve Muscle Power in Jiu-Jitsu Athletes. J. Athl. Train. 2016, 51,
540-549. [CrossRef] [PubMed]

Dupuy, O.; Douzi, W.; Theurot, D.; Bosquet, L.; Dugué, B. An Evidence-Based Approach for Choosing Post-Exercise Recovery
Techniques to Reduce Markers of Muscle Damage, Soreness, Fatigue, and Inflammation: A Systematic Review with Meta-Analysis.
Front. Physiol. 2018, 9, 403. [CrossRef] [PubMed]

Belizario, J.E.; Fontes-Oliveira, C.C.; Borges, ].P.; Kashiabara, ].A.; Vannier, E. Skeletal Muscle Wasting and Renewal: A Pivotal
Role of Myokine IL-6. SpringerPlus 2016, 5, 619. [CrossRef]

Jonak, A.; Skrzek, A. Krioterapia w Odnowie Biologicznej Sportowcéw-Przeglad Badan. Acta Bio-Optica Inform. Medica. Inzynieria
Biomed. 2009, 15, 319-321.

Klich, S.; Krymski, I.; Michalik, K.; Kawczynski, A. Effect of Short-Term Cold-Water Immersion on Muscle Pain Sensitivity in Elite
Track Cyclists. Phys. Ther. Sport 2018, 32, 42—-47. [CrossRef]

Mohr, M.; Draganidis, D.; Chatzinikolaou, A.; Barbero-Alvarez, J.C.; Castagna, C.; Douroudos, I.; Avloniti, A.; Margeli, A.;
Papassotiriou, I; Flouris, A.D.; et al. Muscle Damage, Inflammatory, Inmune and Performance Responses to Three Football
Games in 1 Week in Competitive Male Players. Eur. J. Appl. Physiol. 2016, 116, 179-193. [CrossRef]

Peake, ].M.; Roberts, L.A; Figueiredo, V.C.; Egner, I; Krog, S.; Aas, S.N.; Suzuki, K.; Markworth, J.F.; Coombes, ].S.; Cameron-
Smith, D.; et al. The Effects of Cold Water Immersion and Active Recovery on Inflammation and Cell Stress Responses in Human
Skeletal Muscle after Resistance Exercise. J. Physiol. 2017, 595, 695-711. [CrossRef]

White, G.E.; Rhind, S.G.; Wells, G.D. The Effect of Various Cold-Water Immersion Protocols on Exercise-Induced Inflammatory
Response and Functional Recovery from High-Intensity Sprint Exercise. Eur. ]. Appl. Physiol. 2014, 114, 2353-2367. [CrossRef]
Nicklas, B.J.; You, T.; Pahor, M. Behavioural Treatments for Chronic Systemic Inflammation: Effects of Dietary Weight Loss and
Exercise Training. Can. Med. Assoc. |. 2005, 172, 1199-1209. [CrossRef] [PubMed]

Beavers, K.M.; Brinkley, T.E.; Nicklas, B.J. Effect of Exercise Training on Chronic Inflammation. Clin. Chim. Acta 2010, 411, 785-793.
[CrossRef] [PubMed]

Verbickas, V.; Baranauskiene, N.; Eimantas, N.; Kamandulis, S.; Rutkauskas, S.; Satkunskiene, D.; Sadauskas, S.; Brazaitis, M.;
Skurvydas, A. Effects of Sprint Cycling and Stretch-Shortening Cycle Exercises on the Neuromuscular, Immune and Stress
Indicators in Young Men. J. Physiol. Pharmacol. 2017, 68, 125-132. [PubMed]

Bartley, ].M.; Stearns, R.L.; Mufioz, C.X; Nolan, ] K.; Radom-Aizik, S.; Maresh, C.M.; Casa, D.J.; Zaldivar, EP.; Haddad, F.; Ganio,
M.L.E. Effects of Cold Water Immersion on Circulating Inflammatory Markers at the Kona Ironman World Championship. Appl.
Physiol. Nutr. Metab. 2021, 7, 719-726. [CrossRef] [PubMed]

Benveniste, E.N.; Tang, L.P.; Law, R M. Differential Regulation of Astrocyte TNF-« Expression by the Cytokines TGF-§, IL-6 and
IL-10. Int. ]. Dev. Neurosci. 1995, 13, 341-349. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jesf.2021.01.001
http://www.ncbi.nlm.nih.gov/pubmed/33603794
http://doi.org/10.5604/12321966.1233977
http://doi.org/10.1155/2019/7535140
http://doi.org/10.1016/j.coemr.2019.12.004
http://doi.org/10.1016/S0002-9343(00)00671-9
http://doi.org/10.1249/JSR.0000000000000159
http://doi.org/10.13140/2.1.1241.5040
http://doi.org/10.1111/j.1600-0838.2009.00985.x
http://www.ncbi.nlm.nih.gov/pubmed/19602182
https://Sites.Google.Com/Site/Theipaq/Scoring-Protocol
https://Sites.Google.Com/Site/Theipaq/Scoring-Protocol
http://doi.org/10.4085/1062-6050-51.9.01
http://www.ncbi.nlm.nih.gov/pubmed/27575565
http://doi.org/10.3389/fphys.2018.00403
http://www.ncbi.nlm.nih.gov/pubmed/29755363
http://doi.org/10.1186/s40064-016-2197-2
http://doi.org/10.1016/j.ptsp.2018.04.022
http://doi.org/10.1007/s00421-015-3245-2
http://doi.org/10.1113/JP272881
http://doi.org/10.1007/s00421-014-2954-2
http://doi.org/10.1503/cmaj.1040769
http://www.ncbi.nlm.nih.gov/pubmed/15851714
http://doi.org/10.1016/j.cca.2010.02.069
http://www.ncbi.nlm.nih.gov/pubmed/20188719
http://www.ncbi.nlm.nih.gov/pubmed/28456776
http://doi.org/10.1139/apnm-2020-0602
http://www.ncbi.nlm.nih.gov/pubmed/33507839
http://doi.org/10.1016/0736-5748(94)00061-7
http://www.ncbi.nlm.nih.gov/pubmed/7572286

Antioxidants 2022, 11, 2445 25 of 26

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Brenner, LK.M.; Castellani, ].W.; Gabaree, C.; Young, A J.; Zamecnik, J.; Shephard, R.J.; Shek, PN. Immune Changes in Humans
during Cold Exposure: Effects of Prior Heating and Exercise. J. Appl. Physiol. 1999, 87, 699-710. [CrossRef]

Fielding, R.A.; Manfredi, T.].; Ding, W.; Fiatarone, M.A_; Evans, W.J.; Cannon, J.G. Acute Phase Response in Exercise III. Neutrophil
and IL-1 Accumulation in Skeletal Muscle. Am. J. Physiol.-Regul. Integr. Comp. Physiol. 1993, 265, R166-R172. [CrossRef]
Hausswirth, C.; Louis, J.; Bieuzen, F; Pournot, H.; Fournier, J.; Filliard, J.R.; Brisswalter, J. Effects of Whole-Body Cryotherapy vs.
Far-Infrared vs. Passive Modalities on Recovery from Exercise-Induced Muscle Damage in Highly-Trained Runners. PLoS ONE
2011, 6, €27749. [CrossRef]

Eimonte, M.; Paulauskas, H.; Daniuseviciute, L.; Eimantas, N.; Vitkauskiene, A.; Dauksaite, G.; Solianik, R.; Brazaitis, M. Residual
Effects of Short-Term Whole-Body Cold-Water Immersion on the Cytokine Profile, White Blood Cell Count, and Blood Markers of
Stress. Int. |. Hyperth. 2021, 38, 696-707. [CrossRef]

Eimonte, M.; Eimantas, N.; Daniuseviciute, L.; Paulauskas, H.; Vitkauskiene, A.; Dauksaite, G.; Brazaitis, M. Recovering Body
Temperature from Acute Cold Stress Is Associated with Delayed Proinflammatory Cytokine Production in Vivo. Cytokine 2021,
143, 155510. [CrossRef]

Dhabhar, ES.; Malarkey, W.B.; Neri, E.; McEwen, B.S. Stress-Induced Redistribution Redistribution of Immune Cells—From
Barracks to Boulevards to Battlefields: A Tale of Three Hormones—Curt Richter Award Winner. Psychoneuroendocrinology 2012,
37, 1345-1368. [CrossRef] [PubMed]

Yanagisawa, O.; Kudo, H.; Takahashi, N.; Yoshioka, H. Magnetic Resonance Imaging Evaluation of Cooling on Blood Flow and
Oedema in Skeletal Muscles after Exercise. Eur. ]. Appl. Physiol. 2004, 91, 737-740. [CrossRef] [PubMed]

Remick, D.G. Interleukin-8. Crit. Care Med. 2005, 33, 466—467. [CrossRef] [PubMed]

Glaser, R.; Kiecolt-Glaser, J.K. Stress-Induced Immune Dysfunction: Implications for Health. Nat. Rev. Immunol. 2005, 5, 243-251.
[CrossRef]

Demori, L; Piccinno, T.; Saverino, D.; Luzzo, E.; Ottoboni, S.; Serpico, D.; Chiera, M.; Giuria, R. Effects of Winter Sea Bathing on
Psychoneuroendocrinoimmunological Parameters. Explore 2021, 17, 122-126. [CrossRef]

Delaney, K.; Kasprzycka, P.; Ciemerych, M.A.; Zimowska, M. The Role of TGF-B1 during Skeletal Muscle Regeneration. Cell Biol.
Int. 2017, 41, 706-715. [CrossRef]

Mila-Kierzenkowska, C.; Jurecka, A.; WozZniak, A.; Szpinda, M.; Augustyriska, B.; Wozniak, B. The Effect of Submaximal Exercise
Preceded by Single Whole-Body Cryotherapy on the Markers of Oxidative Stress and Inflammation in Blood of Volleyball Players.
Oxidative Med. Cell. Longev. 2013, 2013, 409567. [CrossRef]

Wozniak, B.; Wozniak, A.; Konca, J.; Gérecki, D.; Mila-Kierzenkowska, C.; Szpinda, M.; Sutkowy, P.; Wesotowski, R. Activity of
Al-Antitrypsin and Some Lysosomal Enzymes in the Blood Serum of Patients with Chronic Obstructive Pulmonary Disease after
Smoking Cessation. Biomed Res. Int. 2015, 2015, 176582. [CrossRef]

Kloska, A.; Tylki-Szymariska, A.; Wegrzyn, G. Lizosomalne Choroby Spichrzeniowe—Ogo6Ina Charakterystyka. Postepy Biochem.
2011, 57, 2.

Sielski, L.; Sutkowy, P.; Skopowska, A.; Pawlak-Osiriska, K.; Augustyniska, Z.; Hewelt, K.; Drapata, R.; WoZniak, A. The Oxidant-
Antioxidant Equilibrium and Inflammatory Process Indicators after an Exercise Test on the Alterg Antigravity Treadmill in Young
Amateur Female Athletes. Oxidative Med. Cell. Longev. 2018, 2018, 3484159. [CrossRef]

Mila-Kierzenkowska, C.; Wozniak, A.; Szpinda, M.; Boraczynski, T.; Wozniak, B.; Rajewski, P.; Sutkowy, P. Effects of Thermal
Stress on the Activity of Selected Lysosomal Enzymes in Blood of Experienced and Novice Winter Swimmers. Scand. J. Clin. Lab.
Investig. 2012, 72, 635-641. [CrossRef] [PubMed]

Malta, E.S.; Dutra, Y.M.; Broatch, J.R.; Bishop, D.J.; Zagatto, A.M. The Effects of Regular Cold-Water Immersion Use on Training-
Induced Changes in Strength and Endurance Performance: A Systematic Review with Meta-Analysis. Sport. Med. 2021, 51,
161-174. [CrossRef] [PubMed]

Cuddy, ].S.; Hailes, W.S.; Ruby, B.C. A Reduced Core to Skin Temperature Gradient, Not a Critical Core Temperature, Affects
Aerobic Capacity in the Heat. J. Therm. Biol. 2014, 43, 7-12. [CrossRef] [PubMed]

Périard, ].D.; Racinais, S.; Sawka, M.N. Adaptations and Mechanisms of Human Heat Acclimation: Applications for Competitive
Athletes and Sports. Scand. ]. Med. Sci. Sport. 2015, 25, 20-38. [CrossRef]

Drzazga, Z.; Binek, M.; Pokora, I. Does Repeated Dry Sauna Bathing Change Thermoregulation Process in Elite Cross-Country
Skiers? J. Therm. Anal. Calorim. 2020, 145, 353-360. [CrossRef]

Heinonen, I.; Laukkanen, J.A. Effects of Heat and Cold on Health, with Special Reference to Finnish Sauna Bathing. Am. .
Physiol.-Regul. Integr. Comp. Physiol. 2018, 314, R629-R638. [CrossRef]

Sawka, M.N.; Leon, L.R.; Montain, S.J.; Sonna, L.A. Integrated Physiological Mechanisms of Exercise Performance, Adaptation,
and Maladaptation to Heat Stress. Compr. Physiol. 2011, 1, 1883-1928. [CrossRef]

Heinonen, I.; Brothers, R.M.; Kemppainen, J.; Knuuti, J.; Kalliokoski, K.K.; Crandall, C.G. Local Heating, but Not Indirect Whole
Body Heating, Increases Human Skeletal Muscle Blood Flow. |. Appl. Physiol. 2011, 111, 818-824. [CrossRef]

Faulkner, S.H.; Jackson, S.; Fatania, G.; Leicht, C.A. The Effect of Passive Heating on Heat Shock Protein 70 and Interleukin-6: A
Possible Treatment Tool for Metabolic Diseases? Temperature 2017, 4, 292-304. [CrossRef]

Hoekstra, S.P.; Bishop, N.C.; Faulkner, S.H.; Bailey, S.J.; Leicht, C.A. Acute and Chronic Effects of Hot Water Immersion on
Inflammation and Metabolism in Sedentary, Overweight Adults. J. Appl. Physiol. 2018, 125, 2008-2018. [CrossRef]


http://doi.org/10.1152/jappl.1999.87.2.699
http://doi.org/10.1152/ajpregu.1993.265.1.R166
http://doi.org/10.1371/journal.pone.0027749
http://doi.org/10.1080/02656736.2021.1915504
http://doi.org/10.1016/j.cyto.2021.155510
http://doi.org/10.1016/j.psyneuen.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/22727761
http://doi.org/10.1007/s00421-004-1060-2
http://www.ncbi.nlm.nih.gov/pubmed/15024665
http://doi.org/10.1097/01.CCM.0000186783.34908.18
http://www.ncbi.nlm.nih.gov/pubmed/16340423
http://doi.org/10.1038/nri1571
http://doi.org/10.1016/j.explore.2020.02.004
http://doi.org/10.1002/cbin.10725
http://doi.org/10.1155/2013/409567
http://doi.org/10.1155/2015/176582
http://doi.org/10.1155/2018/3484159
http://doi.org/10.3109/00365513.2012.727214
http://www.ncbi.nlm.nih.gov/pubmed/23061673
http://doi.org/10.1007/s40279-020-01362-0
http://www.ncbi.nlm.nih.gov/pubmed/33146851
http://doi.org/10.1016/j.jtherbio.2014.04.002
http://www.ncbi.nlm.nih.gov/pubmed/24956952
http://doi.org/10.1111/sms.12408
http://doi.org/10.1007/s10973-020-09783-9
http://doi.org/10.1152/ajpregu.00115.2017
http://doi.org/10.1002/cphy.c100082
http://doi.org/10.1152/japplphysiol.00269.2011
http://doi.org/10.1080/23328940.2017.1288688
http://doi.org/10.1152/japplphysiol.00407.2018

Antioxidants 2022, 11, 2445 26 of 26

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Laing, S.J.; Jackson, A.R.; Walters, R.; Lloyd-Jones, E.; Whitham, M.; Maassen, N.; Walsh, N.P. Human Blood Neutrophil Responses
to Prolonged Exercise with and without a Thermal Clamp. J. Appl. Physiol. 2008, 104, 20-26. [CrossRef] [PubMed]

Stanley, J.; Halliday, A.; D’Auria, S.; Buchheit, M.; Leicht, A.S. Effect of Sauna-Based Heat Acclimation on Plasma Volume and
Heart Rate Variability. Eur. . Appl. Physiol. 2015, 115, 785-794. [CrossRef] [PubMed]

Dugué, B.; Leppidnen, E. Adaptation Related to Cytokines in Man: Effects of Regular Swimming in Ice-Cold Water. Clin. Physiol.
2000, 20, 114-121. [CrossRef] [PubMed]

Behzadi, P.; Gravel, H.; Neagoe, P.E.; Barry, H.; Sirois, M.G.; Gagnon, D. Impact of Finnish Sauna Bathing on Circulating Markers
of Inflammation in Healthy Middle-Aged and Older Adults: A Crossover Study. Complement. Ther. Med. 2020, 52, 102486.
[CrossRef] [PubMed]

Wanda, P,; Marta, S.; Piotrowska, A.; Olga, C.L.; Ewa, S.K.; Tomasz, P.; Stefania, A.; Matgorzata, Z. The Effects of a Single and a
Series of Finnish Sauna Sessions on the Immune Response and Heat Shock Protein Levels in Trained and Untrained Men; Research Square:
Durham, NC, USA, 2021; pp. 1-20.

Kim, K.K; Sheppard, D.; Chapman, H.A. TGF-B1 Signaling and Tissue Fibrosis. Cold Spring Harb. Perspect. Biol. 2017, 10, a022293.
[CrossRef] [PubMed]

Casadio, ].R;; Kilding, A.E.; Cotter, ].D.; Laursen, P.B. From Lab to Real World: Heat Acclimation Considerations for Elite Athletes.
Sport. Med. 2017, 47, 1467-1476. [CrossRef] [PubMed]

Prystupa, T.; Wotyriska, A.; Sleyniski, J. The Effects of Finish Sauna on Hemodynamics of the Circulatory System in Men and
Women. |. Hum. Kinet. 2009, 22, 61-68. [CrossRef]

Biro, S.; Masuda, A.; Kihara, T.; Tei, C. Clinical Implications of Thermal Therapy in Lifestyle-Related Diseases. Exp. Biol. Med.
2003, 228, 1245-1249. [CrossRef]

Sutkowy, P.; Wozniak, A.; Mila-Kierzenkowska, C.; Jurecka, A. The Activity of Lysosomal Enzymes in the Healthy Men’s Blood
after Single Finnish Sauna Procedure—Preliminary Study. Med. Biol. Sci. 2012, 26, 33-38. [CrossRef]

Pawet, S.; Alina, W.; Celestyna, M.LK.; Alicja, J. The Effect of Finnish Sauna on the Activity of Selected Lysosomal Enzymes on
Healthy Subjects. Ovidius Univ. Ann. Ser. Phys. Educ. Sport. Mov. Health 2011, 11, 287-291.


http://doi.org/10.1152/japplphysiol.00792.2007
http://www.ncbi.nlm.nih.gov/pubmed/17901240
http://doi.org/10.1007/s00421-014-3060-1
http://www.ncbi.nlm.nih.gov/pubmed/25432420
http://doi.org/10.1046/j.1365-2281.2000.00235.x
http://www.ncbi.nlm.nih.gov/pubmed/10735978
http://doi.org/10.1016/j.ctim.2020.102486
http://www.ncbi.nlm.nih.gov/pubmed/32951736
http://doi.org/10.1101/cshperspect.a022293
http://www.ncbi.nlm.nih.gov/pubmed/28432134
http://doi.org/10.1007/s40279-016-0668-9
http://www.ncbi.nlm.nih.gov/pubmed/28035584
http://doi.org/10.2478/v10078-009-0024-3
http://doi.org/10.1177/153537020322801023
http://doi.org/10.2478/v10251-012-0052-4

	Introduction 
	Materials and Methods 
	Participants 
	Study Design 
	Determination of the Activity of 1-Antitripsin (AAT) and Lysosomal Enzymes 
	Determination of the Cytokine Concentrations 
	Statystical Analysis 

	Results 
	The activity of 1-Antitripsin and Lysosomal Enzymes in Winter Swimmers 
	The Activity of 1-Antitripsin and Lysosomal Enzymes in Novices 
	The Concentration of Cytokines in Winter Swimmers 
	The Concentration of Cytokines in Novices 

	Discussion 
	The Influence of Cold Water Immersion on the Indicators of Inflammation and Oxidative Damage in Blood 
	The Influence of Sauna Bath on the Indicators of Inflammation and Oxidative Damage in Blood 
	Comparison of the Influence of Cold Water Immersion and Sauna Bath as Methods of Post-Exercise Regeneration 

	Conclusions 
	References

