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Abstract
The study has evaluated the effect of sauna treatments on the blood serum of professional cross-country skiers (3 women 
and 6 men) during two exercise sessions: the first without any treatments and the second after ten sauna treatments. Aqueous 
solutions of serum samples from the blood of athletes collected in four stages in both exercise sessions: at rest, after exercise, 
after 1 h and 24 h rest and additionally only at rest after the first sauna treatment, were measured by means of differential 
scanning calorimetry (DSC). DSC results allowed to register characteristic post-exercise changes in the profile of thermal 
denaturation transition of serum. A trend of these changes was similar regardless of the use of sauna, but their intensity was 
stronger in the exercise session after the sauna treatments. In particular, the differences relating to the use of sauna have 
revealed in the higher temperature range of serum denaturation transition. Regarding the recovery process after exercises, a 
large individual variability was observed in both sessions.
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Introduction

Sauna is a physical treatment, originating from Scandinavian 
countries such as Finland, and now widely used throughout 
the world [1–3]. Sauna treatments are used very often in 
sports medicine in rehabilitation and recreation or biological 
regeneration due to its positive effect on the body of athletes 
[1–12]. It has been shown that sauna treatments positively 
influence the hemodynamics of blood pressure and pulse 
[1, 2, 10], stimulate athletes’ immune system [4], help to 
maintain adaptive changes to physical effort [6, 7], favora-
bly modulate heart rate variability [8], support circulation 
[9, 11], improve sleep [9], improve mental health [9, 11], 
increase “body detoxification” [9], relieve back and mus-
culoskeletal pain [9], probably reduce the risk of sudden 

cardiac death [11], improve lipid profile [12]. In some stud-
ies, there were no positive effects of the use of sauna treat-
ments [5, 13, 14]. It is important to prevent any misuse of 
the sauna [3, 14].

Differential scanning calorimetry (DSC) has found wide 
application in medical and biological sciences [15–34]. 
Attempts to use the DSC method for clinical purposes have 
been made for several years [15–27]. DSC profiles of blood 
serum, plasma, synovial fluid, cerebrospinal fluid are very 
useful because they can be a valuable source of informa-
tion about alterations in these physiological fluids caused 
by different diseases or treatments. DSC seems to be a very 
informative technique also in sports medicine [28–32].

In this paper, DSC has been employed to detect changes 
in the thermal behavior of blood serum solutions due to 
sauna treatments. The effect of one sauna treatment and a 
series of 10 sauna treatments on endothermic denaturation 
transition of cross-country skiers’ serum has been analyzed 
and compared. Moreover, post-exercise changes and those 
in the recovery period were tracked in blood serum during 
two same exercise sessions, of which one was before and the 
other after ten sauna treatments.
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Materials and methods

Participants

Nine athletes (3 women and 6 men) well trained in cross-
country skiing participated in this study. These athletes 
belong to the national team and take part in competitions 
in many countries around the world. A study was carried 
out during the transition phase of the annual training plan.

All athletes were informed about the purpose and the 
nature of the research before giving their written consent 
to participate in the experiment. The studies were per-
formed in accordance with the ethical standards of the 
responsible committee on human experimentation (insti-
tutional and national) and with Declaration of Helsinki. 
The study protocol was approved by the Ethics Committee 
of the Jerzy Kukuczka Academy of Physical Education in 
Katowice (Certificate of approval No. 2/2016).

Experimental

The study consisted of pre-sauna (SI) and post-sauna (SII) 
stages. The athletes’ VO2max, peak HR, peak power output 
and HR at individual anaerobic threshold (AT) (HR-AT) 
were determined in the week prior to the pre-sauna period, 
using a graded running exercise test.

Experimental exercise test (EET) was carried out twice: 
before (SI) and after (SII) a series of ten sauna baths. EET 
test consists of ~ 60 min running with the intensity below 
the individual anaerobic threshold, on treadmill H/P/Cos-
mos Pulsar at 20 ± 1 °C ambient temperature, 56 ± 3% rela-
tive humidity and 985 ± 5 hPa atmospheric pressure, in 
Research Center for Sports, Academy of Physical Educa-
tion in Katowice. More details can be found in our recently 
published paper [32].

Finnish sauna treatments

Participants were exposed to whole-body heating (WBH) 
treatment in the Finnish sauna at the Academy of Physical 
Education in Katowice in the afternoon after the part of 
daily training sessions in the transition phase. We decided 
to standardize the duration of sauna exposure rather than 
standardize the relative heat stress to minimize the poten-
tial impact on the athletes’ daily life/training schedule. The 
exclusion criteria included acute respiratory tract disor-
ders, hyperthyroidism or hypothyroidism, and purulent-
gangrenous skin lesions. The average temperature and 
humidity in the sauna room were 90 ± 2 °C and 15 ± 3%, 
respectively. A single sauna session consisted of three 

WBH treatments, each lasting from 10 to 15 min, followed 
by breaks to cool down the body.

Blood serum samples

Venous blood samples were taken from athletes at rest: 
before sauna treatments, after 1 sauna treatment and after 
10 sauna treatments which were held on weekdays over two 
weeks. Blood samples were always collected at the same 
time in the morning. Additionally, blood samples were col-
lected during two exercise sessions: SI—before sauna treat-
ments and SII—after 10 sauna treatments in 4 stages: before 
exercise (be), 3 min after exercise (ae), after 1 h of rest (r1h) 
and after 24 h rest (r24h).

Blood serum samples were prepared using the stand-
ard method and kept frozen at − 20 °C until the measure-
ment. Serum samples were thawed at room temperature for 
about 10 min to prepare 20-fold diluted solutions using the 
degassed water. The pH values of the tested aqueous serum 
solutions were 7.0 ± 0.5.

DSC measurements

Differential scanning calorimetry (DSC) measurements 
of aqueous serum solutions were made using the VP-DSC 
microcalorimeter (MicroCal Co, Northampton, MA). Two 
scans were obtained for each sample in the temperature 
range 20–100 °C with a heating rate of 1 °C min−1 and a 
pressure of about 1.7·105 Pa. All raw serum DSC curves 
were corrected for the water–water instrumental baseline. 
The next steps were normalization for the gram mass of pro-
tein and subtracting the linear baseline. An apparent excess 
heat capacity Cpex (J °C−1 g−1) versus temperature (°C) has 
been plotted.

The following thermodynamic parameters: temperatures 
(T1, T2, T3) and excess heat capacities (Cp1, Cp2, Cp3) of 
local maxima, the enthalpy (ΔH) of thermal denaturation 
of serum as the area under the endothermic peak, the width 
of peak in its half height (HHW) and the first moment of the 
transition with respect to the temperature axis (TFM) [20, 28].

Statistical analysis

Statistical analysis was carried out with the Statistica 13.1 
program. After checking for normal distribution (tested by 
Shapiro-Wilk test), ANOVA with repeated measurements 
has been used. Mauchly’s test for sphericity was included 
as a part of the procedure. When the ANOVA results were 
statistically significant, the post hoc Tukey’s test was per-
formed to determine which pairs of means had significant 
differences. If the distribution was not normal, we used the 
Friedman’s test. The level of statistical significance was set 
at p < 0.05.
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Results and discussion

The thermal denaturation of the proteins contained in the 
blood sera is observed in serum DSC profile as complex 
endothermic transition. At first sight, at least two or three 
peaks can be distinguished in this transition for healthy peo-
ple, depending on the serum proteome and the solvent used 
[15–33]. Mean DSC curves of aqueous solutions of human 
blood sera samples collected from participants of our study 
at three time points (before sauna treatments, after 1 sauna 
treatment and after 10 sauna treatments) are shown in Fig. 1. 
All three curves are very similar to each other and slight 
differences between them seem to be within the limits of 
experimental error. The first peak at about 56 °C mainly rep-
resents the contribution of un-liganded albumin. The second 
sharp peak at about 62 °C comes from haptoglobin, the acute 
phase protein. It is not always clearly visible. The third peak 
at about 70 °C is derived from immunoglobulins and domi-
nates over the less intense other two. Every of these peaks 
contains contributions from other serum proteins.

Average thermodynamic parameters of considered dena-
turation transition are listed in Table 1. In accordance with 
what is suggested in Fig. 1, Cp1 and HHW values are higher 
while Cp3 is slightly lower after sauna treatments. The value 
of TFM parameter is lower after the sauna than before treat-
ments. Surprisingly, the effect of 1 treatment seems to be 
stronger than 10 treatments. Particularly, statistically sig-
nificant difference between TFM before sauna and after 1 
sauna treatment has been found (p =0.017 for main effect 
in ANOVA with repeated measure and p =0.013 in post hoc 
Tukey’s test).

Figures 2 and 3 show the average serum DSC curves 
for four stages in exercises session SI and SII, respectively. 
Comparing the set of curves in both sessions, we can see 

a similar trend of exercise related changes, but these in 
session II are more intense. In the temperature range of 
about 45–60 °C, we see a reduction of the first local maxi-
mum after the exercise. The excess heat capacity at the 
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Fig. 1   Mean serum DSC curves: before sauna treatments (solid line), 
after 1 sauna treatment (short dots line), after series of 10 sauna treat-
ments (short dash line); the shaded area added to the solid line is the 
standard error (SE) at each temperature

Table 1   Mean parameters (mean ± SD) of serum denaturation transi-
tion before sauna (0 sauna), after 1 sauna (1 sauna) and after 10 sauna 
treatments (10 sauna)

0 sauna 1 sauna 10 sauna

T1/°C 56.7 ± 0.8 56. 0 ± 0.7 56.5 ± 1.1
Cp1/J g−1 °C−1 0.653 ± 0.059 0.716 ± 0.063 0.703 ± 0.038
T2/ °C 61.9 ± 0.7 62.0 ± 0.5 62.0 ± 0.6
Cp2/J g−1 °C−1 0.716 ± 0.038 0.724 ± 0.075 0.699 ± 0.050
T3/ °C 70.8 ± 0.4 70.6 ± 0.4 70.3 ± 0.5
Cp3/J g−1 °C−1 1.000 ± 0.063 0.950 ± 0.059 0.988 ± 0.042
ΔH/J g−1 23.4 ± 1.3 23.4 ± 1.3 23.4 ± 0.4
HHW/°C 25.4 ± 1.0 26.6 ± 0.9 26.3 ± 0.7
TFM/°C 67.5 ± 0.6 66.7 ± 0.4 67.1 ± 0.5
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Fig. 2   Mean serum DSC curves in SI: be (solid line), ae (short dots 
line), r1h (short dash line), r24h (short dash dots line)
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Fig. 3   Mean serum DSC curves in SII: be (solid line), ae (short dots 
line), r1h (short dash line), r24h (short dash dots line)
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temperature of the first local maximum (56.7 °C in SI and 
56.5 °C in SII) decreases by 0.162 J g−1 °C−1 (from 0.653 
to 0.491 J g−1 °C−1) and by 0.193 J g−1 °C−1 (from 0.703 to 
0.510 J g−1 °C−1) in SI and SII, respectively. This is accom-
panied by a marked increase in the intensity of the transition 
in the temperature range of about 65–85 °C. The local maxi-
mum in this temperature range shifts from 70.8 to 74.1 °C 
in SI and from 70.3 to 71.1 °C in SII because of the exercise 
done. The results of Friedman test showed statistically sig-
nificant differences between the mean T3 values in various 
stages for session I (p =0.003) and session II (p =0.008). The 
mean excess heat capacity at the temperature of the third 
local maximum increases due to the exercise from 1.000 
to 1.070 J g−1 °C−1 (by 0.070 J g−1 °C−1) in SI and from 
0.988 to 1.137 J g−1 °C−1 (by 0.149 J g−1 °C−1) in SII. The 
differences between pre- and post-exercise mean values of 
Cp3 have been found statistically significant (p =0.04 and 
p =0.0008 in session I and II, respectively). Presented results 
suggest that post-exercise changes in serum proteome are 
stronger after a series of 10 sauna treatments.

In the regeneration phase, the return to the initial shape 
has been observed for the denaturation transition of serum. 

A comparison of Figs. 2 and 3 suggests that after an hour 
of rest the post-exercise modifications disappear in SII only 
partially, while in SI practically completely. Additionally, a 
slight shift of the first local maximum to higher temperature 
can be observed after an hour as well as a day of rest. Moreo-
ver, the exothermic aggregation effect (stronger in session I 
than in session II), disappearing during recovery period, is 
well visible in the temperature range above 85 °C.

One possible explanation of the reduction of the first local 
maximum may be a decrease of ligand-free albumin fraction 
due to attaching ligands to albumin molecules. Albumin with 
bound ligands denatures at higher temperatures. Albumin 
binds many substances such as vitamins, metabolites, dyes 
and drugs [35–41]. Exercises can increase the binding of 
various ligands by albumin, especially when they were per-
formed after a series of sauna treatments. It is in agreement 
with the more intense peak in the range of 65–85 °C, which 
is mainly derived from immunoglobulins and liganded albu-
min. It is believed that exercise can play a major role in 
enhancing the endogenous defense system against mechani-
cal and metabolic muscle damage, which may explain the 
increased contribution from immunoglobulins.
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Fig. 4   The DSC curves in: be (solid line), ae (short dots line), r1h (short dash line) stages of session I (a) and II (b) for serum of the athlete 
whose regeneration process in session II was delayed
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Fig. 5   The DSC curves in: be (solid line), ae (short dots line), r1h (short dash line) stages of session I (a) and session II (b) for serum of the ath-
lete whose regeneration process took no more than an hour despite relatively large post-exercise changes in both sessions
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It is known that individual metabolism is reflected in 
blood serum proteome modification. The data collected in 
this study showed that not everyone responds to the exer-
cises in the same way and regenerates at the same time after 
exercise. Figures 4 and 5 show DSC curves for the athletes 
whose reaction was different from the one indicated by mean 
DSC curves presented in Figs. 2 and 3. Figure 4 presents a 
typical response to effort but no signs of regeneration dur-
ing 1 h of rest in session II. This athlete needed more time 
to reverse the changes in serum caused by intense exercises 
performed after a series of 10 sauna treatments. Figure 5 
suggests stronger than average response to exercise and 
despite that very fast recovery process in both sessions.

Conclusions

DSC results obtained in this study indicate that sauna treat-
ments do not significantly modify serum denaturation tran-
sition. Although the statistically significant decrease in 
TFM after 1 sauna treatment suggests a beneficial effect of 
sauna on athletes, a larger number of blood serum samples 
would be required for verification of this suggestion. The 
current DSC results did not notice gender dependence in 
response to sauna treatments, but only 3 women and 6 men 
were involved into the experiment. An important observa-
tion from our research is that the DSC method has allowed 
to register characteristic post-exercise changes in thermal 
transitions of serum denaturation. These changes are similar 
in nature, regardless of the use of sauna treatments before 
the exercise session, but enhanced by the sauna. A reduc-
tion of the first local maximum, connected mainly with the 
fraction of ligand-free albumin, has been observed after 
exercise in both sessions. Slightly larger decrease of excess 
heat capacity in this temperature region has occurred in the 
case of exercise after a series of 10 sauna treatments. The 
second post-exercise effect, also more intense in the exercise 
session after sauna treatments, was an increased intensity of 
the third local maximum, connected mainly with the fraction 
of gamma-globulins and albumin with bound ligands. So, 
changes in the athlete’s blood serum proteome, conditioning 
the modification of serum DSC profiles in the session held 
after sauna treatments, seem to be stronger than those in the 
session not preceded by treatments. Comparison of sera DSC 
profiles indicates a diverse recovery process among athletes, 
especially in the post-sauna exercise session.

Funding  The project has been financed by the Grant Ministry of Sci-
ence and Higher Education/Nr 0050/RS4/2016/54.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Hannuksela ML, Ellahham S. Benefits and risks of sauna bathing. 
Am J Med. 2001;110:118–26.

	 2.	 Prystupa T, Wołyńska A, Ślężyński J. The effects of finish sauna 
on hemodynamics of the circulatory system in men and women. 
J Hum Kinet. 2009;22:61–8.

	 3.	 Kauppinen K. Facts and fables about sauna. Ann N Y Acad Sci. 
1997;813:654–62.

	 4.	 Pilch W, Pokora I, Szyguła Z, Pałka T, Pilch P, Cisoń 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;39:127–35.

	 5.	 Hussain J, Cohen M. Clinical effects of regular dry sauna bath-
ing: a systematic review. Hindawi Evid Based Complement Altern 
Med. 2018. https​://doi.org/10.1155/2018/18574​13.

	 6.	 Żychowska M. Changes in expression of selected cellular stress 
response genes after passive body overheating in sauna and mod-
erate exercise in judo athletes and untrained people. Arch BudoSci 
Martial Art Extreme Sport. 2017;13:71–8.

	 7.	 Iguchi M, Littmann AE, Chang SH, Wester LA, Knipper JS, 
Shields RK. Heat stress and cardioviscular, hormonal, and heat 
schock proteins in humans. JAT. 2012;47(2):184–90.

	 8.	 Laukkanen T, Lipponen J, Kunutsor SK, Zaccardi F, Araújo CGS, 
Mäkikallio TH, Khan H, Willeit P, Lee E, Poikonen S, Tarvainen 
M, Laukkanen AJ. Recovery from sauna bathing favorably modu-
lates cardiac autonomic nervous system. Complement Ther Med. 
2019;45:190–7.

	 9.	 Hussain JN, Greaves RF, Cohen MM. A hot topic for health: 
results of the global sauna survey. Complement Ther Med. 
2019;44:223–34.

	10.	 Ketelhut S, Ketelhut RG. The blood pressure and heart rate during 
sauna bath correspond to cardiac responses during submaximal 
dynamic exercise. Complement Ther Med. 2019;44:218–22.

	11.	 Laukkanen AJ, Kunutsor SK. Is sauna bathing protective of sud-
den cardiac death? A review of the evidence. Prog Cardiovasc Dis. 
2019;62:288–93.

	12.	 Gryka D, Pilch W, Szarek M, Szyguła Z, Tota Ł. The effect of 
sauna bathing on lipid profile in young, physically active, male 
subjects. IJOMEH. 2014;27(4):608–18.

	13.	 Podstawski R, Borysławski K, Clark CCT, Choszcz D, Finn KJ, 
Gronek P. Correlations between repeated use of dry sauna for 
4 × 10 minutes, physiological parameters, anthropometric features, 
and body composition in young sedentary and overweight men: 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2018/1857413


	 K. Duch et al.

1 3

health implications. Hindawi BioMed Res Int. 2019. https​://doi.
org/10.1155/2019/75351​40.

	14.	 Kenttämies A, Karkola K. Death in sauna. J Forensic Sci. 
2008;53:724–9.

	15.	 Garbett NC, Miller JJ, Jenson AB, Chaires JB. Calorimetry out-
side the box: a new window into the plasma proteome. Biophys J. 
2008;94:1377–83.

	16.	 Velazquez-Campoy A, Vega S, Sanchez-Gracia O, Lanas A, Rod-
rigo A, Kaliappan A, Hall MB, Nguyen TQ, Brock GN, Chesney 
JA, Garbett NC, Abian O. Thermal liquid biopsy for monitoring 
melanoma patients under surveillance during treatment: a pilot 
study. BBA Gen Subj. 2018;1862:1701–10.

	17.	 Garbett NC, Mekmaysy CS, Helm CW, Jenson AB, Chaires JB. 
Differential scanning calorimetry of blood plasma for clinical 
diagnosis and monitoring. Exp Mol Pathol. 2009;86:186–91.

	18.	 Garbett NC, Brock GN. Differential scanning calorimetry as a 
complementary diagnostic tool for the evaluation of biological 
samples. Biochimica et Biophysica Acta. 2016;1860:981–9.

	19.	 Todinova S, Krumova S, Danailova A, Petkova V, Guenova M, 
Mihaylov G, Gartcheva L, Taneva SG. Calorimetric markers for 
monitoring of multiple myeloma and Waldenström’s macroglobu-
linemia patients. Eur Biophys J. 2018;47:549–59.

	20.	 Michnik A, Drzazga Z, Michalik K, Barczyk A, Santura I, 
Sozańska E, Pierzchała W. Differential scanning calorimetry study 
of blood serum in chronic obstructive pulmonary disease. J Therm 
Anal Calorim. 2010;102:57–60.

	21.	 Michnik A, Sadowska-Krępa E, Cholewa J, Schisler I, Kiełboń A, 
Drzazga Z. Differential scanning calorimetry study of early and 
advanced stages in Parkinson’s disease using human blood serum. 
Thermochimica Acta. 2018;662:64–8.

	22.	 Kędra-Królik K, Chmielewska I, Michnik A, Zarzycki P. Blood 
serum calorimetry indicates the chemotherapeutic efficacy in lung 
cancer treatment. Sci Rep. 2017. https​://doi.org/10.1038/s4159​
8-017-17004​-x.

	23.	 Zapf I, Fekecs T, Ferencz A, Tizedes G, Pavlovics G, Kalman 
E, Lőrinczy D. DSC analysis of human plasma in breast cancer 
patients. Thermochimica Acta. 2011;524:88–91.

	24.	 Fekecs T, Zapf I, Ferencz A, Lőrinczy D. Differential scan-
ning calorimetry (DSC) analysis of human plasma in melanoma 
patients with or without regional lymph node metastases. J Therm 
Anal Calorim. 2012;108:149–52.

	25.	 Farkas P, Kӧnczӧl F, Lőrinczy D. New possibilities of applica-
tion of DSC as a new clinical diagnostic method. J Therm Anal 
Calorim. 2018;133:579–89.

	26.	 Dinarelli S, Longo G, Krumova S, Todinova S, Danailova A, 
Taneva SG, Lenzi E, Mussi V, Girasole M. Insights into the mor-
phological pattern of erythrocytes’ aging: coupling quantitative 
AFM data to microcalorimetry and Raman spectroscopy. J Mol-
Recognit. 2018. https​://doi.org/10.1002/jmr.2732.

	27.	 Rai SN, Srivastava S, Pan J, Wu X, Rai SP, Mekmaysy CS, 
DeLeeuw L, Chaires JB, Garbett NC. Multi-group diagnostic 
classification of high-dimensional data using differential scan-
ning calorimetry plasma thermograms. PLoS ONE. 2019. https​
://doi.org/10.1371/journ​al.pone.02207​65.

	28.	 Michnik A, Drzazga Z, Poprzęcki S, Czuba M, Kempa K, 
Sadowska-Krępa E. DSC serum profiles of sportsmen. J Therm 
Anal Calorim. 2013;113:365–70.

	29.	 Michnik A, Sadowska-Krępa E, Domaszewski P, Duch K, Pokora 
I. Blood serum DSC analysis of well-trained men response to 
CrossFit training and green tea extract supplementation. J Therm 
Anal Calorim. 2017;130:1253–62.

	30.	 Michnik A, Drzazga Z, Schisler I, Poprzęcki S, Czuba M. Diver-
sity in athlete’s response to strength effort in normobaric hypoxia. 
J Therm Anal Calorim. 2018;134:633–41.

	31.	 Duch K, Michnik A, Pokora I, Sadowska-Krępa E, Kiełboń A. 
Whole-body cryostimulation impact on blood serum thermal 
denaturation profiles of cross-country skiers. J Therm Anal Calo-
rim. 2019. https​://doi.org/10.1007/s1097​3-019-08766​-9.

	32.	 Michnik A, Pokora I, Duch K, Sadowska-Krępa E. Differential 
scanning calorimetry reveals that whole-body cryostimulation in 
cross-country skiers can modify their response to physical effort. J 
Therm Anal Calorim. 2020. https​://doi.org/10.1007/s1097​3-020-
09285​-8.

	33.	 Kiełboń A, Michnik A, Polaczek-Grelik K, Duch K, Sadowska-
Krępa E. Differential scanning calorimetry of human blood serum 
exposed in vitro to X-ray radiation. Thermochimica Acta. 2019. 
https​://doi.org/10.1016/j.tca.2019.17835​8.

	34.	 Maróti P, Kocsis B, Ferencz A, Nyitrai M, Lőrinczy D. Differ-
ential thermal analysis of the antibacterial effect of PLA-based 
materials planned for 3D printing. J Therm Anal Calorim. 2019. 
https​://doi.org/10.1007/s1097​3-019-08377​-4.

	35.	 Valerio C, Theocharidou E, Davenport A, Agarwal B. Human 
albumin solution for patients with cirrhosis and acute on chronic 
liver failure: beyond simple volume expansion. World J Hepatol. 
2016;8(7):345–54.

	36.	 Yang F, Zhang Y, Liang H. Interactive association of drugs bind-
ing to human serum albumin. Int J Mol Sci. 2014;15(3):3580–95.

	37.	 Lambrinidis G, Vallianatou T, Tsantili-Kakoulidou A. In vitro, in 
silico and integrated strategies for the estimation of plasma protein 
binding. A review. Adv Drug Deliv Rev. 2015;86:27–45.

	38.	 Bohnert T, Gan LS. Plasma protein binding: from discovery to 
development. J Pharm Sci. 2013;102:2953–94.

	39.	 Lee P, Wu X. Review: modifications of human serum albumin and 
their binding effect. Curr Pharm Des. 2015;21(14):1862–5.

	40.	 Anraku M, Shintomo R, Taguchi K, Kragh-Hansen U, Kai T, 
Maruyama T, Otagiri M. Amino acids of importance for the anti-
oxidant activity of human serum albumin as revealed by recom-
binant mutants and genetic variants. Life Sci. 2015;134:36–41.

	41.	 Roche M, Rondeau P, Singh NR, Tarnus E, Bourdon E. 
The antioxidant properties of serum albumin. FEBS Lett. 
2008;582(13):1783–7.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1155/2019/7535140
https://doi.org/10.1155/2019/7535140
https://doi.org/10.1038/s41598-017-17004-x
https://doi.org/10.1038/s41598-017-17004-x
https://doi.org/10.1002/jmr.2732
https://doi.org/10.1371/journal.pone.0220765
https://doi.org/10.1371/journal.pone.0220765
https://doi.org/10.1007/s10973-019-08766-9
https://doi.org/10.1007/s10973-020-09285-8
https://doi.org/10.1007/s10973-020-09285-8
https://doi.org/10.1016/j.tca.2019.178358
https://doi.org/10.1007/s10973-019-08377-4

	Modification of blood serum DSC profiles by sauna treatments in cross-country skiers during the exercise cycle
	Abstract
	Introduction
	Materials and methods
	Participants
	Experimental
	Finnish sauna treatments
	Blood serum samples
	DSC measurements
	Statistical analysis

	Results and discussion
	Conclusions
	References




