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Abstract

The effects of extreme cold on the human body are not fully understood, there are also no reports on the effect of cryogenic
temperatures on the levels of erythropoietin (EPO) and interleukin 3 (IL-3), two important factors that regulate
hematopoiesis. Aim: determination of changes in peripheral blood cell counts and EPO and IL-3 levels induced by a series of
10, 20 and 30 standard whole-body cryostimulation (WBC) treatments. The study involved 45 men, experimental group
(EXP, n=30) subjected to 30 WBC treatments (—130°C, treatment duration: 3 minutes) and a control group (CON, n=15).
Blood samples were collected before the series of treatments and after 10, 20 and 30 treatments. After 10 and 20 treatments
we observed lower red blood cell counts and hematocrit and hemoglobin levels compared to baseline (p<<0.05) and the
control group (p<<0.05). Additionally we observed an increase in hemoglobin concentration in plasma (p<<0.05), and
bilirubin after 10 and 20 treatments, and a decrease in plasma concentration of haptoglobin after 10, 20 and 30 treatments
(p<<0.05). The number of leukocytes was higher after 10 and 20 WBC treatments compared to baseline and the CON group.
EPO concentration in plasma was elevated and the concentration of IL-3 was lower after 10, 20 and 30 WBC treatments. The
decrease in indices of the erythrocytic system, plasma hemoglobin and bilirubin, with a simultaneous decrease in
haptoglobin concentrations after 10 and 20 WBC treatments, may be due to increased intravascular hemolysis. At the same
time there was a small, but statistically significant increase in the concentration of EPO stimulated erythropoiesis which
could facilitate a return of erythrocytic system indices to initial levels after 30 WBC treatments. Changes in the white blood
cell system showed transient mobilization of this system under the influence of WBC.

Citation: Szygula Z, Lubkowska A, Giemza C, Skrzek A, Bryczkowska |, et al. (2014) Hematological Parameters, and Hematopoietic Growth Factors: Epo and IL-3 in
Response to Whole-Body Cryostimulation (WBC) in Military Academy Students. PLoS ONE 9(4): €93096. doi:10.1371/journal.pone.0093096

Editor: Anna-Leena Sirén, University of Wuerzburg, Germany
Received October 6, 2013; Accepted February 28, 2014; Published April 2, 2014

Copyright: © 2014 Szygula et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This paper was supported by the National Science Centre No: N N404 312940. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: annalubkowska@gmail.com

Introduction understood. Research is often conducted on small groups, with
significant differences in procedures in which cryostimulation (or
cryotherapy) is often used in combination with other forms of
treatment or as part of physical training. This does not allow
unambiguous interpretation of results to assess the impact of
cryogenic temperatures on the human body. Therefore literature
reports are often contradictory and inadequate. Moreover, very
often changes observed after WBC are interpreted with reference
to the results obtained after the application of temperatures close
to zero, such as immersion or swimming in cold water [7,8,9].
Whole body cryostimulation (WBC) is an application of
extremely low temperatures (from —100°C to —140°C) on the
human body. The term “cryostimulation” is increasingly often
used to highlight the stimulatory effect of cryogenic temperature,

Recently, cryotherapy and cryostimulation have gained in
popularity in the prevention and treatment of musculoskeletal
overload in competitive sports and sports medicine, and also the
rejuvenation of healthy individuals to accelerate recovery and
increase resistance. The initial use of this type of physical therapy
in the treatment of acute and chronic soft tissue trauma, pain relief
and reduction of inflammatory process activity, expanded the use
of cryogenic temperatures for post-operative care after orthopedic
surgery, in rheumatoid and nervous system diseases (e.g. spastic
paresis after stroke, multiple sclerosis, depressive syndromes,
vegetative neurosis), or as an analgesic and relaxing agent for
patients in the terminal stages of cancer [1]. Therefore, there are a
lot of papers and articles reporting the effect of cryogenic

temperatures on changes in the bodies of individuals with various It is believed th hole bod culati 1 health
discases [2,3,4,5,6]. t is believed that whole body cryostimulation in healthy

individuals is a safe procedure and does not cause adverse changes
in the body [10], and potential complications related with the

in contrast to cryotherapy where a therapeutic aim is emphasized.

Unfortunately, the mechanism and the therapeutic effect of
cryogenic temperatures on the human body is still not fully
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treatment are very rare if the contraindications to the treatment
are taken into account [1]. Furthermore, there are some reports on
the favorable physiological phenomena resulting from exposure of
the human body to cryogenic temperatures, such as overall
improvement in well-being (relaxation, physical relaxation),
analgesic effect, increase in muscle strength, profuse flow of blood
in peripheral tissue, mobilization of the immunological system,
increase in norepinephrine, testosterone (especially in men) and
improvement in antioxidant capacity [1,10,11].

One very interesting issue is the effect of WBC on peripheral
blood and hematological indicators. Changes in peripheral blood
indices could influence exercise capacity and general resistance to
infectious agents. However, reports on this subject are scarce and
sometimes contradictory. There are several papers evaluating the
mmpact of cryogenic temperature on peripheral blood counts in
healthy people. Some reports show a decrease in erythrocytic
indices [12,13,14,15,16] and an increase in the number of
leukocytes [16,17] while others describe a lack of changes in
erythrocyte and/or white blood cell systems [13,14,15,18,19] and
in the number of platelets [14,16] after WBC.

Because cytokines are a large group of molecules regulating
hematopoiesis and various processes such as cell proliferation and
differentiation, inflammatory and immune responses and others, a
number of studies have been published over the past years on the
effects of WBC on these molecules. The most commonly cytokines
determined in these studies include IL-1a, IL-1p, IL-2, IL-6, IL.-8,
IL-10, IL-12 and TNF [8,17,19,20,21,22]. However, none of the
works to date have studied systemic cryotherapy on changes in the
level of erythropoietin (EPO) and IL-3, important factors
regulating hematopoiesis. As the effects of EPO an increase of
the red blood cells mass, hematocrit and hemoglobin in the
peripheral blood were observed, and consequently the transfer of
oxygen to the peripheral tissues would be enhanced. Due to
mentioned effects erythropoietin became a doping agent used by
athletes particularly in endurance sports [23].

Interleukin-3 is a multipotent hematopoietic growth factor,
stimulating hematopoiesis by the induction of proliferation and
differentiation of early pluripotent stem cells and progenitor
myeloid stem cells — myeloid, erythroid and megakaryocytic
lineages. An administration of IL-3 to patients increased the
number of leukocytes (primarily neutrophils, lymphocytes and
eosinophils), as well as reticulocytes and platelets [24,25].

As shown in previous studies, the effect of cryotherapy may
depend on the number of treatments applied [17,21,26,27], so the
aim of this study was to investigate the effect of repeated exposure
to the cryogenic temperatures used in a series of standard 10, 20
and 30 WBC treatments (—130°C, 3 min) on changes in key
peripheral blood cell counts and levels of erythropoietin (EPO) and
interleukin 3 (IL-3), i.e cytokines having a significant effect on
hematopoiesis.

Material and Methods

Subjects

The research involved forty-five healthy male volunteers who
had never been subjected to any form of cryotherapy.

The subjects were students of the General Tadeusz Kosciuszko
Military Academy of Land Forces. Each participant gave a written
assent before participating in the study, according to the
Declaration of Helsinki. The study was approved by the local
Ethics Committee (Ethics Committee of the Pomeranian Medical
University; Ref. KB-0012/54/10). In addition, the superiors of the
respondents agreed to include the WBC cryotherapy series into
the daily schedules of the participants.
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All subjects took part in initial medical qualification in order to
eliminate those with potential contraindications to WBC. All the
subjects were healthy and normotensive, with a body mass index
(BMI) of between 21.12 and 26.3.

The men were randomly divided into two groups: an
experimental group of 30 (EXP) and a control group of 15
(CON). The groups were homogeneous in terms of age (students of
the same year, aged about 23 years), diet and daily physical
activity, due to the scheduled joint activities, accommodation and
food provided by the Military Academy. None of them
participated in any kind of sports training. The characteristics of
the study group are shown in Table 1. Participants of the
experimental group (EXP) were exposed to a thirty treatment
sessions of whole body cryostimulation (once a day) at an
extremely low temperature in a cryogenic chamber (Creator CR
2002, Poland) at the premises of the University School of Physical
Education in Wroclaw, Poland. During the experiment, partici-
pants were required to not change the duration or intensity of their
daily training and diet.

Cryostimulation procedure

The treatment sessions were performed every day at the same
morning hours, five days a week, from Monday to Friday. The
subjects entered the chamber in groups of five persons. Each
cryostimulation session lasted 3 minutes (—130°C). Entry to the
cryo-chamber was preceded by a 30-second adaptation period in
the vestibule at a temperature of —60°C, from which the subjects
went further to the proper chamber, where they moved slowly in a
circle, one after the other, without mutual contact, no additional
movement or talking. After a minute, a change in the direction of
motion was recommended. Contact with the participants was
maintained via a camera in the room and voice contact. Before
each treatment systolic and diastolic blood pressures were
measured to monitor one of the contraindications to cryostimula-
tion, i.e. high blood pressure.

Glasses, contact lenses and all jewelry were removed before
entry to the chamber, as well as a thorough drying of the body to
eliminate the sensation of cold, noses and mouths were secured
with a surgical mask. During the cryostimulation procedure, the
subjects were dressed only in shorts, socks, wooden clogs, gloves
and a hat covering the auricles against frostbite.

Blood sampling and analysis
During the experimental period, venous blood samples were
collected four times to perform hematological and biochemical

Table 1. Anthropometrical characteristics of the subjects
(EXP — group of participants subjected to WBC, CON —control
group).

To Ts
Before WBC After 30th session
mean=SD mean=SD
Group EXP CON EXP CON
Age 23.5+0.85 23.6*+0.9 23.5+0.85 23.6+0.9
Height [cm] 179.7+3.89 177.1%£6.19 179.7+3.89 177.1*6.19
Body weight [kg] 79.1+8.04 78.8*53 78.1+9.0 781%73
BMI [kg/m?] 25+2.13 24.7+2.35 25+2.0 24.8+3.25

BMI - body mass index.
doi:10.1371/journal.pone.0093096.t001
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analyses. Blood was taken in the morning before the first treatment
session (T0), in the morning of the day after the 10th treatment
session (T'1), and after the 20th (1T2) and 30th treatment session
(T'3). To avoid changes in plasma volume and to ensure the proper
hydration of the organism, our subject drank 15 ml of water per kg
of body mass between 6 p.m. and 10 p.m. a day before blood
collection. Blood samples were always obtained after overnight
fasting, between 6.00 and 7.30 a.m., after 10 minutes rest in a
sitting position, from an antecubital forearm vein using vacutainer
tubes with an appropriate K2 EDTA anticoagulant (Sarstedt,
Germany), separately into two tubes; one to determine blood
counts (1.2 ml anticoagulated with 1 g/L. EDTA) and the other
for biochemical analysis of plasma (5 ml EDTA).

Directly after blood sampling, the following indicators were
determined: the number of erythrocytes (RBC), hemoglobin
concentration (Hb), hematocrit value (Ht), red blood cell indices:
MCV - mean corpuscular volume, MCH - mean corpuscular
hemoglobin, MCHC - mean corpuscular hemoglobin concentra-
tion, RDW - red cell distribution width, number of leukocytes,
including the share of lymphocytes (LYM), granulocytes (GRA)
and monocytes (MON), and the number of thrombocytes (PLT).
Hematological parameters were measured by a hematology
analyzer (HORIBA ABX Micros 60). Intra-assay precision and
accuracy for all hematologic parameters were less than 1.5% and
Inter-assay precision and accuracy for all hematologic parameters
were less than 2.0%. In plasma, the following indicators were
measured: the concentration of extra cellular hemoglobin [g/dL]
determined spectrophotometrically using Drabkin’s reagent; hap-
toglobin (HAP) concentration [g/L] (CORMAY haptoglobin);
bilirubin [mg/dL] (BIOLABO); and levels of IL.-3, and erythro-
poietin (R&D Systems Quantikine ELISA kits). The coefficients of
variation of both the intra-assay and inter-assay were less than
10%. The minimum detectable concentration for IL3 was 7.4 pg/
mL and less than 0.6 mU/mL for Quantikine IVD ELISA
Human Epo.

Statistical analysis

The normality of distribution of dependent variables was tested
with the Shapiro-Wilk test. Since in some cases the data
distribution was not normal, nonparametric statistical analyses
were conducted. Comparison between before and after cryosti-
mulation measurements were done with repeated-measures
nonparametric Friedman’s ANOVA and Wilcoxon rank sign
tests. For comparison between two independent means, the Mann-
Whitney U test was used. Correlations between observed variables
were calculated by Spearman’s coefficient of rank correlation. A
p<<0.05 was considered statistically significant for all tests. Each
studied parameter was characterized by: sample size, arithmetic
mean/median, standard deviation. All statistical calculations were
conducted using the Statistica 6.0 package.

Results

Anthropometrical characteristics of the participants are pre-
sented in Table 1. There were no differences in anthropometrical
values between the two groups of subjects during the whole
experiment.

The hematological profiles of the participants of both groups
before (Ty) and after the series of sessions of whole-body
cryostimulation treatment (T';—T's) are presented in Table 2.

Red blood cells count, hemoglobin concentration and hemat-
ocrit dropped significantly after 10 sessions of WBC and remained
decreased after 20 sessions in the experimental group (EXP)
compared to the resting values (Top), as well as to the values
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observed in the control group (CON). There were no changes in
mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin concentration
(MCHC) in either group during the whole period. However,
there was a rise in red cell distribution (RDW) in the EXP group
after 20 sessions of WBC indicating an increased variation in the
size of individual erythrocytes (anisocitosis).

A significant increase in leucocyte counts was observed after 10
and 20 WBC treatments compared to the initial values and values
noted in control group. The percentage of lymphocytes increased
after 20 sessions of WBC (p<<0.05), the percentage of monocytes
was significantly elevated after 10, 20 and 30 WBC treatments,
while the percentage of granulocytes was higher after 10 and
20 WBC sessions.

An intensified hemolysis, as confirmed by significantly elevated
levels of extraerythrocyte hemoglobin (plasma hemoglobin) and
bilirubin as well as by decreased levels of haptoglobin (HAP), was
observed after 10 and 20 WBC sessions compared to initial values
and values observed in the control group (Table 3). Haptoglobin
concentration was still depressed after 30 WBC treatments but
extracellular hemoglobin was normal and bilirubin lowered after
30 WBC sessions (p<<0.05).

Erythropoietin concentration was significantly elevated after 10,
20 and 30 WBC sessions when compared to the initial value and
levels observed in the control group (Table 3). The most
pronounced elevation of EPO was observed after 20 and 30
sessions. However, there have not been found any correlations
between EPO and hematological parameters of blood in both
groups.

Interleukin 3 (IL-3) decreased after 30 WBC sessions when
compared to the initial level, however, concentration of this
cytokine in plasma obtained from participants subjected to 10, 20
and 30 WBC was significantly lower compared to concentrations
observed in the control group (Table 3).

Discussion

The mechanisms of the effects of cryogenic temperatures on
healthy people are not yet fully understood, although in the case of
athletes, changes in peripheral blood may have a huge impact on
the immune system (changes in the white blood cell system) or on
exercise capacity (changes in the erythrocytes). In recent years
there have been only a few reports providing data on the influence
of extreme cold on healthy human hematological parameters and
these reports are often contradictory and incomplete. Accordingly,
we embarked on an investigation of the effects of different
numbers of whole-body cryostimulation (WBC) treatments on
peripheral blood cell counts and the levels of two cytokines (EPO
and IL-3) which have a significant effect on hematopoiesis. To our
knowledge this is the first report on the subject.

Erythropoiesis stimulating methods, such as high altitude
training and hypoxic chambers, are commonly used in sport.
Introduction of cryostimulation in sports medicine to enhance
post-exercise recovery [10,28] raises questions on the effects to the
red blood cell system, and thus the oxygen capacity of blood and
oxygen transported to tissues and organs. Can cryostimulation be
used for the stimulation of erythropoiesis and if so - how much?
Can the severity/magnitude of changes in peripheral blood be
influenced by the number of whole-body cryostimulation treat-
ments?

Red blood cell system

After 10 WBC treatments involving active healthy young men,
we found a significant decrease in hematological parameters such
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as the number of red blood cells, hemoglobin and hematocrit
compared to baseline and to the values found in the control group.
It was observed that these parameters were also similarly reduced
after 20 WBC treatments, and after 30 treatments returned to
baseline values and values similar to those of the control group.
These results are consistent with most previous studies that have
observed a significant decrease in the number of erythrocytes,
hemoglobin and hematocrit after a series of five to 18 sessions of
WBC [14,15,17,18,29]. Were the observed changes the result of
increased intravascular hemolysis, prompted by the increased
extracellular hemoglobin (plasma hemoglobin) and serum biliru-
bin and decreased plasma concentrations of haptoglobin found in
this study in men undergoing ten and twenty WBC treatments?
Plasma hemoglobin levels returned to normal only after 30 WBC
treatments, and bilirubin and haptoglobin were reduced. There
were no observed changes in these parameters in the men in the
control group.

The increased hemolysis of erythrocytes under the influence of
cryostimulation is also suggested by high values of plasma
hemoglobin. Increases in plasma hemoglobin were also observed
in another work, in blood taken 30 minutes after a single WBC
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Table 2. Hematological profile of the participants (EXP =E - group of participants subjected to WBC, CON —control group) after
the series of whole-body cryostimulation treatment.
Parameters T, - Before WBC T, - After 10 session T, - After 20 session Ts - After 30 session
Group EXP CON EXP CON EXP CON EXP CON

TOE TOC T1E TIC T2E T2C T3E T3C
RBC 5.1%0.32 5.1+0.36 48+0.33 T 51203 4.89+0.27 e 5.1+0.27 "5 5+0.34 5.1%0.28
[10M2/] (4.2-5.6) (4.5-5.7) (4.0-5.2) (4.4-5.6) (4.1-5.3) (4.5-5.5) (4.2-5.6) (4.6-5.5)
Hb 15.1+0.74 15.2+0.46 14.4+0.94 T 15.2+0.42"T¢ 14.5+0.71Toe 15+0.36 T 15.1+1.1 15.1+0.42
[g/dL] (13.3-17.1) (14.7-16.1) (129-17.2) (14.7-15.9) (13.4-16.8) (14.5-15.8) (12.1-17.4) (14.7-16)
Ht 46+22 46+26 42427 T 45+25T ¢ 42+31"T¢ 45+22" T, 45+3.,0 45+28
[L/L] (41-52) (42-50) (37-49) (41-48) (36-46) (40-48) (38-49) (42-50)
MCV 89.7+2.4 90.1+2.6 88.8+2.0 89.4+26 89.6+2.0 89.6+2.3 90.4+2.4 91.4+24
[um?] (85.0-94.0) (85.0-94.0) (85.0-93.0) (85.0-94.0) (86.0-94.0) (86.0-94.0) (86.0-95.0) (88.0-95.0)
MCH 29.2+1.0 28.8+1.2 29.6+0.9 29.4+1.0 29.7+0.9 29.6+0.9 29.7+1.2 29.7+1.1
[fmol] (27.5-31.3) (26.6-30.5) (27.9-31.6) (27.9-31.1) (28.1-31.7) (28.6-31.1) (28.2-33.9) (27.9-31.8)
MCHC 349+0.7 32.1+0.53 333+0.5 32.9+04 33.2+04 33.1+03 32.8+0.9 32411
[mmol/L] (32.1-34.2) (31.2-33.3) (31.3-34.2) (32.2-334) (31.6-37) (32.7-33.7) (31.6-35) (31.2-35)
RDW 13.4+0.4 13.3£0.6 13.7£0.4 13.3£0.6 14.2+0.57 e 13.6£0.6 3¢ 13.5£0.52 13305
[%] (12.7-14.3) (12.6-15.0) (12.9-14.8) (12.6-15.1) (13.3-15.5) (13.0-14.3) (12.7-15.1) (12.4-15)
Leucocytes  6.1%1.23 6012 6.720.99 e 61215 T 6.820.86 "o 594127 6.50.91 6.0+2.0
[10"°/L] (4.2-8.3) (4.5-8.0) (4.3-9.4) (4.4-8.9) (4.1-7.4) (3.9-8.7) (4.4-7.8) (3.7-9.9)
LYM 36.8+7.1 384+7.1 39.6+7.6 38.1+£9.5 40.7%5.6 o 383+7.075 37.38+7.9 36.5+7.3
[9%] (24.8-42.2) (23.0-44.7) (29.9-45.9) (18.7-47.3) (36.5-45.4) (25.8-41.4) (23.3-42.9) (26.2-48.2)
MON 49+1.0 5.0+1.0 542107 49+0.6 5.6%0.78 Toe 4.9+0.7"T,¢ 5.6%1.02"7, 48+09"T5
[9%] (3.1-8.2) (3.5-8.0) (3.9-6.9) (3.6-6.9) (3.8-7.1) (3.8-6.8) (3.8-7.9) (3.5-6.5)
GRA 55.6+7.1 56.4+7.4 58.4%8.1"Tg¢ 57.1+9.8 59.6+7.8 o 53.7+7.2 56.8+8.2 58.2+9.3
[%] (42.9-70.6) (44.3-72) (43.0-74.3) (44.4-71.3) (42.7-63.3) (44.3-69.4) (44.4-72) (41.5-77.0)
PLT 236.4+44.2 228.9+427 252.7+36.3 250.3+60.1 232+384 229.5+38.1 224+493 221.3+32.1
[10"/L] (167-314) (167-314) (157-326) (159-297) (156-310) (170-307) (152-326) (165-287)
*statistically significant difference at p=0.05;
**statistically significant difference at p=0.01; RBC - red blood cells; HB - hemoglobin; HCT- hematocrit; MCV - mean corpuscular volume; MCH - mean corpuscular
hemoglobin; MCHC - mean corpuscular hemoglobin concentration; RDW - red blood cell distribution width; WBC - white blood cells; LYM - lymphocytes; MON -
monocytes; GRA - granulocytes; PLT — thrombocytes.
doi:10.1371/journal.pone.0093096.t002

treatment, with a concentration being almost four times higher
than before treatment, and still higher the day after [30].
Vasoconstriction and muscle contraction (shivering) could be an
answer. Loss of the older erythrocytes could be beneficial to
stimulate RBC pool rejuvenation.

Banfi et al. argue, however, that WBC reduces hemolysis of
erythrocytes in athletes [12,13]. The basis for such a claim is,
according to those authors, the lack of change in the number of
erythrocytes, hematocrit and the share of reticulocyte, as well as
increased levels of haptoglobin, mean sphered cell volume
(MSCYV), a decrease in mean reticulocyte volume (MRV) and
immature reticulocyte fraction (IRF) [12,13]. However, the result
of that research seems to be insufficient to draw such definite
conclusions since the authors did not measure intravascular
hemolysis indexes such as plasma hemoglobin and bilirubin
concentration. Moreover, the changes observed in that research
cannot be compared with our results for at least three reasons.

Firstly, the study by Banfi et al. [12,13] involved professional
rugby players from the Italian National Rugby Team. Athletes
have a larger pool of young red blood cells [31] which are more
resistant to oxidative stress occurring during WBC, as demon-
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strated in other studies [32]. Secondly, when the rugby players
were subjected to cryostimulation treatments they did not change
their training program, exercising three hours a day, while the
participants in our experiment, both in the experimental group
and the control did not participate in any sports training. Thirdly,
the rugby players were subjected to only five WBC sessions, while
in this study, as well as by other authors who observed a marked
reduction in the value of the aforementioned indicators, the
number of WBC procedures ranged from 10 to 30 [14,15,16,18].
As in other cases [12,21,26,27] also here the depth and direction of
the observed changes may result from the greater number of WBC
treatments.

A similar relationship was observed by Lombardi et al. [15]
among professional rugby players from the Italian National Rugby
Team who were subjected to a greater number of treatments.
After 14 sessions - two daily WBC for 7 consecutive days, they
observed a decrease in RBC, hemoglobin, hematocrit, MCH and
MCHC, which may indicate an increased hemolysis of erythro-
cytes, even In trained athletes, because plasma volume did not
change significantly after a series of WBC treatments. In addition,
Lombardi et al. [15] demonstrated an increased mean corpuscular
volume (MCV) and red cell distribution width (RDW), which may
indicate the occurrence of younger and a more diverse red blood
cells in peripheral blood by stimulating erythropoiesis, although
not too severely, as the percentage of RET remained unchanged.
Similarly, a significant increase in RDW after 20 WBC treatments
was observed in our study.

The erythropoiesis-stimulating effect of WBC treatment may
also be indicated by changes in the hematological indices observed
by Straburzynska-Lupa et al. [18] in players of the Polish National
Field Hockey team, who underwent 18 WBC treatments applied
two times a day. The authors observed a decrease in RBC,
hemoglobin and hematocrit, and a simultaneous increase in MCV,
MCH and MCHC after a series of cryostimulation treatments.
However, erythrocyte count and hematocrit returned to baseline
values, and hemoglobin concentration exceeded the initial values,
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Table 3. Biochemical parameters of blood plasma of participants (EXP =E - group of participants subjected to WBC, CON —control
group) during after series of whole-body cryostimulation treatment.
Parameters To T, T, Ts
Group Before WBC After 10 session After 20 session After 30 session

EXP CON EXP CON EXP CON EXP CON

Toe Toc T Tic T2 Tac Tse Tac
HB extracellular 26.30%7.2 25.67%15.73 31.47%x6.1 26.0+6.5 29.86+9.2 28.4*0.21 30.73%5.7 30.2*+12.2
[g/dL] ***TOE *X¥ T'IE ***TOE
HAP 0.34+0.03 0.35+0.06 0.23+0.01 0.34+0.07 0.22+0.03 0.33+0.23 0.32+0.06 0.36+0.05
[g/L] ***TOE *% T'IE ***TO *TZE ***TOE *T3E
Bilirubin 1.24*0.04 1.23+0.51 1.34*0.07 1.23+£0.56 1.41x0.07 1.28+0.9 1.19%0.09 1.13+£0.82
[mg/dL] *Toe *Tie *Toe T *Toe
EPO 299.4+31.33 304.05+34.26 312.9+39.31 309.50+37.49 331.65+28.12 316.00+£28.05 329.60+45.64 305.75%£31.16
[ng/ml] **Toe *Tie ***Toe **Toe **Toe **T3e
IL-3 26.68+4.32 28.02£5.98 20.13*9.16 27.96+4.12 22.13+8.92 26.69+4.16 18.26£5.99 27.79%5.72
[pg/mL] **The T *Toe T3
*statistically significant difference at p=0.05;
**statistically significant difference at p=0.01;
***statistically significant difference at p=0.001; HB extracellular = plasma hemoglobin; HAP —haptoglobin.
doi:10.1371/journal.pone.0093096.t003

while the increase in MCV, MCH and MCHC was maintained
for a week after the last treatment.

White blood cell system

Information on the effects of cryogenic temperatures used
during cryostimulation or whole-body cryotherapy on the white
blood system in healthy people, are also very sparse, ambiguous
and still do not sufficiently fully explain the observed changes.

On the basis of this study we can see stimulation of the white
blood cells system in young, healthy people, as shown by a
statistically significant increase in the number of white blood cells
after 10 and 20 WBC treatments compared to baseline and the
control group. An increase was also observed in the percentage of
neutrophils and lymphocytes, being especially pronounced after
20 WBC treatments. The percentage of monocytes was elevated
after 10, 20 and 30 treatments. Our previous reports also confirm
that the series of cryostimulations resulted in a statistically
significant increase in the total number of leukocytes after 10
[17] and 15 daily WBC: treatments [16], although not exceeding
clinical and laboratory norms. Additionally, the increase con-
cerned also the number of lymphocytes, neutrophils and
monocytes, and to a lesser extent eosinophiles, and without any
changes in basophils [17].

No significant increase in leukocytes, however, was reported by
Stanek et al. [6], although they also observed a significantly
increased percentage of monocytes in healthy individuals after a
series of 10 two-minute long WBC sessions at —120°C.

No significant change in the number of leukocytes was also
found in professional rugby players by Banfi et al. [12], but
perhaps the small number (only five) of single daly WBC
treatments was insufficient to induce changes in this aspect. In
other studies, in which field hockey players were subjected to
WBC two times a day for nine consecutive days, no changes were
observed in the amount and percentage of white blood cells, either
directly or one week after the last WBC treatment [18]. Significant
changes in the white blood cell system (with the exception of the
percentage of basophils) were observed in professional tennis
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players, subjected to 10 WBC treatments (2 daily treatments for 5
days) [19] at the end of the competitive season.

Lombardi et al. (15) observed a small but statistically significant
reduction in the number of leukocytes in rugby players after
14 WBC treatments (2 times daily for 7 days). At the same time
they observed no changes in the amount and proportion of
different types of white blood cells, suggesting that “the WBC had
no effect on the immune system, neither activating nor inhibiting
it.”

In one very recent study with 10 long distance runners and 10
non-athletes subjected to 12 WBC sessions 3 times a week,
significant decreases were noted in white blood cells and
neutrophils in the athletes but not in the non-athletes, whereas
lymphocytes, monocytes, eosinophils, and basophils remained
unchanged both in the athletes and non-athletes. According to the
authors it could be supposed that the immune system in athletes is
more sensitive to the extreme environmental conditions compared
to non-athletes [29].

It seems that on the basis of our studies and the observations of
other authors, the impact of extremely low temperatures on the
white blood system cannot be unambiguously determined. In
healthy non-sporting people one can talk about a mobilization of
the white blood cells which may have a positive effect on the
immune mechanism of the body. Athletes require further well-
designed studies on the effects of WBC on the white blood system,
taking into account the individual fractions of leukocytes.

Platelets

Platelets play an important role in various stages of blood
coagulation, and are also involved in the body’s immune processes,
wound healing and defense of the organism against some bacteria
[33,34]. The production of platelets may depend on various
factors, including IL-3 and to a lesser extent, erythropoietin [24].

In this current study we found no changes in the number of
blood platelets induced by the WBC treatments, regardless of the
number of treatments. The platelet count was not affected by
changes in cytokines (EPO and IL-3).

On the basis of our present research and other works
[12,14,15,16,29] it can be concluded that WBC does not affect
the number of platelets, regardless of the training status of
respondents or the number of WBC: treatments.

EPO and IL-3

To our knowledge, there are no reports on the influence of
cryogenic temperatures on the level of erythropoietin and
mterleukin-3, ie. cytokines which have a significant effect on
hematopoiesis.

Erythropoietin is the first identified hematopoietic factor that
regulates survival, proliferation and differentiation in erythrocytic
progenitors and the maturation of erythrocytic precursors. It
improves the survival of circulating red blood cells and inhibits
their degradation — eryptosis [23]. EPO acts as a hormone, and at
the same time it is considered to be a hematopoietic cytokine
[35,36]. However, the role of EPO goes far beyond the
hematopoietic activity. Erythropoietin acts also as a cardio-,
neuro-, hepato- and nephroprotective agent, protecting the cells of
these tissues against hypoxia. It also protects endothelial cells,
smooth muscle and cardiomyocytes against apoptosis, modulates
immune responses, has an anti-inflammatory effect and stimulates
angiogenesis [36,37,38,39].

After 10 WBC treatments we observed a significant 4.5%
increase in the concentration of EPO. The concentrations of the
hormone increased by 10% after 20 and 30 treatments compared
to baseline, while no changes in the concentration of this hormone
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were observed in the control group. The main factor stimulating
the synthesis of the hormone is hypoxia. In the period of 60-120
minutes from the stimulus, EPO level in peripheral blood
increased, reaching a maximum concentration after about
20 hours [40]. After altitude training, Chapman et al., 1998 [42]
observed an increase in EPO concentration by 34-52%, and in
states of severe anemia or hypoxia levels of this hormone can be
increased up to 1000 times [41]. Thus, the stimulation of the
synthesis of EPO we observed was small and did not result in a
significant stimulation of the bone marrow. Accordingly, WBC
cannot be regarded as an unethical activity that increases
erythropoiesis in athletes.

Interleukin-3 is a cytokine which interacts with other cytokines,
acting on various hematopoietic cell lines [24,43]. The effects of
IL-3 depend on the presence of other cytokines such as IL-5, GM-
CSF (granulocyte-macrophage colony stimulation factor), G-CSF
(granulocyte-colony stimulation factor), thrombopoietin and
erythropoietin. IL-3 interacts with EPO, stimulating the develop-
ment of erythroid colonies [24,25]. In cooperation with erythro-
poietin, IL-3 stimulates the proliferation and differentiation of
early erythroid progenitor cells. In patients after chemotherapy,
IL-3 was observed to have a stimulatory effect on neutrophils,
reticulocytes and platelets [24]. II-3 also modulates the develop-
ment of regulatory T cells, enhances the level of inflammatory
cytokine IFN-y and stimulates migration and proliferation of
vascular smooth muscle cells [44,45]. Despite such diverse
activities, cytokine has not been previously studied in athletes or
individuals subjected to WBC.

In the present study IL-3 concentrations in blood decreased
following the series of WBC treatments. The level of this cytokine
reduced after 10 treatments, compared to the control group.
However, the greatest decrease compared to baseline was
observed after 30 WBC treatments. On the basis of our results it
cannot be clearly evaluated what the consequences might be of the
reduced level of this interleukin for the examined blood counts.

Study limitation. For a full explanation of the observed changes
in hematological parameters as well as in EPO levels, a
measurement or at least a calculation of plasma volume are
necessary. Unfortunately, using changes in hemoglobin concen-
tration and hematocrit for calculating changes in plasma volume
in this study would be confusing because of hemolysis of
erythrocytes observed after a series of WBC. The topic, however,
is extremely interesting since there is only one report concerning
changes of plasma volume after whole-body cryostimulation
calculated on the base of Hb and Ht [15]. The changes observed
by Lombardi et al. were minimal (+1.51%), however, the range of
the changes spanned from —6.24% to 8.75%. It seems that
further, carefully designed studies are needed for accurate
assessments of changes in plasma volume after WBC.

In summary, the reduced values of the erythrocytic system, an
increase in plasma hemoglobin and bilirubin with a simultaneous
decrease in haptoglobin concentrations observed after 10 and
20 WBC treatments, may be the result of increased hemolysis of
erythrocytes in young healthy men rather than changes in plasma
volume. At the same time a small increase in erythropoietin
concentration stimulates erythropoiesis, resulting in the red blood
cell count and hematocrit and hemoglobin levels returning to
normal after 30 WBC treatments. Therefore, in spite of this small
rise in EPO concentration, WBC could not be regarded as an
unethical method used for stimulation of the erythrocytic system.

The increase in the number of leukocytes, the percentage of
lymphocytes and granulocytes observed after 10 and 20 WBC
treatments may indicate a moderate leukocyte mobilization,
although transient after the next ten treatments.

April 2014 | Volume 9 | Issue 4 | €93096



Acknowledgments

We are grateful to the subjects who volunteered for the study.

References

1.

20.

21.

Lubkowska A (2012) Cryotherapy: Physiological Considerations and Applica-
tions to Physical Therapy. In: Physical Therapy Perspectives in the 21st Century
— Challenges and Possibilities. Dr. Josette Bettany-Saltikov (Ed); InTech (www.
intechopen.com).

. Yaumauchi T, Nogami S, Miura K (1981) Various applications of extreme

cryotherapy and strenuous exercise program-focusing on chronic rheumatoid

arthritis. Physiother Rehabil 5: 35-39.

. Bauer J, Skrzek A (1999) Physiological basics of cryotherapy. Medycyna

Sportowa 15: 3-7 (in Polish, Abstract in English).

. Krasuski M, Dederko P (2005) Cryotherapy in contemporary rehabilitation: a

review. Ortop Traumatol Rehab 7: 60-65.

. Nadler SF, Weingand K, Kruse R]J (2004) The physiologic basis and clinical

applications of cryotherapy and thermotherapy for the pain practitioner. Pain
Physician 7: 395-399.

Stanek A, Cieslar G, Rosmus-Kuczia I, Matyszkiewicz B, Romuk E, et al. (2006)
Influence of whole body cryotherapy on blood morphology parameters in
patients with ankylosing spondylitis and in healthy volunteers. Acta Bio Opt
Inform Med 12(3): 207-210.

. Janksy L, Pospisilova D, Honzova S, Ulicny B, Sramek L, et al. (1996) Immune

system of cold-exposed and cold-adapted humans. Eur J Appl Physiol 72: 445—
450.

. Leppaluoto J, Westerlund T, Huttunen P, Oksa J, Smolander ], et al. (2008)

Effects of long-term whole-body cold exposures on plasma concentrations of
ACTH, beta-endorphin, cortisol, catecholamines and cytokines in healthy
females. Scand J Clin Lab Invest 68(2): 145-153. doi:10.1080/
00365510701516350.

Smolander J, Leppiluoto J, Westerlund T, Oksa J, Dugue B, et al. (2009) Effects
of repeated whole-body cold exposures on serum concentrationsof growth
hormone, thyrotropin, prolactin and thyroid hormones in healthy women.

_ryobiology; 58(3): 275-278. doi:10.1016/j.cryobiol.2009.02.001.

. Banfi G, Lombardi G, Colombini A, Melegati G (2010) Whole-body

cryotherapy in athletes. Sports Med 40(7): 509-517.

. Hausswirth C, Schaal K, Le Meur Y, Bicuzen F, Filliard J-R, et al. (2013)

Parasympathetic activity and blood catecholamine responses following a single
partial-body cryostimulation and a whole-body cryostimulation. PLoS ONE;
8(8): €72658. doi:10.1371/journal.pone.0072658.

. Banfi G, Krajewska M, Melegati G, Patacchini M (2008) Effects of whole-body

cryotherapy on haematological values in athletes. Br J Sports Med 42(10): 858
doi 10.1136/bjsm.2007.043356.

. Banfi G, Melegati G, Barassi A, d’Eril GM (2009) Beneficial effects of the whole-

body cryotherapy on sport haemolysis. J] Hum Sport Exerc 4(110): 189-193
doi:10.4100/jhse.2009.42.11.

. Klimek AT, Lubkowska A, Szygula Z, Chudecka M, Fraczek B (2010) Influence

of the ten sessionsof the whole body cryostimulationon aerobic and anacrobic
capacity. Int J Occup Med Environ Health 23(2): 181-189: doi:10.2478/
v10001-010-0019-2.

. Lombardi G, Lanteri P, Porcelli S, Mauri C, Colombini A, et al. (2013)

Hematological profile and martial status in rugby players during whole body
cryostimulation. PLoS ONE 8(2): €55803. doi:10.1371/journal.pone.0055803.

. Lubkowska A, Szygula Z (2010) Changes in blood pressure with compensatory

heart rate decrease and in the level of aerobic capacity in response to repeated
whole-body cryostimulation in normotensive, young and physically active men.
Int J Occup Med Environ Health 23(4): 367-375. doi:10.2478/v10001-010-
0037-0.

. Lubkowska A, Szygula Z, Klimek A, Torii M (2010) Do sessions of

cryostimulation have influence on white blood cells count, level of il6 and the
total oxidative and antioxidative status in healthy men? Eur J Appl Physiol
109(1): 67-72. doi:10.1007/500421-009-1207-2.

. Straburzynska-Lupa A, Konarska A, Nowak A, Straburzynska-Migaj E,

Konarski J, et al. (2007) Effect of whole-body cryotherapy on selected blood
chemistry parameters in professional field hockey players. Fizjoter Pol 7: 15-20.

. Ziemann E, Olek RA, Kujach S, Grzywacz T, Antosiewicz ], et al. (2012) Five-

day whole-body cryostimulation, blood inflammatory markers, and performance
in high-ranking professional tennis players. J Athl Train 47(6): 664-672.
doi:10.4085/1062-6050-47.6.13.

Banfi G, Melegati G, Barassi A, Dogliotti G, d’Eril GM, et al. (2009) Effects of
whole-bodycryotherapy on serum mediators of inflammation and serum
muscleenzymes in athletes J Thermal Biol 34: 55-59. doi:10.1016/j jther-
bi0.2008.10.003.

Lubkowska A, Szygula Z, Chlubek D, Banfi G (2011) The effect of prolonged

whole-body cryostimulation treatment with different amounts of sessions on

PLOS ONE | www.plosone.org

Erythropoiesis during Repeated Cryostimulation

Author Contributions

Conceived and designed the experiments: AL. Performed the experiments:
AL ZS CG AS IB BD. Analyzed the data: AL ZS. Contributed reagents/
materials/analysis tools: AL. Wrote the paper: ZS AL. Biochemical
analysis: AL BD IB. Medical support: ZS.

26.

27.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

chosen pro- and anti-inflammatory cytokines in healthy men. Scand J Clin Lab
Invest 71(5): 419-25. doi:10.3109/00365513.2011.580859.

. Pournot H, Bieuzen F, Louis J, Fillard J-R, Barbiche E, et al. (2011) Time-course

of changes in inflammatory response after whole-body cryotherapy multi
exposures following severe exercise. PLoS ONE 6(7): €22748. doi:10.1371/
journal.pone.0022748.

. Jelkmann W (2007) Novel erythropoietic agents: a threat to sportsmanship. Med

Sport 11(2): 3242 doi:10.2478/v10036-007-0007-1.

. Eder M, Geissler G, Ganser A (1997) IL-3 in the clinic. Stem Cells 15: 327-333.
. Mangi MH, Newland AC (1999) Interleukin-3 in hematology and oncology:

Current state of knowledge and future directions. Cytokines Cell Mol Ther 5:
87-95.

Lubkowska A, Banfi G, Dolegowska B, d’Eril GM, Luczak J, et al. (2010)
Changes in lipid profile in response to three different protocols of whole-body
cryostimulation treatments. Cryobiology 61: 22-26.

Lubkowska A, Dolegowska B, Szygula Z (2012) Whole-body cryostimulation -
potential beneficial treatment for improving antioxidant capacity in healthy men
- significance of the number of session PLoS ONE 7(10): ¢46352. doi:10.1371/
journal.pone.0046352.

. Hausswirth C, Louis J, Bieuzen F, Pournot H, Fournier J, et al. (2011) Effects of

whole-body cryotherapy vs. far-infrared vs. passive modalities on recovery from
exercise-induced muscle damage in highly-trained runners. PLoS ONE 6(12):
€27749. doi:10.1371/journal.pone.0027749.

Szygula Z, Szpotowicz B, Wiecek M, Szymura J, Maciejczyk M (2013) The level
of immunoglobulin and blood morphological indices after single and repeated
whole-body cryotherapy. Proceeding of the 18th, Annual Congress of the
European College of Sport Science. 26-29 June 2013, Barcelona, Spain.
Lubkowska A, Dolegowska B, Szygula Z, Klimek A (2009) Activity of selected
enzymes in erythrocytes and level of plasma antioxidants in response to single
whole-body cryostimulation in humans. Scand J Clin Lab Invest 69(3): 387-394
doi:10.1080/00365510802699246.

Smith JA, Kolbuch-Braddon M, Gillam I, Telford RD, Weidemann M]J (1995)
Changes in the susceptibility of red blood cells to oxidative and osmotic stress
following submaximal exercise. Eur J Appl Physiol 70: 427-436.

Lubkowska A, Chudecka M, Klimek A, Szygula Z, Fraczek B (2008) Acute effect
of a single whole-body cryostimulation on prooxidant — antioxidant balance in
blood of healthy, young men. J Thermal Biol 33(8): 464467, doi:10.1016/
jjtherbio.2008.08.003.

Jurk K, Kehler BE (2005) Platelets: physiology and biochemistry. Semin
Thromb Hemost 31(4): 381-392.

Semple JW (2012) Platelets have a role as immune cells. ISBT Science Series
7(1): 269-273.

. Jelkmann W(2007) Erythropoietin after a century of research: younger than ever.

Eur J Haematol 78: 183-205.

Broxmeyer HE (2013) Erythropoietin: multiple targets, actions, and modifying
influences for biological and clinical consideration. J Exp Med. 210(2): 205-208.
Elfar JC, Jacobson JA, Puzas JE, Rosier RN, Zuscik MJ (2008) Erythropoietin
accelerates functional recovery after peripheral nerve injury. J Bone Joint Surg
Am 90: 1644-1653.

Feng Q (2006) Beyond erythropoiesis: the anti-inflammatory effects of
erythropoietin. Cardiovasc Res 71: 615-617.

Maiese K, Li F, Chong ZZ (2005) New avenues of exploration for
erythropoietin. JAMA 293(1): 90-95.

Jelkmann W (1994) Biology of erythropoietin. The Clinical Investigator 72: S3—
S10.

Jelkmann W (1992) Erythropoietin: structure, control of production, and
function. Physiol Rev 72: 449-489.

Chapman RF, Stray-Gundersen J, Levine BD (1998) Individual variation in
response to altitude training. ] Appl Physiol 85(4): 1448-1456.

Lotem J, Sachs L (2002) Cytokine control of developmental programs in normal
hematopoiesis and leukemia. Oncogene 21: 3284-3294. doi:10.1038/sj/onc/
1205319.

Brizzi MF, Formato L, Dentelli P, Rosso A, Pavan M, et al. (2001) Interleukin-3
stimulates migration and proliferation of vascular smooth muscle cells. A
potential role in atherogenesis. Circulation 103: 549-554.

. Trivedi S, Jackson R, Ranasinghe C (2012) Interleukin-3 and granulocyte-

macrophage colony-stimulating factor expression, a biomarker of memory
CD8+T cell immunity and vaccine efficacy. J Vaccines Vaccin 3:166.
doi:10.4172/2157-7560.1000166.

April 2014 | Volume 9 | Issue 4 | €93096


www.intechopen.com
www.intechopen.com

