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Abstract: The objective of this study was to assess the effect of 8-week long endurance training on the
prooxidative–antioxidative status of plasma in women treated for breast cancer. The participants of the
study were 12 women after radical mastectomy aged 45 to 56 years (M = 50.6 ± 2.9 years), who had un-
dergone full cancer treatment, on average more than 5 years after the treatment (M = 5.9 ± 0.9 years).
Body mass components were measured twice using the method of bioelectric impedance analysis. In
order to optimize training loads and to assess the level of exercise tolerance of the participants, the
group was subject to an ergospirometric exercise test twice, before (1st) and after (2nd) the completion
of the training cycle. The blood was also taken twice for biochemical analyses. Statistically significant
differences were noted in the maximum exercise load, the level of which increased in the second test
(p < 0.05). No change was observed in the level of antioxidative potential, i.e., the content of some
variables, ferric reducing ability of plasma (FRAP), urea, total phenolics, thiobarbituric acid reactive
substances (TBARS), and in the blood indices of the body’s nutritional status during the project (total
protein, albumin. Endurance training caused an increase in exercise tolerance and did not cause an
aggravation of oxidative stress in women undergoing breast cancer treatment.

Keywords: FRAP; TBARS; anaerobic threshold; peakVO2

1. Introduction

Breast cancer is the world’s most common cancer in women, and it accounts for as
many as 25% of the total number of cancer cases in this population [1]. Breast cancer
treatment should be carried out by a multidisciplinary team, with the participation of an
oncology surgeon, clinical oncologist, and radiation therapist in particular. Basic treatment
involves surgery, which has gradually evolved towards a less aggressive form over the
recent decades. The decision concerning the choice of the type of breast cancer treatment
is made on the basis of the evaluation of the stage of the disease according to the Tumor–
Node-Metastasis (TNM) classification of malignant tumors, the biological subtype, the
patient’s overall condition, and her preferences (e.g., type of surgical treatment). Adjuvant
therapy is a systemic pharmacological treatment: chemotherapy, hormone therapy, and
anti-HER2 therapy [2]. Early consequences of surgical treatment are related to temporary
immobility and a postoperative wound, which lead to the disturbed function of the respi-
ratory system, limited chest mobility, and weakening of the muscular strength. Circulatory
insufficiency manifests itself, among others, in orthostatic intolerance [3]. Chemotherapy
and radiotherapy as additional treatments result in an increased amount of free oxygen
radicals and a decrease in the concentration of antioxidants in the tissue and serum. In
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natural conditions, such reactive oxygen species are formed during stress, in the course
of diseases, during physical exercise, or as a result of harmful effects on the environment,
among other things. Excessive amounts of reactive oxygen species (ROS) in damaged
cells are destructive for the neighboring cells and disturb their functions [4]. A long-term
inflammation leads to tissue anoxia and the production of even larger amounts of free
radicals, which are not oxygen derivatives. A body constantly exposed to the action of
free radicals develops a number of enzymatic and nonenzymatic mechanisms to prevent
or limit the damage caused by that. The most significant enzymatic mechanisms are su-
peroxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), and glutathione
reductase (GR). Nonenzymatic mechanisms include, among other things, antioxidants,
such as vitamin C (ascorbic acid), glutathione (GSH), tocopherol, free radical scavengers
(adrenaline, bilirubin, uric acid), metal ions, i.e., iron, copper, zinc, manganese, selenium
building active enzyme centers as well as ceruloplasmin, transferrin, ferritin [5,6]. Many
publications indicate that a higher blood concentration of total phenolics protects the body
against many civilization-related diseases (sclerosis, cancers) [7]. Moreover, it has been
demonstrated that in patients receiving chemotherapy, both for hematological and solid
cancers, leukocytes produce more free oxygen radicals than in healthy people. In patients
treated with high-dose chemotherapy, a decrease of plasma concentration of antioxidants,
such as vitamin C, alpha-tocopherol, and beta-carotene, was noted [8]. At the same time, a
significant decrease in the level of GSH (significant endogenous antioxidant) was noted
in patients treated with busulfan, carmustine, and cisplatin [8]. In patients, who were
administered daunorubicin and cytarabine for acute myeloid leukemia, an increase in the
level of MDA-malondialdehyde and a significant fall in SOD, GPX, and total antioxidant
status (TAS), important components of the defense system against free radicals, was noted
(second drug). At the moment, the problem of cellular antioxidant potential is not routinely
considered in the planning of cancer treatment and during its course. It has, however,
an indirect link with cancer patient nutrition. We know that a mixture of vitamins and
microelements has strong properties supporting the antioxidant response. It is suspected
that the application of this type of therapy during some methods of systemic treatment
may weaken the cytotoxic effect of chemotherapy, as the escalation of oxidative stress is
mentioned in the mechanism of cytotoxic action of some chemotherapeutics [9]. Studies
show a close relation between free radicals, the activity of antioxidative processes and their
effectiveness correlating with the effectiveness of applied chemotherapy.

The rehabilitation process following a mastectomy includes, among other things, psy-
chological rehabilitation, physical rehabilitation, i.e., physiotherapy, and socio-professional
rehabilitation. The need for rehabilitation exercises during cancer treatment is undisputed
today. The objective of kinesitherapy is to restore the full range of motion in the joint on the
side of the operated limb and prevent lymphedema. Over recent years, increasing attention
is given to the role of physical activity undertaken by women after the completion of
cancer treatment [10]. Systematic physical training results in improved fitness and physical
capacity of the body increased immunity, e.g., through strengthening the antioxidative
status of the body. The objective of the study was the assessment of the effect of an 8-week
long endurance training on the prooxidative–antioxidative status of plasma in women
treated for breast cancer.

2. Materials and Methods

The participants of the study were 12 women after radical mastectomy aged 45 to
56 years (M = 50.6 ± 2.9 years) who had undergone full cancer treatment. All participants
were in the second and third stages of the disease before starting the treatment. After
the surgery, they were administered chemotherapy based on anti-cyclins and taxoids.
The type of treatment scheme and treatment duration depended on the stage of cancer
according to the TNM staging system (stage IIB and IIIA). The next stage of treatment was
radiotherapy. A dose of 50 Gy was routinely applied in 25 fractions on the whole breast and
in 10–25 fractions at the site of tumor resection. Each patient had also completed hormonal
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treatment with tamoxifen (20 mg once a day) and additional treatment with gonadotropin-
releasing hormone agonist depending on the stage, presence of risk of relapse and patient’s
age (for example, goserelin 3.6 mg administered subcutaneously every 28 days). On
average, women taking part in the program had completed cancer treatment more than
5 years prior to the study (M = 5.9 ± 0.9 years) and did not have health contraindications
for undertaking physical activity. The studied group was asked not to take vitamins or diet
supplements, which could affect the measured biochemical blood indicators in the period
before and during the study. The subjects were also asked not to change their dietary
habits for the duration of the project and not to perform any additional physical activity,
except for the implementation of the research scheme. The study was conducted according
to the Declaration of Helsinki and the National Statement and Human Research Ethics
Guidelines. It was also approved by the Institute for Research in Biomedicine (IRB) at the
Poznan University of Medical Sciences (10 May 2012; Ethics Approval Number: 535/12).
The study was performed between June and October 2012 in an accredited endurance test
laboratory of the Poznan University of Physical Education. All of the patients from the
sample group gave their written informed consent.

2.1. Anthropometrics Measurements

Body mass components were measured twice using the method of bioelectric impedance
analysis (BIA) by means of Akern—BIA 101 (Akern Bioresearch, Florence, Italy) body
composition analyzer [11]. In order to perform body composition analysis, measurements
of two basic somatic properties were used (body height in cm and body weight in kg) to
calculate the body mass index (BMI; kg/m2). The following body mass components were
assessed: the levels of body fat (FAT; kg), lean body mass (LBM; kg), and total body water
(TBW; L). All measurements were taken in the morning from 7 am; patients were fasting;
after taking the blood, they received the same light meal, and after a break, they proceeded
to the exercise test. They were instructed not to consume alcohol for at least 48 h before
the test, not to do vigorous physical exercise for at least 12 h before, not to use a sauna
for at least 12 h before, and to void the bladder 30 min before the test. Patients with ICDs
(defibrillators), pacemakers or metal implants, patients with epilepsy, hemiparesis, with
wounds or skin lesions on hands or feet were excluded from the study.

2.2. International Physical Activity Questionnaire

The level of physical activity was determined in accordance with the criteria of the
international physical activity questionnaire (IPAQ). Women who qualified for the project
were characterized by low and moderate levels of physical activity. The level of physi-
cal activity was categorized according to the criteria of the international physical activ-
ity questionnaire. The following levels were adopted: (1) low—physical activity does
not meet the criteria for moderate or intensive activity; (2) moderate—physical activity
meets at least one of the following criteria: three or more days with at least 20 min of
vigorous physical activity; five or more days with at least 30 min of moderate-intensity
activity or walking; five or more days of any combination of physical activity with at least
600 MET-min/week, (3) high—three or more days with intensive physical activity exceed-
ing 1500 MET-min/week or five or more days of any combination of physical exercise
(walking, moderate-intensity or vigorous activities) exceeding 1500 MET-min/week [12].

2.3. Assessment of Aerobic Fitness (Graded Exercise Test Protocol)

The exercise tests were conducted between 8:00 am and noon in an air-conditioned
laboratory, 2 h after consuming a light breakfast. The duration of the physical exercise was
20 min. In order to optimize training loads and to assess the level of exercise tolerance of
the participants, the group was subject to the ergospirometric exercise test twice, before
(1st) and after (2nd) the completion of the training cycle. The test was performed on a cycle
ergometer (Kettler DX1 Pro, Ense, Germany): a three-minute warm-up with a 25 W load,
after which the load was increased by 10 W every 90 s (60 revolutions per minute (RPM)).
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The test was performed until refusal or impossibility to maintain the set pace. The exercise
tests were conducted between 8:00 am and noon in an air-conditioned laboratory, 2 h after
consuming a light breakfast (one sandwich with butter and cheese; approx. 200 kcal).

2.4. Physiological Measurements

Expired gases, minute ventilation (Ve) and heart rate (HR) during graded exercise test
(GXT) were monitored continuously with an Oxycon mobile automated system (Viasys
Healthcare, Höchberg, Germany). Oxygen intake (VO2) and carbon dioxide output (VCO2)
were measured breath-by-breath and were averaged at 15 s time periods. Before each
trial, the system was calibrated according to the manufacturer’s instructions. Ambient
conditions, i.e., temperature, humidity and barometric pressure, were recorded by the
sensors. In a two-point volume calibration (0.2 and 2 L/s), the flow values were measured
automatically at the set measuring points. Gas analyzer calibration was carried out with
a standard gas mixture of 5% CO2 and 16% O2. PeakVO2 was defined as the highest
15 s averaged VO2 obtained during the last exercise in the test. HRmax (beats/min) was
measured as the highest 15 s averaged value in the test. Time to exhaustion (TTE) and
maximal work rate (WRmax) were also measured. The individual training load at the level
of PPA (anaerobic threshold) was established using the “V-slope” method. To determine
ventilatory threshold (VT), the V-slope method was administered using computerized
regression analysis of the slopes of the CO2 output versus O2 uptake plot, which detects
the beginning of the excess CO2 output generated from the buffering of [H+] [13]. The
method involves the analysis of the behavior of VCO2 as a function of VO2 during GXT
with a consequent increase in VCO2. This resulted in a transition in the relation between
the VCO2 and VO2. The software supplied by Viasys Healthcare was supported by visual
inspection by an experienced researcher. The ventilatory equivalent method (VEQ method)
was used as a secondary method, and the point when the equivalent for oxygen (VE/VO2)
raised without a concomitant rise in the equivalent for carbon dioxide (VE/VCO2) was
detected [14–19]. The VT was expressed as work rate (W), heart rate (bpm) and time when
the VT was reached.

The entire study protocol and results from the cardiopulmonary exercise testing
(CPET) are thoroughly described in our previous paper [20].

2.5. Blood Collection, Biochemical Measurements

The blood was taken twice for biochemical analyses -at rest, at the beginning, and after
the completion of the training program. Blood samples (10 mL) were taken from a vein in
the forearm using an S-Monovette blood collection system (Sarstedt, Nümbrecht, Germany).
9 mL of the blood was left to clot at room temperature, then centrifuged (1500 g, 4 ◦C, 5 min).
The collected samples were frozen and stored at −80 ◦C until the analysis. Blood cell count
tests were performed on fresh blood. Total protein, albumin, and urea concentrations were
determined directly after taking and centrifuging the blood on the day of the test. Plasma
for determining FRAP, TBARS, and total phenolics concentrations was frozen for two
months. Biochemical determinations were performed on a sample defrosted once. The fol-
lowing parameters were determined in whole venous blood (1 mL in microtube EDTA K3;
Sarstedt, Germany), using MYTHIC 18 hematological analyzer (PZ CORMAY S.A., Lublin,
Poland): hemoglobin concentration, hematocrit value, the total count of erythrocytes, leuko-
cytes, thrombocytes, and relative percentage numbers of granulocytes, lymphocytes, and
monocytes. Colorimetric methods were used to determine the concentrations of the total
antioxidant capacity of plasma FRAP, reference values: 600–1600 µmol/L [21], the plasma
concentration of TBARS, reference values: 1–6 µmol/L) [22] and total phenolics (reference
values: 2.8–4.0 g GAE/L) [23]. All reagents used for measurements of the above parameters
were obtained from (Sigma-Aldrich Chemie GmbH., Steinheim, Germany). Moreover, total
protein, albumin and urea concentrations were assessed using the spectrophotometric
methods with commercially available reagent kits: Liquick Cor-TOTAL PROTEIN (cat. no.
2-236, sensitivity 1.0 g/L), Liquick Cor-ALBUMIN (cat. no. 2-238, sensitivity 11.4 g/L) and
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Liquick Cor-UREA (cat. no. 2-261, sensitivity 0.27 mmol/L) diagnostic sets (PZ CORMAY
S.A., Poland), respectively. The samples were read using a Synergy 2 SIAFRT multimode
microplate reader (BioTek, Winooski, VT, USA). All pre-training and post-training speci-
mens from each individual were analyzed in the same batch by an experienced technician,
who was blinded to the origin of samples.

2.6. Training Program

The training program offered to participants was performed on a cycle ergometer for
two months, three times a week. In total, 28 training sessions, each, including a 5 min
warm-up (50–60% HRmax), 30–45 min of the proper part (at the level of individual PPA), a
5 min warm-down, cycling without a load. In the end, each patient performed stretching
and breathing exercises for about 15 min. Exercise loads were determined individually on
the basis of the ergospirometric exercise test. Each patient had undergone all designated
training sessions, which always took place in the morning. The training program and
exercise tests were carried out using the same ergometer. Physical training was supervised
by a physiotherapist with a medical background.

2.7. Statistical Analyses

The distribution of variables was tested by Shapiro–Wilk test of normality. All the
data are presented as mean (standard deviation) and median (interquartile range). The
differences between paired, normally distributed variables were tested using the paired
t-test and, in the case of asymmetrically distributed variables, by the Wilcoxon test. The
relationship between the variables was tested while using Pearson’s correlation. All results
were statistically analyzed using Dell Inc. (2016) (Dell Statistica v.13, Tulsa, OK, USA).

3. Results

A group of women after a completed breast cancer treatment was examined twice,
before and after an 8-week long endurance training, in order to assess its effect on the
prooxidative–antioxidative status of plasma. The statistical analysis performed showed
consistency with the normal distribution of most of the variables analyzed in the study, with
the exception of three parameters (TBARS, neutrophils, monocytes), for which the results
of parametric (paired t-test) and nonparametric tests (Wilcoxon matched-pairs set) were
consistent. Thus, in further analysis, the results of the paired t-test were considered. The
women were characterized by an average height of 164.9 cm (Me = 163.5 cm, SD = 2.9 cm,
Q1 = 159 cm, Q3 = 171.5 cm). A comparison of somatic parameters (Table 1) measured in
the first test and in the second one demonstrated that no significant changes in the body
mass or in body composition had occurred. Endurance training resulted in an increase in
the peak oxygen uptake, but no statistical significance was achieved (p < 0.05).

Table 1. Somatic and physical capacity parameters in sessions 1 and 2.

Parameter
1st Date (n = 12)

Mean ± SD
Me ± Q1–Q3

2nd Date (n = 12)
Mean ± SD
Me ± Q1–Q3

p-Value

Body mass (kg) 66.50 ± 8.12
65.0 ± 59.5–73.0

65.75 ± 8.18
65.5 ± 61.5–69.5 0.3568

BMI (kg/m2)
24.45 ± 2.27

24.8 ± 23.2–25.3
24.28 ± 2.28

25.5 ± 23.6–25.2 0.4834

LBM (kg) 45.32 ± 3.78
45.5 ± 43.2–47.7

44.67 ± 3.88
45.9 ± 42.2–47.6 0.1992

TBW (L) 33.18 ± 2.76
33.4 ± 31.6–34.9

32.68 ± 2.84
33.6 ± 30.9–34.8 0.1808
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Table 1. Cont.

Parameter
1st Date (n = 12)

Mean ± SD
Me ± Q1–Q3

2nd Date (n = 12)
Mean ± SD
Me ± Q1–Q3

p-Value

FAT (kg) 21.25 ± 5.22
19.0 ± 17.9–25.1

21.28 ± 5.50
19.5 ± 18.8–22.8 0.9722

VT HR (beat/min) 127.75 ± 13.07
124.0 ± 119.0–139.0

142.25 ±13.06
144.0 ± 138.0–148.0 <0.0001

VT Load (W) 76.67 ± 13.37
75.0 ± 75.0–85.0

94.17 ± 14.29
90.0 ± 85.0–105.0 0.011

peak HR (beat/min) 158.92 ± 15.37
162.0 ± 144.0–171.5

166.50 ± 13.56
170.0 ± 162.5–175.5 0.2134

peakVO2 (mL/kg/ min) 25.74 ± 4.04
24.4 ± 22.9–28.7

27.00 ± 3.68
26.3 ± 23.4–30.6 0.1658

peak Load (W) 112.50 ± 23.01
105.0 ± 100.0–130.0

123.33 ± 22.09
120.0 ± 105.0–140.0 0.0155

Data are expressed as mean ± SD and Me ± Q1-Q3, * p ≤ 0.05 vs. II session; abbreviations: BMI = body mass index,
LBM = lean body mass, TBW = total body water, FAT = fat body mass, VT HR = heart rate on VT, VT Load = load
on VT, peak HR = peak heart rate, peakVO2 = peak oxygen uptake.

A comparison of values of selected hematological and biochemical blood parameters
measured in the first and in the second test is shown in Table 2. Statistically significant
differences were noted in the maximum exercise load, the level of which increased in the
second test (p < 0.05). A slight increase was noted in the level of antioxidative potential, i.e.,
the content of some variables (FRAP, urea), with no changes or a slight decrease of other
biochemical parameters of the blood (total phenolics, TBARS). No change was observed in
the blood indices of the body’s nutritional status during the project (total protein, albumin).

Table 2. Values of selected hematological and biochemical blood parameters in sessions 1 and 2.

Parameter
1st Date (n = 12)

Mean ± SD
Me ± Q1-Q3

2nd Date (n = 12)
Mean ± SD
Me ± Q1-Q3

p-Value

Erythrocytes (1012/L)
4.50 ± 0.40

4.6 ± 4.3–4.8
4.67 ± 0.31

4.7 ± 4.5–4.9 0.0620

Hematocrit (%) 41.1±3.0
40.7 ± 40.3–42.3

42.1 ± 2.1
42.4 ± 40.4–43.5 0.1402

Hemoglobin (mmol/L) 8.89 ± 0.75
8.7 ± 8.6–9.1

9.02 ± 0.44
9.1 ± 8.7–9.4 0.4573

Leukocytes (109/L)
5.32 ± 1.37

5.5 ± 4.8–6.0
5.89 ± 1.53

5.6 ± 4.8–7.1 0.0765

Neutrophils (%) 58.34 ± 10.43
60.6 ± 52.7–63.2

62.27 ± 10.90
65.6 ± 56.9–67.8 0.0843

Lymphocytes (%) 36.13 ± 10.36
32.8 ± 31.7–40.3

32.70 ± 10.12
30.1 ± 27.1–38.9 0.1095

Monocytes (%) 5.53 ± 1.41
5.2 ± 4.9–5.6

5.03 ± 1.15
4.8 ± 4.3–5.4 0.2132

Total proteins (g/L) 68.30 ± 9.46
68.4 ± 60.4–75.9

72.95 ± 14.02
73.7 ± 61.8–85.4 0.2593

Albumins (g/L) 37.62 ± 3.90
36.7 ± 34.4–40.9

39.79 ± 7.29
38.9 ± 35.9–44.9 0.1857
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Table 2. Cont.

Parameter
1st Date (n = 12)

Mean ± SD
Me ± Q1-Q3

2nd Date (n = 12)
Mean ± SD
Me ± Q1-Q3

p-Value

Total phenolics (g GAE/L) 2.44 ± 0.09
2.4 ± 2.4–2.5

2.43 ± 0.28
2.4 ± 2.3–2.7 0.9199

FRAP (µmol/L) 857.25 ± 147.17
873.8 ± 750.4–945.6

859.67 ± 148.65
846.5 ± 750.0–973.2 0.9554

TBARS (µmol/L) 5.09 ± 2.09
4.8 ± 4.1–5.3

5.02 ± 1.81
5.0 ± 3.9–5.4 0.6949

Urea (mmol/L) 3.32 ± 2.09
3.4 ± 2.6–4.0

3.71 ± 1.99
3.9 ± 3.0–4.7 0.5427

Data are expressed as mean ± SD and Me ± Q1-Q3, * p ≤ 0.05 vs. II session; abbreviations:
FRAP = ferric reducing ability of plasma, TBARS = thiobarbituric acid reactive substances.

The analysis of changes in hematological blood parameters (Table 2) did not indi-
cate substantial significant changes after the completion of the training program by the
participants. An increase in the mean concentration of most of the variables was noted,
while no change was noted in lymphocytes and monocytes counts compared to the average
starting level.

The analysis of relationships between the studied variables, based on the assessment
of the strength and direction of relations described by Pearson’s correlation, showed
mutual relations. Peak VO2 on both dates of tests showed a high negative correlation
coefficient with BMI (1st test r = −0.7152, p < 0.05; 2nd test r = −0.6181, p < 0.05) and
positive correlations with the value of maximum load in the 1st test (r = 0.8503, p < 0.05)
and 2nd test (r = 0.7923, p < 0.05). In the first test TBARS concentration showed correlation
with erythrocyte (r = −0.6256, p < 0.05), hematocrit (r = −0.6952, p < 0.05), TBARS levels
(r = −0.7300, p < 0.05). FRAP concentration on both dates of tests correlated with the
protein and total phenolics blood concentration, 1st test (r = 0.8280, p < 0.05) for total
phenolics and (r = 0.8155, p < 0.05) for proteins, respectively. In 2nd test (r = 0.8293, p < 0.05)
for total phenolics and (r = 0.8293, p < 0.05) for proteins, respectively. Total phenolics levels
on each date of tests showed high correlation with protein blood concentration (1st test
r = 0.9744, p < 0.001 and 2nd test r = 0.9744, p < 0.001). Only in the 1st test was there
correlation between peakVO2 and neutrophils (%) (r = 0.6071, p < 0.05) and lymphocytes
(%) (r = −0.6717, p < 0.05). In the 1st test was correlation between Load VT and LBM
(r = 0.8473, p < 0.05), HR VT and erythrocytes (r = −0.5867, p < 0.05), Load VT and peak
Load (r = 0.8420, p < 0.05). In 2nd test correlation was found only between Load VT and
peak Load (r = 0.8288, p < 0.05).

4. Discussion

In patients, who have undergone breast cancer treatment, impaired function of the
cardiovascular and respiratory systems and weakening fatigue often occur both in the
early period and a few months or years after the completion of the treatment. Studies
have shown that these negative side effects resulting from the treatment process may
be limited by applying moderate individualized physical activity. The oxidative stress
arising in the treatment process may be reduced with appropriate pharmacotherapy, diet,
but also with physical training. Changes caused by increased production of free radicals
may be reversible. However, when the rate of free radical production is higher than
the rate of repair mechanisms, significant contraction of mitochondria may occur with
damage of mitochondrial crest, scattering of cell elements, and damage of cytoplasmatic
membranes. Moreover, free radicals affect the transport of glucose, calcium-dependent
ATPase activity of creatine kinase activity. In the studied group of women on each date of
testing, biochemical indicators, such as FRAP, TBARS, urea, total proteins, and albumins
were within the normal physiological range; only concentration of total phenolics on the
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1st and second date of testing was below the reference values and amounted to 2.44 ± 0.09
and 2.43 ± 0.28 g GAE/L, respectively. Supervised individualized endurance training did
not result in a significant change in any hematological and biochemical indicators, in spite
of the increase in the level of exercise tolerance of the participants.

Physical activity undertaken by healthy persons, as well as persons with a low physical
capacity, is of great significance for maintaining their good physical fitness and exercise
tolerance. It improves the function of the circulatory and respiratory systems. Optimization
of the training process and physical activity close to the anaerobic threshold (AT) are the
most effective factors affecting post-training changes in the circulatory and respiratory
capacity. In the case of patients after cancer treatment, physical activity contributes to an
improved functional capacity, thus limiting negative consequences of the immobility or the
treatment process itself [24].

The training program underwent by research participants was individualized and
adjusted to the level of their circulatory and respiratory capacity. A supervised 2-month
long training on a cycle ergometer resulted in no significant change in the peakVO2
(25.74 ± 4.04 vs. 27.00 ± 3.68 mL/kg/min) with only a small decrease in the body weight.
An increase in physical fitness is also indicated by obtaining a higher maximum load during
the ergospirometric exercise test on the 2nd date of tests (112.50 ± 23.0 vs. 123.33 ± 22.09 W).
In comparison to the results of studies on the effectiveness of applying endurance training
in the rehabilitation process, the results of our study fully confirm the trends of post-training
changes in physical capacity and exercise tolerance described by other authors [25–28].
A properly planned rehabilitation or sports training leads to adaptive changes in the
muscle tissue, improvement of metabolic processes, and structural changes in muscles
themselves. An increase in muscle strength and increased immunity of the tissue to fatigue
are observed. Radical oxygen species secreted during physical exercise as well as growth
and inflammatory factors produced as a result of the damage of muscle fibers take place
in this process, which leads to an increase in the number of neutrophils, monocytes, and
lymphocytes in the blood as well as inflammation markers in the blood [29–32]. The study
of Rajneesh et al. (2008) indicated that in the blood of women with breast cancer, increased
concentration of TBARS and other markers of ROS activity was observed as a result of the
disease process [33]. Physical activity, in particular of to high-intensity, may cause a further
increase in their concentration. In our study, on the 1st and second date, the concentration
of TBARS, which is an indicator of cell membrane damage, did not change statistically
significantly, which may be considered beneficial for the studied women. At the same time,
we noted no statistically significant change in the total FRAP and compounds, such as total
phenolics, proteins, albumins, and urea in the blood on both dates of tests, which indicates
the prooxidative-antioxidative balance of the body. This may indicate a good tolerance
of training loads by the studied women. No reports have been found in the literature to
confirm the significance of physical activity and its effect on the concentration of total
phenolics in the blood of women treated for breast cancer. However, there are reports
of the anti-cancerous activity of some polyphenolic compounds (e.g., chlorogenic acid,
resveratrol) by means of reducing inflammation or stimulation of apoptosis of cancerous
cells [34]. Additionally, it was proved that phenolics decrease muscle damage caused by an
increase in ROS concentration during physical exercise and in the period of restitution [35].
Hence, the amount of polyphenols in the blood depends on the number of consumed
foodstuffs rich in phenolics, their absorption from the alimentary tract, and their use by
the body [36]. In order to improve the antioxidant potential of plasma, it would seem
beneficial to additionally include polyphenol supplementation in the program of patient
care. Studies show that administering antioxidants results in an increase of the antioxidant
potential of plasma [37]. To summarize the discussion of the significance of antioxidants
and negative effects of free radicals, the theory of hormesis can be quoted, in which in-
significant oxidative stress originating in cells, e.g., as a result of physical activity, may be
a predictor of the development of beneficial cell changes, contributing to the tolerance of
acute oxidative stress [38,39]. Drouin et al. [40] studied the effects of repeated physical
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exercise on hematological changes in breast cancer patients during the treatment process
and after its completion. They noted that physical exercise prevents the fall in the erythro-
cytes counts during radiotherapy. The analysis of the number of erythrocytes, hematocrit
value, and the concentration of hemoglobin in the studied group of women showed their
statistically insignificant increase on the 2nd date of tests. The basis of this mechanism may
be the change in the rate of erythropoiesis regulated by such factors as, among other things,
oxygen deficiency, hormonal and nervous factors.

Margolis et al. [41] showed in their study that women after menopause with a larger
amount of leukocytes in the blood have an increased risk of breast, large intestine, endome-
trial, and lung cancer, as well as higher cancer mortality. The total number of leukocytes and
relative percentage of granulocytes, lymphocytes, and monocytes of the studied women
were within normal ranges. The change in the number of leukocytes during physical
exercise depends on its duration, intensity, and level of fitness of the subjects. The physio-
logical mechanism of change in leukocyte count is caused by many neurohormonal factors,
including cortisol, catecholamines, growth hormone, endorphins, sex hormones. Another
group of factors intensifying exercise leukocytosis is secreted cytokines (TNF, IL-1, IL-6).
Additionally, changes in glutamine, glucose, lipids, and heat shock protein concentrations
in the blood contribute to the occurrence and intensifying of the mechanism of exercise-
induced leukocytosis. In the initial stage of the exercise, the increase in the number of
leukocytes is caused by the action of catecholamines, whereas the later, slower increase
is due to the effect of cortisol on the bone marrow. During an intensive physical exercise,
spontaneous degranulation of neutrophils occurs, with an increase in their phagocytic
properties, thus stimulating neutrophil oxygen burst. Similar to other leukocytes, also NK
cells are mobilized to the peripheral circulation, influenced by the physical strain. This
is linked to the regulatory effect of catecholamines on their function [42]. If a body is
subject to physical work with an intensity exceeding the exercise capacity of the exercising
person, leukopenia occurs. The cytotoxic ability of NK lymphocytes is impaired, as is the
proliferation and secretion ability of other types of lymphocytes [43]. The training program
carried out by women after cancer treatment did not result in a significant change in the
number of leukocytes and in their percentage.

5. Conclusions

In the group of patients after breast cancer treatment, endurance training caused an
increase in exercise tolerance and did not cause aggravation of oxidative stress in women
undergoing breast cancer treatment.

Limitation of the Study
The study was carried out on a specially selected group. The group was fully represen-

tative of a population of women who met the following conditions: they had undergone a
radical mastectomy in the second and third stages of the disease and received full onco-
logical treatment: chemotherapy, radiotherapy, and hormone therapy. For this reason, it is
difficult to project the results for the whole population of women after cancer treatment.
The limitation of the study is the small number of patients, the lack of a control group and
the inability to compare results with the effects of endurance training in women at various
times after the completed oncological treatment.
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