Physiology International, Volume 104 (4), pp. 291–300 (2017)
DOI: 10.1556/2060.104.2017.4.2

Effect of α-tocopherol megadoses on hematologic
parameters and antioxidant capacity of rats in an
ultraendurance probe
VJ Clemente-Suárez1, J Mielgo-Ayuso2, JL Quiles3, A Varela-Lopez3, P Aranda4
1
Applied Psychophysiological Research Group, European University of Madrid, Madrid, Spain
Inﬁne Research Group, Department of Health and Sport Performance, INEF, Polytechnic University of Madrid,
Madrid, Spain
3
Department of Physiology, Biomedical Research Center, Institute of Nutrition and Food Technology “Jose Mataix”,
University of Granada, Granada, Spain
4
Faculty of Pharmacy, Department of Physiology, University of Granada, Granada, Spain
2

Received: February 21, 2017
Accepted: November 2, 2017
This study was aimed to analyze the effect of two different megadoses of α-tocopherol (vit E) in the antioxidant
activity and red and white blood series of Wistar rats after a 180-min ultraendurance probe. Three groups of 10 rats
were analyzed; VEAG: acute administration of a megadoses of 5,000 IU/kg of vit E the day before the probe; VECG:
chronic administration of 1,000 IU/kg/day of vit E for 6 days before the probe; CG: placebo administration. VEAG
presented white cells, red blood cells, hematocrit, hemoglobin values signiﬁcantly higher than CG and VECG
(p < 0.05). The mean corpuscular hemoglobin and lymphocytes concentrations were signiﬁcantly higher in the
VECG than in the other two groups (p < 0.05). Similarly, VEAG presented a signiﬁcantly higher vit E blood
concentration than VECG and CG (p < 0.05), and VECG than CG (p < 0.05). Finally, we found a signiﬁcantly
positive correlation between trolox equivalent antioxidant capacity (TEAC) and red blood cells concentration
(r = 0.374) and a signiﬁcantly inverse correlation between TEAC and blood lactate concentration (r = −0.365). Our
ﬁndings suggest that acute vit E megadoses could protect against transitory sport anemia symptoms and increase the
white blood cell count in comparison with the chronic dose and control groups after an ultraendurance probe.
Keywords: vitamin E, ultraendurance, antioxidant capacity, sport anemia, wistar rat, white blood cell, red blood
cell, running performance

Introduction
The popularity and increased participation in ultraendurance probes in past years have
produced an important increase in the number of participants in these events (5). Due to their
long duration, these probes present special demands on human physiology, causing hematological and biochemical alterations in the participants (37). It was measured that increments in
maximal oxygen uptake in ultraendurance probes increase the production of reactive oxygen
species (ROS) and reactive nitrogen species (RNS), and this increase depends on the type of
the exercise conducted and the physical ﬁtness of athletes (20, 22). This increase could
exceed the capacity of organic antioxidant systems, producing an increase in oxidative stress
resulting in peroxidation (damage) of polyunsaturated fatty acids in the cell membranes,
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proteins, and DNA nucleic acids (7, 35). Protein and lipid peroxidation cause changes in cell
membrane integrity, eliciting inﬂammation and decreasing the ability of the cell to maintain
ion gradients, facilitating cellular dehydration. Hence, the importance of ROS and RNS as
signals in the cellular adaptation process to stress is now evident (15, 19).
The erythrocytes are susceptible to oxidative stress during intense exercise due to their
continuous exposure to oxygen and their high content of polyunsaturated fatty acids and
hemo iron (28). The most common alterations in erythrocytes caused by oxidative stress are
related to the peroxidation of membrane lipids and proteins that destabilize the membrane
skeleton, compromising cell survival (15). Thus, an increase in the rigidity, cross-linking of
protein–lipid fractions, or changes in the membrane permeability of erythrocytes generate
hemolysis (3, 6), suggesting a relationship between oxidative stress and iron metabolism (1).
Speciﬁcally, ultraendurance athletes experienced a reduction in hematological parameters,
such as hematocrit, hemoglobin, and serum iron, causing the “athlete’s anaemia” (1). In
addition, an increase in lipid peroxidation has been observed in erythrocytes after strenuous
acute treadmill exercise in both rats and humans (17). It has also been proved that these
probes caused a modiﬁcation in the leukocyte count (37) because of an inﬂammatory
response (1).
The supplementation with antioxidants such as vitamin E (α-tocopherol) and its
potential buffering effect against exercise-induced ROS have attracted the researchers’
interest in recent years. The results show conﬂicting data regarding the effects of α-tocopherol
administration in various oxidative stress parameters (22, 35). Some authors have found that
exogenous α-tocopherol administration for several weeks increased the activity of antioxidant
enzymes, such as glutathione peroxidase and catalase, thereby reducing oxidative stress and
preventing lipid peroxidation, inﬂammation, and DNA damage (10, 32, 33). On the other
hand, other studies have not shown improvements in these parameters (14, 21). Similarly,
excepting the exercise at high altitude (where oxidative stress is compounded), ergogenic
effects after the α-tocopherol supplementation have not been shown in endurance sports (34).
All these investigations used chronic administration (weeks or months) of vitamin E doses
that did not exceed 1,200 IU/day. However, there are no studies with higher doses or using
acute administrations.
Due to the lack of studies on the administration of acute α-tocopherol megadoses,
especially in ultraendurance probes in which the ROS production is increased (3), this
research was proposed with the principal aim of studying the effects of an acute megadose of
5,000 IU/kg α-tocopherol the day before and chronic administration of 1,000 IU/kg/day
α-tocopherol for 5 days before a 180-min ultraendurance running probe on the antioxidant
activity, red, and white blood series of Wistar rats. As a secondary objective, we studied the
inﬂuence of α-tocopherol megadoses on food ingestion prior to the probe.

Materials and Methods
Experimental approach to the problem
An experimental study was performed. Variables of red blood cell, hemoglobin, hematocrit,
mean cell volume, mean cell hemoglobin, mean cell hemoglobin concentration, lymphocytes,
neutrophils, monocytes, trolox equivalent antioxidant capacity (TEAC), α-tocopherol, and
lactate were evaluated after a 180-min ultraendurance running probe in three different groups
of Wistar rats: vitamin E acute dose group (VEAG): administration of 5,000 UI/kg 1 day
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before the probe; Vitamin E chronic dose group (VECG): administration of 1,000 UI/kg/day
for 5 days prior to the probe; and control group (CG): administration of bidistilled water for
5 days before the probe. In addition, daily food ingestion was evaluated in each group.
Experimental protocol
Thirty male Wistar rats (Ratus novergicus) with an initial average weight of 184.0 ± 10.8 g
were analyzed. The rats were randomly divided into three experimental groups of 10 rats.
The VEAG received a dose of 5 ml of bidistilled water (placebo) for 4 days prior to the
probe and the day before the probe they received a dose of 5,000 UI/kg of vitamin E
(acetate dl-α-tocopherol, CHIESI SPAIN SA) (31) mixed with 0.5 ml of bidistilled water.
The VECG received a dose of 1,000 IU/kg of vitamin E (acetate dl-α-tocopherol, CHIESI
SPAIN SA) (38) mixed with 0.5 ml of bidistilled water for 5 days prior to the ultraendurance probe. The CG received a dose of 5 ml of bidistilled water (placebo) for 5 days
before the ultraendurance probe. For the administration of both placebo and vitamin E, an
endotracheal tube was used.
During the entire experimental period, the rats were kept in individual metabolism
cages that allowed the motorization of food intake to analyze possible changes caused by
the administration of corresponding doses of vitamin E. The cages were placed in a
thermoregulated (22 ± 2 °C), properly ventilated room with controlled 12 h photoperiod.
All rats consumed an AIN93-M diet that covered their daily dietary needs, and ate and
drank ad libitum before the probe. Food ingestion and weight changes are shown in
Table I.
Prior to the probe, all rats performed a treadmill adaptation in the treadmill used later in the
180-min probe. This adaptation consisted of two series of 5 min running at 25 cm/s and 5 min
running at 30 cm/s carried out on two consecutive days. After the adaptation to the treadmill,
rats rested 1 day before they performed a maximal incremental running test in the treadmill to
obtain their maximal oxygen uptake (VO2max). The protocol used was as follows (11): 5 min
warm up at 25 and 3 cm/s speed increments each minute till exhaustion. After obtaining the
VO2max, 60% of VO2max running speed was calculated. This VO2max percentage is the intensity
measured in slower marathon runners who conducted this probe (13). This intensity was

Table I. Food ingestion and weight gain of rats
CG

VEAG

VECG

Day 1

19.61 ± 5.23

21.77 ± 7.16

25.45 ± 1.59

Day 2

17.65 ± 3.88

19.03 ± 1.95

19.68 ± 1.71

Day 3

17.29 ± 2.91

16.24 ± 5.12

17.75 ± 1.90

Day 4

17.56 ± 2.77

13.9 ± 3.92

16.94 ± 7.28

Day 5

16.66 ± 2.96

14.93 ± 5.05

14.65 ± 5.12

Total

88.76 ± 14.26

85.87 ± 12.83

94.46 ± 10.84

Percentage of increase in
body weight

37.48 ± 9.76

32.27 ± 19.47

43.11 ± 5.81

CG: control group; VEAG: group with acute dose of vitamin E; VECG: group with chronic dose of vitamin E
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selected to perform the ultraendurance probe for rats as they were not speciﬁcally trained for
ultraendurance running. After the VO2max test, rats rested for 1 day, and then each rat performed
the 180-min probe at a treadmill velocity, which corresponded to 60% of the VO2max.
During the maximal incremental running test, oxygen uptake was analyzed with a gas
analyzer model LE405 Panlab and the software V2.2.00 Metabolism, Panlab (Barcelona,
Spain). The incremental test and the ultraendurance probe were performed on a treadmill
Control Model LE8710 Panlab (Barcelona, Spain). The ultraendurance probe was individually performed by each rat in the treadmill. Immediately after completing the probe, rats were
sacriﬁced by decapitation, and white blood cell count, red blood cell count, hemoglobin
concentration, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration, and platelet and lymphocyte count of fresh blood
samples treated with EDTA as anticoagulant were measured using an automated hematology
analyzer Sysmex KX-21 (Sysmex Corporation, Kobe, Japan). The TEAC assay was carried
out using a combination of a ﬂow injection analysis system (4). Storing and analysis of
samples for the determination of α-tocopherol in plasma were assayed according to the
method of MacCrehan (9) by reversed-phase HPLC with a Spherisorb S5 ODS1 (Merck,
Darmstadt, Germany).
Statistical analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 17
(SPSS Inc., Chicago, IL, USA). The Shapiro–Wilk normality test was used to test homogeneity of each variable. For the variables that fulﬁlled the assumptions of normality and
homoscedasticity, an independent one-factor analysis of variance with a Bonferroni post hoc
test with the blood parameters as independent factors and the three rat groups as a factor was
performed. For variables that did not fulﬁlled the assumptions of normality and homoscedasticity, the Kruskal–Wallis test was performed. Bivariate correlation analyses between
TEAC and α-tocopherol and other variables analyzed were performed using either Pearson’s
(parametric data) or Spearman’s (non-parametric data) correlation analyses. The level of
signiﬁcance was set at p < 0.05 for all the comparisons.

Results
None of the groups presented signiﬁcantly differences in the daily food ingestion (Table I,
Fig. 1). The results obtained after the ultraendurance probe show that VEAG presented white
cells, red blood cells, hematocrit, and hemoglobin values signiﬁcantly higher than the CG and
VECG (p < 0.05). The mean corpuscular hemoglobin concentration was signiﬁcantly higher
in the VECG than in the other two groups. Values of leukocyte count showed that VECG had
a signiﬁcantly higher value of lymphocytes than VEAG and CG and also a signiﬁcantly
higher value of neutrophils. However, monocyte values did not signiﬁcantly differ between
the experimental groups, as well as TEAC values. However, VEAG presented a signiﬁcantly
higher α-tocopherol blood concentration than VECG and CG. Simultaneously, VECG had a
signiﬁcantly higher α-tocopherol blood concentration than CG (Table II). Finally, we found a
weak, but signiﬁcant correlation between TEAC and red blood cells concentration (r = 0.374;
p = 0.041) and also a weak, but signiﬁcant inverse correlation between TEAC and blood
lactate concentration (r = −0.365; p = 0.043).
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Fig. 1. Representation of hematological parameters. *p < 0.05 versus CG; & p < 0.05 versus VEAG; CG: control
group; VEAG: group with acute dose of vitamin E; VECG: group with chronic dose of vitamin E; TEAC: trolox
equivalent antioxidant capacity

Discussion
The aim of the present research was to analyze the effect of the administration of an acute and
a chronic α-tocopherol megadose prior to an ultraendurance probe in the antioxidant activity,
red and white blood series of Wistar rats. Results showed that the acute vitamin E megadose
protected against transitory sport anemia symptoms and increased the white cell count in
comparison with the chronic and CGs.
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Table II. Blood parameter data obtained after the ultraendurance race

Parameter
Red blood cell (106/μl)

Group

Values

CG

7.17 ± 0.12

VEAG

7.76 ± 0.20a

VECG

7.09 ± 0.11a,b

CG

13.25 ± 0.18

VEAG

14.22 ± 0.29a

VECG

13.26 ± 0.18b

CG

40.68 ± 0.55

VEAG

43.74 ± 0.99a

VECG

40.04 ± 0.54a,b

CG

56.81 ± 0.39

VEAG

56.44 ± 0.56

VECG

56.47 ± 0.26

CG

18.51 ± 0.18

VEAG

18.36 ± 0.22

VECG

18.70 ± 0.18

Mean cell hemoglobin concentration CG
(g/dl)
VEAG

32.57 ± 0.17

Hemoglobin (g/dl)

Hematocrit (%)

Mean cell volume (fL)

Mean cell hemoglobin (pg)

VECG
White blood cell

Lymphocytes (%)

Neutrophils (%)

Monocytes (%)

32.54 ± 0.19
33.12 ± 0.17a,b

CG

2.37 ± 0.26

VEAG

4.00 ± 0.36a

VECG

2.74 ± 0.21

CG

79.60 ± 3.34

VEAG

78.55 ± 2.60

VECG

67.20 ± 2.97a,b

CG

17.60 ± 2.99

VEAG

16.36 ± 2.44

VECG

30.00 ± 3.17a,b

CG

2.80 ± 0.61

VEAG

5.09 ± 1.09a,c

VECG

2.80 ± 0.85
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Table II. Blood parameter data obtained after the ultraendurance race (Continued)
Parameter
TEAC (μM)

α-tocopherol (μg/ml)

Lactate (mmol/L)

Group

Values

CG

134.60 ± 11.40

VEAG

144.69 ± 11.92

VECG

140.40 ± 10.69

CG

3.0 ± 0.86

VEAG

6.65 ± 3.26a

VECG

4.41 ± 0.72a,b

CG

2.14 ± 0.83

VEAG

2.21 ± 0.73

VECG

2.48 ± 0.60

CG: control group; VEAG: group with acute dose of vitamin E; VECG: group with chronic dose of vitamin E;
TEAC: trolox equivalent antioxidant capacity.
a
p < 0.05 versus CG.
b
p < 0.05 versus VEAG.
c
p < 0.05 versus VECG

The ultraendurance events produced hemolysis by mechanical causes that increased
capillary foot pressure in the impact phase of running and by the ROS increased production
(23). Speciﬁcally, the ROS caused a decrease in erythrocyte membranes deformability,
preventing its passage through the microcirculation and their proteo-lipid cross-linking;
modiﬁcations in the membrane permeability of erythrocytes (3); and an initial oxidation of
the hemo iron in different hemoglobin complexes (6). This hemolysis exceeds the erythropoiesis processes that are activated during ultraendurance races, causing a decline in red
blood cells, hematocrit, and hemoglobin (24). The decrease of red blood cell count,
hematocrit, and hemoglobin might cause a decrease in the athletes’ performance by the
appearance of transitory sports anemia (25). Therefore, the results of the present research
showed that acute administration of 5,000 UI/kg α-tocopherol megadose helps to mitigate the
decline of these transitory sport anemia markers produced in ultraendurance events. The
administration of vitamin E could help to maintain higher performance of ultraendurance
athletes, protecting against the negative effects of ROS in hematological parameters. On the
contrary, it seems that none of the α-tocopherol doses used in this study appear to affect mean
corpuscular volume and mean corpuscular hemoglobin.
Although the elevated blood level of α-tocopherol is not necessarily an indicator of a
higher intake of vitamin E, as it may also increase with age and lipids consumption (32), the
data obtained support the hypothesis that a higher intake of vitamin E produces higher
α-tocopherol blood levels, since VEAG and VECG produced statistically higher α-tocopherol
levels than CG, without affecting the food intake. Furthermore, it has been shown that during an
ultramarathon race, the amount of blood α-tocopherol disappears faster than during a rest day,
which also enhances lipid peroxidation (12). In this line, it has been found that the antioxidant
supplementation (vitamins C and E) for 6 months causes a signiﬁcant increase in the blood level
of α-tocopherol prior to an ultramarathon, showing an inverse correlation between the levels of
α-tocopherol and blood levels of oxidative stress and lipid peroxidation (32). In addition, it is
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known that low levels of α-tocopherol in human cause diverse degrees of hemolysis, depending
on the age of the subject and the presence of other antioxidants (30). In the present research, we
measured a better antioxidant capacity (TEAC) and higher serum α-tocopherol levels in the
VEAG than in the other two groups. This was associated with better values of anemia
parameters, especially with the number of red blood cells.
The mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular
hemoglobin concentrations were similar in the three groups of rats. However, the number of
red blood cells was lower in the CG and VECG. This fact is a symptom of transitory sports
anemia, caused by the reduced number of red blood cells rather than by the red blood cell size
or the amount of hemoglobin (29). Moreover, it has been observed in in vitro studies that
describes increasing ROS causes a decrease in the deformability of red blood cells and an
increase in their aggregation (2). It was proposed that high oxidative stress causes cardiovascular impairment, but some of these changes depend on the subjects/animals training
level. For example, during exercise, the oxidative stress decreases the deformability of blood
cells and increases in osmotic fragility in untrained rats but not in trained rats (27). In
addition, oxidative stress produced hemolysis in sedentary human subjects, but not in trained
ones (28). In this study, untrained rats were used, which were more susceptible to suffer
hemolysis induced by the oxidative stress of the ultraendurance race (23); however, a
megadose of 5,000 IU/kg α-tocopherol prior to the probe seemed to prevent these symptoms
of transitory sports anemia, because it allowed to maintain a larger number of red blood cells
after exercise and therefore a greater amount of hemoglobin and hematocrit.
Strenuous exercise induces a redistribution of immune cells and a release of mediators
similar to an inﬂammatory response induced by an infection (34). In particular, increasing
white blood cell (leukocytosis), more speciﬁcally neutrophil and monocyte counts in
response to muscle damage, can be observed after ultraendurance probes (8, 36). In this
study, a larger number of white cells were observed in the group treated with a 5,000 IU/kg
α-tocopherol megadose than in the other two groups. In this regard, we must remember that the
maximum tolerable amount of α-tocopherol in adults is 1,500 IU/day (20 IU/kg). Long-term
intake above these doses increases the risk of adverse health effects (18). Similarly, the use of
α-tocopherol doses higher than 400 IU/day increases all-cause mortality (16). The ﬁnding that
in case of some variables, we obtained better results in the VEAG than in the VECG group
makes us speculate that usage of acute doses could be a better choice regarding health and
performance, but future studies should conﬁrm this hypothesis.
It is known that ultraendurance probes produce hemolysis by an increase in free radicals
and lipid peroxidation of erythrocyte membranes (26). The hypothesis that α-tocopherol would
produce a decrease in oxidative stress, a lower erythrocyte membranes lipid peroxidation,
and a decrease in the hemolysis symptoms was observed in the VEAG. We observed this
α-tocopherol buffer capacity against hemolysis principally in the VEAG, but not in the VECG
and CG groups. In conclusion, a dose of 5,000 IU/kg α-tocopherol prior to an ultraendurance
probe improves hematological parameters related to transitory sports anemia.

Limitation of the Study
The principal limitation of the study was the lack of analysis of rat liver samples, since it is
known that high α-tocopherol doses could damage this organ. As well, the muscle structure
could have been analyzed to have a direct measurement of the ultraendurance probe effect on
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muscle structure and the possible protective effect of α-tocopherol, since it is an antioxidant
and could protect muscle structure against ROS.
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3. Berzosa C, Gómez-Trullén EM, Piedraﬁta E, Cebrián I, Martínez-Ballarín E, Miana-Mena FJ, Fuentes-Broto L,
García JJ: Erythrocyte membrane ﬂuidity and indices of plasmatic oxidative damage after acute physical exercise
in humans. Eur. J. Appl. Physiol. 111, 1127–1133 (2011)
4. Bompadre S, Leone L, Politi A, Battino M: Improved FIA-ABTS method for antioxidant capacity determination
in different biological samples. Free Rad. Res. 38, 831–838 (2004)
5. Clemente-Suárez VJ: Changes in biochemical, strength, ﬂexibility and aerobic capacity parameters after a
1700 km ultraendurance cycling race. BioMed Res. Int. 2014, 602620 (2014)
6. Hale JP, Winlove CP, Petrov PG: Effect of hydroperoxides on red blood cell membrane mechanical properties.
Biophys. J. 101, 1921–1929 (2011)
7. Jenkins RR, Goldfarb A: Introduction: Oxidant stress, aging, and exercise. Med. Sci. Sports Exerc. 25, 210–212
(1993)
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