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ARTICLE INFO ABSTRACT

Keywords: The existence of sports anemia, induced by strenuous or long-term exercise and characterized by decreases of red
Physical activities blood cells (RBCs), hemoglobin and iron content, remains to be doubtful. To observe the effects of endurance
Anemia

exercise on RBCs and explain the underlying reason, we designed this study by observing RBCs parameters and
iron metabolism in 8-weeks training rats and effects of iron supplement or protein supplement on RBCs. Results
showed that erythrocyte counts, hematocrit, mean corpuscular volume and hemoglobin content decreased while
RBC distribution width increased in exercised rats at later stage during 8 weeks training. But the contents of
serum iron and ferritin decreased only at 1-week and 2-week and returned to normal at 4-week and 8-week.
Same as iron content, apparent iron absorption rate was declined at early stage but restored to normal level at 8-
week, as well as serum adrenaline, cortisol and insulin levels. Instead, the contents of total protein and albumin
in serum were decreased at later stage during 8-weeks training. Furthermore, we observed that protein sup-
plement ameliorated RBCs parameters in rats exposed to 8 weeks swimming exercise, but iron supplement had
no effects on RBCs, though it obviously increased iron content of serum and the liver. Based on these results, we
drew a conclusion that transient changes of iron metabolism, which may be induced by stress hormone changes,
was not the reason for RBCs decrease in endurance exercises but hemoglobin reduction, induced by defects in
protein supplement, impeded development of RBCs.

Iron metabolism
Protein malnutrition

1. Introduction been used to improve iron status and exercise performance of female

athlete [9].

Sports or manual labor capacity depends on sufficient ATP supplied
by aerobic metabolism [1,2], which needs enough oxygen transported
by blood. Hemoglobin is the carrier of oxygen in RBCs and tightly
connected with sports capacity while iron is an indispensable trace
element for composite of hemoglobin and maturation of RBCs [3]. It is
reported that strenuous or long-term sports decreased the quantities of
red blood cells (RBCs), hemoglobin and iron in blood [4], which is
called sports anemia [5]. So far, a number of causes inducing sports
anemia have been proposed, including stress hormones alterations,
hemolysis, dehydration, disturbances of iron metabolism and so on
[6,7]. Among these, iron dyshomeostasis is the spotlight for re-
searchers. Dr. Kong and colleagues review that iron metabolism in
sports anemia is regulated by hepcidin [7], which is changed after in-
tensive exercises resulted from hypoxia, inflammation, erythropoietin
and insulin as we reported before [8]. Besides, iron supplement has

But other researchers raised some controversial opinions about
sports anemia and iron supplement. It was reported that hemoglobin
and serum iron levels did not differ significantly between two periods
involving different training regimens in female runners [10]. Nabatov
and colleagues also found that iron content did not differ between non-
athletic female group and female athletes groups [11]. Moreover, it was
even increased in both men and women after exercise in Fragala’s re-
search [12]. Meanwhile, oral iron supplement has been criticized be-
cause of hazard effects of iron overload [9], which is proved to be
capable of inducing hepatic inflammation [13]. In addition, not all iron
supplement trails are successful to ameliorate iron status and exercise
performance in athletes, as Dr. Tsalis and colleagues reported [14]. The
contradictory results from different studies lead to unconsensuses on
the existence of sports anemia, the induction of iron deficiency by
physical activities, and the requirement of iron supplement for athletes
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or labor workers.

The kind, intensity, duration of sports and the physique, sex-dif-
ference and diet of individuals may be reasons for opposite conclusions
obtained by researchers. In order to verify the existence of sports an-
emia and effects of iron supplement or protein supplement, in this
study, we used male Sprague Dawley rats with identical genetic back-
ground, age, and diet and exposed to running or swimming with same
duration and intensity for detection of RBCs parameters and iron con-
tent. Further, we evaluated protein nutrition status and iron absorption
rate of rats during long-term endurance exercises to explore underlying
reasons for hemoglobin and iron content alterations. We also conducted
experiments of iron supplement or protein supplement to identify the
key factor influencing RBCs parameters in rats during long-term en-
durance exercise.

2. Methods
2.1. Animals

We used 8-weeks aged, 160 = 10g weighted, male Sprague
Dawley rats (purchased from Slac Laboratory Animal, Shanghai, China)
and conducted all animal experiments according to the “Guide for the
Care and Use of Laboratory Animals” with the approval of Second
Military Medical University Institutional Animal Care and Use
Committees. In intensive exercises experiment, 96 rats were randomly
divided into 3 groups: Control, Running and Swimming. Each group
contained 4 sub-groups: 1-week, 2-week, 4-week and 8-week (n = 8 in
each sub-group). Rats in Running group received 2 h running per day on
a JD-PT running platform at the speed of 25m/min and rats in
Swimming group were forced to swim for 2h per day ina 32 = 2 °C
water pool. Running or swimming were performed continuously for 8
weeks, 5 days per week. All rats received formula diet ad libitum,
containing 45 ppm iron and 18% protein according to AIN-93. In iron
supplement and protein supplement experiment, 24 rats were divided
into 4 groups: Control, Swimming, Swimming + Iron and
Swimming + Protein (n = 6 in each group). Rats in swimming groups
received 8 weeks exercise as above and were fed by control diet
(45 ppm iron and 18% protein), iron supplement diet (adding iron-
dextran, containing 500 ppm iron) and protein supplement diet (con-
taining 40% protein) respectively. All rats received supplemented diet
ad libitum as well. Rats were anaesthetized at each time-point for col-
lection of blood and tissues.

2.2. Determination of red blood cells parameters

Rat blood was taken from heart into BD Vacutainer (Cat. 367843,
containing EDTA-K2). The blood samples were loaded to automatic
hematology analyzer (KX-21, Sysmex, Japan) for detection of counts of
RBCs, hemoglobin (Hb) concentrations, hematocrit (HCT), mean cor-
puscular volume (MCV), mean cellular hemoglobin contents (MCH) and
RBCs distribution width (RDW) based on principles of electric pulse
method and colorimetry.

2.3. Determination of serum hormone content

We used radioimmunoassay kits to quantitate the content of adre-
naline, cortisol, insulin and erythropoietin in serum samples following
the manual protocols. In brief, I'?® labeled antigen-antibody compound
was supplied by the kit, then we incubated our serum samples with
these compounds to compete with I'?® labeled antigen and set standard
samples to obtain standard curve. At last, we detected the signals from
samples and calculated for concentrations of target antigen in serum.
All kits were purchased from North Institute of Biological Technology
Co (Beijing, China).
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2.4. Determination of Iron content of the liver and serum

The liver iron content was determined by a flame atomic absorption
spectrophotometer (FAAS, Z-8100, Hitachi, Tokyo, Japan) and nor-
malized by the dry tissue weight for each sample [13]. The dried liver
tissues were firstly needed to be digested by mixed acid (nitric acid:
perchloric acid = 4: 1) into transparent solution in a heater. Then the
digested liquid was added to 10 ml and determined absorbance by FAAS
with iron standard-samples together. The iron standard-samples were
diluted from iron standard solution (100 pg/mL, 99% purity, Cat. GBW
(E)080624, Shanghai Institute of Measurement and Testing Tech-
nology) and divided into 6 standard-samples at concentration of 10 pg/
mL, 8 ug/mL, 6 pg/mkL, 4 ug/mL, 2 ug/mL, 1 ug/mL by deionized water.
All standard-samples and test-samples were prepared in the same way
and detected the absorbances at the same time. After determining the
absorbances of standard-samples and test-samples, we established
standard curve based on absorbances and concentrations of standard-
samples (R2>0.99), then we calculated iron concentration in test-
samples according to their absorbances and therefore calculated iron
content in the liver. Serum iron was separated from transferrin in acidic
medium, then reduced to ferrous bivalent by reductant, and a purple-
red compound was formed with ferrozine. There is an absorption peak
at 562 nm of this compound. The content of serum iron can be calcu-
lated by standard curve obtained from iron standard solution treated in
the same way.

2.5. Determination H2 of protein content in serum

Total protein content in serum was determined by a BCA kit (Cat.
23225, Thermo Scientific). And we used commercial ELISA kits for
detection of serum content of albumin (Cat. ml028495, Enzyme-linked
Biotechnology, Shanghai, China), ferritin (Immunology Consultants
Laboratory, Inc.) and soluble transferrin receptor (Cat. JL21128,
JianglaiBio, Shanghai, China).

2.6. Determination of diet intake and iron apparent absorption rate

We used comprehensive laboratory animal monitoring system
(CLAMS, Coulumbus Instruments, USA) to record the weight of con-
suming feed and the feces for 24 h at 1-, 2-, 4-, 8-week time point. After
determination of the iron content in feed and feces, we calculated the
iron apparent absorption rate by the following formula. Apparent ab-
sorption rate (feed iron content — feces iron content) / feed iron
content X 100%.

2.7. Statistics

All data were represented as Mean + SD. One-way ANOVA was
used for multigroup comparison, if the data obeyed the normal dis-
tribution and homogeneity of variance. If not, Kruskal-Wallis test was
used for multigroup comparisons. We set p <0.05 as statistically sig-
nificant level, *: p <0.05; **: p<0.01; ***: p<0.001 vs. Control.

3. Results
3.1. Long-term endurance exercise induced immaturities of RBCs

To identify the appearance of anemia after long-term exercises, we
detected RBCs parameters of male SD rats with identical genetic
background and same exercises at different time points during 8 weeks
training (Table 1). The results showed that the counts of RBCs did not
change at 1-, 2-, 4-week time points, but slightly decreased at 8-week
time point in both running and swimming groups with statistical sig-
nificances. The contents of hemoglobin, HCT and MCH decreased while
RDW increased after 8 weeks exercises, in which MCH decrease meant
that the hemoglobin content in each RBC was decreased while RDW



Y. Tang et al.

Table 1
RBCs parameters of rats during 8 weeks endurance exercises. All data were
represented as Mean *+ SD. *: p<0.05, vs. Control (n = 8).

Time Control Running Swimming
(week)
RBC counts 1 6.82 + 0.21 6.78 + 0.22 6.67 + 0.37
(10"12) 2 7.38 + 0.5 7.18 + 0.30 7.14 + 0.46
4 7.48 + 0.17 7.42 = 0.22 7.41 = 0.16
8 7.93 = 0.32 7.35 = 0.40* 7.23 = 0.19*%
Hemoglobin 1 136.61 + 3.71 135.01 + 3.61 134.72 + 8.72
(g/L) 2 145.51 + 9.80 133.32 + 4.51 135.60 + 10.41
4 143.80 = 3.01 138.01 = 3.60 137.21 * 6.20
8 145.11 + 4.81 137.01 + 3.82* 133.50 + 3.25*
HCT (%) 1 41.52 = 1.21 4091 + 1.21 42.82 + 3.22
2 42.8 = 3.01 41.70 = 1.12 41.52 = 2.71
4 41.82 = 0.81 40.91 + 1.22 39.33 £ 2.00
8 43.02 = 1.12 39.20 + 0.31* 38.91 + 0.78*
MCV (fL) 1 60.81 + 1.62 59.23 + 1.50 59.32 + 2.52
2 59.72 = 1.7 52.71 * 1.75* 51.91 * 1.60*
4 59.51 + 1.23 51.21 + 1.50* 50.10 + 2.30*
8 54.30 + 1.31 53.31 + 2.32 52.02 + 1.03
MCH (pg) 1 20.12 = 0.58 19.20 = 0.51 19.31 = 0.69
2 19.70 = 0.86 19.61 = 0.62 19.61 = 0.62
4 18.82 = 0.30 17.61 = 0.50* 17.21 = 0.71*
8 18.30 = 0.41 16.21 = 0.52* 16.80 = 0.41*
RDW (%) 1 13.42 = 0.67 13.50 = 0.41 13.50 = 0.62
2 13.21 = 0.63 14.33 = 0.31* 14.80 = 0.71*
4 13.50 = 0.64 14.43 = 0.42* 14.82 = 0.51*
8 13.62 = 0.40 14.90 = 0.93* 15.61 = 0.92*

increase meant that the differences of RBCs volume increased. These
results suggested immature RBCs were increased because the volumes
of erythrocyte precursors were bigger. Obviously, the above parameters
did not change dramatically and were still at the range of normal re-
ference values of hematological parameters [15,16] in rats after 8
weeks exercises, which did not meet the criteria of anemia [17,18],
indicating that long-term endurance exercises would not induce sports
anemia in rats.

3.2. Iron metabolism was disrupted at early stage but restored to normal at
later stage during long-term endurance exercise

Considering that iron deficiency might be the reason for changes of
RBCs parameters, we observed iron metabolism during 8 weeks running
and swimming programs (Fig. 1). Surprisingly, the indicators related to
iron metabolism, including serum iron content (Fig. 1A), serum ferritin
content (Fig. 1B), serum soluble transferrin receptor content (Fig. 1C),
liver iron content (Fig. 1D) and apparent iron absorption rate (Fig. 1E)
were completely unaffected at 8-week time point during long-term
endurance exercises, which were inconsistent with the above changes of
hemoglobin and RBCs. In addition, iron storage in the liver and soluble
transferrin receptor in the serum were not affected at early stage of
endurance exercises (1- and 2-week) and RBCs parameters were
maintained at normal level, though apparent iron absorption rate de-
creased and serum iron and ferritin content decreased. These opposite
results implied that disruption of iron metabolism at early stage of long-
term endurance exercises was temporary and might be not the reason
for changed RBCs parameters at later stage.

3.3. Long-term endurance exercise induced malnutrition of protein

In addition to iron, nutritional status of protein is another factor
affecting hemoglobin content and RBCs development. Hence, we eval-
uated protein nutritional status in long-term endurance exercised rats to
find the reason for the decreases of hemoglobin and immaturities of
RBCs. Our results showed that body weights of rats in both running and
swimming groups were significantly lower than rats in control group
and the increasing rates of body weight were also slower than control
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rats (Fig. 2A), but there was no difference of the weight of intake diet
among these three groups (Fig. 2B). By determining the contents of
serum total protein and albumin, we found that total protein and al-
bumin declined in exercised rats at 8-week time point (Fig. 2C & D),
which were consistent with alterations of hemoglobin and RBCs during
8 weeks exercise (Table 1). These results indicated that long-term en-
durance exercise led to body weight loss and protein malnutrition,
which could be the cause of hemoglobin decrease and RBCs im-
maturation.

3.4. Long-term endurance exercise induced acute stress response at early
stage but was adapted at later stage

It was reported that stress inducing changes of hormones levels
could modulate homeostasis of iron metabolism [19]. For explanation
of changes of iron metabolism at early stage during long-term en-
durance exercise and considering that the high intensity of running and
swimming in this study were stressful stimulations, we detected levels
of several hormones including adrenaline, cortisol, insulin and ery-
thropoietin in serum (Fig. 3). At 1- and 2-week, serum adrenaline
content (Fig. 3A) and serum cortisol content (Fig. 3B) of rats in running
and swimming groups were significantly higher than rats in control
group, while serum insulin content (Fig. 3C) of exercised rats were
significantly lower. But later at 4- or 8-week, serum content of adre-
naline, cortisol and insulin were returned to normal level. These results
meant that rats received running or swimming exercises showed acute
stress responses, which might induce disruption of iron metabolism.
The adaption of long-term endurance exercise brought levels of serum
hormones back to normal, with the recovery of iron absorption and
relevant indicators at later stage. For the content of erythropoietin in
serum (Fig. 3D), rats in running group showed enhanced expression
level at 2-, 4- and 8-week, while there were no changes in swimming
group.

3.5. Instead of iron supplement, protein supplement restored the changed
RBCs parameters in rats exposed to intensive exercise

To ensure roles of iron deficiency and protein malnutrition in
changes of RBCs, we used iron-rich diet and protein-rich diet to supply
iron or protein for rats and observed their effects on RBCs parameters
during long-term exercise. In rats exposed to 8 weeks swimming, RBC
counts, hemoglobin content, MCV, MCH and RDW were significantly
altered (Table 2). Most importantly, we observed that iron supplement
had no improving effects on RBCs parameters but protein supplement
effectively ameliorated the decreases of RBC counts, hemoglobin con-
tent, HCT and the increase of RDW (Table 2). By detecting serum iron
content (Fig. 4A), serum transferring saturation (Fig. 4B), serum ferritin
content (Fig. 4C) and liver iron content (Fig. 4D), we confirmed that
iron was accumulated in rats fed by iron-rich diet, which further
identified that iron deficiency was not the reason for changed RBCs
parameters. However, protein nutritional status was elevated in rats fed
by protein-rich diet as serum total protein and serum albumin were
increased in protein supplement group (Figure 4E & 4 F). These results
showed that block of protein malnutrition could correct RBCs abnor-
mities, which conversely proved that protein malnutrition was the
cause of hemoglobin decrease and RBCs immaturation.

4. Discussion

In this study, we observed RBCs parameters, iron metabolism,
protein nutrition status and hormones levels in male rats received 8
weeks running or swimming exercise. The RBCs parameters altered
slightly only at later stage of 8 weeks exercises and did not meet the
criteria of anemia, though with statistical significance. MCV was de-
creased and RDW was increased in both running and swimming rats at
later stage, implying that long-term endurance exercises could induce
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Fig. 1. Iron metabolism in rats during 8 weeks endurance exercises. Rats in running or swimming group were respectively received running or swimming for 2h a
day, 5 days per week for 8 weeks. At time point of 1, 2, 4 and 8 week, rats were anaesthetized for detections of serum iron content (A), serum ferritin content (B),
serum soluble transferrin receptor (sTfR) content (C) and liver iron content (D). Apparent iron absorption rate was calculated by (feed iron content — feces iron

+

content)/feed iron content x 100% (E). Data were represented as Mean

immaturation of RBCs. Though the parameters of RBCs were still in
normal range, some researchers proposed that it brought disadvantages
for individuals suffered from heavy physical activities [20,21]. Indeed,
rats exposed to endurance exercises needed more RBCs to carry oxygen
for energy production. Therefore, even a slight weakness of RBCs could
impair the performance in long-term endurance exercise, which meant
that appropriate interventions were required to ameliorate abnormal-
ities of RBCs for improvement of sports performances or work capa-
cities.

It was reported that iron metabolism was dysfunctional in dramatic
or long-term physical activities [20,22,23]. As an essential element for
hemoglobin, iron is the active site binding with oxygen. Anemia caused
by iron deficiency is characterized by RDW increase, MCV decrease and
hemoglobin decrease [24], which were same as changes of RBCs
parameters after high intensity physical activities. Consequently, dis-
ruption of iron metabolism was deemed to be an initial factor of ab-
normal RBCs development and iron supplement was accordingly used
for athletes and laborers undertaking high levels of physical activities
[25-27]. But not all iron supplement shows beneficial effects for in-
dividuals and iron supplement by orally taking iron reagent incurs side
effects and iron toxicities. Another question is that it is hard to distin-
guish the protective effects from iron supplement or protein supplement
in positive experiments or trails of iron supplement by iron-rich food,
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SD. *: p<0.05; **: p<0.01; ***: p<0.001 vs. Control (n = 8).

which usually contains plenty of protein. Besides, the paradox results in
this study aroused our attention: exercised rats showed iron reduction
in serum at early stage in long-term exercise, which probably was in-
duced by decrease of apparent iron absorption rate. But there was no
change of storage iron in the liver and serum soluble transferrin re-
ceptor, which meant that supply of iron in blood circulation was not
insufficient. In addition, content of hemoglobin was not decreased at
early stage but at later stage of 8 weeks exercise when the iron content
in serum and apparent iron absorption rate were returned to normal
level. These contradictory results suggested that dysfunctional iron
metabolism at beginning of 8 weeks endurance exercise might not be
the reason for abnormal RBCs at the end. Considering that both acute or
chronic iron overload were reported to be adverse for health [13,28],
we thought it needed more discussion about whether iron supplement
was necessary for the people or not.

Including our previous studies, many researchers reported that
stress was capable of disrupting iron metabolism [19,29-31]. A typical
response of stress was the activation of hypothalamic-pituitary-adrenal
axis (HPA axis), characterized by elevated levels of serum adreno-
corticotropic hormone and adrenocortical hormone [32,33]. Due to
levels of adrenaline and cortisol in serum were significantly altered in
exercised rats at early stage of high intensity endurance exercises, we
thought that the strenuous exercises could cause acute stress response
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Fig. 2. Protein nutritional status in rats during
8 weeks endurance exercises. A: body weights
of rats in Control, Running and Swimming
groups at every week of 8 weeks. B: diet intake
of rats at 1-, 2-, 4- and 8- week. C: serum total
protein content of rats at 1-, 2-, 4- and 8- week.
D: serum albumin content of rats at 1-, 2-, 4-
and 8- week. Data were represented as
Mean * SD. *: p<0.05; **: p<0.01, vs.
Control (n = 8).

Fig. 3. Serum hormones levels of rats during 8
weeks endurance exercises. A: serum adrena-
line content of rats in Control, Running and
Swimming groups at 1-, 2-, 4- and 8- week. B:
serum cortisol content of rats at 1-, 2-, 4- and 8-
week. C: serum insulin content of rats at 1-, 2-,
4- and 8- week. D: serum erythropoietin (EPO)
content of rats at 1-, 2-, 4- and 8- week. Data
were represented as Mean = SD. *: p<0.05;
**: p<0.01; ***: p<0.001 vs. Control (n = 8).

Effects of iron supplement or protein supplement on RBCs parameters of rats exposed to 8 weeks swimming exercises. All data were represented as Mean * SD. *: p

<0.05; **: p<0.01; ***: p<0.001, vs. Control. #: p<0.05; ##: p<0.01; vs. Swimming (n = 6).

Control Swimming Swimming Swimming
+Iron + Protein
RBC counts 8.51 + 0.44 6.88 + 0.18%* 6.74 + 0.38* 7.62 * 0.62%
(10"12)
Hemoglobin 142.0 = 2.15 125.8 + 4.01%* 126.8 + 4.46% 140.3 = 1.56**
(g/L)
HCT (%) 43.80 + 1.51 36.55 + 1.56** 35.03 + 1.58*** 44.55 + 1.397##
MCV (fL) 61.80 + 0.50 59.13 + 0.94 59.47 + 1.69 60.50 + 1.04
MCH (pg) 19.43 + 0.11 17.63 = 0.40%* 16.77 + 0.81%* 18.52 + 0.36%
RDW (%) 12.10 + 0.13 16.07 + 0.58%** 17.13 + 0.81%%* 14.23 + 0.37%x+*
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in rats. Besides, insulin, a hormone with the mighty of modulating iron
metabolism [8], was decreased at early stage. At later stage, the rats
adapted to the exercise routine as hormones levels were restored to
normal. Meanwhile, iron metabolism, including iron absorption rate,
serum iron content and serum ferritin content, changed following the
identical pattern of hormones during 8 weeks exercises. To this extent,
it was reasonable to regard disruption of iron metabolism as a result of
stress induced alterations of hormones. We also noticed that serum
erythropoietin contents increased in running rats but unchanged in
swimming rats. It was possibly induced by acute RBCs destructions
resulted from running, which producing more impacts on body than
swimming [34-36].

In the case that iron was not the cause of hemoglobin reduction and
RBCs immaturation, we evaluated status of protein nutrition because
protein was another part of hemoglobin except iron. Meaningfully, with
high intensity of physical activities, rats in experimental group had no
more intake diet compared to rats in control group. In addition, body
weights of exercised rats were significantly lower than control rats,
with the decrease of serum total protein contents and serum albumin
contents. It was no doubt that protein malnutrition led to develop-
mental retardation, including immaturation of RBCs [37,38]. In ex-
periment of iron or protein supplement, we observed that iron sup-
plement did not improve RBCs abnormities, which confirmed that iron
deficiency was not the underlying reason. However, protein supplement
effectively ameliorated decreases of RBCs and hemoglobin content by
increasing protein content. Our results showed that normal formula diet
was not enough for large amounts of physical activities in male rats. A
supplement of protein abundant diet was needed instead of iron sup-
plementation.

In conclusion, our study proposed that, at least in male rats, long-
term endurance exercise led to abnormal development of RBCs but did
not reach the threshold of anemia. Though iron metabolism was dis-
rupted in acute stress responses induced by high intensity of exercise, it
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SD. ***: p<0.001, vs. Control. ###: p<0.001, vs. Swimming.

was not the cause of hemoglobin reduction and RBCs immaturation.
Instead, malnutrition of protein, a fundamental factor easy to neglect,
might be the key point causing abnormities of RBCs and impairments of
physical performance. Next, a direct link between protein malnutrition
and RBCs immaturation need to be created. More profoundly and
meaningfully, a well-designed and compelling trial on human beings
was urgently needed to elucidate relationships among high intensity of
activities, iron metabolism, protein nutritional status and physical ca-
pacity.

Conflict of interest statement
The authors declare that there are no conflicts of interest.
Acknowledgment

We acknowledge grant support by the project of research on in-
tegrated prevention measures and key technologies of seasickness
(#BWS14C024).

References

[1] S.L. Halson, Monitoring training load to understand fatigue in athletes, Sports Med.
44 (Suppl 2) (2014) S139-47.

T.J. Gabbett, The training-injury prevention paradox: should athletes be training
smarter and harder? Br. J. Sports Med. 50 (5) (2016) 273-280.

M.U. Muckenthaler, S. Rivella, M.W. Hentze, B. Galy, A red carpet for Iron meta-
bolism, Cell 168 (3) (2017) 344-361.

L.M. Pompano, J.D. Haas, Efficacy of iron supplementation may be misinterpreted
using conventional measures of iron status in iron-depleted, nonanemic women
undergoing aerobic exercise training, Am. J. Clin. Nutr. 106 (6) (2017) 1529-1538.
H. Mairbaurl, Red blood cells in sports: effects of exercise and training on oxygen
supply by red blood cells, Front. Physiol. 4 (2013) 332.

C.H. Liu, Y.F. Tseng, J.I. Lai, Y.Q. Chen, S.H. Wang, W.F. Kao, L.H. Li, Y.H. Chiu,
C.K. How, W.H. Chang, The changes of red blood cell viscoelasticity and sports
anemia in male 24-hr ultra-marathoners, J. Chin. Med. Assoc. 81 (5) (2018)

[2]
[3]
[4]

[5]

[6]



Y. Tang et al.

[71
[8]

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

475-481.

W.N. Kong, G. Gao, Y.Z. Chang, Hepcidin and sports anemia, Cell Biosci. 4
(2014) 19.

H. Wang, H. Li, X. Jiang, W. Shi, Z. Shen, M. Li, Hepcidin is directly regulated by
insulin and plays an important role in iron overload in streptozotocin-induced
diabetic rats, Diabetes 63 (5) (2014) 1506-1518.

1. Alaunyte, V. Stojceska, A. Plunkett, Iron and the female athlete: a review of
dietary treatment methods for improving iron status and exercise performance, J.
Int. Soc. Sports Nutr. 12 (2015) 38.

A. Ishibashi, N. Maeda, D. Sumi, K. Goto, Elevated serum hepcidin levels during an
intensified training period in well-trained female long-distance runners, Nutrients 9
(3) (2017).

A.A. Nabatov, N.A. Troegubova, R.R. Gilmutdinov, A.P. Sereda, A.S. Samoilov,
N.V. Rylova, Sport- and sample-specific features of trace elements in adolescent
female field hockey players and fencers, J. Trace Elem. Med. Biol. 43 (2017) 33-37.
M.S. Fragala, C. Bi, M. Chaump, H.W. Kaufman, M.H. Kroll, Associations of aerobic
and strength exercise with clinical laboratory test values, PLoS One 12 (10) (2017)
e0180840.

M. Li, Y. Tang, L. Wu, F. Mo, X. Wang, H. Li, R. Qi, H. Zhang, A. Srivastava, C. Ling,
The hepatocyte-specific HNF4alpha/miR-122 pathway contributes to iron overload-
mediated hepatic inflammation, Blood 130 (8) (2017) 1041-1051.

G. Tsalis, M.G. Nikolaidis, V. Mougios, Effects of iron intake through food or sup-
plement on iron status and performance of healthy adolescent swimmers during a
training season, Int. J. Sports Med. 25 (4) (2004) 306-313.

W. Jacob Filho, C.C. Lima, M.R.R. Paunksnis, A.A. Silva, M.S. Perilhao, M. Caldeira,
D. Bocalini, R.R. de Souza, Reference database of hematological parameters for
growing and aging rats, Aging Male 21 (2) (2018) 145-148.

M.A. Abdelhalim, M.S. Al-Ayed, S.A. Moussa, H. Abd Al-Sheri Ael, The effects of
gamma-radiation on red blood cell corpuscles and dimensional properties in rats,
Pak. J. Pharm. Sci. 28 (5 Suppl) (2015) 1819-1822.

H. Liu, C. Yan, K. Yan, W. Zhu, Y. Shen, B. Yang, C. Chen, H. Zhu, Study of the
effects of polymerized porcine hemoglobin (pPolyHb) in an acute anemia rat model,
Artif. Cells Nanomed. Biotechnol. 45 (4) (2017) 694-700.

M.M. Hanson, F. Liu, S. Dai, A. Kearns, X. Qin, E.C. Bryda, Rapid conditional tar-
geted ablation model for hemolytic anemia in the rat, Physiol. Genomics 48 (8)
(2016) 626-632.

F. He, L. Ma, H. Wang, Z. Shen, M. Li, Glucocorticoid causes iron accumulation in
liver by up-regulating expression of iron regulatory protein 1 gene through GR and
STATS, Cell Biochem. Biophys. 61 (1) (2011) 65-71.

P. Buratti, E. Gammella, I. Rybinska, G. Cairo, S. Recalcati, Recent advances in Iron
metabolism: relevance for health, exercise, and performance, Med. Sci. Sports
Exerc. 47 (8) (2015) 1596-1604.

C. Reichel, Detection of peptidic erythropoiesis-stimulating agents in sport, Br. J.
Sports Med. 48 (10) (2014) 842-847.

R. Dominguez, A.J. Sanchez-Oliver, F. Mata-Ordonez, A. Feria-Madueno,

M. Grimaldi-Puyana, A. Lopez-Samanes, A. Perez-Lopez, Effects of an acute exercise
bout on serum hepcidin levels, Nutrients 10 (2) (2018).

P.S. Hinton, Iron and the endurance athlete, Appl. Physiol. Nutr. Metab. 39 (9)
(2014) 1012-1018.

C. Camaschella, Iron-deficiency anemia, N. Engl. J. Med. 372 (19) (2015)

269

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Journal of Trace Elements in Medicine and Biology 52 (2019) 263-269

1832-1843.

L.A. Garvican, P.U. Saunders, T. Cardoso, I.C. Macdougall, L.M. Lobigs,

R. Fazakerley, K.E. Fallon, B. Anderson, J.M. Anson, K.G. Thompson, C.J. Gore,
Intravenous iron supplementation in distance runners with low or suboptimal fer-
ritin, Med. Sci. Sports Exerc. 46 (2) (2014) 376-385.

D.M. DellaValle, J.D. Haas, Iron supplementation improves energetic efficiency in
iron-depleted female rowers, Med. Sci. Sports Exerc. 46 (6) (2014) 1204-1215.
C.R. Pedlar, C. Brugnara, G. Bruinvels, R. Burden, Iron balance and iron supple-
mentation for the female athlete: a practical approach, Eur. J. Sport Sci. 18 (2)
(2018) 295-305.

Y. Tang, W. Jia, X. Niu, L. Wu, H. Shen, L. Wang, R. Qi, C. Ling, M. Li, CCL2 is
upregulated by decreased miR-122 expression in iron-overload-Induced hepatic
inflammation, Cell. Physiol. Biochem. 44 (3) (2017) 870-883.

Y. Li, Y. Zheng, J. Qian, X. Chen, Z. Shen, L. Tao, H. Li, H. Qin, M. Li, H. Shen,
Preventive effects of zinc against psychological stress-induced iron dyshomeostasis,
erythropoiesis inhibition, and oxidative stress status in rats, Biol. Trace Elem. Res.
147 (1-3) (2012) 285-291.

B. Vanaelst, N. Michels, I. Huybrechts, E. Clays, M.R. Florez, L. Balcaen, M. Resano,
M. Aramendia, F. Vanhaecke, N. Rivet, J.S. Raul, A. Lanfer, S. De Henauw, Cross-
sectional relationship between chronic stress and mineral concentrations in hair of
elementary school girls, Biol. Trace Elem. Res. 153 (1-3) (2013) 41-49.

F. Farajdokht, M. Soleimani, S. Mehrpouya, M. Barati, A. Nahavandi, The role of
hepcidin in chronic mild stress-induced depression, Neurosci. Lett. 588 (2015)
120-124.

B.C.J. Dirven, J.R. Homberg, T. Kozicz, M. Henckens, Epigenetic programming of
the neuroendocrine stress response by adult life stress, J. Mol. Endocrinol. 59 (1)
(2017) R11-R31.

Y. Tang, X. Cai, H. Zhang, H. Shen, W. Wang, Z. Shen, W. Gu, C. Ling, M. Li, miR-
212 mediates counter-regulation on CRH expression and HPA axis activity in male
mice, J. Mol. Endocrinol. 59 (4) (2017) 365-375.

H.J. Schwandt, B. Heyduck, H.C. Gunga, L. Rocker, Influence of prolonged physical
exercise on the erythropoietin concentration in blood, Eur. J. Appl. Physiol. Occup.
Physiol. 63 (6) (1991) 463-466.

P. Wonnabussapawich, M.J. Hamlin, C.A. Lizamore, N. Manimmanakorn,

N. Leelayuwat, O. Tunkamnerdthai, W. Thuwakum, A. Manimmanakorn, Living and
training at 825 m for 8 weeks supplemented with intermittent hypoxic training at
3,000 m improves blood parameters and running performance, J. Strength Cond.
Res. 31 (12) (2017) 3287-3294.

W. Schobersberger, P. Hobisch-Hagen, D. Fries, F. Wiedermann, J. Rieder-
Scharinger, B. Villiger, W. Frey, M. Herold, D. Fuchs, W. Jelkmann, Increase in
immune activation, vascular endothelial growth factor and erythropoietin after an
ultramarathon run at moderate altitude, Immunobiology 201 (5) (2000) 611-620.
M. Tavares-Dias, A.M.D. Monteiro, E.G. Affonso, K.D. Amaral, Weight-length re-
lationship, condition factor and blood parameters of farmed Cichla temensis
Humboldt, 1821 (Cichlidae) in central Amazon, Neotrop. Ichthyol. 9 (1) (2011)
113-119.

P. Borelli, S. Blatt, J. Pereira, B.B. de Maurino, M. Tsujita, A.C. de Souza,

J.G. Xavier, R.A. Fock, Reduction of erythroid progenitors in protein-energy mal-
nutrition, Br. J. Nutr. 97 (2) (2007) 307-314.



