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ABSTRACT

The purpose of this study was to find the effect of endurance training and thiamine supplementation on anti-fatigue during the
exercise. Each nine students from K Women’s University went through three cross-over treatments: placebo treatment, training treatment
and thiamine treatment. Training treatment was performed with bicycle ergometer exercise for four weeks (five days per week).
Each exercise was performed for an hour with intensity set at 70% (50rpm) of maximal oxygen uptake. Thiamine treatment group
was given 10mg of thiamine tetrahydrofurfuryl disulfide per one kilogram for four weeks. The bicycle ergometer exercise was performed
at 70% of maximal oxygen uptake in exercise intensity which 60 minutes of exercise was performed at 50rpm . Lactate concentration
was significantly decreased during 15 to 30 minutes of exercise for those with training treatment and 15 to 60 minutes of exercise
for those with thiamine treatment compared to placebo treatment group. Ammonia concentration was significantly decreased during
15 to 60 minutes of exercise and 15 to 30 minutes of recovery for those with training and thiamine treatment compared to placebo
treatment. Resting blood thiamine concentrations of placebo treatment were significantly lower than training treatment. 60 minutes
after the exercise, plasma thiamine concentration was significantly increased in all treatment group. To sum up the previous, thiamine
intake during exercise positively benefits carbohydrate metabolism in a way that will decrease lactate concentration, ammonia concentration,
and anti- fatigue by reducing the RPE. Therefore, we can consider thiamine intake to be utilized as similar benefits as endurance
traming.
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INTRODUCTION

Vitamin adjusts the energy metabolism in physical activities
and is widely used as a dietary supplements to enhance
exercise performance. [1-3]. Among vitamins, thiamine is an
coenzyme of the pyruvate dehydrogenase (PDH) which
stimulates the conversion from the pyruvate to the acetyl CoA
and plays an important role in carbohydrate metabolism. It
also plays a role as a coenzyme of the branched-chain
decarboxylase which reacts to the physiochemical reaction of
the oxoglutarate dehydrogenase and the branched-chain amino
acids in the formation of succinyl CoA in the TCA cycle
[4]. Decreasing the thiamine in the cell degrades enzyme
activation, decreases ATP biosynthesis and causes fatigue [5].

Such a low level of thiamine in the body may degrade the
exercise performance. Thiamine tetrahydrofurfuryl disulfide
(TTFD), lipid-soluble thiamine, is effectively absorbed from
various organs compared to the water-soluble thiamine,
thiamine hydrochloride (THCL) which limits the absorption,
converted to thiamine in the cytoplasm and to the phosphate
ester [6-8]. A daily recommended dose of thiamine is
0.5mg/1000Kcal for a healthy adult. Therefore, thiamine may
be sufficiently taken; otherwise, the energy intake would be
limited or refined food would be taken too much in daily
life [9]. However, it is reported that thiamine request may
increase by stimulating the metabolic pathway using thiamine
under continuous exercise [4]. Kaiserauer et al. [10] report
that the thiamine level is low for an athlete under intensive
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training. Guilland et al. [11] report that vitamin deficiency
in sedentary is restored to the normal range, but it is not
effective for athletes after supplementing multivitamin with
thiamine. Hasegawa et al. [12] propose that thiamine and
riboflavin intake increase for athletes during the season
compared to the off-season. Such result suggests that the
athletes under continuous training may experience thiamine
insufficiency. Also, if a person takes vitamin B (B;, B,, Bs),
vitamin C and other vitamins less than one third of the
recommended daily requirements, it is observed that the
maximum oxygen uptake and the lactate threshold significantly
decrease within 4 weeks, causing problems in the exercise
performance through vitamine deficency [13]. Van der Beek
et al. [14] report that the maximum oxygen uptake decreases
by about 11.6% and the lactate accumulation increases by
7% as a result of deficiencies in thiamine, riboflavin and
vitamin B for 24 healthy male adults for more than 11 weeks.
Also, Fogelholm ef al. [15] announce that the erythrocyte
activation coefficient significantly increases as a result of
supplementing multivitamin for 42 active university students
with low levels of thiamine, riboflavin and vitamin Bs for
5 weeks. However, such result is from the study involving
the vitamin B complex, and for this reason it is hard to say
that the effect is from thiamine alone, which calls for a study
involving single intake of thiamine. Up to now, it is observed
that the single supplementation of thiamine decreases fatigue
in seniors and manual workers [16,17] and prolongs the
duration of swimming time until exhaustion while decreasing
the lactate threshold and lactate concentration [18-20].
However, Doyle et al. [21] and Webster [22] propose that
the TTFD intake does not affect exercise performance. Studies
observing the effect of single administration of thiamine do
not reach a clear conclusion and the one week supplemen-
tation period is too short requiring investigation on the effect
on long-term supplementation. Meanwhile, it is reported that
regular exercise increases the PDH activation in the model
exposed to diabetes and improves carbohydrate metabolism
[23]. Tt is observed that much supplement of thiamine is
effective in improving diabetic complication [24-30]; it is also
confirmed that the result is related to the PDH activation,
as thiamine supplementation increases the PDH activation
[31]. Therefore, the thiamine supplementation suggests that
it would activate PDH at the same level of regular exercise,
and it is required to verify how thiamine supplementation
affects healthy person.

Such results show that thiamine supplementation may
prevent fatigue and increase the exercise performance, but
there are insufficient studies in Korea on the effect of exercise
on fatigue after taking thiamine for a long time . Also, whether

the thiamine supplementation is utilized as an effective
administration in improving the carbohydrate metabolism
similar to endurance training needs to be verified. Therefore,
this study was to observe the effect of endurance training
and thiamine supplementation on anti-fatigue during exercise.

METHODS AND MATERIALS

Subjects

The subjects of the study are 9 female university students
in the department of physical education with a career in
athletics or Taekwondo. They had never taken drugs or
nutritional supplements for 6 months before the experiment
and their health condition is good. The placebo treatment,
endurance training treatment and thiamine treatment are
administered for the same subjects. Each treatment is applied
for 4 weeks and the repetitive measurement experiment was
designed to offset the effect of the previous treatment by
setting up a week interval among the treatment to observe
the changes in dietary supplements and exercise administration,
while the treatment order offsets the error from the adminis-
tration order by applying random assignment method. The
physical characteristics in the subjects are shown in Table 1.

Table 1. Characteristics of subjects

Variables mean £+ SD (n=9)
Age(yr) 20.67+0.71
Height(cm) 163.19+4.67
Body Weight(kg) 57.34 +5.36
VO,max(mL/kg/min) 38.36 +1.92
Career(yr) 4.89+2.42

The endurance training and thiamine treatment method

The endurance training is performed for 4 weeks using the
bicycle ergometer. The exercise intensity is configured to 70%
of the maximum oxygen uptake achieved from the gradual
maximum exercise load test. The exercise is performed 5
times a week with 1 hour and 20 minutes of warm-up and
cool-down and 40 minutes of main exercise. All the subjects
perform the bicycle exercise at the same time. Thiamine
(thiamine tetrahydrofurfuryl disulfide: TTFD, Ecological
Concord, Calif., USA) is administered for 4 weeks with 10mg
per weight for 3 times 30 minutes after a meal with 150ml
of water. During the experiment, the nutritionist trains the
dietary and intake method such that they do not be insufficient
in protein, vitamin, mineral and iron for every 3 weeks based
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on the dietary habits of each subject, and the subjects are
guided not to skip meals.

Exercise loading test

The subjects keep their fasting for more than 12 hours prior
to the experiment and take their regular meal 2 hours before
the main exercise starts on the day of the experiment. The
exercise is for 60 minutes at 50rpm with 70% of the maximum
oxygen uptake using the bicycle ergometer. After the exercise
for 60 minutes, the cool-down is performed for 5 minutes
at 0.5KP and the subjects take a rest for 30 minutes. The
rating of perceived exertion is measured every 5 minutes of
exercise with 70% of the maximum oxygen uptake using the
Borg's scale [32]. Fig. 1 shows the exercise procedure for
the experiment.
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Fig. 1. Experimental design

Blood collecting and analysis

Blood collecting is performed 7 times with 10ml each using
the catheter installed in the antecubital vein 2 hours before
the experiment, right before the exercise, at 15 minute interval
during 1 hour of exercise, after 5 minutes of cool-down and
15 and 30 minutes during the recovery periods. To verify
the thiamine treatment and the endurance training, glucose,
lactate, ammonia, free fatty acid, insulin and glucagon are
analyzed. Thiamine and 5-HT are observed from the blood
right before and after the exercise. The blood is analyzed by
Korea Green Cross Corporation.

Data analysis

The two-way repeated ANOVA is applied to glucose,
lactate, ammonia, free fatty acid, insulin, glucagon, thiamine,
5-HT and the rating of perceived exertion to verify the
interaction between the exercise initiation timing and the
treatment method (endurance training, thiamine treatment,
placebo treatment) The one-way repeated ANOVA and the

least significant difference (LSD) are applied to verify the
difference between dependent factors for each exercise as
post-hoc comparison. Also, a dependent t-test is performed
to verify the difference between the rest and right after the
exercise for the treatment with thiamine and 5-HT. All the
data in the study are expressed by the average and the standard
deviation and the significant level is below 0.05.

RESULTS

The changes of glucose, lactate, ammonia, free fatty acid,
glucacon, insulin during the bicycle ergometer exercise and
recovery

The analysis result of applying the two-way repeated
ANOVA to analyze the changes in glucose during exercise
among 3 treatment methods, as shown in Table 2, shows no
significant interaction between the treatment method and the
exercise initiation; and significant effects are discovered
depending on the treatment method and the exercise initiation.
The result of applying the one-way repeated ANOVA to
analyze the glocuse difference among 3 treatment methods
and the LSD show that the training treatment is significantly
lower than the placebo treatment after 15 and 30 minutes of
the exercise (p<0.05) and" the thiamine treatment is
significantly lower than the placebo treatment(p,0.05) at 15
and 60 minutes after the exercise and 30 minutes during the
recovery"; and in particular, the thiamine treatment at 30
minutes of the recovery is significantly lower than the training
treatment (p <0.05). The analysis result of applying the
two-way repeated ANOVA to analyze the changes in the
lactate during exercise among 3 treatment methods, as shown
in Table 2, shows that significant effects are discovered
depending on the treatment method and the exercise initiation.
The result of applying the one-way repeated ANOVA to
analyze the lactate difference among 3 treatment methods and
the LSD show that the training treatment is significantly lower
than the placebo treatment after 15, 45 and 60 minutes of
the exercise (p <0.05) and the thiamine treatment is lower
than the placebo treatment from 15 minutes to each one of
the recovery periods (p <0.05), and in particular, the thiamine
treatment at 60 minutes of the recovery is significantly lower
than the training treatment (p < 0.05). The analysis result of
applying the two-way repeated ANOVA to analyze the
changes in ammonia during the exercise among 3 treatment
methods, as shown in Table 2, shows that significant effects
are discovered depending on the treatment method and the
exercise initiation. The result of applying the one-way
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Table 2. The changes of glucose, lactate, ammonia, free fatty acid, glucagon, insulin during the bicycle ergometer exercise and recovery

Variables treatment -120 0 15 30 45 60 rec.15 rec.30 F-value
placebo  77.20+£724  7499+1121 71.90+526  7410+761  78.19+£925 8329+13.84  8396+9.11  79.18+£890 treat 11.812"
(Gnll‘;gig’ training ~ 7338+846 70.70+11.65 66.70+544 66.76+8.19"° 73.96+820  7606+7.81  79.61+1587 79.41+1124  time 5.030"
thiamine ~ 77.61+£501  7424+1322 6736+351° 69.08+7.8%" 73.12+£9.56" 7626+13.51° 77.83+12.05 75.02+899" treatxtime 0.846
placebo 0.67+ .40 1.03+.20 3.54+ 91 404+120  4.09+134 4,05+ 1.66 239+ 1.14 1.78+.89  treat 17.096°
(L;f:;‘fm training 0.56+.17 1.01+ 31 2.89+ 85° 348+.73 312+ 1110 317+£1.13° 1.55+ 56" 138+.70  time 59.042°
thiamine ~ 0.56+.14 0.97+.14 287+ 89"  289+126°  253+110° 225+ .95° 1.25+.56° 110+ 45*  treatxtime 6.620°
placebo  4544+27.12 51.33+18.99 107.33+18.87 12833+21.94 140.67+22.87 139.36+2035 7533+7.28 66781522 treat 18.594"
a‘;“gﬁ;“a training  59.56+17.07 61.56+15.57 9222+1567° 107.11+£2029" 111.78+21.22° 1184441943 61.56+15.50" 54.56+16.17° time 97.796"
thiamine  44.33+20.89" 42.78+18.48° 83.44+2876" 101.89+26.75" 107.44+£2695 113.67£26.06" 46.75+10.85° 37.90+8.82" treatxtime 2.990°
placebo  395.00+ 13826 11544+37.49 134.44+53.69 35344+ 140.91 444.78 + 15531 555.89+ 181.60 737.56+ 183.23 584.33+197.32  treat 0.329
(FuFé*q D training 46222 + 163.39 152.56+34.96" 166.60£26.64 288.78+100.65 324.44 8254 390.78 + 122.99" 758.33+273.36 557.33£231.42 time 80.481"
thiamine 42829 + 136.83 121.56 £22.65° 132.44+35.70° 295.11+ 164.22 391.44 = 156.66 530.67 = 185.92° 792.89+231.98 675.78 £261.02 treatxtime 1.585
placcbo  59.82+699  69.14+995  79.78+696  85.13+649  85.99+853  8923+1973  8095+7.68 7462+10.18 treat 28.023
((;E:;‘i‘)’“ training  50.30+11.89° 51.89+11.36" 71.28+10.19 71.81+8.13" 7520+14.72 76.87+10.65 72.62+16.77 63.16+10.14° time 27.497"
thiamine  62.16+12.13° 82.08+8.83® 89.70+5.74™ 9574+9.15° 94.96+14.36" 101.02+15.82° 85.48+10.24" 88.18+14.29" treatxtime 1.453
placebo  8.44+226  3848+1531 18.60+14.15 9.72+610  625+3.66 563+373  19.76+11.96 1332+£649  treat 0.958
?f;};im training ~ 7.43+197 2483+1177 973+424  648+1.78 5.65+1.82 460+210  1839+1225 1876+15.08 time 32.288"
thiamine ~ 8.77+3.29  3396+1524 1474841  894+431 587+1.63 5.15+1.85 1501£821  11.50+6.63 treatxtime 2.938"

* : indicates significant interaction or main effect(p <.05)
a : indicates difference from treatment of placebo(p <.05)
b : indicates difference from treatment of thiamine(p <.05)
treat : treatment

repeated ANOVA to analyze the ammonia difference among
3 treatment methods and the LSD show that the training
treatment is significantly lower than the placebo treatment
from 15 minutes to each one of the recovery points of the
exercise (p <0.05) and the thiamine treatment is significantly
lower than the training treatment before 120 minutes to the
exercise and at the exercise initiation (p<0.05); and in
particular, the thiamine treatment from 15 minutes to all the
recovery points is significantly lower than the training
treatment (p < 0.05). In particular, the thiamine treatment at
15 and 30 minutes of the recovery is significantly lower than
the training treatment (p <0.05). The analysis result of
applying the two-way repeated ANOVA to analyze the
changes in free fatty acid during exercise among 3 treatment
methods, as shown in Table 2, shows no significant interaction
between the treatment method and the exercise initiation; and
significant effect is discovered depending on the exercise time
(p <0.05). The result of applying the one-way repeated
ANOVA to analyze the FFA difference among 3 treatment
methods and the LSD shows that the training treatment is
significantly higher than the placebo treatment at the exercise
initiation (p <0.05) and significantly lower than the placebo
treatment (p <0.05). The thiamine treatment is significantly
lower than the training treatment at the exercise initiation,
15 and 60 minutes after the exercise. The analysis result of

applying the two-way repeated ANOVA to verify the changes
in glucagon during exercise among 3 treatment methods, as
shown in Table 2, shows no significant interaction between
the treatment method and the exercise initiation; and significant
effects are discovered depending on the treatment method and
exercise initiation. The result of applying the one-way
repeated ANOVA to analyze the glucagon difference among
3 treatment methods and the LSD shows that the training
treatment is significantly lower than the placebo treatment 120
minutes before the exercise, exercise initiation, 30 minutes
in the exercise and 30 minutes at the recovery of the exercise
(p <0.05) and the thiamine treatment before 120 minutes and
the exercise initiation than the placebo treatment (p < 0.05);
in particular, the thiamine treatment from the exercise
initiation to 30 minutes and 30 minutes of the recovery is
significantly lower than the training treatment (p < 0.05). The
analysis result of applying the two-way repeated ANOVA to
analyze the changes in insulin during exercise among 3
treatment methods, as shown in Table 2, shows that significant
effects are discovered depending on the treatment method and
the exercise initiation. The result of applying the one-way
repeated ANOVA to analyze the insulin difference among 3
treatment methods and the LSD shows that the training
treatment is significantly lower than the placebo treatment
from the exercise initiation to 30 minutes of the exercise.
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The changes of thiamine, 5-TH in pre and post the bicycle
ergometer exercise

Table 3. The changes of thiamine, 5-HT in pre and post the bicycle
ergometer exercise

Variables treatment Pre Post F-value
- placecbo  130.99+13.69 158.89+32.43" treat 1314.569"
&‘E“g training 9521 +16.48" 110.29+15.89%  time 63.681
thiamine  420.76 +35.74™ 458.88 +20.68" treatxtime 1.575
placebo 10738 £24.50  114.11+£21.57  treat 17.203"
Z;;;L) training  156.72+51.93" 169.34+33.81%  time 32.178"

thiamine  151.61 +56.24* 217.57 + 76.67" treatxtime 10.551"

* : indicates significant interaction or main effect(p <.05)
a : indicates difference from treatment of placebo(p <.05)
b : indicates difference from treatment of thiamine(p <.05)
# : indicates difference from pre test(p <.05)

treat : treatment

The analysis result of applying the two-way repeated
ANOVA to verify the changes in thiamine during exercise
among 3 treatment methods, as shown in Table 3, shows no
significant interaction between the treatment method and the
exercise initiation, and significant effects are discovered
depending on the treatment method, before and after the
exercise (p <0.05). The dependent T-test is applied to verify
the difference in thiamine before and after the exercise for
each treatment shows that all 3 methods significantly increase
both before and after the exercise (p <0.05); and one-way
repeated ANOVA and LSD application applied to verify the
difference in thiamine for each treatment method before and
after the exercise shows that the training treatment is
significantly low before and after the training treatment
compared to the placebo treatment (p < 0.05), and the thiamine
treatment is significantly higher than the placebo and the
training treatments before and after the exercise (Fig. 2).
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Fig. 2. The change of thiamine

The analysis result of applying the two-way repeated
ANOVA to analyze the changes in 5-HT during exercise
among 3 treatment methods, as shown in Table 3, shows that
significant effects are discovered depending on the treatment
method and the exercise initiation (p <0.05). A dependent
T-test applied to verify the difference in 5-HT before and
after the exercise for each treatment shows that significant
increase (p <0.05) is discovered in the training treatment and
the thiamine treatment after the exercise, and the one-way
repeated ANOVA and the LSD application applied to verify
the difference in 5-HT for each treatment method before and
after the exercise shows that the training treatment is
significantly high before and after the training treatment
compared to the placebo treatment (p <0.05), and the thiamine
treatment is significantly higher than the placebo and training
treatments before and after the exercise. In particular, the
thiamine treatment is significantly higher than the training
treatment (p <0.05) (Fig. 3).
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Fig. 3. The change of 5-HT

The changes of RPE during the bicycle ergometer exercise

The analysis result of applying the two-way repeated
ANOVA to analyze the changes in RPE during exercise
among 3 treatment methods, as shown in Table 4, shows no
significant interaction between the treatment method and the
exercise initiation; and significant effects are discovered
depending on the treatment method and the exercise initiation.
The one-way repeated ANOVA and the LSD applied to verify
the difference in RPE among 3 treatment methods for each
exercise shows that the training treatment is significantly
lower than the placebo treatment from 10 to 60 minutes after
the exercise (p<0.05) and the thiamine treatment is
significantly lower than the placebo treatment for all the
exercise periods (p <0.05).
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Table 4. The changes of RPE during the bicycle ergometer exercise

exercise treatment
time . . F-value
(min.) placebo training thiamine
5 10.74+0.43  933+£2.00 9.11+1.96"

10 1167112 1022£2.11° 10.11+£2.03°
15 12444088 11.00+£240° 11.00+2.06°
20 1278+120 11.11£220° 11.11+2.09°
25 1322+120 11L11£1.96" 11.33+ 1.80°
30 13564142 11.56+1.94° 11.67+ 173
35 13564124 11.78+2.11° 12.00+ 1.50°
40 13.67+1.58 1200+£132° 1233£1.94° treatxtime 1.000
45 1456+£2.13 1244£151° 1244£201°
S0 14.67+194 1248+123" 12.67+1.80°
55 1545+133  13.11£242° 12.67+2.00°
60 15114257 13.56+2.51° 12.56+1.94°

* : indicates significant interaction or main effect(p <.05)
a : indicates difference from treatment of placebo(p <.05)
b : indicates difference from treatment of thiamine(p <.05)
treat : treatment

treat 18.160"

time 22.148"

DISCUSSION

The research result shows that the glucose concentration
in the blood is significantly lower in the training treatment
than in the placebo treatment at 15 and 30 minutes of the
training; the thiamine treatment is significantly low from 15
to 60 minutes after the exercise. It is reported that free fatty
acid concentration decreases with the increase in fat-oxidation
during exercise with the same exercise intensity after regular
training, resulting in the decrease of the carbohydrate-
oxidation and saving the muscle glycogen [33-35]. The training
treatment shows decrease in free fatty acid concentration from
30 minutes to 45 minutes after the exercise; it significantly
decreases 60 minutes after the exercise. Therefore, it is
considered that regular training decreases carbohydrate-
oxidation and glucose in the training treatment. Also, thiamine
supplementation activates PDH for the thiamine treatment
[36,37], catalyzing pyruvate to acetyl CoA, increasing the
movement to the skeletal muscles while decreasing glucose
in the blood. Such result is the same as that of Choi [38]
who report a significant decrease in glucose in the blood
compared to the placebo treatment during exercise when
thiamine is supplemented for a week to female university
students majoring in physical education. It is considered that
the lactate and ammonia accumulation during exercise increases
hydrogen ions and acidosis in the muscles and is known as
a major cause of muscular fatigue [39,40]. The lactate
concentration in blood significantly decreases during exercise

in the training treatment and the thiamine treatment in the
present study. Such result is the same with the research by
Philips et al. [41] who report decrease in lactate concentration
during cycling exercise for a month with 60% of the maximum
oxygen uptake for untrained man. Meanwhile, Park and
Gubbler [42] observe that the lactate production decreases
after taking thiamine, and Van der Beek et al. [14] report
that the maximum oxygen uptake decreases and the lactate
accumulation increases by 7% as a result of vitamin deficiency
including thiamine for 11 weeks among healthy men. Also,
the study by Knippel ef al. [18] proposes that the lactate
concentration decreases during exercise with the thiamine
supplementation for cyclists, which is the same with the result
of the present study. Such result is in accordance with a study
which states that the PDH activation decreases the lactate
accumulation [43,44] and the thiamine supplementation
activates PDH [31,45]. Also, it is thought that the fatigue
materials decrease by effective engagement of the training
treatment and the thiamine treatment in the energy metabolism
process of the ammonia concentration for the same result of
the lactate concentration. Increasing the glucose use in the
skeletal muscles during exercise causes the liver to supply
the glucose required during exercise through glycogenolysis
and gluconegenesis [46]. Increasing glucagon in the blood
increases the glucose excretion from the liver and the glucose
use in the muscles as a result [47]. It is reported that the
endurance training increases the glucagon sensitivity in the
liver [48,49] but the study shows that the training treatment
shows no large changes compared to the placebo treatment.
However, it is found that the glucagon concentration is
significantly high compared to the treatments at 15 and 30
minutes of the exercise for the thiamine treatment. Such result
is the same with the report by Choi [38] which observes the
glucagon concentration increase during exercise after single
supplementation of thiamine. Therefore, it is considered that
glucagon increases to maintain the required demand for
metabolism by effectively using the glucagon in the blood
through the thiamine supplementation. The insulin decreases
with the increase in the period of the endurance training [50]
and the repetitive endurance training is reported to decrease
the insulin concentration under the same exercise intensity
[51]. The study shows that the insulin concentration gradually
decreases regardless of the administered material at 60
minutes after the exercise but no difference among the treatment
groups. The thiamine is absorbed by the small intestine,
observed in the skeletal muscles, liver, heart, kidneys and
brain with a high concentration, and a continuous supply is
required with the limited storage in the tissues with half life
of 10 to 20 days [52]. The plasma thiamine level for a healthy
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person is reported between 0.018 and 0.855pmol-mg-1
[53-55] and the thiamine level is within the normal range
in the resting state of the subjects. Also, it is found that the
thiamine level significantly increases for all treatment groups
after 60 minutes of the exercise, metabolic requirement for
glucose in the later part of the exercise and the thiamine
concentration. The training treatment for 4 weeks significantly
decreases the thiamine concentration in rest compared to the
placebo treatment. Such result is the same with the study by
Sato et al. [56] which observes the thiamine concentration
decrease for the training of swimming athletes and by
Kaiserauer et al. [10] who report that the thiamine concen-
tration decreases for the training of athletes. Such result
suggests that exogenous thiamine is required for continuous
training. Soares [57] reports that the trained group shows
higher serotonin concentration than the non-trained group
during rest for the general public. It is proposed that the serotonin
concentration increases in rest after the pilates treatment for
12 weeks [58]. The study also shows a significantly high
concentration of serotonin during rest after 4 weeks of the
bicycle ergometer training in the training treatment compared
to the placebo treatment. It is reported that increasing
serotonin in the brain after intensive exercise for a long time
causes central fatigue [59] and the serotonin concentration
increase in the brain is inhibited by continuous training [60].
However, Pitsiladis et al. [61] propose that the serotonin in
the brain is not a predictor of the serotonin level in the central
fatigue and brain; and it is established that the interpretation
of serotonin in the blood has not reached a clear result. The
present study shows significant increase in the serotonin
concentration in the training and thiamine treatments compared
to the placebo treatment after 60 minutes of the exercise. It
is said that the serotonin increase in the brain during endurance
exercise is caused by the tryptophan increase in the condition
of high free fatty acid concentration in the blood [62]. The
study shows low lactate and ammonia concentrations in the
blood and the rating of perceived exertion in the training and
thiamine treatment compared to the placebo treatment after
60 minutes of the exercise, and free fatty acid does not
increase. Therefore, it is expected that the serotonin
concentration in the blood is not the same with the brain,
and more specific studies are required in the future. The
training and thiamine treatments shows significant decrease
in the rating of perceived exertion than the placebo treatment.
Boyle et al. [63] observe that the decrease of the glucose
concentration in the brain affects the rating of perceived
exertion. Therefore, the reason why the rating of perceived
exertion is low is that sufficient amount of glucose is supplied
to the central nerve system by effectively using the glucose

from the thiamine supplementation for the thiamine treatment.

The combination of such results confirms that the thiamine
supplementation for more than 4 weeks brings significant
effect on the energy metabolism during exercise, decreases
the lactate and ammonia concentration and the rating of
perceived exertion; it also positively affects anti-fatigue and
may be used as an effective treatment similar to the endurance
training. The endurance training with the thiamine supplemen-
tation or the complex treatment of glucose or fructose with
different glycemic index may be provided as the basic data
for the future studies which may verify the effect of biological
activity.
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