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Regular moderate exercise training can alter the urinary excretion

of thiamin and riboflavin

Young-Nam Kim, Ji Young Choi and Youn-Ok Cho®
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BACKGROUND/OBIJECTIVES: Physical exercise promotes energy producing pathways requiring thiamin and riboflavin as a coenzyme.
Therefore, this study investigated the effects of regular exercise training on urinary excretion of thiamin and riboflavin.
MATERIALS/METHODS: Fifty rats were randomly assigned to one of two groups: non-exercise training (NT, n =25) and regular
exercise training (ET, n = 25) for 5 weeks. The rats performed moderate exercise on a treadmill (0.5-0.8 km/hour) for 30 min/day,
5 days/week. Twenty-four hour urine samples were collected at the end of the 0 week, 3 week, and 5" week of training
and thiamin and riboflavin were analyzed.

RESULTS: No significant differences in thiamin and riboflavin intakes for each week were observed between the NT and ET
groups. Urinary thiamin excretion of each group was the highest at the 5" week compared to the levels at 0 and 3 week.
Urinary thiamin at the 5" week was significantly lower in the ET group than in the NT group. Urinary riboflavin excretion
was increased by training duration, however, no difference was observed between NT and ET for each week. At 0 and 3
week, no significant relationships were observed between dietary intake and urinary excretion of thiamin and riboflavin, however,
at the 5™ week, urinary excretion was significantly increased by dietary intake only in the NT group (P < 0.05). Thiamin excretion
of both NT and ET groups was significantly increased with riboflavin excretion at the 5" week (P < 0.01).

CONCLUSION: Regular moderate exercise training increased urinary excretion of thiamin. Dietary intakes and urinary excretions
of thiamin and riboflavin showed positive correlation in both the exercise training and non-exercise training groups as the
exercise training period went by, while the correlations in the exercise training group were weaker than those in the non-exercise

training group. Therefore, regular exercise training can alter the urinary excretion of thiamin and riboflavin in rats.
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INTRODUCTION

Potential ergogenic effects of B vitamins have been demon-
strated and the practice of vitamin supplementation is wides-
pread among both recreational athletes and competitive
athletes. Many dietary supplement advocators have stressed the
importance of adequate consumption of B vitamins such as
thiamin and riboflavin, due to the involvement of these vitamins
in processing carbohydrate and fats for energy production, an
important consideration during exercise of varying intensity [1].

Thiamin, as thiamin pyrophosphate (TPP), plays a key role in
carbohydrate and protein metabolism. TPP acts as a coenzyme
in the conversion of pyruvate to acetyl-CoA and a-ketoglutarate
to succinyl-CoA and is also involved in the decarboxylation of
branched-chain amino acids, which increases with physical
activity [2,3]. Almost half of thiamin in the body is stored in
the muscles and thiamin is necessary for normal functioning
of the skeletal and cardiac musculature [4,5]. Thus, thiamin may
be a potentially limiting nutrient in physical activity. Riboflavin

is an essential component of two coenzymes, flavin adenine
dinucleotide (FAD) and flavin mononucleotide (FMN), which
participate in the transfer of electrons in energy metabolism,
amino acid metabolism, and steroid hormone production [2,4,6].
Riboflavin may enhance energy availability during oxidative
metabolism [7].

Physical exercise demands a significant amount of energy
turnover and the metabolic pathways that produce energy are
stressed. Thus, it could increase the total daily needs for thiamin
and riboflavin in active individuals. Exercise training also
induces adaptations to stress during exercise and plays a key
role in homeostasis associated with an increase in aerobic
metabolism [8-10]. Recently, because regular physical exercise
is associated with multiple health benefits related reduced risk
for cardiovascular diseases, diabetes, and obesity, regular
exercise is promoted in populations. Thus, the body turnover
or requirements of micronutrients by regular physical exercise
have become an important area of investigation. Direct evidence
demonstrating that exercise training affects body turnover or
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loss of thiamin and riboflavin has been limited. In addition,
despite the remarkable role of thiamin and riboflavin in energy
turnover during exercise, the interaction between exercise and
vitamins is poorly described in the literature. Therefore, the
goals of this study were as follows: 1) to determine whether
exercise training affects urinary excretion of thiamin and
riboflavin and 2) to determine whether there is an association
or compensation in urinary excretion between thiamin and
riboflavin.

MATERIALS AND METHODS

Experimental animals and diets

Fifty male Sprague-Dawley rats (Daehanbiolink Co., South
Korea) weighing 95-105 g (4-week-old rats) were fed a diet
which met the AIN-93 recommendations (American Institute of
Nutrition). The AIN-93 diet contained 5.3 mg/kg of thiamin and
6.0 mg/kg of riboflavin, respectively. The study protocol was
approved by the Committee on Animal Welfare Regulations of
Duksung Women'’s University, Korea (2011-108). The vitamin
intakes (thiamin and riboflavin) of rats were calculated with the
amount of feeding and the composition of the diet. Animals
were kept individually in stainless-steel cages in a room
controlled for temperature (22+1°C), relative humidity
(50-60%), and light (12-hour light/dark cycle).

Exercise and collection of samples

Fifty animals were randomly assigned to one of two groups:
regular exercise training (ET, n=25) or non-exercise training
(NT, n=25) for 5 weeks. For ET, the rats performed moderate
exercise on a treadmill (Jungdo Bio & Plant, JD-A-09, Korea, 15
incline, 0.5-0.8 km/hour) for 30 minutes per day, 5 days per
week regularly. Rats were forced to exercise using light electric
shocks if they did not engage themselves in running on the
treadmill [11]. No deaths occurred during or after exercise in
the ET group. Twenty-four hour urine samples of all animals
were collected over acetic acid at the end of the 0, 3", and
5™ week of exercise training and stored at -70°C until analysis.

Biochemical analysis

Urinary vitamin concentrations were measured by HPLC with
fluorometric detection for thiamin [12] and riboflavin [13]. The
recoveries of added thiamin and riboflavin from urine were
99.4% and 96.7%, respectively. Detection limits of the assays
were 0.0012 ng thiamin and 0.0084 ng riboflavin. In this study,
all urine samples for each vitamin were extracted in duplicate.

Statistical analysis

All data were subjected to an analysis of variance (ANOVA),
followed by Duncan’s multiple range test using SAS version
9.1.3 (SAS Institute, Inc., Cary, North Carolina, US). In addition,
differences between the NT and EX groups were determined
using t-test. Pearson's correlations coefficients were calculated
to determine correlations between intake and urinary excretion
of thiamin and riboflavin. Multiple linear regression analysis was
performed to determine the association of urinary thiamin and
urinary riboflavin excretions by regular exercise training after
adjustment for body weight and feed intake. Results were
considered statistically significant at P < 0.05.

RESULTS

Body weight, feed efficiency ratio, and thiamin and riboflavin
intakes

At 0 week, no significant difference in body weight was
observed between the NT and ET groups; however, at the 3¢
and 5™ weeks, body weights of the NT group were higher than
those of the ET group, respectively (Table 1). However, no
significant differences in thiamin and riboflavin intake as well
as feed intake and feed efficiency ratio were observed at each
week.

Urinary excretion of thiamin and riboflavin

Urinary thiamin excretion was increased over time in each
group, and the highest excretion was observed at the 5" week
compared to the levels at 0 and 3" week (Fig. 1). Thiamin level
at the 5" week was significantly lower in the ET group than
in the NT group. Although no significant difference of urinary
riboflavin excretion was observed between the NT and ET
groups at each week, riboflavin excretions were increased by
training duration (Fig. 2)

Relations between intake and urinary excretion of thiamin and
riboflavin by regular exercise training

At 0 and 3™ week, no significant relationships were observed
between dietary intake and urinary excretion of thiamin (Fig
3). At the 5" week, urinary thiamin excretions were increased
by dietary intake in the NT (r=0.67418, P=0.0002) and ET
groups (r =0.35442, P=0.0822). No significant relations between
dietary intake and urinary excretion of riboflavin were observed
at 0 and 3" week, however at the 5t week, urinary excretion
was significantly increased by dietary intake only in the NT
group (r=0.54408, P =0.0049) (Fig. 4).

Table 1. Effect of regular exercise training on body weight, feed intake, and thiamin and riboflavin intakes

Group Body weight (g) Feed intake (g/week) FER" Thiamin (ng/day) Riboflavin (ug/day)
0 week Non-exercise 95.74 +3.48 136.54 +49.35 - 103.38 +37.36 117.04 +42.30
Exercise 95.14 +3.98 151.38 +52.84 - 114.62 + 40.01 129.76 + 45.29
3 week Non-exercise 33632+ 1.13 20322 +23.18 0.59 + 0.06 153.86 + 17.55 174.18 + 19.87
Exercise 322.72+22.38 186.38 + 38.54 0.65+0.26 141.11+£29.18 159.75 + 33.03
5" week Non-exercise 431.12+46.93 205.48 +43.30 0.22 +0.06 155.58 +32.79 176.13 +37.12
Exercise 416.40 £ 29.04 211.79 £34.94 0.22 £ 0.05 160.35 + 26.45 181.53 £22.95

Values are expressed as mean + SD, * <005 by t-test
Y Feed efficiency ratio (g weight gain/g feed intake)
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Fig. 1 The effect of regular exercise training on the urinary excretion of thiamin.
#CA different superscript letter indicates significant difference at 2<0.05 in each group
by a duration of regular exercise training. * Urinary thiamin levels were significant in the
non-exercise training and exercise training groups at ~£<0,05,
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Fig. 2 The effect of regular exercise training on the urinary excretion of
riboflavin. A different superscript letter indicates significant difference at ~£<0.05 in
each group by duration of regular exercise training, There were no significant differences
of urine riboflavin between groups at 0, 3° and 5" week.
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Fig. 3. The effect of regular exercise training on the relations between the intake and urinary excretion of thiamin
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Fig. 4. The effect of regular exercise training on the relations between the intake and urinary excretion of riboflavin

Table 2. Linear regression analysis of urinary thiamin and riboflavin in rats

Riboflavin
Slope SE p"

Thiamin 0 week Non-exercise 0.14512 0.25476 0.5750
Exercise 0.03543 0.01809 0.8466

3 week  Non-exercise 1.82033 0.39861 0.0002

Exercise -0.07081 0.32704 0.2697

5" week  Non-exercise 0.64074 0.18307 0.0021

Exercise 1.02196 0.18407 < 0.0001

Y P value for linear regression is adjusted for body weight and feed intake,

Relations between urinary thiamin and riboflavin excretions by
regular exercise training

Table 2 shows the relationships of urinary thiamin and
riboflavin in rats after adjustment for body weight and feed
intake. At 0 week, no relations were observed between thiamin
and riboflavin excretions. At the 3™ week, urinary thiamin
excretion showed a significant increase with riboflavin excretion
only in the NT group. Urinary thiamin excretions were
significantly increased by increased urinary riboflavin excretion
in the NT and ET groups at the 5™ week.
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DISCUSSION

This study showed that moderate exercise training affected
the urinary excretion of thiamin and riboflavin and had a
positive effect on the utilization of vitamins. The most valuable
marker for assessing nutritional status is the measurement of
vitamins in tissues and in the circulation; however, an alternative
approach, but with obvious practical limitations, is the
measurement of urinary excretion of thiamin and riboflavin,
which is a simple reflection of an excess of current intake over
tissue requirement. This approach has provided useful infor-
mation regarding tissue saturation [14-16] under the circum-
stance of optimum nutritional status for thiamin and riboflavin.
Thus, urinary vitamin excretion has been used as a biomarker
for evaluation of vitamin status [17-19]. Urinary losses decrease
when vitamin stores decrease.

Woolf and Manore [3] reviewed the possibilities that regular
physical activity may alter the requirements for some micro-
nutrients. First, the metabolic pathways that produce energy
are stressed during physical exercise, thus requirements for
some of the nutrients used in these pathways may increase.
Second, biochemical adaptations that occur with training in the
tissues of the body may increase requirements. Third, exercise
may also increase the turnover or loss of a particular micronu-
trient in sweat, urine, or feces. Finally additional micronutrients
may be required for repair and maintenance of the higher lean
tissue mass of some active individuals. In addition, regular
physical exercise increases oxygen availability to the skeletal
muscle due to myoglobin formation, increased muscle capillari-
zation, increase in the size and number of mitochondria, and
increase in aerobic enzyme levels and activity.

In this study, the level of urinary excretion of thiamin was
increased with passage of time in both the non-exercise training
and exercise training group, but the extent of increase with
time was less in the exercise training group compared to the
non-exercise training group. These results suggest that
biochemical adaptations that occur with exercise training in the
tissues of the body might increase requirements for thiamin
and excrete less thiamin in urine. It is not known whether
thiamin coenzymes are catabolized and excreted or whether
they are recycled after metabolic utilization. Exercise training
has not been shown to alter the level of erythrocyte
transketolase activity coefficient, a biochemical measure for
thiamin status, in active individuals [20], however, endurance
training subjects showed significantly lower plasma thiamin
levels before and after exercise and decreased lactate levels
during exercise [21]. Thiamin requirement is related to energy
consumption particularly that derived from carbohydrate. In
animal models, chronic exercise has been attributed a key role
in tissue homeostasis, associated with increased aerobic
metabolism. In previous reports, moderate exercise training
resulted in animal's adapting to storage of more glycogen and
reduced glycogen depletion for one hour and facilitating the
mobilization and oxidation of fat and delayed onset of fatigue
associated with low lactate levels [11,22,23] and thiamin
derivative decreased oxidation of exogenous glucose at rest,
but not during exercise [24].

Although no relations were observed between dietary intake

and urinary excretion of thiamin at 0 week and 3" week,
positive associations of intake and urinary excretion at the 5t
week were observed in the non-exercise training and exercise
training groups. However, compared to the non-exercise training
group, exercise training groups showed lower associations at
the 5™ week. Since the urinary vitamin levels reflect the previous
several days of intake rather than one day of intake [25], the
lowered associations between urinary excretion and dietary
intake at the 5" week in the exercise training group might be
the consequence of the exercise training. Regular exercise
training increases muscle mass and decreases body fat deposi-
tion; thus, body composition may be different by exercise
training despite no significant differences in total body weight
[26,27]. More than 40% of the total body thiamin is stored in
muscle tissue. In this study, more thiamin might be required
for muscle tissue saturation as muscle tissue was increased in
the exercise training group compared to the non-exercise
training group. Also, as mentioned above, the consequence of
reduced glycogen depletion with lower lactate level by exercise
might induce the lower increase in urinary excretion of thiamin
in the exercise training group.

Riboflavin may play an important role in exercise-induced
biochemical adaptions [28,29]. Regular exercise promotes
riboflavin accumulation [27] and FAD-dependent enzymes such
as succinate dehydrogenase in muscle tissue [28]. Some studies
have demonstrated a moderate rise in erythrocyte glutathione
reductase activity coefficient, a biochemical measure for ribof-
lavin status, as well as a decrease in urinary riboflavin excretion
with an increase in physical activity [6,30,31]. In this study, no
significant difference in dietary riboflavin intakes was observed
between non-exercise training and exercise training groups.
Thus, theoretically, urinary riboflavin excretion of the exercise
training group should be affected by exercise training. However,
in the current study, although the level of urinary excretion
of riboflavin was increased with passage of time in both the
non-exercise training and exercise training groups, the extent
of increase in the exercise training group did not differ
significantly from that of the non-exercise training group
throughout the study. Both the non-exercise training group and
exercise training group showed no associations until the 5"
week and weak associations were determined between urinary
excretion and dietary intake. This finding is consistent with the
previous report, which showed that blood thiamin concent-
ration decreased significantly, but riboflavin concentration was
unchanged during intensive training in college swimmers [32].
In rats, exercise training during a period of 8 weeks had no
effect on riboflavin-dependent parameters including urinary
riboflavin excretion and erythrocyte glutathione reductase
activity coefficients [27]. Thus, riboflavin status might not be
altered by regular exercise training. However, exercise training
might improve utilization of riboflavin in the body by decreased
turnover of flavoproteins, decreased nonfunctional metabolism
of riboflavin, and decreased urinary excretion, which should be
determined in future research. In addition, AIN-93 diet contains
6.0 mg/kg of riboflavin. Hunter and Turkki [27] reported a
riboflavin tissue saturation in both sedentary and exercised rats
fed a marginal riboflavin diet (2.0 to 2.5 mg/kg diet) and no
significant difference in the tissue riboflavin concentration was
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observed between two groups. Thus, dietary requirement of
riboflavin in rats may be much lower than that of the AIN-93
diet. In the current study, due to a larger amount of riboflavin
intake than the requirement of rats, there was no significant
difference in urinary excretion between non-exercise training
and exercise training groups. Also, an increased requirement
by exercise training might promote absorption of riboflavin in
the small intestine. More research with regard to riboflavin
requirement and absorption of rats is needed.

Although the current study did not examine any biochemical
events related to exercise training, some biochemical deduction
may be derived from the relationships among urinary excretion
of vitamins. In this study, urinary excretion of thiamin showed
significant positive association with that of riboflavin at the 3¢
and 5™ week in the non-exercise training group, and in the
exercise training group, a significant positive relationship was
determined only at the 5" week, after adjustment for body
weight and feed intake. There might be some effects of
compensation with thiamin and riboflavin on metabolic func-
tions. The effects might be affected by exercise training. There-
fore, more research is needed regarding the compensation
effects and relations of thiamin and riboflavin in metabolism
related physiological adaptations of exercise training.

In conclusion, regular moderate exercise training increased
urinary excretion of thiamin. Dietary intakes and urinary
excretions of thiamin and riboflavin showed positive correlation
in both exercise training and non-exercise training groups as
the exercise training period went by, while the correlations in
the exercise training group were weaker than those in the
non-exercise training group. Therefore, regular exercise training
can alter the urinary excretion of thiamin and riboflavin in rats.
However, no significant differences in urinary excretion of
thiamin and riboflavin were observed between exercise training
and non-exercise training groups. To determine change of
thiamin and riboflavin requirements by regular exercise and
necessity for thiamin and riboflavin supplementation during
exercise training, further research is required. In addition, future
research is needed in order to investigate change of riboflavin
utilization by exercise training and association of thiamin and
riboflavin in metabolism for body adaptations of exercise
training.
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