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High Intensity Exercise Induced a Redistribution of Pyridoxal
5'-Phosphate Levels with Different Vitamin B, Status in Rats*
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Department of Food & Nutrition, Duksung Women's University, Seoul 132-714, Korea

ABSTRACT

The purpose of this study was to compare the changes in PLP concentrations mduced by regular, moderate, and abrupt, high-intensity
exercise in the plasma and tissues of vitamin By deficient and normal rats Forty-eight rats were fed either a vitamin B6 deficient (- B6)
diet or a normal (+B6) diet for 5 weeks and were subdivided into 4 groups:non-exercise {NE) group. rcgular, moderate-intensity
exercise (RME) group: abrupt, high-intensity exercise (ATE} group; abrupt, hgh-intensity exercise and recuperation {(IER) group. The
RME group was exercised on treadmill (10 °, 0.5 - (.8 km/h) for 20 munutes every day throughout the cxpenmental period. The AIE
group was exercised on a treadmill {10°, 0.5 — 8.8 km/h} for 2 hours just before sacnifice ar the cnd of 5th week on the diet and the IER
group was recuperated for three days on the diet after being exercwsed like the AIE group. Pyndoxal 5'-phosphate (PLP) levels were
compared in the plasma, liver and skeletal muscle of the rats. Plasma PLP concentration tended to decrease in ~ B6 rars and tended to
increase in +B6 rats with AIE. Plasma PLP concentratons m both +B6 and —B6 rats did not change with RME. Liver PLP
concentration significantly increased in — B6 rats, showed no change in 4+B6 rats with AIE and no change in both — B6 and +Bé6 rats
with RME. Muscle PLP concentration decreased in +B6 rats and showed no change in — B6é rars with ATE. Muscle PLP concentrations
in both +3B6 and - B6 rats did not change with RME. Plasma PLP, liver PLF and muscle PLP concentration of TER. returned to those
of NE in both +B6 and —B6 rats. These results suggest that changes in PLP concentration in plasma, liver and muscle occur with

exercise and are affected by exercise intensity and vitamin B, status. These changes may be dne to interorgan redistribution of PLP.
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INTRODUCTION

Phyvsical activity is associated with an increased energy
requirement and the energy used for exercise in animals
is derived predominantly from carbohydrates and fat, in-
cloding coenzyme reactions, which frequently need vita-
mins as essential components. It has been reported mdir-
cctly that vitamin B, mav be involved in this energy sup-
ply. Pyridoxal 5'-phosphate (PLP), the active form of vi-
tamin B, acts as an integral part of glycogen phosphory-
lasc {EC 2.4.1.1), which catalvzes the breakdown of gly-
cogen." PLP is a cofactor for aminotransterase, which ca-
talyzes the conversion of certain amino acids to glucose.?
It can also be expected that regular exercise requires more
vitamin B, duc to increased anabolic activity. PLP is also
required in biosynthesis of carnttine, which acts as a carrier
of fattyacyl group across the mitochondrial membrane.®

*This study was supported by the 1999 research fund of the
Institute of Natural Science Research, Duksung Women's Uni-
Versity.

Accepred - May 22, 2000

"To whom correspondence should be addressed.

It has been reported that plasma PLFP concentration
and the erythrocyte aspartateaminotransferase activation
coefficient are increased in exercisng subjects under nor-
mal vitamin B, status* Two different hypotheses have
been presented. One suggests that that inter-organ transf-
er of vitamins for coenzymatic use occurs.”™ Under this
hypothesis, the coenzyme would be needed either in the
liver for aminotransterase reactions, providing amino acid
skeletons for gluconeogenesis or in the muscle to facilita-
te an accelerated rate of aminotransterase. An alternative
hypothesis" suggests that the rises in plasma PLP during
exercise are more likely a concomitant event accompany-
ing temporary protein shifts into the blood than an adap-
tive event that facilitates firel provision during endurance
exercise. It is also known that energy source for exercise
is different with duragon and intensity of exercise and
PLY may be involved m this energy supply. However,
there have been little studies of changes in PLP levels
with different intensity of exercise, Also, the scheme of
the change in PLP levels may be different in vitamin B,
deficient state because the reservoir' of vitamin B, is not
sufficient and less PLP may be mobilized compared to
the normal stare.
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Thus, the aim of this study was to compare the chang-
es of PLP concentrations induced by regular, moderate-
and abrupt, high-intensity exercise in plasma and tissues
of vitamin B,-deficient and normal rats.

MATERIALS AND METHODS

1. Experimental animals and diets.

Forty eight weanling male Sprague-Dawley rats of 40—
60 g were fed either a vitamin B,-deficient diet or normal
diet. Normal diet was the vitamin-free cascin-based semisyn-
thedc diet which met AIN-76 recommendations.™® The
composition of vitamin B, deficient diet was the same as
that of normal diet except thar vitamin B, was omitted.
The rats were subdivided inte 4 groups™ non-exercise (NE)
group; regular, moderate-intensity exercise (RME) group.
abrupt, high-intensity exercise (AIE) group: abrupt, high-
intensity cxercise and recuperation (IER) group. The nor-
mal rats were pair-fed against the intake of the vitamin B,
deficient rats to minimize variations due to differences in
the amount of diet consumption. Each group was fed their
respective diet for 5 weeks,

2. Exercise and sample collection

The RME group was exercised on a wcadmill (JKEXER,
618A, KOREA; 10°, 0.5- 0.8 km/h) for 20 minutes ev-
ery day throughout the experiment perdod (5 wecks). The
AIE group was exercised on a teadmill (107, 0.5-0.8
km,/h) for 2 howrs just before sacrifice at the end of 5th
week on the diet and [ER group was recuperated three
days on the dict after being exercised like the AIE group.
The animals were sacrificed by decapitation under light
ether anesthesia after 16 hours of fasting. Immediately fol-
lowing decapitation, blood was collected in heparinized
tubes and centrifnged to separatc the plasma. Liver and
skeletal muscle was rapidlv removed. The plasma and tis-
sues were stored ar — 407 until analyzed.

3. Biochemical analysis
Pyridoxal 5'-phosphate (PLP) was measured by the HP-
LC method,”* which was modified as follows: Mobil ph-

Table 1. The effects of vitamin B, deficiency and exercise intensity on body weights and food efficiency ratio

ase (0.1 M potassium dihydrogen phosphate containing 0.
1 M sodium perchlorate, 0.5 g/1 sodium bisulfite, pH 3)
was pumped at a flow rate of 1.0 ml/min into the col-
umn {pBondpack ODS column, 3.9 300 mm, 10 pm por-
us packing, C18, Waters). Tissue samples were homo-
genized in cold sodium phosphate buffer (80 mM, pH 7.
4). Aliquots of the nssue homogenates and plasma were
added to perchrolic acid (1 M) and allowed to sit for one
hour to release PLP from protem. This mixture was then
centrifnged (18000 g, 470, 15 min) and supernatent re-
moved, Fifty pl aliquot of supernatant was loaded in the
sample loop and then injected onto the column. Samples
for vitamin B, analysis were prepared under yellow flu-
orescent hghting to prevent photodegradation of the vi-
tamers."

3. Statistical analysis

All data were subjected to an analysis of varance and
tested for significant differences by Duncan's multiple ran-
ge test (SAS Institute, Cary, NC). A p value < 0.05 was
considered to be significant.

RESULTS

The vitamin B, status of the rats was evaluated using
body weight as an indirect, long-term measure and plas-
ma and tissue PLP concentration as a direct measure,
The effect of various exercise intensities and vitamin B,
deficiencies on body weight and food efficiency ratio is
shown in Table 1. The mean body weight and food ef-
fidiency rado of the vitamin B. deficient groups (non-ex-
ercise . regular, moderate-intensity exercisc: abrupt, high-
intensity exercise: abrupt, high-intensity exercise and re-
cuperation) at week 5 were significantly lower than those
of the normal groups, although they were pair-fed. The
concentrations of PLP m the plasma, fiver and muscle of
vitamin B, deficient rats were significantly lower than
those of normal rats (Table 2}. Thus, vitamin B, deficient
rats were severely vitamin B, deficient by the 5th week of
the study.

Fig. 1 shows the effect of vitamin B, deficiency and ex-

102

+B6? - B6
NE RME AlE [ER NE RME AIE IER
Bedy weight (g) 164 + 5° 162 + 2° 160 + 5° 167 + 6° 140 = 17° 140 £ 13° 140 + 16" 140 + 20°
Food efficiency rato 029 + 0.02° 030+ 0.01° 0.29 + 0.04 030+ 006" 0.25+ 0.04° 026 + 004" 025 + 0.04° 0.24 £ 0.04°

1) Vaues are mean = SEM, n = 6

2) Within a given rqw, those values with different superscripts are significantly different (p < G 05)
3) +B6 = normal diet: —B6& = vitamin B, deficient diet: NE = non-exercise group. RME = regular, moderate-intensity exercise group. AIE = ab-
rupt, high-intensity exercise group: IER = abrupt, high-intensity exercise and recuperation group
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ercise intensity on the mean PLP concentrations in plas-
ma. In the vitamin B, deficient rats, the mean plasma PLP
concentration did not change with regular, moderate-in-
tensity evercise and tended to decrease with abrupt, high-
intensity exercise while in the normal rats, the mean plas-
ma PLP concentration did not change with regular, mo-
derate-intensity exerase and tended to be increase with ab-
rupt, high-intensity exercise. After the abrupt, high-inten-
sity exercised animals were recuperated for three days, the
mean plasma PLP concentration returned to that of non-
exercised animals in vitamin B, deficient rats and in nor-
mal rats.

Fig. 2 shows the effect of vitamin B, deficiency and ex-
ercise intensity on the mean PLP concentrations in the
liver. With abrupt, high-intensity exercise, the mean liver
PLP concentration significantly increased in the vitamin
B, deficient rats but the concentration inn normal rats did
not change. The mean liver PLP concentration did not
change in both the vitamin B, deficient rats and normal

Table 2. The eflect of vilamin Bs deficiency on the concentration of py-
ndoxal 5'-phosphate in plasma, liver and muscle™”

+Bg” - B6
Blood (nmol/L) 527.6 +133.2° 2540 + 55.9°
Lwver {(nmol/g) 246 + 093 959 = 311"
Muscle {nmal/g) 19.88 + 2.87° 748 - 033"

1) Vaues are mean = SEM, n = 24

2) Within a given row, those values with different superscripts are sig-
nificantly different (p < 0.05)

3} +B6 = normal diet: - B6 = vilamin B, deficient diet
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rats with repular cxercise. After recuperating for three
days, PLP concentration in both the vitamin B, deficient
rats and normal rats rerurned to that of non-exercise an-
imals.

The cffect of cxercisc intensity on the mean muscle
PLP concentrations with and without vitamin B, deficien-
cy is shown in Fig. 3. With regular exercise, the mean
muscle PLP concentration of vitamm B, deficient rats and
normal rats did not change. With abrupt, high-intensity
exercise, the mean muscle PLP concentrations in the vi-
tamun B, deficient rats did not change. In normal rats,
the mean muscle PLP concentration decreased significant-
ly with abrupt, high-intensity exercise. After recuperating
for three days, PLP levels of both groups returned to lev-
els comparable to those of the non-exercise animals.

DISCUSSION

This study demonstrated thar exercise resulted in redis-
tribution of PLP and is most evident in normal rats. The
evidence of PLP redistribution is based on the changes of
PLP concentration in plasma and tissues with abrupt, high-
intensity exercise. The results of this study are consistent
with changes in plasma PLP concentration observed fol-
lowing exercise in humans.*

In the normal rats, abrupt, high-intensity cxercise tend-
ed to increase the PLP concentration n plasma and sig-

nificantly decrease it in muscle. Tt is reported that skeletal
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muscle glycogen phosphorylase scrves as a storage depot
for vitamin B, and that the total amount of glycogen pho-
sphorvlase in muscle decreased when caloric deficit was in-
troduced' and fasting increased the PLP concentration
in plasma in vivo."™” Leklem® extended this concept to
exercise, positing that exercise induces a transient starva-
tion-like metabolic state followed by PLP efflux outr of
muscle and it is reported that the substrate urtilization
during exercise is like a fasting state in vivo.™ Thus, the
source of increased PLP in the plasma of the normal rats
with abrupt, high-intensity excreise may be muscle glyco-
gen phosphorylase.

In vitamin B, deficient rats, as a result of the vitamin B,
deprivation, less PLP would be synthesized in the liver
and stored in muscle. This deprivation effect might be
greater than any PLP increase due to high-intensity exer-
cise. It even increased in the livers of vitamin B, deficient
rats in this study. Thus, the incrcased hepatic need for
PLP in vitamin B, deficicnt rats would result in a decre-
ase in the concentration of PLP in the plasma of vitamin
B, deficient rats with high intensity exercise. These results
are consistent with the report that the vitamin B, status
and vitamin B, intake of high performance athletes was
lower than that of untrained individuals.*® If the exercise
induced PLP rise is rclated to increased rcaction rates in
cither the liver or muscle, then it is possible that the re-
sponse of PLP concentration to cxercise may change at
different exercise intensitics. The present study showed that
the PLP concentradon of plasma, liver and muscle did
not change with regular, moderatc intensity exercise in
normal rats and vitamin B, deficient rats while PLP con-
centration tended to increase in plasma and significantly
decrease in muscle with high intensity exercise in normal
rats. This is in contrast to the report that exercise inten-
sity had no effect on the magnitude or rate of increase
for PLP.* With regular, moderate intensity exercise, calor-
ic deficit was not introduced in the animals, and may have
been no increase in PLP efflux from muscle. Following re-
cuperation after abrupt, high intensity exercise, PLP con-

centration of plasma, liver, and muscle of both normal ra-
ts and vitamin B deficient rats returned to that of non-cx-
crcise levels. These points support the PLP redistribution
hypothesis with abrupt, high-intensiry exercise.

In summary, this study shows that the changes of PLP
concentrations i plasma, liver and muscle occur with ex-
creise and are affected by exercise intensity and vitamin B,
status. In the normal rats, abrupt, high-intensity cxercise
rended to increase the PLI concentration in plasma and
significantly decrease in muscle. The source of increased
PLP in the plasma may be muscle glycogen phosphoryl-
ase. In vitamin B, deficient rats, as a result of the vitamin
B, deprivation, less PLP would be synthesized in the liver
and stored in muscle, and this would result in a decrease
in the concentration of PLP in the plasma of vitamin B,
deficient rats. These changes may be due to a redistribu-
ton of PLP between plasma and tssues for coenzymatic
use rather than a concomitant event accompanying tem-
porary protein shifts into blood to facilitate fuel provision
during endurance cxercise.
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