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ABSTRACT

The purpose of this study was to determine whether vitmain By(B,) deficiency affects fuel

utilization and blood cholesterol profile with exercise-training. Twenty-four rats were fed a B
deficient( — B,) diet or a centrol(+Bg) diet for 5 weeks and either exercised(EX) or non-
excrcised(NE). EX rats were excrcised on treadmill(10°, 0.5-0.8 km/h) for 20 minutes
everyday. Glucose(GLU), glycogen(GLY), protein(PRO), triglyceride(TG), free fatty acid(FFA),
total cholesterol(TC), HDL-cholesterol( HDL-C) and LDL-choleterol(LDL-C) were compared
in plasma(P), liver(L) and skeletal muscle(M) of rats.

There was a vitamin effect on the level of P-GLU, P-TG, M-TG, L-GLY, L-PRO and an
exercise effect on the level of P-PRO, P-FFA, M-PRO, L-GLY, L-TG, P-TC, P-HDL-C, P-
LDL-C. Compared to + B, rats, in NE group, the level of L-GLY of — By rats was higher, M-
TG and M-PRO of -B rats were lower and there were no differences in P-GLU, P-FFA, P-TG.
M-GLY, L-TG, P-TC and P-HDL-C. In EX group, the level of P-TG was higher and M-PRO
was lower in — By rats. There were no defferences in M-GLY, L-TG, P-TC and P-HDL-C.

These results suggest that a lowered intake of vitamin Bs may impair the adaptation of
animals to fuel metabolism related to a decrease of fatty acid oxidation and attenuates the
exercise-traning effect on blood lipid profile. (Korean J Nutrition 29(8) : 881~ 888, 1996)

KEY WORDS : vitamin B deficiency - exercise-training - fuel utilization - blood cholesterol

profile.

Introduction

Regular exercise has been associated with variable ef-
fects on the blood lipid profile as well as on the fuel u-
tilization. Exercise increases energy expenditure. The
contribution of the two major fuels, fat and car-
bohydrate to energy production during exercise de-

pends on various factors including intensity and du-
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ration of exercise, state of physical training and diet in
healthy statc”. Training stimulates the muscle cells to
manufacture more and larger mitochondria, the cel-
lular structures that conduct aerobic metabolism?.
Aerobic exercise increases HDL-cholesterol in
moderately exercised(45 min. walking at 60% heart
rate reserve, five times/wk) obese women® as well as
in heavily(3500 kcal expenditure /wk) men®. Howev-
er, aerobic exercise had little or no effect on total
cholesterol, triglyceride and LDL-cholesterol unless
combined with body weight losses in obese men and
women® and in a meta-analysis of 95 studies®.

It has been reported indirectly that vitamin B, may
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be involved in this fuel metabolism. Pyridoxal 5'-
phosphate(PLP), active form of vitamin B, acts as an
integral parts of glycogen phosphorylase(EC. 2.4.1.1.)
7 which catalyzes the breakdown of glycogen. PLP is
also required in biosynthesis of carnitine® which acts
as a carrier of fatty acyl group across the mitochondri-
al membrane. PLP is a cofactor for aminotransferase
which catalyze the conversion of certain amino acid
to glucose”. The relationship between PLP and cho-
lesterol remains controversial. It has been also repor-
ted that PLP concentration increase during exercise

12 However, the direct

and decrease after exercise
evidence which vitamin By deficiency affect the body
fuel metabolism during chronic exercise has not been
reported.

The goals of this study were as followes : 1) to de-
termine whether vitamin B, deficiency affects fuel u-
tilization with exercise-training 2) to determine wheth-
er vitamin B, deficiency will lead to a less desirable

blood lipid profile with exercise-training.
Materials and methods

1. Diet and Exercise

Twenty four weanling male Sprague-Dawley rats of
55-65 g were divided into 4 groups ; pair fed control-
non exercise group(+B:NE), pair fed control-exercise
group(+ B,EX), vitamin B, deficient-non exercise group
(—BeNE) and vitamin By deficient-exercise group(—B
+EX). + B, diet was the vitamin-free, casein-based semi-
synthetic diet which met AIN-76 recommendation'®".
The composition of — B, diet was the same as that of
+Bs diet except that vitamin B, was not added.
These rats were fed for 5 weeks with respective diet.
+ B, rats were pair-fed against the intake of — By rats
to minimize the variation due to the difference of the
amount of diet consumption. EX group were ex-
ercised on treadmill(10° ), 0.5-0.8 km/h) for 20
minutes everyday for 5 weeks.

Animals were sacrificed by decapitation under light
ether anesthesia after 16 hours fasting. Immediately
following decapitation, blood was collected in hepar-
inized tubes and centrifuged to seperate plasma. Liver
and skeletal muscle(gastrocnemius) was rapidly re-
moved. Plasma and tissues were stored at -407C until

analyzed.

2. Biochemieal and Statistical analysis

Plasma glucose and total cholesterol(TC) was analy-
zed with commercial kit based on enzymatic method,
respectively(Youngdong Pharmaceutical Co., Korea).
Triglyceride(TG) was analyzed with commercial kit
based on Trinder method(Youngdong Pharmaceutical
Co., Korea). Protein was analyzed with commercial
kit based on Biuret method(Youngdong Pharmaceuti-
cal Co., Korea). Free fatty acid(FFA) was analyzed
with commercial kit utilizing acyl CoA synthetase-
Acyl CoA oxidase(NEFAZYME-S, Eiken Chemical
Co., Japan). HDL-cholesterol HDL-C) was analyzed
with commercial kit based on same analytical method
as total cholesterol, after the precipitation of LDL,
VLDL and chylomicron with polyethyleneglycol(Inter-
national Reagent Co., Japan). Tissue samples were
homogenized in cold sodium phosphate buffer(0.
02M, pH 7.0). Aliquots of the tissue homogenates
were analyzed as the same method as that of plasma.
Liver and muscle glycogen was measured by a colo-
rimetric procedure'®, LDL-cholesterol(LDL-C) was es-
timated by the method of Friedwald et al'®.

All data were subjected to an analysis of variance
and tested for significant differences by Duncan’s mul-
tiple range test'”. A p value <0.05 was considered to
be significant.

Results

At week 5, the mean body weights of the — By rats
(NE, 140+17g ; EX, 140+ 13g) was significantly low-
er than those of the +B, rats(NE, 164+5g . EX,
162+ 2g) although they were pair-fed. The feed ef-
ficiency ratios of the —B6 rats(NE, 0.25+0.04 ; EX,
0.264-0.04) were also significantly lower than those
of +B6 rats(NE, 0.2940.02 : EX, 0.30+0.01).

The effect of vitamin B, deficiency on plasma glu-
cose, protein, free fatty acid and triglyceride with ex-
ercise-training is shown in Fig. 1. There was a vitamin
effect on the plasma level of glucose(+ B, 107.347.
8, = Bs: 87.7%£5.5, mg/dl) and triglyceride(+ B, : 39.
3+6.1, —B,; 48.5+6.4, mg/dl) and was an exercise
effect on the plasma level of protein(NE ; 8575+831,
EX 1 9120£626, mg/dl) and free fatty acid(NE ; 75.
3+17.1, EX;67.4%198, pEq/dl) with exercise-

training. In NE group, there was no difference in plas-
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Fig. 1. Effect of vitamin B, deficiency on plasma glucose, protein, free fatty acid(FFA), triglyceride(TG) with exercise
training. Experimental diets(+B and - B) were fed and exercised groups were exercised for 20min/day for
5weeks. Each bar with different letters is significantly different (p < 0.05) : 4B =control diet pair fed to — B,
group ; — Bs=vitamin B, deficient diet ; NE=non-exercise ; EX=exercise ; V=vitamin effect ; E=exercise ef-
fect ; V X E=interaction effect between vitamin and exercise.

ma glucose, protein, free fatty acid and triglyceride
between +B¢ and — B, rats. In EX group, compared
to +B6 rats, the level of plasma glucose was lower
and triglyceride was higher in - B, rats.

Fig. 2 shows the effect of vitamin By deficiency on

glycogen, triglyceride, and protein in muscle with ex-

ercise-training. There was a vitamin effect on trigly-
ceride level(+B4: 2.96+£0.57, — B, 2.15+0.55, mg/
g) and an exercise effect on protein level(NE ; 225.
3+£3.6, EX 1 208.9+26.8, mg/g) of muscle. In NE
group, there was no differences in glycogen and pro-
tein between +B, rats and — B rats while triglyceride
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level of — B, rats was significantly lower than that of +
B, rats. In EX group, there was no significant diff-
erence in the level of glycogen, triglyceride while pro-
tein level of —B6 rats was significantly lower than
that of + B, rats.

Fig. 3 showes the effect of vitamin B, deficiency on
glycogen, triglyceride and protein in liver with ex-
ercise-training. There was a vitamin effect on the level
of glycogen(+Bs: 275.54+59.9, -B,: 469.8199.7,

pg/g) and protein(+B,: 310.41+38.4, - B,: 361.3%
33.3, mg/g). There was also an exercise effect on
glycogen(NE : 470.5+188.9, EX ; 236.5+93.1, pg/
g) and triglyceride(NE : 21.5+5.6, EX:19.2%55,
mg/g). In NE group, compared to + By rats, the lev-
el of glycogen was significantly higher and protein
tended to be higher in — Bg rats while there was no
difference in triglyceride level between + B, rats and —
B, rats. In EX group, the level of glycogen and pro-
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Fig. 2. Effect of vitamin B, deficiency on muscle glycogen, triglyceride(TG), protein with exercise training. Experimental
diets(+B, and — Be) were fed and exercised groups were exercised for 20min/day for 5weeks. Each bar with dif-
ferent letters is significantly different(p < 0.05) : +Bs=control diet pair fed to - Bs group ; —Bs=vitamin Be
deficient diet ; NE=non-exercise ; EX=exercise ; V=vitamin effect ; E=exercise effect ; V x E=interaction ef-

fect between vitamin and exercise.
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Fig. 3. Effect of vitamin B, deficiency on liver glycogen, triglyceride(TG), protein with exercise training. Experimental
diets(+B, and —Bs) were fed and exercised groups were exercised for 20min/day for 5weeks. Each bar with
different letters is significantly different(p < 0.05) : +Bs=control diet pair fed to — B group ; — Bs=vitamin B,
deficient diet ; NE=non-exercise ; EX=exercise ; V=vitamin effect ; E=exercise effect ; V x E=interaction ef-

fect between vitamin and exercise.
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Fig. 4. Effect of vitamin B, deficiency on plasma cholesterol, HDL-cholesterol, LDL-cholesterol with exercise training.
Experimental diets(+B, and —Be) were fed and exercised groups were exercised for 20min/day for 5weeks.
Each bar with different letters is significantly different(p < 0.05) : +Bg=control diet pair fed to - B, group ; —
B, =vitamin B, deficient diet ; NE=non-exercise ; EX=exercise ; V=vitamin effect ; E=exercise effect ; VXE

=interaction effect between vitamin and exercise.

tein tended to be higher in — B, rats while there was
no difference in triglyceride level between +B, rats
and — By rats.

The effect of vitamin B, deficiency on plasma total
cholesterol, HDL-cholesterol and LDL-cholesterol with
exercise-training is shown in Fig. 4. There was only an
exercise effect on plasma cholesterol profile. With exer-
cise, the level of total cholesterol was significantly dec-
reased(NE : 110.3£21.4, EX; 80.2-+12.3, mg/dl)
and LDL-cholesterol tended to be decreased(NE : 84.
4+24.5, EX : 80.2+12.3, mg/dl) regardless of vitamin
B, deficiency.

Discussion

Compared to pair-fed control rats, the lower gro-
wth rates and feed efliciency ratios accompanied with
clinical deficiency symptoms were shown in — B, rats.
Thus, it was considered that — B, rats were to be de-
ficient in vitamin B4 by the 5th week. Since during ex-
ercise, glucose output from the liver increases and glu-
cose production through gluconeogenesis normally is
not increased'”, the higher level of plasma glucose is
thought to be derived from liver glycogen in EX
group of +Bg rats. The reason for not having higher
plasma glucose level in Ex group of — B4 rats might

be either the increase of glucose release from the plas-

ma to the other tissue or the decrease of glucose up-
take from the liver. Since the rates of liver glycogen
decrease due to exercise were similar between + B
rats and - B, rats, it can be assumed that although
glucose uptake from the liver increases, the epididy-
mal fat pads from vitamin B, deficient rats are more
permeable to glucose'” and the uptake of glucose
into fats cell would be increased, resulting in no chan-
ge in plasma glucose level of — By rats. It is reported
that, trained muscles store more glycogen within each

cell than untrained muscles®®*"

and the changes in
body composition depend on more on total energy
expenditure than on the type of exercise™. Thus, the
reason for not having higher muscle glycogen in EX
group is assumed that cither lower utilization of blo-
od glucose was compensated by the use of muscle
glycogen or 20 minutes training in this study might
not be enough to adapt to store greater amount of
glycogen.

It is reported that muscle’s ability to oxidize fat has
been thought to be limited by carnitine palmitoyltran-
sferase activity for transport of fatty acid across the mi-
tochondrial membrane™ and vitamin By is required in
carnitine biosynthesis”. Thus, the reason for not hav-
ing different levels of free fatty acid between + B, and
— B¢ rats is assumed that the daily 20 minutes exer-
cise, the state of relatively less energy need, was not
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long to need fuel from fat oxidation since at low in-
tensities, the fat oxidation increased as exercise time is
increased®. Another important form of fat for oxida-
tion by muscle during exercise is intramuscular trigly-
ceride®. Plasma triglyceride is a potential source of en-
ergy for muscle and is important for recovering in-
tramuscular triglyceride during long periods between
exercise bouts’™. Thus, the muscle and plasma tri-
glyceride of exercising rats showed lower level in +B,
rats. However, in — B, rats, the muscle triglyceride lev-
el was not changed and plasma triglyceride was even
elevated with exercise training . The reason of this dis-
crepancy might be the result from the impaired fat ox-
idation due to the vitamin B, deficiency. Because ex-
ercise leads net loss of vitamin B, result from the uri-
nary increase of 4 pyridoxic acid', exercise will ag-
gravate vitamin B, deficiency in - By rats. Thus, the
deteriorative effect on plasma triglyceride level show-
ed in —B, rats with exercise is important since ex-
ercise as well as caloric restriction is helpful for the hy-
pertriglyceridemic patient including coronary heart dis-
ease”’).

Although exercise training increase the muscle pro-
tein in general, muscle protein should be utilized for
energy if fat utilizaton was impaired in - B, rats.
Thus, compared to +B, rats, with exercise-training,
the protein level of — B, rats was lower in muscle and
tended to be lower in plasma. The implication of high-
er liver protein level of — By rats found in this study is
unclear. It is possible that amino acid released from
muscle protein was utilized for protein synthesis in liv-
er. Moderate exercise-training has been reported to in-
crease HDL-cholesterol”™, however, the results of the
present study did not support that of others that re-
ported the predomenant effect of exercise-training. Be-
cause it is reported that weight loss per se increase
HDL-C?, this difference might be from the differen-
ces in initial body weight of the animals or subjects.
The body weights of aminals in the present study
were in normal range and subject in the above reports
9 were obese.

Since total cholesterol level significantly decreased and
LDL-cholesterol level tended to be decreased with ex-
ercise-training in both +B, rats and — B rats, it can be
concluded that exercise-training improves the blood
cholesterol profile but vitamin B, deficiency have little

effect on blood cholesterol profile generally. However,
LDL-cholesterol level tended to be higher in both EX
group and NE group of — By rats compared to that of
+B, rats and the reason of this higher LDL-cho-
lesterol level mihgt be the result of vitamin B de-
ficiency because plasma PLP level were negatively
corelated with LDL-cholesterol and total cholesterol
in monkeys™. In addition, plasma triglyceride level of
— B, rats was significantly higher with exercise-train-
ing. Thus, it is suggested that vitamin B, deficiency
may attenuate the desirable effect of exercise-training

on blood lipid profile.
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