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S ummary.We examined the effects of exercise on the
autonomic nervous system and blood parameters in
young men and womenbefore and after training. Ten
healthy young subjects (5 men, age 21 to 28; 5 women,
age 19 to 27) were instructed to exercise two days per
week for 10 weeks. Each subject was told to adjust his/
her running speed to 80% maximum heart rate. A
mechanically-braked cycle ergometer was used before
and after training for loading, and the heart rate was
recorded. After 12 min of supine resting, all subjects
were instructed to exercise on the bicycle for 10 min.
Steady state exercise was set at a 50 rpm (40W) load.
The power spectrum of heart rate variability was
computed using the fast Fourier transform (FFT).
Blood samples were obtained from the subjects before
and after training. After training, low frequency (LF)
power and LF/HF significantly decreased, while high
frequency (HF) power significantly increased during
exercise. Blood analysis revealed a significant decrease
in red blood cell count (RBC), hemoglobin concentra-
tion (HGB), and hematocrit concentration (HCT) after
training. The present results indicate that moderate
exercise can lead to improvement in the autonomic
nervous balance in non-athletes.

Key words-running, heart rate variability, spectral anal-
ysis, blood analyses.

INTRODUCTION

Activity in the parasympathetic nervous system leads
to an accumulation or conservation of body energy
stores, whereas the sympathetic nervous system
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depletes energy stores. Physical training can strongly
influence the balance between sympathetic and para-
sympathetic activities1'. The spectral analysis of
heart rate variability (HRV) has revealed significant
differences in heart variables between athletes and
non-athletes during either rest or exercise2-3'. In addi-
tion to changes in cardiovascular parameters, maxi-
mal oxygen consumption (VO2max) reportedly
increases after physical training4'.

The secretion of erythropoietin (EPO), which is
related to the production of red blood cells, is
facilitated by catecholamines via /?-adrenergic mech-
anism5'. This report provides a basis for suggesting a
close correlation between autonomic nervous activ-
ities and the production of red blood cells. However,
the effects of physical training on the red blood cell
count (RBC), hemoglobin concentration (HGB), and
hematocrit concentration (HCT) are controversial6'7'.
As for leukocytosis, Fukuda et al. reported that
granulocytosis was facilitated as sympathetic activ-
ity increased, whereas lymphocytosis was observed
when parasympathetic activity increased8'. There is
no available data, however, on the direct relationship
between physical training and leukocytosis. For
example, in our preliminary report, we found no
apparent changes in blood parameters after train-
ing9'.

In the present study, we further examined the
effects of physical exercise on the activities of the
autonomic nervous system and on the blood parame-
ters through a more intensive training program in
healthy men and women.Understanding this relation-
ship will be helpful for planning productive strategies
in preventive medicine.
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S U B J E C T S A N D M E T H O D S

S u bj e e t s

T e n h e alt h y s u bj e c t s (5 m e n
,

a g e 2 1 t o 2 8 ; 5 w o m e n
,

a g e 1 9 t o 2 7) ,
all n o n

- at hl et e s
, p r o vid e d w ritt e n

i n f o r m e d c o n s e n t t o p a r ti cip a t e i n t h e e n d u r a n c e

e x e r cis e t r ai ni n g .

T r ai n i n g s e s si o n s

A ll s u bj e c t s w e r e i n s t r u ct ed t o e x e r ci s e t w o d a y s p e r

w e e k f o r 1 0 w e ek s a c c o r di n g t o p r e- p r o g r a m m e d

s c h e d u l e . A t r ai n i n g s e s si o n w a s h eld e a c h d a y ･

T r ai n i n g c o n sis t e d of 2 0 s e s si o n s ･ E a ch e x e r cis e

s e s si o n c o n si st e d of a w a r m - u p of t h r e e t o 丘v e m i n
,

c o n ti n u o u s r u n n i n g f o r 25 t o 40 m i n
,

a n d a c o oli n g
-

d o w n p e ri o d of t h r e e t o 丘v e m in
l O)

I T h e t r a i n i n g w a s

c o n d u c t ed a t a n o u t d o o r t r a c k in g o o d w e a th e r a n d

at a n in d o o r s p o r t s f a cilit y o n i n cle m e n t d a y s ･

w e i n s t r u ct e d s u bj e ct s t o r u n f o r 3 5 m i n
,
th e r u n-

n i n g ti m e b ei n g c o n t r oll ed b y o n e of t h e a u t h o r s o n

t h e b a sis of th ei r e x h a u sti o n ･ M a x i m u m h e a rt r a t e

w a s e s ti m at e d b y th e f o r m u l a
,
22 0- a g e

l l)
･ T h e 丘r st

d a y of t r ai n in g s e r v e d a s a n a c cli m a ti z a ti o n d a y

w h e n th e s u bj e ct s b e c a m e a c c u s t o m e d t o th e i n iti al

st r e s s of r u n n i n g a n d r e c o g n i z e d hi s/h e r m a x i m u m

h e a r t r at e a n d r u n n in g s p e ed at 8 0 % of his/h e r

m a x i m u m h e a r t r at e . W e i n s t r u c t e d e a ch s u bj e ct t o

adj u st his/h e r r u n n i n g s p e e d t o 8 0 % of hi s/h e r

m a x i m u m h e a r t r a t e . T his r u n n i n g s p e e d w a s

c o n t r oll e d b y t h e s u bj e c t s . W e i n s t r u c t ed th e m t o

r e c o rd t h ei r h e a r t r at e i m m e di at ely aft e r e a ch r u n
-

ni n g s e s si o n b y t o u c hi n g hi s/h e r r a di al a r t e r y hi m /

h e r s elf . N o o th e r p a r a m e t e r w a s r e c o r d e d d u ri n g

r u n n i n g s e s si o n s ･ T h e r e w a s n o di ff e r e n c e i n c o n di -

ti o n s f o r r u n n in g b e t w e e n m al e s a n d f e m al e s ･
T h e

h e a rt r a t e a n d r u n n i n g ti m e f o r e a c h s u bj e ct w e r e

c o n v e rt e d i n t o c al o ri e s (K c al) of e n e r g y e x p e n dit u r e

( E E) p e r s e s si o n
9

,
l l)

T e s t s e s si o n s

B ef o r e a n d aft e r th e t r ai n l n g S e s si o n s
,
t e st s e s si o n s

w e r e p e rf o r m e d ( Fi g . 1) . I n th e t e st s e s si o n s
, p a r a m e -

t e r s of t h e a u t o n o m i c n e r v o u s f u n c ti o n w e r e m e a -

s u r ed
,

a n d bl o od s a m p le s w e r e c o lle ct e d u n d e r t h e

s a m e c o n diti o n s a n d at th e s a m e ti m e f o r e a c h s u b -

j e c t . R o o m t e m p e r a t u r e w a s k e p t c o n s t a n t d u ri n g th e

t e s t s e s si o n s b y a n air c o n diti o n e r (2 4 ･3 ±1 ･8 ℃ a n d

24 .9 ± 1 .6 ℃) b ef o r e a n d af t e r e x e r ci s e t r ai n i n g ,

r e s p e cti v el y ･ R o o m t e m p e r a t u r e w a s m e a s u r ed f r o m

1 0 a . m . t h r o u g h 8 p . m ･

w e u s e d a m e c h a n i c ally-b r a k ed c y cle e r g o m e t e r

P r e
-

t e st E n d u r a n c e tr ai ni n g P o st - t e st

r e sti n g

E x e r cis e p r o t o c ol

E C G r e c o r di n g

S p e c t r u m a n a一y sis

e r g o m e tri c

2 聖二望 i ＋

5 0 rp m (ヰo w )

l 十 一 斗 l 十 - う1

o 4 8 1 2 1 6 2 0 2 4

Ti m e ( m i n)

F i g . 1 . E x p e ri m e n t a l p r o t o c o l ･ U p p e r fi g u r e ( A ) i n d i c a t e s th e p r o t o c ol w h i c h c o n t a i n s a

p r e
-t e s t

,
e n d u r a n c e t r a i n i n g '

a n d p o s t -t e s t ･ T h e p r e a n d p o st-t e st c o n si st o f th e a u t o n o m i c

n e r v . u s t e st a n d b l o o d a n a l y s e s . L o w e r fi g u r e ( B ) i n d i c a t e s t h e a u t o n o m i c n e r v o u s t e st .
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( T U N T U R I W l
,
C a n o n

,
T o k y o

, J a p a n) f o r e x e r ci s e

l o a di n g ･ T h e h e a rt r a t e f o r e a c h s u bj e c t w a s r e c o r d e d
u si n g a h e a r t -

r a t e m o n it o ri n g s y s t e m ( V A N T A G E
X L

,
C a n o n) b ef o r e a n d aft e r t h e t r ai n i n g s e s si o n s

,

r e s p e c ti v el y .

Fi g ･ 1 s h o w s t h e p r o t o c ol f o r th e t e st s e s si o n s f o r

e x e r ci s e a n d el e c t r o c a r di o g r a p h y (E C G)
7'

. T h e t o t al
ti m e f o r e x e c u ti n g t h e t e st p r ot o c ol w a s 2 3 m i n

. A ft e r

1 2 m i n of s u p i n e r e st
,

all s u bj e ct s w e r e i n s t r u c t ed t ｡

e x e r cis e o n a bi c y cle f o r 10 m i n ･ S t e a d y st a t e e x e r -

cis e w a s m ai n t ai n e d a t a 5 0 r p m ( 40 W ) l o a d . T h e

h e a r t r a t e w a s st a bl e i n e v e r y s u bj e c t d u ri n g t h e l O-
m i n t e st s e s si o n s b ef o r e a n d af t e r t r ai n i n g .

D at a a n aly sis

W e d e fi n e d th e l o w f r e q u e n c y (L F) c o m p o n e n t a s o .o6
t o O ･13 H z

,
w hi c h c o n t ai n s b o t h s y m p a t h eti c a n d

p a r a s y m p a t h etic n e r v o u s a cti viti e s ･ T h e hig h f r e -

q u e n c y ( H F) c o m p o n e n t w a s o ･1 6 t o 0 .50 H z
,

r e fl e ct in g p ri m a ril y th e p a r a s y m p at h e ti c n e r v o u s

a c ti vit y
1 0

,
1 2‾1 5'

･ W e als o c al c ul at e d t h e L F / H F r ati o
,

w hi c h r e p r e s e n t s a n i n d e x i n t h e p r e d o m i n a n c e of

s y m p at h e ti c n er v o u s a c ti vit y .

B l o o d s a m p l e s w e r e o b t ai n e d f r o m t h e s u bj e c t s

b ef o r e b r e a k f a st aft e r a n o v e r ni g h t f a st a s w a s

n e c e s s a r y f o r h e m a t ol o gi c al a n d s e r u m a n aly s e s .

T h e d a t a w e r e a n aly z ed u si n g a p ai r e d S t u d e n t
,

s

i -t e st ･ S t atis ti c al si g n ifi c a n c e w a s e s t a bli sh ed a t th e

p < 0 .05 l e v el .

1 6 0

享 1 2 0

∽

＋J

(可

B 8 0
ヽ

_ . 一
′

a )
ヰJ

q

; 40
a

4)

=

0

R E S U L T S

S u bj e c t s

D a t a o n s u bj e c t s d u ri n g t h e t r ai ni n g s e s si o n s a r e

s h o w n i n T a bl e l
･ Si g n ifi c a n t diff e r e n c e s b e t w e e n

m al e s a n d f e m al e s w e r e o b s e r v e d i n h ei g h t a n d
w eig h t ( p く0 ･05) I T h e r e w a s n o sig ni丘c a n t di 鮎 r e n c e

b et w e e n m ale s a n d f e m al e s i n a n y ot h e r p a r a m e t e r s

s u c h a s r u n ni n g ti m e o r e n e r g y e x p e n dit u r e d u ri n g
t h e t o t al s e s si o n s .

T r ai n i n g s e s si o n s

l n t r ai n l n g S e s si o n s
,

s u bj e c t s p e rf o r m e d th e r u n n l n g
t a s k a c c o r di n g t o th e p r e -

p r o g r a m m e d t a s k . S u bj e c t s

w e r e i n s t r u ct e d t o a dj u s t t h ei r s p e e d of r u n n l n g a S t (,

m ai n t ai n t h eir h e a r t r a t e a t 8 0 % m a x i m u m
,
d e t e r

-

m i n e d b y t h e d u r a ti o n of t h e r u n n l n g b a s e d o n t h e

d e g r e e of t h ei r e x h a u s ti o n ･ T h e a v e r a g e r u n n l n g ti m e

i s lis t e d i n T a bl e 1 .

A u t o n o m i c n e r v o u s a cti vi ti e s i n t e st s e s si o n s

T y pi c al t r e n d g r a m s of h e a r t r a t e s d u ri n g th e st e a d y
s t at e e x e r ci s e a r e s h o w n i n F ig . 2

. F o r m e a s u r e m e n t s

d u ri n g th e e r g o m et ri c e x e r ci s e
,
t h e L F c o m p o n e n t

a n d L F / H F d e c r e a s e d si g n i丘c a n tl y ( p < 0 .0 5) ,
w hil e

t h e H F c o m p o n e n t i n c r e a s e d sig n i丘c a n tl y ,
aft e r t h eir

t r ai ni n g s e s si o n s ( p < 0 .05) ( T a bl e 2) . B y th e s e m e a -

s u r e m e n t s
,
h o w e v e r

,
n o si g n ifi c a n t c h a n g e w a s o b s e r-

v e d i n th e f e m al e s u bj e c t s ･ H e m at ol o gi c al a n al y si s

r e v e al e d a sig ni丘c a n t d e c r e a s e i n R B C (p < 0 .0 1) ,

0 5 1 0 1 5 2 0

Ti m e ( m i n)

F i g ･ 2 ･ H e a rt r a t e o f a 1 9- y e a r -

o l d w o m a n b e f o r e t r a i n i n g ･ T h e s h o rt h o ri z o n t a l li n e i s

a r e g r e s si o n li n e d u ri n g e x e r c i s e ( y
- o . 1 Ⅹ 十11 0 . 6) .
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T a b l e 1 . D a t a f r o m s u bj e c t s d u ri n g t h e t r a i n i n g s e s si o n s

S u bj e c t s

3

A g e ( y e a r s)

M a l e s

F e m a l e s

H ei g h t ( c m )

M a l e s

F e m al e s

W e ig h t (k g )

M a l e s

F e m a l e s

B M I ( k g/ m
2

)

M al e s

F e m a l e s

2 1 2 4

1 9 2 0

1 7 6 1 7 3

1 5 2 1 6 4

5 2 6 4

4 6 5 5

1 6 .
8 2 1 . 4

1 9 . 9 2 0 .
4

2 7 2 8 3 1

2 1 2 3 2 7

1 7 0 1 6 6 1 6 6

1 5 8 1 6 7 1 5 8

5 5 5 5 7 0

4 5 5 4 4 4

1 9 .
0 2 0 . 0 2 5 .

4

1 8 . 0 1 9 . 3 1 7 . 6

P e r s e s si o n

M a x i m u m h e a r t r a t e (b e a t s/ m i n)

M a l e s 1 9 9 1 9 6 1 9 3

F e m al e s 2 0 1 2 0 0 1 9 9

M e a n h e a rt r a t e (b e a t s/ m i n)
†1

M a l e s 1 6 2 . 9 1 5 8 . 4 1 5 7 . 4

F e m a l e s 1 7 7 . 6 1 6 7 . 7 1 5 9 . 6

p e r c e n t o f m a x i m u m h e a rt r a t e ( % )
I I

M al e s 8 1 . 9 8 0 . 8 8 1 . 6

F e m al e s 8 8 . 4 8 3 . 6 8 0 . 2

R u n n i n g ti m e ( m i n )
I I

M a l e s 3 4 . 5 3 4 . 5 3 4 . 5

F e m a l e s 3 4 . 5 3 4 . 4 3 4 . 5

E n e r g y e x p e n d it u r e ( K c a l)
千1

M a l e s 2 7 0 . 1 3 1 9 . 5 2 7 3 . 7

F e m al e s 2 7 2 . 8 2 9 8 . 7 2 2 7 . 0

T o t a l s e s si o n

R u n n i n g ti m e ( m i n )

M a l e s

F e m a l e s

6 9 0 6 9 0 6 9 0

6 9 0 6 8 7 6 9 0

E n e r g y e x p e n d it u r e ( K c a l)

M al e s 5 4 0 1 .
1 6 3 8 9 . 8 5 4 7 4 . 1

F e m al e s 5 4 5 5 . 1 5 9 7 3 . 5 4 5 4 0 .
9

1 9 2 1 8 9

1 9 7 1 9 3

1 5 1 .
4 1 5 0 . 2

1 6 6 . 2 1 5 5 . 5

7 8 .
9 7 9 . 5

8 4 . 4 8 0 . 6

3 7 . 3 3 1 . 2

3 4 . 5 3 4 . 5

2 7 9 . 3 2 9 6 . 6

2 9 0 . 8 2 1 5 . 4

7 4 5 6 3 5

6 9 0 6 9 0

5 5 8 5 . 5 5 9 3 1 . 2

5 8 1 6 . 2 4 3 0 8 .
4

T o t a l
†2

2 6 . 2 ±3 .
8

2 2 . 0 ±3 . 2

1 7 0 . 2 ±4 . 4
*

1 5 9 .
8 ±5 . 8

5 9 . 2 ±7 . 5
*

4 8 . 8 ±5 . 3

2 0 . 5 ±3 .
2

1 9 .
1 ±1 . 2

1 9 3 .
8 ±3 . 8

1 9 8 . 0 ±3 . 2

1 5 6 .
1 ±5 . 2

1 6 5 . 3 ±8 . 5

8 0 .
5 ±1 . 3

8 3 . 4 ±3 . 3

3 4 . 5 ±2 . 2

3 4 . 5 ±0 . 0 4

2 8 7 . 8 ±2 0 . 4

2 6 0 .
9 ±3 7 . 7

6 9 0 . 0 ±3 8 . 9

6 8 9 . 4 ±1 . 3

5 7 5 6 . 4 ±4 0 8 . 3

5 2 1 8 .8 ±7 5 3 . 4

I I
M e a n s o f t o t a l s e s si o n s .

T 2
D a t a o n a ll s u bj e c t s a r e e x p r e s s e d a s m e a n ±S D

･
S D i s

s t a n d a r d d e v i a ti o n .

*

S t a ti s ti c a ll y si g n i fi c a n t d i ff e r e n c e b e t w e e n m a l e a n d f e m al e ( p <

0 . 0 5) .
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T a b l e 2
･ D a t a i n th e t e st s e s si o n s p e rf o r m e d b e f o r e a n d a ft e r t r a i n l n g

P a r a m e t e r B e f o r e t r a i n l n g
T 3

A f t e r t r a i n i n g
I 4

H e a rt r a t e (b e a t s/ m i n)

D u ri n g r e st

D u ri n g e x e r ci s e

S D
I I

D u ri n g r e st

D u ri n g e x e r ci s e

C V
T 2

D u ri n g r e st

D u ri n g e x e r c i s e

L F c o m p o n e n t

D u ri n g r e st

D u ri n g e x e r ci s e

H F c o m p o n e n t

D u ri n g r e s t

D u ri n g e x e r c i s e

L F/ H F

D u ri n g r e s t

D u ri n g e x e r ci s e

W B C ( × 1 0
2

/ IL L )

R B C ( ×1 0
4

/ 〟L)

H G B ( g/ d L)

H C T ( % )

M C V (f L)

M C H ( p g)

M C H C ( g / d L)

P L T ( ×1 0
4

/〃 L)

L Y P ( ×1()
2

/ 〟 L)

N U ( ×1 0
2

/ 〃L)

O G R ( x l O
2

/ /L L)

T P ( g/ d L)

A L B (g/ d L )

A / G

U N ( m g/ d L)

C R N ( m g/ d L)

U A ( m g/ d L)

C R T ( m g/ d L )

N a ( m E q/ L)

K ( m E q/ L)

C l ( m E q/ L)

C a ( m g/ d L )

M g ( m E q/ L)

I P ( m g/ d L )

F e (〟 g/ d L)

G O T (IU / L)

G P T (I U / L)

L D H (I U / L)

6 3 . 5 ±9 . 2

1 0 7 . 4 ±1 0 . 2

2
.
2 ±0 . 7

2 . 6 ±0 . 6

3
.
5 ±0 . 9

2 . 4 ±0 . 5

0 . 6 ±0 . 2

0 . 6 ±0 . 1

0
. 3 ±0 . 2

0 . 3 ±0 . 1

2
. 2 ±1 . 4

1 . 9 ±0 . 9

6 0 . 8 ±3 0 . 3

4 7 8
.
2 ±5 2 . 1

1 4 . 5 ±1 . 9

4 3 . 1 ±4 . 6

9 0
. 2 ±2 . 9

3 0 . 3 ±1 . 4

3 3 . 6 ±1 . 1

2 1 . 1 ±4 . 4

2 0 . 5 ±6 . 1

3 5 . 4 ±2 5 . 0

4
. 9 ±2 . 5

7 . 2 ±0 . 3

4 . 7 ±0 . 2

2 . 0 ±0 . 3

1 2 . 6 ±3 . 3

0 . 7 ±0 . 1

5
. 0 ±1 . 5

0 . 4 ±0 . 2

1 3 9 . 8 ±1 . 0

4 . 2 ±0 . 3

1 0 1 . 6 ±1 . 4

9 . 3 ±0 . 4

2 . 1 ±0
.
1

3 . 7 ±0 . 6

9 6 . 8 ±3 8 . 7

2 0 . 0 ±6 . 7

2 2 . 9 ±1 6 . 6

3 4 7 . 7 ±8 8
. 7

6 1
. 3 ±6 . 3

1 0 1 . 8 ±9
. 6

2 . 0 ±1 . 1

2 . 4 ±0 . 6

3 . 4 ±2 . 4

2 . 3 ±0 . 6

0 . 5 ±0 . 2

0 . 4 ±0 . 2
*

0 . 4 ±0 . 1

0 . 4 ±0 . 1
*

1
.
3 ±0 . 7

1 . 1 ±0 . 9
*

5 6 . 1 ±1 6 . 7

4 5 1 . 8 ±5 5 . 4
* *

1 3 . 8 ±2 . 1
*

4 0 . 6 ±5 . 3
* *

8 9 . 8 ±3 . 7

3 0 . 6 ±1 . 8

3 4 . 0 ±0 . 8

2 2 . 2 ±4
. 9

2 0 . 2 ±6 . 7

3 1 . 3 ±1 0 . 6

4 . 7 ±2 . 1

6 . 9 ±0 . 8

4 . 7 ±0 . 2

2 . 0 ±0
.
3

1 4 . 5 ±3 . 7

0 . 7 ±0 . 1

5 . 0 ±1
. 1

0 . 4 ±0 . 1

1 3 9 . 3 ±0 . 9

4 . 4 ±0 . 4

1 0 2 . 1 ±1
.
0

9 . 2 ±0 . 3

2 . 0 ±0 . 1

3 . 9 ±0 . 8

9 1 . 4 ±3 4 . 2

2 1 . 5 ±5 . 7

2 1 . 3 ±1 3 . 5

3 6 1 . 9 ±5 2 . 6

5 7



5 8 R .
I s r ll D A a n d M . O K A D A :

A L P (I U / L)

γ-G T P (I U / L)

L A P (I U / L)

C h E (I U/ L)

A M Y (I U / L)

C K (I U / L)

T B I L ( m g/ d L)

T T T ( M c . U )

Z T T ( K
.
U )

T C ⅢO L ( m g / d L )

P L ( m g/d L)

T G ( m g/ d L)

H D L C ( m g/ d L)

L D L C ( m g/ d L)

1 3 3 . 9 ±2 8 . 7

2 5 . 5 ±1 9 . 0

5 2 . 8 ±5 .
7

2 9 4 . 9 ±5 7 . 9

1 3 3 . 9 ±8 6 . 5

9 7 . 9 ±5 5 . 2

0 . 7 ±0 . 3

1 . 3 ±0 . 6

6 . 0 ±2 .
4

2 0 2
.
9 ±3 5 . 4

2 2 7 . 9 ±3 5 . 5

9 3 . 9 ±3 7 . 9

6 6 .
1 ±1 8 . 6

1 1 8 . 3 ±2 3 . 8

1 4 0 . 4 ±2 9 . 0

2 2 . 6 ±1 3 . 0

5 2 . 2 ±5 .
9

2 8 7 . 6 ±5 1 . 2

1 1 9 . 9 ±5 9 . 2

1 3 8 . 1 ±7 3 . 1

0 .
8 ±0 . 2

1 . 3 ±0 . 6

6 . 1 ±2 .
2

1 9 4 .
8 ±2 0 . 2

2 2 7 . 0 ±2 2 . 0

7 3 . 6 ±3 8 . 9

7 0 . 3 ±1 8 . 6

1 1 0 . 3 ±1 7 . 0

W B C
,

w h i t e b l o o d c e ll c o u n t ; R B C
,

r e d b l o o d c ell c o u n t; H G B
,
h e m o g l o b i n c o n c e n -

t r a ti o n ; H C T
,
h e m a t o c rit ; M C V

,
m e a n c o r p u s c u l a r v o l u m e ; M C Ii

,
m e a n c o r p u s c u l a r

h e m o gl o b i n ; M C = C
,

m e a n c o r p u s c u l a r h e m o g l o b i n c o n c e n t r a ti o n ; P L T
, p l a t e l e t

c o u n t; L Y P
,

1 y m p h o c y t e ; N U
,

1- e u t r O p h il e l e u k o c y t e ; O G R
,

a n d t h e o th e r

g r a n u l o c y t e s : T P
,

s e r u m c o m p o siti o n w a s a n al y z e d f o r t o t al p r o t ei n ; A L B
,
a lb u m i n ;

A / G
,

a lb u m i n / gl o b u li n ; U N
,

u r e a n it r o g e n ; C R N
,

c r e a ti n i n e ; U A
,

u ri c a ci d ; C R T
,

c r e a ti n e ; N a
,

s o d i u m ; K
, p o t a s si u m ; C l

,
c h l o ri d e ; C a

,
c a l ci u m ; M g ,

m a g n e si u m ; I P
･

i n o r g a n i c p h o s p h o r u s ; F e
,
i r o n ; G O T

, gl u t a m i c o x a l o a c e ti c t r a n s a m i n a s e ; G P T
,

gl u t a m i c p y r u v i c t r a l l S a m i n a s e ; L D H
,
l a c ti c d e h y d r o g e n a s e ; A L P

,
a l k a li n e p h o s-

p h a t a s e ; γ-G T P
, γ

一

gl u t a m yl t r a n s p e p ti d a s e ; L A P
,
1 e u c i n e a m i n o p e p ti d a s e ; C h E

,

c h oli n e s t e r a s e ; A M Y
,

a m yl a s e ; C K
,

c r e a ti n e k i n a s e ; T B I L
,
t o t a l b ili r u b i n ; T T T

,

t h y m ol t u r b id i t y t e s t; Z T T
,
zi n c s u l f a t e t u r b i di t y t e st ; T C H O L

,
t o t a l c h o l e st e r ol ; P L

,

p h o s p h o lip i d s; T G ,
t ri g ly c e ri d e ; H D L C

,
h ig h d e n sit y lip o p r o t ei n c h o l e s t e r o l; a n d

L D L C
,
l o w d e n sit y li p o p r o t ei n c h o l e st e r ol ･

† 1
S D a n d

T 2
C V i s st a n d a rd d e vi a ti o n a n d c o e 氏 c i e n t o f v a ri a ti o n

,
r e s p e c ti v el y ･ D a t a

a r e e x p r e s s e d a s m e a n ±S D
.

N - 1 0 ･

T 3
B e f o r e 1 0- w e e k e n d u r a n c e t r ai n i n g ;

T 4
a ft e r

1 0- w e e k e n d u r a n c e t r a i ni n g;
*

s t a ti sti c all y si g n i fi c a n t ( p < 0 . 0 5) ;
* *

s t a ti sti c a ll y

si g n i丘c a n t (p < 0 . 0 1) .

H G B ( p < 0 .05) ,
a n d H C T (p < 0 ･01) ,

aft e r th ei r t r ain -

1 n g S e S Si o n s ･ B y t h e s e h e m a t ol o g l C al m e a s u r e m e n t s
,

n o si g n i丘c a n t c h a n g e w a s ob s e r v ed i n th e m al e s u b -

j e ct s .
B l o o d c h e m ist r y r e v e al e d n o si g n i丘c a n t

c h a n g e s aft e r t h e t r ai n l n g S e S Si o n s ･

D I S C tT S S I O N

N e w 丘n di n g s i n t his s t u d y s h o w e d c h a n g e s i n a u t o
-

n o m ic n e r v o u s a c ti viti e s f r o m 1 0 d a y s of p h y si c al

t r a i n i n g . T h e r e s u lt s w e r e o b t ai n e d b y c o m p a ri s o n of

t h e p a r a m et e r s i n n o n- a t hle t e s b ef o r e a n d af t e r p h y s ト

c al t r ai n i n g ,
w hi c h w a s r e p e a t ed f o r 2 0 d a y s o v e r 10

w e e k s w it h s u 丘cie n t in t e n sit y . I n o u r p r e v i o u s s t u d y ,

w e f o u n d n o diff e r e n c e i n a u t o n o m i c n e r v o u s a cti v-

iti e s a n d h e m a t ol o g l C al v alu e s b ef o r e a n d aft e r p h y si -

c al t r a in in g . W hil e h eig h t
,

w ei g h t
,

a n d B M I of t h e

n o n
- at hl et e s s u bj e c t s did n o t si g n i丘c a n tly diff e r i n t h e

p r e vi o u s a n d p r e s e n t st u di e s
,

a hi g h e r i n t e n sit y of

e x e r cis e w a s f o u n d i n t h e p r o t o c ol of t h e p r e s e n t

st u d y , j u d g in g f r o m th e hig h e r h e a r t r a t e
,
l o n g e r

r u n n i n g ti m e
,

a n d g r e a t e r e n e r g y e x p e n dit u r e ･ T his

e x e r ci s e i n t e n sit y s e e m s a f ai rly m o d e r a t e o n e

c o m p a r e d w ith t h o s e of o th e r r e p o r t e d p r ot o c ols
1 6

,
1 7)

T h e f oll o w i n g f o u r f a c t o r s m a y i n fl u e n c e th e e ff e c t of

p h y si c al t r ai ni n g : at hl e ti c e x p e ri e n c e
,
i n t e n sit y of

t r ai n i n g ,
f r e q u e n c y of t r ain i n g ,

a n d d u r ati o n of t r ai n
-

i n g
l l )

.

I n t h e p r e s e n t st u d y ,
t h e s p e c t r al a n al y s t s Of h e a r t

r at e v a ri a bilit y r e v e ale d a d e c r e a s e i n th e L F c o m p o-

n e n t
,

w ith a c o n c o m it a n t i n c r e a s e in th e H F c o m p o
-



n e n t
,
b o th of w hic h l e a d t o a d e c r e a s e i n L F / H F

d u ri n g e x e r cis e a s a r e s ult of t r ai ni n g ･ T h e s e c h a n g e s

w e r e a c c o m p a ni e d b y d e c r e a s ed R B C
,

H G B
,

a n d

H C T .

A n i m p o r t a n t p r e r e q ui sit e f o r o b t ai ni n g a p o w e r

s p e ct r u m i s a st a bl e h e a rt r a t e d u ri n g r e c o r di n g . I n

t h e p r e s e n t s t u d y ,
t h e r e g r e s si o n c o e 飽ci e n t s of h e a r t

r a t e d u ri n g e x e r cis e w e r e al m o s t z e r o f o r all s u bj e ct s

b o t h b ef o r e a n d aft e r t h e t r ai n i n g (F ig . 2) ; t h u s
,
t h e

e x p e ri m e n t al p r o t o c ol i n t h e p r e s e n t s t u d y i s a p p li
-

c a b le t o F F T ･ I n a d diti o n
,

alth o u g h w e o b s e r v e d n o

s l g ni丘c a n t c h a n g e i n

t h e r e w e r e s l g ni丘c a n t

c o m p o n e n t s
,

a s w ell

T h e s e 丘n di n g s sh o w

s p e ct r al p a tt e r n s d u ri n g r e s t
,

c h a n g e s i n th e L F p o w e r
,
H F

a s L F/ H F d u rin g e x e r ci s e .

t h a t t his e x e r cis e l o a di n g i s

u s ef ul f o r d e t e cti n g th e i n fl u e n c e of e n d u r a n c e t r ai n
_

1 n g O n a ut O n O m ic n e r v o u s a cti vit y .

T h e a d m i n is t r a ti o n of p r o p r a n ol ol
,

a w ell k n o w n

β
- s y m p at h e ti c bl o c k e r

,
si g nifi c a n tly i n c r e a s e s R - R

i n t e r v al v a ri a bilit y a n d al s o i n 臥1 e n C e S it s s p e c t r al

c o m p o n e n t s s u c h th at t h e L F c o m p o n e n t a n d L F/ H F

d e c r e a s e
1 5)

･ S i m il a rly ,
th e a d m i nis t r a ti o n of at r o pi n e

,

a p a r a s y m p at h e tic bl o c k e r
,
d e c r e a s e s th e L F c o m p o -

n e n t
1 8)

. T h e s e e x p e ri m e n t al r e s u lt s s h o w th at t h e L F

c o m p o n e n t r e 鮎 c t s m i x t u r e of s y m p a th etic a n d p a r a -

s y m p at h e ti c n e r v o u s a c ti vit y ･ I n c o nt r a st
,

at r o pi n e

a d m i n is t r a ti o n di m i nis h e s t h e H F c o m p o n e n t
,

w h e r e -

a s p r o p r a n ol ol a d m i n ist r a ti o n h a s n o eff e ct
,
i n di c a ト

1 n g th a t th e H F c o m p o n e n t r e 鮎 ct s p a r a s y m p a t h e ti c

n e r v o u s a c tiv it y al o n e . Si n c e t h e L F c o m p o n e n t

r e fl e ct s a m i x t u r e of s y m p at h e ti c a n d p a r a s y m p a -

t h eti c n e r v o u s a c ti vit y ,
L F / H F m u s t als o b e a n i n d e x

of s y m p a t h eti c n e r v o u s a cti vit y ･ M a n y r e s e a r ch e r s

h a v e s u g g e s t ed th a t t h e p o w e r s p e ct r u m of h e a r t r a t e

v a ri a bilit y p r o vid e s a si m pl e n o ni n v a si v e m et h o d t o

a s s e s s c a r di a c n e u r o r e g ul a t o r y r e s p o n s e a n d dis -

o r d e r s .

1 0 , 1 2‾1 5 , 1 8)

I n t h e p r e s e n t st u d y ,
t e n - w e e k e n d u r a n c e t r ai ni n g

d e c r e a s e d R B C
,

H G B
,

a n d H C T
･ U n d e r h y p o x i c

c o n diti o n s
,
H G B s y n t h e sis i s e n h a n c e d

,
a n d th e p r o -

d u c ti o n a n d r el e a s e of R B C f r o m th e b o n e m a r r o w

( e r y t h r o p oi e sis) a r e i n c r e a s e d 5 )
. E P O s e c r e ti o n i s

f a cilit a t e d b y c a t e c h ol a mi n e s vi a P
･ a d r e n e r gi c m e c h -

a ni s m ･ T h e r ef o r e
,
th e ob s e r v e d d e c r e a s e s i n R B C

,

H G B
,

a n d H C T m a y b e r el a t ed t o c h a n g e s i n a u t o -

n o m i c n e r v o u s a cti vit y a s a r e s ult of t h e e n d u r a n c e

t r ai nin g .

T hi s st u d y did n ot a n aly z e c at e c h ol a m in e s
,
si n c e it

is w ell k n o w n t h a t t h e s e c r eti o n of c a t e c h ol a m i n e s is

r el a t e d t o t h e i n t e n sit y of t r ai n i n g
1 9 ･ 2 0'

･ A lt h o u g h

b l o o d fl o w t o t h e li v e r a n d k id n e y ,
a n d als o t h r o m -

b o p oi eti n e x c r eti o n fr o m th e li v e r d u rin g e x e r cis e a r e

i m p o rt a n t
,
it d o e s n ot s e e m t o b e a n y p r e vi o u s r e p o r t

o n t h e s e is s u e s
,

w hi c h a r e f a r b e y o n d t h e s c o p e of t h e

T r a i n l n g E ff e c t s o n A u t o n o m i c N e r v o u s S y s t e m 5 9

p r e s e n t s t u d y .

T h e li m it a ti o n s of t his st u d y i n clu d e s s u c h f a c t o r s

a s t h e l a c k of a n y d a t a o n th e c o r r el a ti o n b e t w e e n

ch a n g e s i n h e a r t r at e a n d bl o o d p r e s s u r e d u ri n g th e

t r ai n i n g s e s si o n s ･ T his sh o u ld b e cl a ri丘e d i n th e

f u t u r e ･ A l s o
,

w e h a v e t o c o n 丘r m t h r o u g h l o n g
-

t e r m

st u di e s w h et h e r o r n o t t h e p r e s e n t r e s ult s c o n t rib ut e

t o t h e p r e v e n ti o n of f u t u r e di s e a s e s .

C O N C L tTS I O N

P h y si c al t r ai ni n g a p p a r e n tl y d e c r e a s e d s y m p at h e ti c

n e r v o u s f u n cti o n a n d i n c r e a s e d p a r a s y m p a t h e ti c n e r
-

v o u s f u n cti o n i n n o n ･ a thl e t e s ･ T hi s w a s a c c o m p a n i e d

b y d e c r e a s e s i n R B C
,
H G B

,
a n d = C T a ft e r t r ai n i n g .

A m o d e r a t e t r ai n i n g r e gi m e n w o u ld s e e m t o le a d t o

a n i m p r o v e d a u t o n o m i c n e r v o u s b al a n c e in n o n
_

a th le t e s .

A c k m o w l ed g m e n t s ･ T his st u d y w a s s u p p o rt e d b y a

G r a n t -i n
- A i d f o r S ci e n c e R e s e a r c h f r o m th e M i ni st r y

of E d u c ati o n
,

S ci e n c e a n d C ult u r e of J a p a n ( N o .

0 99 22 0 45 ; 1 99 7) .

R E F E R E N C E S

i) S hi X
, S t e v e n s G H

,
F o r e s m a n B H

,
S t e r n S A

,
R a v e n

P B : A u t o n o m i c n e r v o u s s y st e m c o n t r o l o f th e h e a rt :

e n d u r a n c e e x e r ci s e t r ai n i n g . M e d S ci Sp o rts E x e r c

2 7( 1 0) : 1 4 0 6- 1 4 1 3
,
1 9 9 5 .

2) D i x o n E M
,
K a m a th M V

,
M c c c a r t n e y N

,
F all e n E L :

N e u r a l r e g u l a ti o n o f h e a r t r a t e v a ri a b ili t y i n e n d u r
-

a n c e a t h l e t e s a n d s e d e n t a r y c o n t r ol s . C w d i o v a s c R e s

2 6 : 7 1 3- 7 1 9
,
1 9 9 2 .

3 ) S h i n K
,
M i n a m it a n i H

,
O n i s h i S

,
Y a m a z a k i Ⅲ

,
L e e

M : T h e p o w e r s p e c t r a l a n a l y si s o f h e a r t r a t e v a ri a
-

bility i n a t h l e t e s d u ri n g d y n a m i c e x e r ci s e ( P a rt I) .

C li n C w dio 1 18( 1 0) : 5 8 31 5 8 6
,
1 9 9 5 .

4) W il m o r e J H
,
S t a n f o r th P R

,
G a g n t o n ∫

,
L e m o n A S

,

R a o D C
,
S k i n n e r J S

,
B o u c h a r d C : E n d u r a n c e e x e r_

ci s e t r ai n i n g h a s a m i n i m a l e ff e c t o n r e s t in g h e a r t

r a t e : H E R I T A G E s t u d y . M e d S ci Sp o rt s E x e r c 2 8( 7) :

8 2 9- 8 3 5
,
1 9 9 6 .

5) G a n o n g W F : R e v i e w o f m e d i c al p h y si o l o g y (1 8t h
E d ･) ･ A p p l e t o n a n d L a n g e

,
St a m f o r d

,
1 9 9 7 .

6) F e r r e tti G
,

K a y s e r B
,

S c h e m a F
,

T u r n e r D L
,

H o p p e l e r H : R e g u l a ti o n o f p e r f u si v e 0 2 t r a n s p o r t

d u ri n g e x e r ci s e i n h u m a n s: e ff e c t s o f c h a n g e s i n

h a e m o gl o b i n c o n c e n t r a ti o n . I P h y si o 1 4 5 5 : 6 7 9- 6 8 8
,

1 9 9 2 .

7) B r a n c h J D
,
R u s s e l M S

,
S h a r o n M S

,
C o n v e rti n o V A

,

D u r s ti n e J L
,
W a r d D S : E ff e c t s o f e x e r c i s e m o d e o n

h e m a t ol o g i c a d a pt a ti o n s t o e n d u r a n c e t r ai n i n g i n

a d ul t f e m al e s ･ A ui a t Sp a c e E n ui r o n M e d 6 8 : 7 8 8… 7 9 4
,

1 9 9 7 .



6 0 R . I s H I D A a n d M . O K A D A

8) F u k u d a M
,
M o r o d a T

,
T o y a b e S

,
Ii a i T

,
K a w a c h i Y

,

T a k a h a s hi-I w a n a g a H
,
I w a n a g a T

,
O k a d a M

,
A b o

T : G r a n u l o c y t o si s i n d u c e d b y i n c r e a si n g s y m p a-

t h e ti c n e r v e a c ti v it y c o n t rib u t e s t o th e i n ci d e n c e o f

a c u t e a p p e n d i c iti s .
B i o m e di c a l R e s 1 7( 2) : 1 7 1- 1 8 l

,

1 9 9 6 .

9) I s h id a R
,
O k a d a M : E ff e c t s o f p h y si c a l t r a i n i n g o n

h e a r t r a t e v a ri a b ilit y a n d b l o o d c e ll c o u n t s i n

h e al th y a d u l t s . A ct a M e d B i o1 4 6( 4) : 1 3 91 1 4 6
,
1 9 9 8 ･

1 0 ) T a s k f o r c e o f E u r o p e a n S o ci e t y o f C a r d i o l o g y a n d

t h e N o r th A m e ri c a n S o c i e t y o f P a c i n g a n d E l e c t r o-

p h y si o l o g y : H e a rt r a t e v a ri a b ili ty ･ Ci r c u l a ti o n 9 3 :

1 0 4 3- 1 0 6 5
,
1 9 9 6 .

l l) M c a r d l e W D
,
K a t c h F I

,
K a t c h V L ( e d s) E x e r c i s e

p h y si ol o g y (4 th E d .) . W illi a m s a n d W il k i n s
,
P h il a d ll-

p h i a
,
1 9 9 6 .

1 2) A k s el o r d S : P o w e r s p e c t r u m a n a l y si s o f h e a r t r a t e

fl u c t u a ti o n : a q u a n ti t a ti v e p r o b e o f b e a t-t o- b e a t

c a r di o v a s c u l a r c o n t r o l . S ci e n c e 2 1 3 : 2 2 0- 2 2 2
,
1 9 8 1 ･

1 3) D o u g h e r t y C M
,
B u u r R L : C o m p a ri s o n o f h e a r t r a t e

v a ri a b ili t y i n s u r v i v o r s a n d n o n s u r v i v o r s o f s u d d e n

c a rd i a c a r r e s t . A m I C a r di o1 7 0 : 4 4 1- 4 4 8
,
1 9 9 2 ･

1 4) K a m a t h M V
,

G h i s t a D N
,

F a ll e n E L
,

F it c h e tt D
,

M ill e r D
,
M c K el v i e R : H e a r t r a t e v a ri a b ilit y p o w e r

s p e ct r o g r a m a s a p o t e n ti al n o n i n v a si v e si g n a t u r e o f

c a r di a c r e g u l a t o r y s y st e m r e s p o n s e
,

m e c h a n i s m
,
a n d

d i s o r d e r s . H e a rt V e s s el 3 : 3 3- 4 1
,
1 9 8 7 .

1 5 ) P a g a n i M
,

L o m b a r d i F
,

G u z z e tti S
,

R i m ol d i 0
,

F u rl a n R
,
Pi z z i n elli

,
S a n d r o n e P

,
M al f a tt o G

,
O r t o

s D
,

P i c c al u g a E
,

T u ri el M
,

B a s elli G
,

C e r u tti S
,

M a lli a n i A : P o w e r s p e c t r u m a n a l y si s o f h e a r t r a t e

a n d a rt e ri a l p r e s s u r e v a ri a b iliti e s a s a m a r k e r o f

s y m p a t h o- v a g al i n t e r a c ti o n i n m a n a n d c o n s c i o u s

d o g . C i r R e s 5 9 : 1 7 81 1 9 3
,
1 9 8 6 ･

1 6) R e b el o A N
,
C o s t a O

,
R o c h a A P

,
S o a r e s J M

,
L a g o P :

I s a u t o n o m i c c o n t r o l o f th e h e a r t r a t e a t r e s t al t e r e d

b y d e t r a i n i n g? A s t u d y o f h e a rt r a t e v a ri a b ili t y i n

p r o f e s si o n al s o c c e r p l a y e r s a ft e r th e p r e t r a i n i n g

p e ri o d a n d a ft e r th e p r e p a r a t o r y p e ri o d f o r c o m p e ti-

ti o n s (A b st r a c t) : R e v P o rt C w d i o 1 1 6 : 5 3 5- 5 4 1
,
1 9 9 7 ･

1 7 ) A s a n o M
,
K a n e o k a K

,
N o m u r a T

,
A s a n o K

,
S o m e H

,

T s u r u m a r u K
,
Y a m a s h it a K

,
M a t s u t o K

,
S u z u k i H

,

o k u d a Y : I n c r e a s e i n s e r u m v a s c u l a r e n d o th eli a l

g r o w th f a c t o r l e v el s d u ri n g a ltit u d e t r a i ni n g ･ A ct a

P h y si o I S c a n d 1 6 2 : 4 5 5- 4 5 9
,
1 9 9 8 1

1 8) P o m e r a n z B
,

M a c a u l a y R J B
,
C a u d ill M A

,
K u t z I

,

A d a m D
,
C o r d o n D

,
K ilb o r n K M

,
B a r g e r A C

,
S h a n-

n o n D C
,
C o h e n R J ,

B e n s o n H : A s s e s s m e n t o f a u t o-

n o m i c f u n c ti o n i n h u m a n s b y h e a r t r a t e s p e c t r a l

a n a l y si s . A m I P hy si o1 2 4 8 : H 1 5 1- 1 5 3
,
1 9 8 5 ･

1 9) P u lli n e n T
,

N i c o I C
,

M a c D o n al d E
,

K o m i P V :

p l a s m a c a t e c h o l a m i n e r e s p o n s e s t o f o u r r e si s t a n c e

e x e r c i s e t e s t s i n m e n a n d w o m e n . E u r I A j 坤I

P hy si o 1 0 c c u p P h y si o 1 8 0 : 1 2 5- 1 3 1
,
1 9 9 9 ･

2 0) V y bi r a l S
,
L e s n a I

, J a n s k y L
,
Z e m a n V : T h e r m o r

-

e g u l a ti o n i n w i n t e r s w i m m e r s a n d p h y si o l o g i c a l

si g n i fi c a n c e o f h u m a n c a t e c h o l a m i n e t h e r m o g e n e si s ･

E xP P h y si o 1 8 5 : 3 2 1- 3 2 6
,
2 0 0 0 ･




