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Influence of Short, Prolonged and Ischemic. Exercise on Local Blood Flow,

Hematocrit, Plasma Protein Concentration and Osmolality of Rabbit Hindlimbs

by
Takashi TAKEMIYA , Yuhzo HIGUCHI* and Chosetsu NAGASHIMA*

Introduction

Several investigators have reported an increase in hematocrit and plasma protein concentration
during and after muscular exercise in man (1, 8, 15, 16). It is generally accepted that hematocrit and
protein increase are mainly the result of aloss of plasma fluid. However, hematocrit changes cause by
whole body exercise include a concomitant effect of the movement of plasma fluid and change of cir-
culating red cell mass. Joye et al (15) investigated the relationship between hematocrit and protein
changes during arm exercise by analyzing local venous blood taken at the elbow near the contracting
muscles. They suggested that the increase of both hematocrit and serum protein is not due exclusively
to plasma concentration. There is no informations on mechanism of hematocrit and protein changes
during exercise. Therefore, it would be of interest to follow the hematocrit and protein concentration
change during various types of local muscle exercise.

In the present study we utilized an in-vivo preparation of the rabbit hindlimb and performed
experiments similar to arm exercise in the human. We made simultaneous measurements of blood pre-
ssure, venous outflow, hematocrit, total plasma protein concentration and plasma crystalloid osmola-
lity during several series of isometric contractions including short, prolonged and ischemic exercise,
and the effect of norepinephrine.

Methods

Experiments were performed on healthy rabbits weighing 2.5--4.0 kg. After anesthesia with
urethane (1g/kg, intraperitoneal), the femoral arteries and veins were exposed for cannulation, and the
right sciatic nerve wés divided for electrical stimulation of the peripheral end.

Following administration of sodium heparin (400 U/kg), we inserted a polyethylene catheter into
left femoral artery for recording arterial pressure by strain gauge. The right femoral artery remained
intact. Arterial input pressure was therefore the systemic pressure of the animal. A siliconized polye-
thylene cannula with an I. D. of 1 mm was introduced into the right peripheral end of femoral vein,
and led to a reservoir through a photocell drop counter. The tip of venous tube was fixed at the heart
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position, which was taken as the zero reference level for pressure measurements. From the reservoir
the blood was returned to the left femoral vein by a controllable roller pump. We excluded the skin
blood flow from the lower leg with a ligature at the level of tarsus. The electric pulse .signal from the
photocell circuit was passed into an interval-voltage converter and its output was recorded as blood
flow per minute. A few drop of blood were collected for analysis at several times during the experi-
ment.

A short period of muscle exercise was produced by sciatic nerve stimulation for 1 minute. A light
rhythmic contraction was caused by puises of 5—12V, with a 0.5—2 msec duration and a frequency of
1-5 Hz whereas severe tetanic contraction was produced by increasing the frequency to 10—50 Hz at
the same intensity and duration. Prolonged muscle exercise for 30 min was produced by sciatic nerve
stimulation at 5 Hz for 30 sec each minute. To study the relationship between contraction force and
blood flow, muscle tension force of the lower flexor muscles was recorded isometrically by connecting
the Achilles tendon to a force transducer. The resting muscle was stretched to the length associated
with maximum twitch tension. , ‘

Reactive hyperemia was produced by occluding and releasing the right femoral artery. A 1-min
ischemic contraction was performed 2 or 3 min after onset of 5 min occlusion of the artery.

Hematocrit, protein concentration and plasma osmolality were determined before, during and
after exercise. A few drops of venous blood were collected for analysis from the photocell counter sys-
tem. The blood was introduced into a small glass tube (I. D. 1.0 mm, length 70 mm) and analyzed for
hematocrit by centrifugation for 5 min at 12,000 rev/min. No correction was made for trapped
plasma. The total plasma protein content (g/dl) of the sample was measured with a D-Z type (II)
refractometer. The residual plasma after the analysis of hematocrit and protein concentration was
used for the measurement of plasma crystalloid osmolality by a cryoscopic osmometer (H. Knauer &
Co.). The change in percent plasma volume was calculated from the change in hematocrit according to
a formula presented by van Beaumont (4).

In preliminary experiments, we observed no significant changes in hematocrit, protein concentra-
tion and osmolality in the carotid artery during exercise of right hindlimb and norepinephrine injection.

The effect of vasoconstriction on the hematocrit of venous blood from the muscle was studied by
intravenous systemic injection of norepinephrine (5-10 ug/kg body weight). Changes in arterial pre-
ssure, venous outflow, hematocrit, protein concentration and osmolality were measured simultaneously.
Vascular resistance unit (PRU) was calculated by dividing femoral arterial pressure by blood flow per
100 g of tissue (mmHg* 100g* min * mi™!), '

Po2, Pcoz, and pH in venous outflow were measured with IL meter (IL Co.) after sampling in a
covered space of photocell circuit.

Statistical comparison of results before and after exercise was carried out by Student’s t-test on
paired data.

Results

Short exercise: Two patterns of exercise hyperemia

The characteristics of exercise and postexercise hyperemia of skeletal muscle in rabbit hindlimbs
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are illustrated in Fig. 1. Generally, two different types of blood flow increase during exercise were

observed.
ml/rgig/FlOOQ +/+\+\ : : 28 :i
: T gy R
- | o o z
g ool * + T\T\ﬁ,\ — ~
IV & Dl
R (S +
a é e e
exercise | A | I L1 .
Cont O l. 2 3 * ° ° ’ '

Time in min.

Fig. 1. Average time course of blood flow during and after exercise
under a spontaneous arterial pressure at 80 mmHg.

When systemic arterial pressure was low,approximately 80 mmHg,light rhythmic exercise increased
the blood flow immediately and it then rose to twice the resting (Fig. 1). Several tetanic contraction
initially decreased the blood flow but, 15—20 sec later, flow increased gradually during tetanic contrac-
tion and continued to rise for 60 sec after contraction ceased. The recovery time of postexercise
hyperemia was prolonged as the frequency of the stimulation increased: about 4 min at 5 Hz, 67 min
at 10 Hz and 8—13 min at 20—50 Hz. The degree of postexercise hyperemia also depended upon the
intensity of exercise.

When arterial pressure was spontaneously higher (average 117 mmHg), a rapid increase in flow
occurred during both types of muscle contraction, and recovery time was shorter, about 2 min at 5 Hz
and 4 min at 20 Hz.

During tetanic contraction, venous outflow initially decreased, but when force fell to 75% of con-
trol, flow slowly increased. The magnitude of initial decrease of venous outflow and the time to the
inflection point depended largely upon the level of arterial pressure. When the spontaneous arterial
pressure was higher than 130 mmHg, the initial decrease of venous outflow was less and the time to the
inflection point was shorter.

Hematocrit measurement was taken frequently during the exercise and postexercise hyperemia as
shown in Fig. 2 and Tables 1 and 2. With reference to the resting value, the maximal value of hema-
tocrit vs}as 107.8% at 5 Hz stimulation and 110.5% at 50 Hz stimulation. In one rabbit, the peak hema-
tocrit was 120% of control during 50 Hz. These data showed a significant difference from the resting
value (p < 0.01). The hematocrit increase occurred within a few seconds after the initiation of con-
traction by stimulation of 5 Hz or greater frequencies, and the rate and degree of hematocrit increase
were in proportion to the severity of contraction. During postexercise hyperemia, however, hematocrit
decreased progressively to the control level at the same rate as the decrease of hyperemia.
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Fig. 2. Changes in venous outflow, hematocrit and total plasma protein
concentration during and after exercise (20 Hz).

The total plasma protein concentration was determined as frequently as the hematocrit measure-
ment (Fig. 2, Tables 1 and 2). The increase of protein concentration during exercise was in proportion
to the frequency of contraction, but it was always larger than the rise of hematocrit. The maximal
protein content was 115.4% at 5 Hz (p < 0.01), and 127.1% at 50 Hz (p <0.01). An extreme example
reached 146% at 50 Hz (protein value from 7.0 to 10.2 g/dl). During postexercise hyperemia, protein
concentration decreased progressively to the control level in parallél with hematocrit and blood flow.
Neither hematocrit nor protein concentrétion displayed a negative phase.

The mean value of resting venous plasma osmolality taken at the femoral vein near the muscle was
321.3 £ 9.9 mOsm/kg ° H20 in 15 rabbits. During both light and heavy exercise, the maximal osmo-
lality was obtained at the end of 1-min exercise (Tables I and 2). The maximal value of venous osmo-
lality was 109.1% at 5 Hz (p < 0.01), and 114.3% at 50 Hz (p < 0.01). The rate of increase and the
length of recovery time were greater at 50 Hz than 5 Hz. Only a slight increase in osmolality was ob-
served at 1 Hz, but was statistically insignificant.

Presented in Tables 1 and 2 are the data on transcapillary plasma fluid loss (-PV%) calculated
according to van Beaumont’s equation from the hematocrit value in venous outflow before, during and
after muscle exercise. Maximal plasma fluid loss was 12.5% in the last part of 60 sec exercise at 5 Hz,

and 16.3% at 50 Hz.
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Prolonged exercise

During 30-min contraction of hindlimb muscle induced by interval stimulation (30 sec exercise per
min) of the sectioned sciatic nerve at 5 Hz, peripheral vascular resistance (PRU) decreased rapidly to
45% of the control and then increased gradually to 48% at the end of 30-min contraction (p <0.01)
(Table 3). Maximal tension force developed in the initial stage of exercise decreased to 65% at the final
stage of exercise. Hematocrit, protein concentration and osmolality rose to 104.2%, 111.3% and
106.6% within 5 minutes after onset of exercise (p < 0.01), respectively, and then all of them decrea-
sed gradually. Venous Po2 decreased to 74.1% at 2 minutes after the start of exercise, and at the end
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Fig. 3. A typical example of prolonged exercise hyperemia and changes
of hematocrit, total plasma protein concentration, osmolality
and tension force of lower flexer muscles.

Table 3. Changes of vascular resistance, blood gases and tension force
before, during and after prolonged exercise.

Exercise Recovery
n  Control 2" s' 10’ 20’ 30’ 10’
Resistance (mmHg*100g-mi ') 13 12.8%09 58+ 05 59+ 06 59t 06 60 05 6.1% 05 11.0%0.6
Hct (%) 13 41.8+1.0 435% 1.1 436% 1.1 432+ 1.1 425% 1.1 42.1% 1.1 41.3%10
Total plasma protein (g/dl) 13 59%0.2 66% 02 65+ 02 63+ 02 60% 02 59+ 0.2 58*02

Plasma osmolality (mOsm/Kg*H20) |13 335423 353.1% 4.5 357.8% 54 349.1% 4.0 341.6* 4.0 339.8% 4.0 336.8%3.2

PO2 (mmHg) 7 46515 345 25 334% 25 324% 29 317% 23 315% 1.8 447+£29

PCO2 (mmHg) 7 303*24 47.7% 43 522% 47 509% 44 465% 27 426+ 33 299%28

il (nM) 8 443122 613% 32 71.0% 5.1 6761 45 609% 41 564% 3.6 47.2%38
6

153.3£24.4 145.0 £23.8 135.8+£23.0 121.2£21.9 102.2+21.8

Tension force (g) (M. gastrocnemius)
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of 30-min exercise its level reached 67.5% (p < 0.01). Venous Pcoz and ut increased and reached
maximum at 5 minutes (p <0.01). In preliminary experiments we observed no changes of blood cons-
tituents and gases in the sample of carotid artery during muscle exercise of hindlimb. Fig. 3 showed
a typical example of prolonged exercise in which hematocrit, protein concentration, osmolality and
tension force decreased at 5 min after onset of 30-min exercise, whereas the increased exercise hypere-

mia was maintained approximately constant.

Ischemic exercise

Venous outflow from the skeletal muscle decreased rapidly to 50—-60% of the resting at the onset
of femoral artery occlusion and remained approximately constant until 5-min occlusion was released.
The peak flow after release of occlusion was 150% above control.

Fig. 4 demonstrates a typical example of ischemic exercise on venous outflow, hematocrit and
protein concentration. A 1-min muscle contraction during S-min occlusion produced only a slight
increase in verous outflow and large increase in hematocrit and protein concentration. Table 4 shows
the maximal changes of hematocrit, protein concentration and osmolality immediately after the release
of 5-min occlusion (control) and ischemic exercise (5 and 50 Hz). During 5-min occlusion, for the first,
hematocrit tended to decrease to 98.6 = 0.6% (n = 10, p < 0.2) at 1 minute after the initiation of
occlusion, and then increased gradually to 102.4 £ 0.4% (p < 0.01) until the occlusion was released.

(%) : ' Flow
130} %200 )
N
P
I8 ., H150
'Y Flow™_
120 |-+ . 100
N
g -m--—a \\ B 50
S N
CioF | \/ \ o
o o © \ \Profem
O ° o
T /.o‘ \o\ \o
[ o
z/ Hct J
OO0 - e~e0 /
\n

L l:—,ﬂ—i '
90 O F.Artery, ocel. 5 | O

Time in min

Fig. 4. A typical example of ischemic exercise hyperemia and changes
of hematocrit, and total plasma protein concentration during
and after ischemic contraction by 50 Hz.
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Immediately after release of 5-min occlusion hematocrit increased rapidly to 105.3 + 0.4% (p < 0.01).
The blood flow and hematocrit returned to the preocclusion levels within 2 munutes after release. The
hematocrit immediately after a 1-min ischemic exercise was 105.9 * 1.5% (n = 5, p < 0.01) at 5 Hz,
and 107.9 £ 2.2% (n = 8, p < 0.01) at 50 Hz stimulation. After the release of 5-min occlusion with
ischemic exercise hematocrit reached 108.8 + 1.7% (n=5,p <0.01)at5 Hzand 111.3 £2.1% (n = 8§,
p < 0.01) at 50 Hz. During post-ischemic exercise hematocrit progressively returned to the control
levels within 10 minutes. Maximal plasma loss calculated (-PV%) was 7.8%, 13.1% and 15.9% during
the control occlusion, 5 and 50 Hz ischemic exercise, respectively. Maximal increase of protein con-
centration was 102.3 + 0.6% (n = 7, p < 0.01) at the end of 5-min control occlusion, 113.2 £ 1.5%
(n =5, p<0.01) during 5 Hz and 121.5 + 3.0% (n = 6, p < 0.01) during 50 Hz ischemic exercise.
Maximal plasma osmolality was 102.5 £ 0.5% (n = 7, p <0.01) at the end of 5-min control occlusion,
110.9 £ 1.4% (n =5, p <0.01) during 5 Hz and 113.2 £ 2.4% (n = 6, p < 0.01) during 50 Hz ischemic

exercise.

Table 4. Maximal percent changes of hematocrit, total plasma
protein concentration and osmolality immediately
after release of 5-min occlusion (non-exercise) and
ischemic exercise (5 and 50 Hz).

non-exercise 5 Hz 50 Hz
Hematocrit 105.3 0.4 108.8 £1.7 111.3%2.1
=10 n=5 n=38
p<0.01 p<0.01 p<0.01
Protein 102.3 £0.6 113.2%1.5 121.5%£3.0
n=7 n=S5 n=6
p<0.01 p<<0.01 p<<0.01
Osmolality 102.5£0.5 1109+14 113.2%£2.4
n=7 n=5 n==6
p<0.01 p<0.01 p<0.01

Effects of Norepinephrine and Severe Hypoxic Hypoxia

Intravenous injection of norepinephrine (5—10 ug/kg) decreased venous outflow to 70% within 2
minutes after the injection of norepinephrine. The maximal vascular resistance reached 200% of
resting value (Fig. 5). At this time, hematocrit was 97.5 £ 0.2% (n=9, p <0.01) of control. Plasma
total protein concentration showed a slight increase after the injection of norepinephrine (102%). The
effect of intravenous epinephrine injection (7—15 ug/kg) on vascular resistance, hematocrit and total
plasma protein concentration was approximately the same result as that of norepinephrine.

Fig. 6 shows the increase of local blood flow from the muscle during severe hypoxia (below 5%
oxygen), accompanied by marked increase of systemic blood pressure. However, there was no change
in hematocrit, protein concentration and osmolality in the venous blood.
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Fig. 5. Vascular resistance, hematocrit and total plasma protein con-
centration in the resting muscle before, during and after in-
travenous injection of norepinephrine.
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Discussion

Utilizing the non-isolated hindlimb preparation of the rabbit, the results confirm that, as in other
species local blood flow increases in proportion to the severity of muscle exercise and hematoctit, pro-
tein concentration and osmolality of venous blood from the muscle rise. Although the increase of
hematocrit and protein concentration during muscle exercise, thereby suggesting hemoconcentration,
paralleled with the venous outflow in the light and short exercise, the same phenomenon was not ob-
served in the heavy and prolonged exercise, ischemia, ischemic exercise and severe hypoxic load. Fur-
thermore, the percent increase of protein concentration is always higher than hematocrit in outflow
from the various exercising muscle. No satisfactory explanation of these phenomena has yet been
proposed.

The increase in hematocrit and plasma protein concentration during whole body and arm exercise
have been reported earlier by Kaltreider et al (16) and Joye et al (15). Schlein et al (23) also demons-
trated the increase of hematocrit, protein concentration and potassium in the isolated, in situ gracilis
muscle preparation of the dog. Filtration of plasma fluid into the tissue space considered the cause of
these changes (1, 2, 4, 7, 15, 16, 21).

To answer the question of whether the increase in hematocrit and protein concentration are speci
fic to muscle contraction or results from an increased blood flow in the muscle tissue, we quantified
the relationship between the magnitude of hematocrit and protein concentration, the increase in blood
flow, and the severity of muscle contraction in various conditions. There was always found a propor-
tional relationship between the severity of contraction and the increase in venous hematocrit and pro-
tein concentration suggesting that the hematocrit and protein changes are closely related to muscle
contraction.

The mechanism of plasma fluid loss in the contracting muscle is probably multifaceted (3, 6, 11,
12, 19). Dilatation of the precapillary vessels presumably induced by metabolites will elevate the capil-
lary filtration pressure and will also increase the number of patent exchange vessels (11, 17, 23). Com-
pression intensities of postcapillary vessels by contraction modes may elevate the capillary filtration
pressure. Ischemia produces a slight increase in hematocrit and protein concentration, and ischemic
contraction has a greater effect. The other mechanism of plasma fluid movement is presumablly the
osmotic gradient produced by the metabolites, mainly lactate and HPO4™ | to the interstitial space and
capillary (11, 17, 18, 19, 23). All these factors will facilitate the fluid shift into the extravascular
space. The increased tissue fluid will moderate the increase in the tissue osmolality and at the same
time promote the lymph flow from the muscle (14). These mechanism undoubtedly aid in the home-
ostasis of the tissue, especially in the dynamic homeostasis of the prolonged exercising tissue.

That the plasma fluid filtration is not the only mechanism for hematocrit change in venous out-
flow is suggested by our experiment demonstrating maximal effect of norepinephrine injection. During
injection of norepinephrine intravenously, systemic blood pressure increases rapidly. This, of itself,
suggests the movement of plasma fluid toward tissue. As a matter of fact, protein in venous outflow
increases, whereas the hematocrit decreases significantly. Norepinephrine (1.5-3.0 ug base/min)
decreases forelimb weight markedly initially and then more slowly with time (11). It is therefore
inferred that the rapid decrease in venous hematocrit during norepinephrine injection is resulted from
the decreased diameter of arterio-venule system (9, 10) which tends to increase the ratio of plasma



—149—

layer thickness to the vessel diameter and/or from the constriction of precapillary sphincter which
tends to obstruct more red cell passing through the capillaries. The same rheological hypothesis may
be also introduced to the mechanism of venous hematocrit increase during 5-min occlusion without
exercise. It is assumed that the hematocrit increase comes partly from the decrease of plasma layer
thickness associated with lowering of the flow rate by occlusion and the increase of vessel diameter
caused by low oxygen tension and metabolites.

The hematocrit changes in venous outflow may also be discussed from a hypothesis of the func-
tional dual blood flow in the local tissue. In our prolonged exercise, we observed a gradual decrease of
hematocrit, protein concentration and osmolality from the maximal increase in a few minutes after the
onset of 30-min exercise, while the venous outflow increase and the decreased PO2 were kept approxi-
mately constant. As demonstrated in Fig. 6, a marked increase of local blood flow was observed in our
experiment without any change of hematocrit and protein concentration. The data also indicated that
the resistance of venous circuit is not the cause of hematocrit and protein concentration increases. A
postulate may be made that blood flows through the macrovascular arterio-venous shunts, microvas-
cular nutritive and non-nutritive channels (13). The nutritive capillary channels may open during exer-
cise. The arterio-venous shunt and the non-nutritive channels may open during rapid increase of ven-
ous return. In the excised muscle preparation, Morganroth et al (20) suggested the unknown chemical
factor as for the vasodilation during prolonged exercise after they discussed many factors including low
PO2, osmolality and metabloites.

It has been demonstrated that physical exercise (22) and arm exercise (15) produce greater in-
crease in total plasma protein concentration than increase of hematocrit. These observations were con-
firmed repeatedly in our experiment of rabbit hindlimb preparation. Although the movement of pro-
tein molecules in microvascular systems have been reported by some investigators (5, 22), the reason
for the greater increase during muscular exercise is not yet clear.

In conclusion, it is appeared that short and ischemic exercise sets largely the nutritive capillary
flow channel to work, which is associated with fluid movement, and prolonged one activates gradually
the joining of non-nutritive flow channel in proportion to the degree of muscle work severity or of
muscle fatigue.

Conclusion

The effects of muscular exercise on the muscle blood flow, venous hematocrit, plasma protein con-
centration and osmolality were studied on intact hindlimb of rabbits anesthetized with urethane.

1). With l-min exercise, the increase of muscle blood flow and hematocrit depended upon the
work severity. With reference to the resting value, the maximal hematocrit was 107.8% at 5 Hz stimu-
lation and 110.5% at 50 Hz (p < 0.01). The maximal increase of total plasma protein concentration
was 115.4% at 5 Hz and 127.1% at 50 Hz (p < 0.01). The maximal plasma crystalloid osmolality was
109.1% at 5 Hz and 114.3% at 50 Hz (p <0.01).

2). In the prolonged exercise, the elevated venous outflow was approximately constant until the
end of 30-min exercise, whereas hematocrit, protein, osmolality and tension force reached maximal
levels a few minutes after the onset of exercise and thereafter decreased gradually.

3). When blood flow was reduced to 50—60% of the normal value by femoral artery occlusion, -
hematocrit tended to decrease at 1 minute after the initiation of occlusion, and then increased gradual-
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ly above the control. One minute exercise during the occlusion caused hematocrit, protein concentra-
tion and osmolality to rise to approximately the same levels as during unrestricted flow. The maximal
hematocrit inmediately after release of occlusion reached 108.8% at 5 Hz and 111.3% at 50 Hz (p <
0.01).

4). Intravenous injection of norepinephrine decreased the hematocrit to 97.5% (p < 0.01),
whereas the protein concentration increased to 102.0%.

These results support the view that the hematocrit increase in venous blood from the exercising
muscle is mainly due to loss of plasma water and depends upon the severity of muscle work. The more
complicated mechanism including the modes of muscle exercise, functional dual blood flow and rheo-
logical regulation of microvascular system may be necessary to explain the fact that the change of he-
matocrit value is less proportional to the change of muscle blood flow.

The authors wish to thank Dr. Kiichi Sagawa, The Johns Hopkins University School of Medicine,
and Dr. Paul C. Johnson, The Unversity of Arizona School of Medicine, for their critical reading of and
suggestions to this manuscript. This work was supported, in part, by Kyorin University Medical Re-

search Grants.
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HZREOEBAMICK 52 BHBHMA, hematocrit, plasma
protein ¥ KX TF osmolality DZ & IT DT

(=1 p*

EFEE O I E THRAT) DR & AR N
BRAMOAIE & D EZRINICONT LTS b, &<
I MEERHE & HIRT - RAER OB K EIRE (R,
D ICREVBILE D > T3, TbL, &
HAIME > S KRR~ O IKULAS AR 2 © EMME -
) vNFRADKENNEE C OREREIKIZO, « CO, DA
HAET ALBMERTFO 1 o2& LTESHRTLE
ERREERT EEDLNINOTH 5, K
T D & 1A EREICHRE Lz &0 S Bk
2HLTED, COKBEICIERRELERICH
N Mgk 3 72 45 hematocrit ¥ plasma pro-
tein D HEDSE 7 VI T 5 EFA I DY TS S,
F 7z, BRSO OFHIRIM plasma osmolality &

EMME —HBEEOEREERE > 5FRE

LCERZTTHROTH S, AFETH Y LY
VIERBE R D v 4 F BB A EARERD N BT
FIALTWAfwic) v XROBASARHRICLT
W3, HERIIROBDTH S,

1). 145 0EH; (short exercise, A& E 12
DOEBEXHIH) THESBEOHEKICLID A< MY
Uy b BLOBHIRSEM L, TOEEDHMH
BRMic BT 2K~ 27 Y » bid control i€
LT 5 Hz #llB38E © 107.8%, 50Hz ©110.5
FilcEmmltz (P<0.01), EHEEIRSHZT
115.4%, 50Hz TI127. 1% D\ AfE A" (P <
0.01), [E—4 7 VDiEBE5Hz T109.1 %,
50Hz T 114.3%ici#Em L7 (P<0.01),

2). 304fSiDE#E) (prolonged exercise) Tl
MDA & Z OEFEREIMER S 0/ons,
SIES, ~w b2 Y o b, BHEE, BBETEBL
UHES (@) BREBIEH TR o, THO

oo % = E B B g™

* PR ERESRAE IR
ok IR FEEF AT HE

5, CHoIEFBE 2 ~ 3 DORAE R
I % ORI L, EEET# 23 A PhiTcontrol
iR Lic,

3). BDREIMEFEE) (ischemic exercise) 1Tk
ST b7 )y b BRRRORIO 1 SR THED
THEMAICH B05%Z DHBEHFIEE S EHBE
RIS DSHERE S 7o B IMMHEES DK THRTH
DARBEIROPAEMBREZ DO~ ) » FI5
Hz T control ® 108.8%, 50Hz T 111.3ic&E L
7o (P<0.01),

4). /v Ex7 Y YOBEETHIIKRED L
7o, [ERgIC~< b2 Y w b b control D 97.5 %
D U (P<0.01), WolED, EHEER
102.0% %/~ L, TOBMHIIRHETH 5, GEITHE
BéE LT, BEEREA LD OREY v 7 TE
TBIRMA~< b7 )y METFHRO—EDOERTIC
EELANWTLEERERLTOS),

INSORERLD, EMBEELRELTWET
DHEBDBED, ~T b2 Y o P OWINEEN
RFMICRE L THEINE L AP S, MBD
B 15 b BMIME b O DAL~ K B 37T
RhhicbDLEWT 5, W -iFH, EERIOH
HEE - R REES) T I HINE & LRk ik

S REALDXIEDI A NI o T hS, THITDWNT

BHES) O PHEY, mME LAY —, ZH
MRS EOHKBEEZ 5D TH b, KRR
T3 AHUMER &R K8 D8 1FEDSREr &
LHBDKR A A AT 4 VA, performance, 4,
FEHBELEDLHI WL ETREAEZH LTS
MDDV TIEHESBISIBIE2TIH TN D
DThsb, -





