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Abstract To investigate the effects of a 100-mg oral single-dose administration
of sarpogrelate hydrochloride (SH) on saturation O2 (StO2) of calf muscle in
healthy subjects experiencing simulated peripheral arterial disease (0.6 ankle
brachial pressure index). Ten subjects performed three kinds of plantar flexion
exercises at a work rate of 50% of maximal volunteer contraction for 4 min by
using cuff occlusion ischemia,. Subjects performed a control test (C) without
ischemia and SH, an ischemia test (I) without SH, and an I+SH test with
ischemia. StO2, blood pressures (BP), and heart rate (HR) were measured
through all experiments. At the end of the exercise, the decrease in StO2 from
baseline in the C and I + SH tests was significantly less than that in the I test
(p < 0.05, respectively). However, there were no significant differences in mean
BP or HR in any of the exercise conditions. These results indicated that an oral
single-dose administration of SH might improve peripheral circulation inde-
pendent of any changes in BP and HR.

1 Introduction

Sarpogrelate hydrochloride is an effective therapeutic drug that has been widely
used for peripheral arterial disease (PAD) patients in Japan [6]. Although it has
been reported that long-term oral administration of sarpogrlate hydrochloride
improves vascular function in PAD patients [8], investigation of the effects of a
single-dose administration of sarpogrelate hydrochloride on PAD patients has
been insufficient. Knowledge of these effects is important for the noninvasive,
continuous, and accurate evaluation of PAD patients.

Saturation O2 of muscle oxygenation (StO2) derived by near-infrared spec-
troscopy (NIRS) is represented by the ratio of HbO2 to total Hb. It is thought
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that StO2 would be a useful index of oxygen delivery and utilization. Therefore,
this useful technique has been widely used to evaluate variation in the severity of
PAD [5, 7]. However, it might be difficult to evaluate PAD patients accurately
because of variation in disease severity and/or the effects and histories of
administration of other medication.

The purpose of this study, therefore, was to investigate the effects of an oral
single-dose administration of sarpogrelate hydrochloride on muscle oxygena-
tion responses during plantar flexion exercise in healthy subjects who were
simulated PAD patients using cuff occlusion ischemia.

2 Methods

Ten healthy male subjects with mean age 36 (5) years, height 174 (6) cm, body
mass 65 (7) kg, participated in this study (values are means and standard
deviation). All subjects were informed about this study and consent was
obtained. This study was approved by an ethical committee of Hokusho Uni-
versity, Japan.

The subjects performed three kinds of unilateral planter flexion exercise with
a long sitting position. The workload of all experimental exercises was set at
50% based on 1 repetition maximum. Subjects performed plantar flexion
exercises for 4 min after 2 min of rest with 40 repetitions per 1 min, lifting the
weight 5 cm above the ground. Exercise protocols were as follows: Control test
(C) without ischemia and administration of sarpogrelate hydrochloride, Ische-
mia test (I) without administration of sarpogrelate hydrochloride, and ischemia
test with administration of sarpogrelate hydrochloride (I+SH).

Subjects performing the I and I+SH tests had restricted blood flow caused
by a pressure cuff in order to simulate PAD patients with 0.6 ankle brachial
pressure index (ABI). To accomplish this, 40% pressure of systolic blood
pressure (SBP) for an individual subject was carried out with a rapid inflator
on the thigh muscle throughout the experiment. An oral single dose of sarpo-
grelate hydrochloride, 100 mg, was administered before 0.889 h of each test
based on the Tmax [3].

During all tests, the responses of peripheral muscle oxygenation were mea-
sured using near-infrared spectroscopy (NIRS: BOM1-TRW, Omegawave,
Japan). Optodes consisting of a transmitter and detector were placed on the
right calf muscle, and the distance between the light source and the photo
detector was 3 cm. This unit has continuous light source of triple wavelength
(780, 810, and 830 nm) and calculates relative changes in tissue levels of muscle
oxygenation (HbO2), deoxygenation, and total Hb, according to the Beer-
Lambert law. The instrument can calculate tissue blood oxygen saturation in
muscle (StO2, %) from the ratio of HbO2 to totalHb after assuming a certain
density of the red cells in the blood; here we present our results as changes in
StO2. The data were sampled by every second.
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BP was monitored by the cuff occlusion method, and heart rate (HR) was
monitored in synchronization with BP. Both parameters were measured at rest
and 90 s after the onset of exercise at 1-min intervals. The mean BP (MBP) was
calculated as diastolic pressure plus one-third of pulse pressure.

StO2 responses in the primary decreasing phase in the first 2 min minus the
first 10 s were approximated by the following equation:

StO2 tð Þ ¼ StO2 bð Þ þAmp� 1� exp � t�TDð Þ=tð Þ
� �

where t is a given length of time, b is a baseline value at the onset of exercise,
Amp is an amplitude between baseline value and a value at 2 min of the exercise,
TD is a time delay, and t is a time constant.

StO2 of the calf muscle was represented as the values of a 30-s interval to
minimize variability, and it represented the relative change from the value at
baseline. MBP and HR were also represented as the relative change from the
baseline value.

One-way ANOVA was used to compare the relative changes of StO2, BP,
and HR among three experimental conditions. Significance level was accepted
at p < 0.05.

3 Results

Mean values of systolic BP, ABI, skinfold thickness of calf muscle, 1 RM data,
resistance load of 50% 1 RM, and applied cuff pressure to simulate PAD in all
subjects were 123 (7) mmHg, 1.11 (0.06), 5.3(0.7) mm, 32 (6) kg, 15 (3) kg, and
51 (2) mmHg, respectively.

The time constant in the I and I + SH tests seemed to be slower than
that in the C test. In fact, the time constant in the I (19.5 � 3.6 s) and I + SH
(16.8 � 4.2 s) tests was significantly slower than that in the C (9.3 � 2.8 s) test
(p < 0.05, respectively).

StO2 changes by 30-s interval from a baseline value for all subjects are shown
in Fig. 1. StO2 decreased with a short time delay in all conditions. In the C test,
StO2 continued to decrease until about 120 s, and then it showed almost a
plateau phase until the end of exercise. In the I test, it decreased rapidly until
about 60 s, after which it continued to decrease gradually until the end of
exercise. In the SH test, it decreased rapidly until about 60 s, after which it
continued to decrease gradually until about 3 min of exercise, at which point it
began to increase slightly until the end of exercise. During exercise, there were
significant differences in the relative change from baseline of StO2 at 3.5 and
4 min of exercise between the C and I tests (at 3.5 and 4 min) and between the C
and I, the I and SH tests (at 4 min), (p< 0.05, respectively). However, there were
no significant differences in StO2 changes at 3.5 and 4 min between the C and
SH tests.
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Figure 2 shows the changing rate of MBP and HR from baseline values in all

conditions, respectively. Both MBP and HR showed almost the same kinetics.

MBP and HR increased temporarily after the onset of exercise, then it showed

stable values during exercise. After the end of exercise, each decreased slightly

and recovered toward the baseline value. There were no significant differences

in MBP and HR among the experimental conditions.

4 Discussion

It is reasonable that StO2 could change in either direction during exercise. That
is, if StO2 increases during exercise, it may mean that O2 delivery to the active
muscle exceeds O2 utilization in the muscle. If StO2 decreases during exercise, it
may mean that StO2 utilization in the muscle exceeds O2 delivery to the active
muscle. It has been reported that StO2 kinetics of calf muscle during plantar
flexion exercise at a lower work rate [1] in PAD patients was slower compared
with that of healthy subjects. This slower kinetics may be associated with
skeletal muscle metabolism, including muscle oxygen consumption, because
of the lack of any difference in blood flow between PAD patients and healthy

Fig. 1 Changes in StO2 from
the baseline during all
experimental conditions. h;
control test, �; ischemia test,
*; sarpogrelate
hydrochloride test. *;
p < 0.05 between control
and ischemia test, #; p< 0.05
between sarpogrelate
hydrochloride and ischemia
test

Fig. 2 Changes in mean blood pressure (MBP; left panel) and heart rate (HR; right panel)
from the baseline during all experimental conditions. h; control test, �; ischemia test, *;
sarpogrelate hydrochloride test
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subjects [1]. However, we simulated a situation of PAD patients with 0.6ABI
using a cuff occlusion method by creating a relative lower pressure temporarily,
and hence, muscle metabolism was not impaired. Thus, cuff occlusion ischemia
might affect muscle blood flow rather than muscle metabolism. In this study, a
slower time constant in the I and I+ SH tests was observed compared with that
in the C test. This slower response might have been caused by lower blood flow
into the working muscle due to the ischemia by cuff occlusion. However, there
were no differences in time constant between the I and I + SH tests.

In the decreasing phase of StO2 during exercise, O2 utilization was supposed
to be greater than O2 delivery due to blood flow restriction by ischemia. After
120 s of the C test, the balance between O2 delivery and utilization may have
remained constant, because StO2 showed almost no change until the end of
exercise. On the contrary, it is reasonable that O2 utilization continued to
exceed O2 delivery until the end of the I test. Interestingly, in the latter period
of the SH test, StO2 increased slightly. As exercise continued at a same work
rate in all experiments, it is unlikely that O2 utilization decreased only in the
latter phase during the SH test. Moreover, we controlled the workload that
subjects could perform when lifting the weight 5 cm above the ground accu-
rately throughout all experiments. SH is an effective medication that inhibits
platelet aggregation induced by collagen and secondary aggregation by ADP or
epinephrine [2].Moreover, SH inhibits 5HT2 receptor specifically [9] with result
that it can be reasonably expected to improve blood flow in tissues, because
5HT2 receptor is related to vasoconstriction [10].

To our knowledge, there has been no previous study about the effects of single-
dose administration of SH on the hemodynamics of calf muscle, in particular, in
simulated PADpatients of the sameABIwithout any effects of other factors such
as cardiovascular disease, diabetes, or the action of other medication. Although
we cannot compare our results with those of previous studies, we tentatively
conclude, based on our results, that local muscleO2 deliverymight have increased
in the latter phase of the SH test due to the effects of sarpogrelate hydrochloride.

Based on ‘‘Starling’s equation’’, it is well known that stroke volume is
affected not by arterial blood pressure but inflow in the vein. In the present
study, as MBP and HR did not change during exercise in any of the test
conditions, it was suggested that cardiac output did not increase during exer-
cise. Therefore, it is unlikely that a single-dose administration of sarpogrelate
hydrochloride affects the circulating blood volume from the heart.

5 Conclusion

Our results indicated that an oral single-dose administration of sarpogrelate
hydrochloride improved peripheral hemodynamics in the latter period of
exercise under greater demand of oxygen delivery and utilization during the
exercise, independent of a lack of changes in blood pressure and heart rate.
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