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Abstract

In this study, the effects of Choto-san ($J##¢) on the microcirculation of bulbar conjunctiva in 16
patients with asymptomatic cerebral infarction were investigated with a video-microscopic system.
After the administration of Choto-san for four weeks, variables of microcirculatory flow of the bulbar
conjunctiva, that is, the internal diameter of vessels, flow velocity and flow volume rate were increased
(p<0.05). Erythrocyte aggregability, evaluated by measuring the maximum diameter of a column of
intravascular erythrocyte aggregation, was also improved (p <0.05). Simultaneously, hemorheological
factors such as whole blood viscosity, plasma viscosity, erythrocyte deformability and leukocyte
deformability were examined. Choto-san improved deformability of both erythrocytes and leukocytes
(»<0.05), but not blood viscosity. These results suggest that Choto-san may have favorable effects on
cerebrovascular disorders through changes in microcirculatory flow, erythrocyte aggregability and
blood cell deformability.

Key words asymptomatic cerebral infarction, Choto~san, Hemorheology, leukocyte deformability,
Microcirculation.

Abbreviations Choto-san (Diao-Teng-San), $J8#K ; DEA, the maximum diameter of the column
of intravascular erythrocyte aggregation ; FVe, flow velocity ; FVo, flow volume rate ; ID, internal

135

Effects of Choto-san (Diao-Teng-San) on microcirculation of

diameter of the vessel.

Introduction

Choto-san (Diao-Teng-San ; $J##&%) is a Kampo
medicine administered to relatively aged patients
suffering from hypertension, cerebrovascular dis-
orders and such subjective symptoms as headache,
dizziness, shoulder stiffness efc. Y Furthermore, a
recent double-blind, placebo-controlled study 2
demonstrated that Choto-san is effective in treating
vascular dementia. However, the mechanism of the
drug action with respect to improving cerebrovascular

disorders is still uncertain.

We have recently reported the short-term effect
of Choto-san on the microcirculation of bulbar conjun-
ctiva in twelve healthy volunteers. The internal diam-
eter of vessels, flow velocity and flow volume rate
increased one hour after the oral administration of
Choto-san.” These results suggest that Choto-san
may possibly contribute to the microcirculatory regu-
lation of the brain in patients with cerebrovascular
disorders.

Since Eisenberg et al. * demonstrated that the
increase in blood viscosity plays a part in causing
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cerebral infarction, abnormal hemorheological factors
in cerebrovascular disorders have attracted increasing
attention. Several studies have proposed that increase
of blood viscosity, acceleration of erythrocyte and
platelet aggregation, decreases of erythrocyte and
leukocyte deformability and elevation of fibrinogen
concentration were noticed in patients with ischemic
cerebrovascular damages.m

The present study was designed to determine the
effects of Choto-san on the microcirculation and
hemorheological factors in patients with asympto-
matic cerebral infarction.

Subjects and Methods

Patients : The subjects were sixteen patients with
asymptomatic cerebral infarction who visited the
Department of Japanese Oriental (Kampo) Medicine,
Toyama Medical and Pharmaceutical University
Hospital. They consisted of 4 males and 12 females,
aged 63.5+8.1 years (mean+S.D.), and their diagnosis
was reached by magnetic resonance imaging.
Informed consent was obtained from each patient.
Although some of them were being treated by West-
ern medicines that influenced hemorheological fac-
tors, such medicines had not been changed from three
months before entry into this study until the end of
four weeks of Choto-san administration.

Substances : Choto-san used in this study was
prepared as hot infusion. It consisted of 5.0 g of Sekko
(F5%), Gypsum Fibrosum, CaSo0,2H,0, 3.0 g of Kikka
(g§t), Chrysanthemi Flos, Chrysanthemum wmor-
ifolium RAMATULLE, 3.0 g of Choto (§93), Uncariae
Uncis Cum Ramulus, Uncaria sinensis OLIVER, 3.0 g of
Chimpi (BFz), Aurantii Nobilis Pericarpium, Citrus
unshiu MARKOVICH, 3.0 g of Ninjin (A%), Ginseng
Radix, Panax ginseng C. A. MEYER, 3.0 g of Bakumon-
do (#Pq%), Ophiopgonis Tuber, Ophiopogon japonicus
KER-GAWLER, 3.0 g of Bofu (B§J&), Saposhnikoviae
Radix, Saposhnikovia divaricata SCHISCHKIN, 3.0 g of
Bukuryo (#£%F), Hoelen, Poria cocos WOLF, 3.0 g of
Hange (%), Pinelliae Tuber, Pinellia ternata
BREITENBACH, 1.0g of Kanzo (H®), Glycyrrhizae
Radix. Glycyrrhiza uralensis FISHER, and 1.0 g of Sho-
kyo (#:3%), Zingiberis Rhizoma, Zingiber officinale
RosCOE. These pharmacons were suspended in 600 ml

of water, boiled for 30 to 40 minutes, and 300 ml of
infusion solution was formed. Patients were orally
given the Choto-san infusion three times a day (300
ml/day) for four weeks.

Study protocol : Before and after the four-week
period of Choto-san administration, blood pressure
and heart rate were measured and microcirculation of
bulbar conjunctiva was observed by video-micro-
scopic system ® at about 9:00 a.m. after overnight
fasting. At the same time, 21 ml of blood was with-
drawn from the cubital vein, anticoagulated in EDTA-
2Na (1.5mg/ml) to measure the hemorheological
parameters of whole blood viscosity, plasma viscosity,
erythrocyte deformability and leukocyte defor-
mability.

Measurement of wmicrocirculatory flow : We obser-
ved the venules of the bulbar conjunctiva of internal
diameter of about 20 xm, which were mostly straight-
line, and used a video-microscope system.ﬂ The inter-
nal diameter of the vessels (ID ; um) was measured.
The traveling distance of one erythrocyte during one
second was measured frame by frame and the aver-
aged values were calculated after three estimations as
the flow velocity (FVe ; yum/sec). Flow volume rate
(FVo ; um®/sec) was obtained from the equation
FVo=(1/2 ID)?X z XFVe.

Measurement of erythrocyte aggregability : The
maximum diameter of a column of intravascular
erythrocyte aggregation (DEA) was defined as the
maximum diameter of the largest venule in which
intravascular erythrocyte aggregation in the pleural
venules of the bulbar conjunctiva was observed by the
video-microscope system. In a previous report, we
showed that DEA served as a useful index for evaluat-
ing erythrocyte aggregability in vivo.”

Measurement of wviscosity : The details were ex-
plained in our previous paper.g) Whole blood and
separated plasma were measured by coneplate
rotational viscometer (Bio-rheolizer, Tokyo Keiki
Co., Ltd., Tokyo). Whole blood viscosity was mea-
sured at five different points of shear rates (y) (19.2,
38.4, 76.4, 192.0, 384.0 sec™!) five times, respectively,
and the averages of the five values were calculated.
Using the remaining blood sample, this procedure
was repeated. The final viscosity was estimated for
each point through the average of two repeated tests.
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The plasma viscosity was estimated at one shear rate
(384.0 sec™!) through the average of five values.
Measurvement of evythvocyte deformability : The
apparatus and sample preparation for measurement
of erythrocyte deformability were described in our
previous paper.m) After high-speed centrifugation,
plasma and buffy coat were removed. The remaining
packed erythrocytes were washed three times with
isotonic phosphate buffer (PBS) (pH=74, 295
mOsm/kg) and resuspended in isotonic PBS to a final
concentration of 159 . Erythrocyte deformability
was determined by measuring the filtration time
required for 400 x1 of 15 9% red cell suspension to pass
through a 5 um pore filter (Nucleopore, Costar Co.,
Ltd., USA) under constant -10 cm H,O pressure. The
erythrocyte deformability was calculated as the aver-
age of six repeated tests.
To

determine leukocyte deformability, at first, whole

Measurement of leukocyte deformability

blood suspension and correlative red cell suspension
were prepared, respectively.m Whole blood suspen-
sion prepared from the whole blood sample was dilut-
ed with autologous plasma to leukocyte counts of
3000/ 1 and hematocrit was measured. Similar to the
measurement of erythrocyte deformability, eryth-
rocytes were separated and washed, and only the third
washing was done at high-speed centrifugation to
obtain thick density. Concentrated erythrocytes from
the middle part of the erythrocyte column were aspir-
ated and added to autologous plasma, and its hemato-
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crit was adjusted to plasma-diluted whole blood of
leukocyte counts of 3000/xl. By the same process as
for the erythrocyte deformability, the filtration time
for the respective cell suspensions was calculated and
the disparity of the respective averages was defined as
leukocyte deformability.

Statistical analysis : The data were presented as
mean=*standard error. Statistical comparisons were
made using the Wilcoxon's t-test. The level of statisti-
cal significance was defined as p <0.05.

Results

Figure 1 shows the changes in microcirculatory
flow in the bulbar conjunctiva after the administra-
tion of Choto-san for four weeks. The mean (+S.E.)
internal diameter significantly increased from 21.0 +
0.8 4um at pre-administration to 22.4+0.7 um at post-
administration (Fig.1A). The mean flow velocity
significantly increased from 327 +28 ym/sec to 390+
36 um/sec (Fig.1B). The mean flow volume rate
significantly increased from 1.11+0.09X10%zm?/sec
to 1.52+£0.14 X 10°m?/sec (Fig. 1C).

The mean DEA significantly decreased from 32.0
+1.3 yum at pre-administration to 27.9+1.6 gm at 4
weeks after the administration of Choto-san (Fig. 2).

Table I shows the changes of blood viscosity.
Whole blood viscosity was corrected by hematocrit at
45 9% . There were no significant differences between
pre- and post-administration in whole blood viscosity
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Fig. 1 Changes in internal diameter (A), flow velocity (B), flow volume rate (C) in bulbar conjun-
ctiva following the oral administration of Choto-san in 15 patients with asymptomatic cerebral
infarction. Data expressed as mean=S.E. *: p<0.05 vs. before administration.
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Fig. 2 Changes in DEA in bulbar conjunctiva following the
oral administration of Choto-san in 16 patients with
asymptomatic cerebral infarction. Data expressed as
meantS.E. *: p<0.05 vs. before administration.
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Changes of erythrocyte deformability and leuko-
cyte deformability are shown in Figure 3. Mean eryth-
rocyte deformability significantly improved from 12.7
+0.5 msec at pre-administration to 11.7%0.3 msec at
4 weeks after the administration of Choto-san (Fig.
3A). Mean leukocyte deformability significantly im-
proved from 2.6+0.3 msec to 1.9+0.3 msec (Fig.3B).

Discussion

Our previous study, in which Choto-san was
administered to healthy volunteers, demonstrated its
improvement effects on blood flow in microvessels of
the bulbar conjunctiva. However, it remained un-
known whether the salutary effects may be gained by
administering Choto-san to patients with microcir-
culatory disturbance. In the present study, we
examined the effects of Choto-san on the microcir-
culation of the bulbar conjunctiva in patients with
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Fig. 3 Changes in erythrocyte deformability (A) and leukocyte deformability (B) following the oral
administration of Choto-san in 16 patients with asymptomatic cerebral infarction. Data expressed
as mean+S.E. *: p<0.05 vs. before administration.

Table I Changes in blood viscosity following the administration of Choto-san.

pre-administration

corrected whole blood viscosity

post-administration

low shear stress (cp) 7.52+0.64 7.49%0.83 N.S.
high sherar stress (cp) 4.26+0.23 4.31+0.22 N.S
plasma viscosity (cp) 1.48+0.08 1.54%+0.16 N.S.

The results were expressed as mean+S.D., n=16. N.S.: not significant



Journal of Traditional Medicines (Vol.16 No.4 1999) 139

asymptomatic cerebral infarction. Similar to the pre-
vious study ¥ using healthy volunteers, the results
revealed increases in the internal diameter of vessels,
flow velocity and flow volume rate in the patients’
bulbar conjunctiva.

In addition, we considered various hemor-
heological factors influencing microcirculatory distur-
bance such as the increase of blood viscosity, accelera-
tion of erythrocyte aggregation, and decline of blood
cell deformability. At the beginning of hemor-
heological studies, many researchers investigated
blood viscosity, erythrocyte aggregation and eryth-
rocyte deformability. More recently, researchers have
become interested in abnormal rheological behaviors
of leukocytes in the disturbance of microcirculation. It
has been recognized that leukocytes are an important
player in the microcirculatory environment because of
their large size, poor deformability and easy activa-
tion. For example, it was reported that the decline of
leukocyte deformability and the acceleration of leuko-
cyte aggregation were closely concerned with the
occurrence of cerebrovascular attacks.”"”

The present results showed that DEA as an index
of erythrocyte aggregation, erythrocyte deformability
and leukocyte deformability in patients with
asymptomatic cerebral infarction were improved by
administering Choto-san for four weeks. These find-
ings indicate that Choto-san has the pharmacological
activity to work against accelerated erythrocyte
aggregation and to improve the deformability of blood
cells, facilitating whole blood filterability through
microvessels. Furthermore, Choto-san was shown to
extend microvessels and to increase velocity and
volume of blood flow in the patients’ bulbar conjun-
ctiva. Taken together, it is suggested that the phar-
macological action of Choto-san may include favor-
able hemorheological effects on the cerebral microcir-
culation and provide a useful method for the treat-
ment of cerebrovascular disorders.

In our previous studies, it had been reported that
Keishi-bukuryo-gan (X% 4), one of the Kampo
prescriptions, increased the flow velocity and flow
volume rate of the microvessels in the bulbar conjun-
ctiva, improved intra-vascular erythrocyte aggrega-
tion and erythrocyte deformability, and lowered blood
viscosity in patients with cerebro-spinal vascular

disease.” '’ Several of these effects were similar to
administration of Choto-san, however, in the present
study, the vasodilative action of Choto-san on the
bulbar microvessels was considered as an important
pharmacologic action to improve microcirculation
which was not shown by Keishi-bukuryo-gan.

In this study, the administration of Choto-san did
not significantly change whole blood viscosity and
plasma viscosity. It is well known that blood viscosity
is correlated with erythrocyte factors (hematocrit,

erythrocyte aggregability, erythrocyte deformability),

leukocyte factor (leukocyte deformability), platelet
factor (platelet aggregation), and plasma factors
(fibrinogen, albumin, y-globulin) efc. Although the
Choto-san administration improved erythrocyte ag-
gregability and blood cell deformability, these effects
were not enough to exert an influence on blood viscos-
ity. Moreover, it has recently been reported that infar-
ct size and outcome depend on the extent of residual
microvascular perfusion in cerebral ischemia and that
improvement of blood cell filterability is more impor-

tant than a reduction of blood viscosity.m
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