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In this study, the effects of Toki-shakuyaku-san on the microcirculation of bulbar conjunctiva in 11 patients with
asymptomatic cerebral infarction were investigated with a video-microscopic system. After the administration of Toki-
shakuyaku-san for four weeks, the flow volume rates of microcirculatory flow of the bulbar conjunctiva were increased
(p<0.05). Hemorheological factors such as whole blood viscosity, plasma viscosity, and erythrocyte deformability were
examined. Toki-shakuyaku-san improved whole blood viscosity and erythrocyte deformability (p<0.05), and plasma
lipid peroxides decreased. These results suggested that the favorable effects of Toki-shakuyaku-san on cerebrovascular
disorders take place via changes in microcirculatory flow, with the mechanisms being considered to be improvements

in hemorheological factors and the anti-oxidant effect of Toki-shakuyaku-san.
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Introduction

Toki-shakuyaku-san (TSS: Dang-gui-shao-yao-san),
one of the famous traditional Chinese prescriptions, has
been used to treat obstetric and gynecologic disorders since
olden times. TSS is presently also used to treat sterility, ane-
mia at pregnancy, hypopituitarism and menopausal syn-
drome. Further, TSS was reported to exert an effect against
Alzheimer type dementia” and cerebrovascular dementia,”
and thus is often used in a clinical setting.

Its mechanisms were reported to affect neuroendocri-
nology, such as stimulating the synthesis of acetylcholine
receptor and increasing the kinds of catecholamine.®
However, there are few reports concerning TSS and brain
blood flow and hemorheology clinically. It is reported that
asymptomatic cerebral infarction progresses to vascular de-
mentia and cerebral infarction.* A decrease in cerebral
blood flow due to endothelial dysfunction from aging and
hypertension are thought to be the causative factors.®

In this study, we investigated the effect of TSS on the
microcirculation and hemorheological factors in patients
with asymptomatic cerebral infarction.

Subjects and Methods

Patients. Eleven patients without neurological disorder
were diagnosed as asymptomatic cerebral infarction based
on high-intensity lesions greater than 3 mm in size on T»-
weighted images coinciding with low-intensity lesions on
Ti-weighted on MRI. They visited the Department of

Japanese Oriental (Kampo) Medicine, Toyama Medical and
Pharmaceutical University Hospital between October 2001
and March 2002. The group consisted of 5 males and 6 fe-
males, aged 50-72 years (mean = S.D.). Informed consent
was obtained from all patients. Their complications in-
cluded 5 cases of hypertension, 3 cases of diabetes mellitus
and 2 cases of hyperlipidemia. Although some of them
were being treated by Western medicines that influenced
hemorheological factors, these medicines were not changed
from three months before entry into this study until the end
of the four-week TSS administration.

Preparation of Toki-shakuyaku-san. TSS was prepared
as a hot decoction. It consisted of 6.0g of Alismatis
Rhizoma (Alisma orientale Juzepczuk), 5.0g of Paeoniae
Radix (Paeonia lactiflora PaLLas), 4.0g of Atractylodis
Rhizoma (Atractylodes lancea DE CANDOLLE), 4.0g of
Hoelen (Poria cocos WoLF), 3.0g of Cnidii Rhizoma
(Cnidium officinale MAKINO), and 3.0g of Angelicae Radix
(Angelica acutiloba KitaGawa). These crude drugs were
obtained from Tochimoto Tenkaido Co. Ltd.(Osaka, Japan).
These pharmacons were boiled in 600ml water for 40 min-
utes, and 300ml of hot decoction was formed. Patients were
orally given the Toki-shakuyaku-san decoction three times
a day (300ml/day) for four weeks.

Study protocol. Blood pressure was measured and
microcirculation of bulbar conjunctiva was observed by
video-microscopic system at about 9:00 a.m. after overnight
fasting both just before and right after the four-week period
of TSS administration. At the same time, blood was with-
drawn from the cubital vein and anti-coagulated in EDTA-
2Na (1.5mg/ml) to measure whole blood viscosity, plasma
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viscosity, erythrocyte deformability, red blood cell (RBC),
hemoglobin (Hb), hematocrit (Ht), lipid peroxides (LPO),
NO:/NO;™ and fibrinogen.

Measurement of microcirculatory flow. We used a
video-microscope system to observe the venules of the bul-
bar conjunctiva.” The internal diameter (ID) of the vessels
(their initial ID was about 18um and they were mostly
straight-line) was measured. The traveling distance of one
erythrocyte during one second was measured frame by
frame and the averaged values were calculated after three
estimations as the flow velocity (Fve; um/sec). Flow vol-
ume rate (Fvo; um’/sec) was obtained from the equation
Fvo=(1/2 ID)?* X 7 XFve.

Measurement of viscosity. The details of blood viscosity
measurement were explained in our previous paper.? Whole
blood was measured by coneplate rotational viscometer
(Bio-rheolizer, Tokyo Keiki Co., Ltd., Tokyo, Japan) 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 sam-
ples, this procedure was repeated. Final viscosity was esti-
mated by the average at each point through the average of
two repeated tests. Plasma viscosity was estimated at one
shear rate (384.0 sec) through the average of five values.
All viscosity measurements were performed at a constant
temperature of 37°C.

Measurement of erythrocyte deformability. The appa-
ratus and sample preparation for measurement of erythro-
cyte deformability were described in our previous paper.”
After high-speed centrifugation, plasma and buffy coat were
removed. The remaining packed erythrocytes were washed
three times with isotonic phosphate buffer (PBS; NaCl 93.4
mM, Na;HPO: - NaH;PO4 3.2 mM, KCl1 5.0 mM, glucose 5
mM, PH7.4, 295 mOsm/kg) and resuspended in isotonic
PBS to a final concentration of 15%. Erythrocyte deforma-
bility was determined by measuring the filtration time re-
quired for 400ul of 15% red cell suspension to pass through

a 5um pore filter (Nucleopore, Costar Co., Ltd., CA, USA)

under constant -10cm H2O pressure. Erythrocyte deformabi-

lity was calculated as the average of six repeated tests.
RBC, Hb, Ht, lipid peroxide and fibrinogen measure-

ment. RBC, Hb and Ht were determined by automatic
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counter (Celltac o, MEK-6158, NIHON KOHDEN Co.,
Tokyo). LPO was measured by the Yagi method,'” and
plasma fibrinogen by the thrombin time method.'”

NO measurement. NO is an extremely unstable mole-
cule and rapidly undergoes oxidative degradation to stable
inorganic nitrogen oxides NO>/NOs~ that were used here as
indices of in vivo NO generation. Serum NO>/NOs™ was
measured with an automated system (ENO-10; EICOM Co.,
Kyoto, Japan), based on the Griess reaction method.

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

Results

There were no significant differences in blood pressure
between before and after the four-week period of TSS ad-
ministration. As for microcirculatory flow, the mean inter-
nal diameter of vessels and flow velocity did not change
from before to after the four-week period of TSS admini-
stration, but the mean flow volume rate significantly
increased from 0.90.09 X 10°um’/sec to 1.142£0.09 X 10°
um?/sec (Table 1).

Whole blood viscosity was corrected by hematocrit at
45%. There were no significant differences between before
and after the four-week period of TSS administration at low
shear stress in whole blood viscosity. However, there was
significant decrease in the viscosity at high shear stress from
4.147£0.06 cp to 4.01£0.09 cp. Plasma viscosity showed
no significant difference at either low or high shear stress.
Mean erythrocyte deformability significantly improved
from 13.5370.35 msec to 12.910.42 msec in the four-
week period (Table 2). The number of RBC increased from
459.8£9.3 X 10%ul to 473.29.3 X 10%ul, Hb increased
from 13.3£0.3 g/dl to 14.110.4 g/dl, and Ht increased
from 43.471.0 % to 4491 1.0 %, all significantly. LPO
was significantly decreased from 2.69 -0.32 nmol/ml be-
fore, to 2.18£0.16 nmol/ml after the four-week period of
TSS administration. NO,/NOs;™ and fibrinogen did not
change in the four weeks (Table 3).

Table 1 Changes in blood pressure and microcirculatory flow

Pre-administration Post-administration

Blood pressure

Systolic pressure (mmHg)

Diastolic pressure (mmHg)
Microcirculatory flow

Internal diameter of vessels (um)

Blood flow velocity (nm/sec)

Blood flow volume (X 105um3/sec)

132%£6 136%5
8114 821+4
18.1£0.7 19.210.7
353.3£31.6 389.5+16.2

0.9£0.09 1.14£0.09*

The results were expressed as mean + S.E., n=11. Asterisks indicate significant differences from

pre-administration (*: p<0.05).
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Table 2 Changes in hemorheological factors

J. Trad. Med. (Vol.21 No.4 2004)

Pre-administration

Post-administration

Corrected whole blood viscosity

Low shear stress (cp)

High shear stress (cp)
Plasma viscosity

Low shear stress (cp)

High shear stress (cp)
Erythrocyte deformability (msec)

7.02%0.15 6.9110.28
4.1410.06 4.01£0.09*
7.52%0.64 7.491+0.83
1.52£0.05 1.41£0.03
13.53*0.35 12.91£0.42%

The results were expressed as mean = S.E,, n=11. Asterisks indicate significant differences from

pre-administration (*: p<0.05).

Table 3 Changes in RBC count, plasma lipid peroxides, fibrinogen and No2"/No3™

Pre-administration Post-administration

Red blood cell (X 10%/ul) 459.81+9.3 473.2+9.3%*
Hemoglobin (g/d) 13.3+0.3 14.1£0.4*
Hematocrit (%) 434t1.0 449+1.0*
Lipid peroxides (nmol/l) 2.69£0.32 2.08£0.16*
No27/No3~ (10-5M) 25.01+64 25.5+48
Fibrinogen (mg/ml) 184.69.5 196.6=11.9

The results were expressed as mean = S.E., n=11. Asterisks indicate significant differences from

pre-administration (*: p<0.05).

Discussion

Asymptomatic cerebral infarction is a significant dis-
ease, as it progresses to vascular dementia and cerebral
infarction.*® The mechanism underlying its cause is consid-
ered to be decreasing cerebral blood flow from endothelial
dysfunction resulting from both aging and hypertension.®
For its treatment, anticoagulants are not commonly used be-
cause of the possibility of inducing cerebral bleeding. This
means that, under such circumstances, only hypertension re-
ceives treatment. In traditional Oriental medicine, there is
the concept of "Oketsu", which means blood stasis. There
are some prescriptions that are called "anti-Oketsu" drugs
for treating blood stasis. TSS is one of these "anti-Oketsu"
drugs, and it is used for patients whose health is adversely
affected by coldness. It is also often used for gynecologic
disease with anemia.

In this study, TSS had no effect on blood pressure, but
the blood flow volume of the microcirculation at conjunc-
tive bulbi increased significantly. One of its mechanisms
was thought to be the improvement of erythrocyte
deformability, and it was supported that the whole blood
viscosity at high shear stress and the filtration time of RBC
decreased. Further, LPO is an index of radical production,
and an increase in production is a contributing factor in ar-
teriosclerosis'? and also weakens the NO effect, worsening
blood circulation.'” In the present study, plasma LPO de-
creased significantly, and therefore TSS was thought to
have a favorable effect on blood circulation. )

There was a slight increase in the number of RBC. It
has also been reported that TSS had a hematopoietic effect
and improved anemia. But as polycythemia is one of the

risk factors of cerebral infarction, TSS is particularly useful
for anemic patients.

Until now we have been studying the effects of Kampo
formulations such as Keishi-bukuryo-gan'¥ and Choto-san.”
Comparing their results with the present result, TSS, Keishi-
bukuryo-gan and Choto-san all improved microcirculation.
TSS and Keishi-bukuryo-gan decreased whole blood viscos-
ity, and TSS and Choto-san improved erythrocyte deforma-
bility. Furthermore, Keishi-bukuryo-gan decreased the levels
of Ht and fibrinogen, TSS increased the RBC count, and
Choto-san decreased the level of total cholesterol. Thus,
each formula has its particular features, and they share that
of the improvement of the microcirculation.

Generally, the use of Kampo formulas is still deter-
mined on the basis of traditional Oriental thinking.
However, from the present study, it was possible to select
the best formula not only by the method of traditional
Oriental thinking but also by taking into account Western
medical laboratory data.
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