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Abstract

Toki-syakuyaku-san (Dang-Gui-Shao-Yao-San) is one of the anti-“oketsu” prescrip-
tions of traditional Kampoh medicine. Effects of this prescription on blood viscosity and
thromboxane synthesis in platelets were investigated in healthy volunteers (6 males and 6
females). They were administered 7.5 grams per day of Toki-syakuyaku-san preparation
for one week. Whole blood viscosity of the volunteers decreased significantly by the
Kampoh prescription. Plasma viscosity showed no significant changes. The malondialde-
hyde (MDA) production in platelets induced by N -ethylmaleimide (NEM) decreased signifi-
cantly after oral administration of the Kampoh prescription. However, platelet aggre-
gation induced by external reagents (adenosine-5-diphosphate, epinephrine, and collagen)
showed no significant changes, even after Toki-syakuyaku-san administration. The re-
sults indicate that Toki-syakuyaku-san has the potential to improve “oketsu” syndrome
by reducing blood viscosity and suppressing thromboxane synthesis in platelets.
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Abbreviations ADP, adenosine-5-diphosphate ; MDA, malondialdehyde ; NEM, N -
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Introduction

In previous papersf'z) we reported that the
value of blood viscosity in a patient with “oketsu”
syndrome is significantly elevated when compar-
ed with normal subjects, and also that thrombo-
xane synthetic pathways are significantly acceler-
ated in the syndrome.

Toki-syakuyaku-san (Dang-Gui-Shao-Yao-
San) is thought to be one of the most important
Kampoh prescriptions for improving “oketsu”
syndrome.“) The present investigation was un-
dertaken in an attempt to reveal the effect of

Toki-syakuyaku-san on blood viscosity and
thromboxane synthesis in platelets in normal
subjects.

Materials and Methods

Substances © A granulated preparation of
Toki-syakuyaku-san extract (Tsumura Co., Ltd.,
Tokyo, Lot No. 5014241) was used for this study.
The constitution of this prescription is listed in
Table 1.

Protocol of medication . Twelve healthy vol-
unteers (6 males and 6 females, aged 18—23) made
up of students of this college were investigated.
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TableI Constitution of Toki-syakuyaku-san extract.
Angelicae Radix 3.0 Paeoniae Radix 4.0
Cnidii Rhizoma 3.0 Hoelen 4.0
Alismatis Rhizoma 4.0 Atractylodis Rhizoma 4.0

gram

7.5 g of granulated preparation of Toki-syakuyaku-san contains 3 g of
water extract of the above constitution.

By using Terasawa’s diagnostic criteria of “oke-
tsu” syndrome Y their “oketsu” scores were esti-
mated to be under 20. For one week, they took
75 g per day of Toki-syakuyaku-san extract
orally. During the test period, the subjects ate a
regular diet and were prohibited from taking
alcoholic beverages and drugs which might affect
platelet functions. Blood samples were obtained
at one week before administration of the testing
drug in order to estimate the effects of regular
diet on the parameters.

Reagents . Platelet aggregation agents adopt-
ed in this study were collagen (Collagen reagent
“HORM” from Hormon Chemie Co., Ltd., Mu-
nich, West Germany), adenosine-5"-diphosphate
(ADP, from Sigma Co., Ltd., St. Louis, MO.,,
USA) and epinephrin (Daiichi Pharmaceutical
Co., Ltd., Tokyo, Japan). Special grade N -
ethylmaleimide (NEM) and 2-thio-barbituric acid
(Nakarai Co., Ltd.,, Kyoto, Japan) were employed
in the determination of malondialdehyde (MDA).
For the other reagents, special grade materials
were purchased from Wako-Junyaku Co., Ltd,,
Osaka, Japan.

Blood samples . The volunteers were asked to
have a light breakfast before visiting our clinic
where blood 8amples were taken between 8 © 30
am. and 10:00 am. For the detetmination of
whole blood and plasma viscosity, 6 ml were
withdrawn from the cuvital vein into a plastic
syringe with ethylenediamine-tetra-acetic-acid-
2K (1.8 mg/ml). Each sample was divided into
two parts, one for measuring whole blood viscos-
ity and hematocrit, and the other to examine
plasma viscosity. All samples were examined at
least one hour after sampling.

For the examination of platelet aggregation
and MDA production, 14 ml of blood was col-
lected into 3.8% (W/V) sodium citrate (9 :1).

After centrifugation at 150X g for 12 minutes at
23°C, the supernatant was obtained : this fluid
was called platelet rich plasma (PRP). The pre-
cipitate was further centrifuged at 1100 X g for 15
minutes at 4°C, yielding another supernatant ; it
was labeled platelet poor plasma (PPP). The
number of platelets in PRP was determined with
an automatic platelet counting apparatus (PL-
100, TOA Medical Electronics Co., Ltd., Tokyo).
of wviscosity . Viscosities of
whole blood and plasma were measured by a

Measurement

cone-plate rotational viscometer (Bio-rheoliz-
er, Tokyo Keiki Co., Ltd., Tokyo), as described
in a previous paper?’. The measurements were
carried out at 37°C and a cone angle of 1°38.
For calibration of the viscometer, standard oil
solution JS 10 (Syowa Oil Co., Ltd., Tokyo, Lot
No. 10) was employed. Whole blood viscosity
was estimated at high shear rates (384.0 sec™),
and plasma viscosity was measured under sim-
ilar conditions. The values of viscosity were
calculated by averaging three estimations.

The values of whole blood viscoisity (appar-
ent viscosity) were corrected to a standard hem-
atocrit value of 45% by using the following equa-
tion? :

1081075 =logion +0.0113 (45— Ht)
7 . apparent viscosity (cp)
Ht . hematocrit (%)

Determination of platelet aggregation . The
platelet count of PRP was adjusted to 3X10%per
#1 by adding autologous PPP. The aliquot of
PRP (200 xl) was placed in a cuvette in an auto-
matic platelet aggregometer, together with one of
the platelet aggregation agents, epinephrine (final
concentrations . 2.5 uM, 5.0 uM, 10 M), collagen
(final concentrations : 0.5 gg/ml, 1.0 xg/ml, 2.0
1.2 uM,
The measurement of aggrega-

pug/ml) and ADP (final concentrations :
2.5 uM, 5.0 gMm).
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tion was carried out with a NKK Hematracer I
(Niko Bio-science Inc., Tokyo), and aggregability
of each sample was estimated with the maxi-
mal aggregation.

Measurement of MDA production in plate-
lets - MDA production in platelets was deter-
mined in order to estimate the activity of enzymes
related to prostaglandin production in platelets.
The method of measurement was based on those
of Smith ef /> and Stuart et /” One hundred
ul of the platelet aggregating agent (NEM, 11
mM) was added to 1 ml of PRP and shaken at 37C
for three minutes. Then an equal volume of 20%
(W/V) trichloroacetic acid in 0.6 M hydrochrolic
acid solution was added to the mixture and stirred
so as to stop the reaction and extract MDA. The
amount of MDA (nmol/10° platelets) produced in
platelets was determined from the calibration
curve prepared with known amounts of MDA,
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Fig. 1 Effects of Toki-syakuyaku-san extract
on whole blood viscosity in normal subjects.
® : male, O : female

The details of this process were described in the
previous paper?)

Results

Changes in whole blood viscosity and plasma vis-
cosity

The changes in whole blood viscosity and
plasma viscosity following oral administration of
Toki-syakuyaku-san were shown in Figs. 1 and
2, respectively. The values of whole blood vis-
cosity decreased significantly (p<0.05) after
Toki - syakuyaku - san  administration. Mean-
while, the values of plasma viscosity did not
change significantly, although they showed some
tendency to decrease.
Changes in MDA production in platelets

Fig. 3 shows the changes in MDA production
after oral administration of Téki-syakuyaku-san
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Fig. 2 Effects of Toki-syakuyaku-san extract
on plasma viscosity in normal subjects.
®  male, O . female
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Fig. 3 Effects of Toki-syakuyaku-san extract
on malondialdehyde production in PRP in nor-
mal subjects.

® _ male, O . female

for one week. The results indicate that MDA
production in platelets was significantly (p <0.05)
suppressed by Toki-syakuyaku-san administra-
tion.
Changes in platelet aggregability

Table II shows the changes in platelet ag-

Table II

gregability after Toéki-syakuyaku-san adminis-
tration. Although MDA production in platelet
was supressed, significant changes in platelets
aggregability induced by external reagents were
not observed.
Changes in platelet counts and hematocrit values

No significant changes were observed either
in platelet counts and hematocrit values after oral
administration of Toki-syakuyaku-san. In fact,
the values of these two parameters remained
within normal limits.
Comparing male and female groups

Concerning the initial values of above para-
meters, there were no significant differences
between male and female groups. However, as
shown in Table Ill, some differences were ob-
served in changes of plasma viscosity and MDA
production after Toki-syakuyaku-san adminis-
tration. No significant differences were demon-
strated in platelet aggregability, platelet counts
or hematocrit values.
Changes in the pavameters duving control period

Prior to administration of testing drug, con-
trol study to the same subjects was performed to
estimate the effects of regular diet on the above
parameters. No significant changes in those
parameters were found in a one week trial.
Effects of Toki-syakuyaku-san on overall physical
conditions

There were no recognisible subjective com-
plaints such as anorexia, general malaise, diar-

Effect of Toki-syakuyaku-san extract on the platelet

aggregation in normal subjects.

Reagents

Concentration (Final)

Before After

Epinephrine 2.5 uM
5.0 uM
10.0 uM
Collagen 0.5 pg/ml
1.0 pg/ml
2.0 ug/mi
1.2 uM

2.5 uM

5.0 uM

ADP

64.0+26.2% 57.5+£29.7%
73.8%+21.6 66.8+21.1

72.91+16.4 73.7+12.4
61.9+30.0 57.1+24.2
69.8+17.9 74.8%+ 6.9
80.4%+ 9.9 81.0x 3.9
28.1%£24.5 26.3+24.8
59.61+19.8 54.4+24.1
74.24+14.8 66.6118.4

The values are expressed as mean and standard deviation.
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Table Il Comparison of effect of Toki-syakuyaku-san extract in male and female groups.

group n before after p value?®
Blood viscosity® male+female 12 3.91+0.21 3.64+0.18 $<0.01
male 3.96x0.27 3.661+0.24 $<0.05
female 3.85+0.13 3.61+0.12 p<0.05
Plasma viscosity® male+female 12 1.42+0.08 1.38+0.06 N.S.®
male 6 1.45+0.09 1.43+0.02 N.S.
female 6 1.394+0.05 1.34+0.05 $<0.05
MDA production® male+female 12 0.72+0.24 0.51+0.13 $<0.05
male 6 0.64+0.30 0.52+0.12 N.S.
female 6 0.79+0.14 0.51x0.15 $<0.01

The values are expressed as mean and standard deviation.

a) calculated with a paired sample t-test.

b) centi poise, corrected to standard hematocrit of 45%, measured at 384 sec™'.

C) centi poise, measured at 384 sec™?.
d) n moles MDA per 1 X 10° platelets.
€) not significant. :

rhea or headache during the experimental period.
Discussion

Toki-syakuyaku-san is first described in the
textbooks “Shan Han Lun”® and “Chin Kuei Yao
Lueh”® (200 A.D.), and this is one of the most
important Kampoh prescriptions for “oketsu”
syndrome. As listed in Table I, this prescrip-
tion contains Angelicae Radix, Cnidii Rhizoma
and Paeoniae Radix which are thought to im-
prove “oketsu” syndrome.

In previous reports, the authors revealed that
the syndrome was closely related to hypervis-
cosity of blood” and accelerated MDA produc-
The results of the present
investigation indicate that Toki-syakuyaku-san

tion in platelets 2

has the effect of reducing the whole blood viscos-
ity in healthy volunteers, as shown in Figs. 1 and
2. With respect to plasma viscosity, although
significant differences were not found, the values
tend to decrease.

The results obtained in this study are essen-
tially the same as those of our preceding report
using Keisi-bukuryd-gan, which is also thought to
be one of the important prescriptions for “oketsu”
syndrome 2 In daily practice in Kampoh medi-
cine, however, Toki-syakuyaku-san has an indi-

cation only for a delicate constitution with “oke-
tsu” syndrome, while Keisi-bukuryd-gan has an
indication for a constitution of stenia with the
syndrome. In another report ,7) we reported that
Angelica acutiloba has two types of effect on
peripheral circulation, and we discussed that it
depends on constitutional factors of the subjects.
To elucidate on this constitutional problem, fur-
ther investigations on patients with an indication
for these prescriptions are needed.

As shown in Fig. 3, the present data also in-
dicate that MDA production of platelets is sup-
pressed by oral administration of Toki-syaku-
yaku-san in healthy volunteers. In a previous re-
port f) the authors found that water extracts of
Toki-syakuyaku-san inhibited platelet aggrega-
The results obtained in the pres-
ent study support this data iz wvivo, although

tion n vitro.

the platelet aggregation induced by external
platelet reagents remained within normal limits.
Concerning the discrepancy between supressed
MDA production thought to be reflected by sup-
pressed thromboxane synthesis in plateletsf'e‘g)
and platelet aggregation induced by external rea-
gents, it can be considered that platelet aggregation
is caused not only by thromboxane alone but by
many other factors as well. This result is essen-

tially the same as that of Keisi-bukuryd-gan ad-
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ministration in healthy volunteers”

There remains the possibility that the effects
of this drug is due to binding agents such as starch
or sucrose. However, starch and sucrose are
usually contained in a regular diet, and the results
obtained indicate that a regular diet did not have
an affect on those parameters mentioned above.
So that, the effects observed in this study are
thought to be mainly brought by Toéki-syakuya-
ku-san itself.

The effects expected of Toki-syakuyaku-san
in traditional Kampoh medicine are many, such as
anti-“oketsu” effect, anti-spasmodic effect, anal-
gesic, immunomodulator, endocrine-regulator,
especially the sexual hormone system, and anti-
inflammatory effects”® And this prescription
has indications for women’s disease such as
amenorrhea, climacteric disorders or miscarriage.
The results obtained in this study indicate that
this prescription is more effective in the female
rather than male group, which are thought to be
closely related to the properties of this drug.
However, the reason why this discrepancy occur-
So that,

further investigations on this problem are called

red in each group still remains unclear.

for.

The present data only revealed a portion of
the effects of this prescription. However, it was
suggested that Toéki-syakuyaku-san has the
potential to improve peripheral micro-circulation
by reducing blood viscosity and thromboxane

synthesis in platelets.
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