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Effect of Keishi-bukuryo-gan on autonomic nervous activity
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Abstract

In order to confirm any effects of Keishi-bukuryo-gan (KBG) on the autonomic nervous system, 8 healthy volun-
teers were evaluated with laser Doppler flowmetry and spectral analysis of the R-R intervals (RR) and systolic blood
pressure (SBP). After evaluation of the "oketsu" score and measurement of the electrophysiological parameters (PRE),
each subject was administered KBG or hot water. The same parameters were re-measured at 15, 30, 45, 60 and 90 min-
utes after their administration to each subject. Changes in the parameters after the administration of KBG or hot
water were investigated compared with PRE. In the experiment with KBG, skin blood flow (SBF) was increased at
90 min, although it had been significantly decreased at 15 min. By spectral analysis, SBP- low frequency (LF) and
SBP- low to high frequency ratio (L/H) were initially increased at 15 min, and then were significantly decreased at
60 and 90 min. As for hot water, there were no significant changes in any of the parameters. It is known that SBF
changes with sympathetic nervous activity, and SBP-LF and SBP-L/H reflect sympathetic nervous activity. These re-
sults suggest that KBG has certain effects on sympathetic nervous activity.

Key words
Abbreviations BP, Blood pressure; ECG, electrocardiogram; KBG, Keishi-bukuryo-gan; OS, oketsu score; RR, time

"oketsu" syndrome, autonomic nervous activity, skin blood flow, spectral analysis.

intervals between respective R waves; RR-HF, high frequency component of R-R interval; RR-L/H, power ratio of low fre-
quency component of R-R interval to high frequency component of R-R interval; RR-LF, low frequency component of R-R
interval; SBF, skin blood flow; SBP, systolic blood pressure; SBP-HF, high frequency component of systolic blood pressure;
SBP-L/H, power ratio of low frequency component of systolic blood pressure to high frequency component of systolic blood
pressure; SBP-LF, low frequency component of systolic blood pressure.

Introduction

"Oketsu", blood stasis or stagnant syndrome, is one
of the pathological concepts of the system of Kampo
medicine. This pathological state refers to a state of in-
sufficient blood circulation and blood stasis.” Previously,
we reported that the "oketsu" state is closely correlated
with abnormalities of the microcirculation, based on ob-
servations of blood flow of bulbar conjuctiva, and also
with hemorheological abnormalities such as an elevation

of blood viscosity, acceleration of erythrocyte aggrega-
bility, and a deterioration of erythrocyte deformability.*>
In addition, we recently reported that the "oketsu" state
is intimately concerned with autonomic nervous activity.>”

Keishi-bukuryo-gan (Gui-Zhi-Fu-Ling-Wan, KBG)
is one of the most important Kampo prescriptions, and
has been used clinically for "oketsu" (the blood stasis
syndrome). KBG exerts an improving effect on the
microcirculation of bulbar conjuctiva in humans,¥ an im-
proving effect on hemorheology in humans,” an inhibi-

tory effect on arteriosclerosis in the rabbit,” and a

*To whom correspondence should be addressed. e-mail : shibal @ms.toyama-mpu.ac.jp
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protective effect against vascular endothelial disorder in
the spontaneously hypertensive rat.'” However, an effect
of KBG on the autonomic nervous system has not been
confirmed.

In this study, KBG decoction was administered to
healthy volunteers, and electrophysiological parameters
were measured to clarify the effects of KBG on auto-
nomic nervous activity.

Materials and Methods

Substances: KBG, consisting of five medicinal
plants: Cinnamomi Cortex 4.0 g, Paconiae Radix 4.0 g,
Persicae Semen 4.0 g, Hoelen 4.0 g, Moutan Cortex 4.0
g, was prepared as a 100-ml decoction (37°C) just before
each experiment. As a non-active control, 100 ml of hot
water (37°C) was used.

Subjects: Eight healthy male volunteers aged 20-24
years (mean 21.9 years), with no previous history of neu-
rological and/or cardiovascular diseases, were the sub-
jects of our study. They were recruited from the student
population of our university. None of them was a habit-
ual smoker or coffee drinker, and they were instructed to
avoid these products on the day of the study. Written in-
formed consent was obtained, and this study complied
with the Declaration of Helsinki.

Method: Evaluation of the "oketsu" state was per-
formed according to the diagnostic criteria.” The
"oketsu" score (OS) was determined by two specialists in
Kampo medicine before evaluation of autonomic nerv-
ous activity.

The electrophysiological parameters of skin blood
flow (SBF), R-R intervals (RR), systolic blood pressure
(SBP), high frequency component of R-R interval (RR-
HF), power ratio of low frequency component to high
frequency component of R-R interval (RR-L/H) and low
frequency component of systolic blood pressure (SBP-
LF) were employed for the evaluation of autonomic
nervous activity. These parameters were measured by a
method similar to that of the previous study.”® SBF was
measured at the palm side of the right forefinger-tip by
laser Doppler flowmeter (LASERFLO BPM403A, TSI,
USA). The electrocardiogram (ECG, lead II) signal and
respiratory movement wave were obtained with a
cardioscope (OMP-7201, Nihon Kohden, Japan). Blood
pressure (BP) was measured at the radial artery of the

right wrist by a tonometric BP monitoring system
(JENTOW-7700, Nippon Colin, Japan). The electric sig-
nals of SBF, ECG and BP were converted to time inter-
vals between respective R waves (RR) with a pulse
counter (98 counter (9), Interface, Japan) and a personal
computer (PC9801DA, NEC, Japan). Data of SBF and
SBP were averaged for each RR by numerical integra-
tion. Spectral analysis of RR and SBP recorded over a
400-beat period was performed by maximum entropy
method using analytical software developed in our labo-
ratory. The areas of the two frequency components of
RR and SBP were measured by integrating a low fre-
quency component, from 0.04 to 0.15 Hz, and a high fre-
quency component, from 0.15 to 0.50 Hz. The power
ratio of LF to HF as LF/HF was calculated.

Medication Protocol: KBG or hot water was given
to each individual subject on separate days at an interval
of more than one week, and all experiments were per-
formed between 9 am and 11 am. Subjects were allowed
to have a light meal more than 2 hours before the study.
Evaluation of OS and measurement of the parameters
were done before administration of KBG or hot water
(PRE), and each subject was administered KBG or hot
water. The same electrophysiological parameters were
re-measured at 15, 30, 45, 60 and 90 minutes after ad-
ministration of KBG or hot water in each subject.

Statistical analysis: To measure quantitatively the
responses of each parameter, the respective results of the
parameters at each time was expressed as a percentage to
PRE, with each result of the parameters in PRE being ex-
pressed as 100%. Data were presented as mean £ S.D.
The responses were statistically tested using ANOVA
followed by Bonferroni’s least significant difference test.

Results

Subject characteristics

For this study, 8 male subjects (range 20-24 yrs,
21.9 1 1.6 yrs) were employed. The characteristics of
each subject are listed in Table I. In all subjects, OS did
not change with the experiment of KBG or hot water.
Effects of Keishi-bukuryo-gan and hot water on parame-
ters

The actual values of the parameters at each time are
shown in Table II-1, 2, and the time course of the per-
centage against PRE for each parameter is shown in
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Table I Subject characteristics

Subject Age Body Height Body Weight "Oketsu" Score with ~ "Oketsu" Score with
No. (years) (cm) (kg) Keishi-bukuryo-gan Hot water
1 20 173.5 63.5 25 2.5
2 23 176.5 74.5 25 2.5
3 20 168.0 62.0 11.0 11.0
4 21 171.5 68.0 17.0 17.0
5 24 165.5 59.5 25.0 25.0
6 22 178.0 755 320 320
7 24 172.0 72.0 48.0 48.0
8 21 175.5 84.5 535 53.5

Table II-1 Time

course of subject parameters by Keishi-bukuryo-gan or hot water (RR, SBP, SBF)

P Subject Keishi-bukuryo-gan Hot Water
arameter
No. PRE 15min 30min 45min 60min 90min PRE 15min 30min 45min 60min 90min
1 9926 9673 963.6 965.1 996.1 996.0 978.9 9364 1001.2 9351 1006.8 932.0
2 769.8 779.8 7717 7763 7746 1733 767.6  790.6 740.1 7344 737.1 784.8
. 3 890.6 9060 861.0 891.6 896.3 895.0 884.8 9069 893.3 899.0 8972 886.4
~ 3 4 839.5 851.5 8127 8445 841.0 8i2.1 8240 7829 8387 8364 7863 836.0
~ £ 5 1012.1 1021.1 1029.1 1023.3 1019.2 10224 1009.2 10259 10319 10199 971.7 9785
= 6 9543 964.7 9703 958.0 - 9729 9672 9457 9135 9669 9534 971.1 915.8
7 727.5 7086 7084 7388 7062 7359 7473 7169 7647 7557 7477 766.4
8 999.1 1017.5 999.2 1017.2 1009.6 967.6 10234 9862 1023.6 10533 986.8 980.0
1 1135 1137 1137 1139 1103 1139 1164 1127 1120 1129 1126 1114
2 1424 1446 1446 1387 1442 1385 1416 1363 136.1 1358 1349 1442
B 3 1029 100.8 99.9 99.6 100.7 100.2 101.8 98.1 102.0 982 103.0 103.1
% o) 4 116.7 1137 1141 1173 1172 1142 1148 1100 1151 116.6 117.0 110.0
17} E 5 1085 1057 1052 1089 1103 109.2 1111 1123 107.7 1141 1129 1122
~ 6 120.7 1180 118.1 1225 1180 1177 1246 1254 1206 1267 1207 118.7
7 1153 1119 1129 1126 1119 1157 119.3  119.6 1149 1155 1154 1227
8 1047 1024 1055 1056 101.7 1022 1034 1056 105.0 98.6 1042 106.3
1 60.0 60.7 58.5 60.1 60.5 58.2 619 56.4 63.0 60.0 63.0 66.4
~ 2 48.6 47.1 493 473 47.0 48.9 48.0 44.0 494 48.9 489 52.5
S 3 56.4 57.1 55.1 54.8 56.8 56.6 55.8 52.9 53.4 54.1 57.1 56.2
E 3 4 75.5 76.5 75.9 76.1 76.6 76.5 74.1 66.8 75.3 71.5 753 79.5
2 5 24.1 24.3 24.2 234 23.6 242 24.6 244 24.6 234 25.2 26.9
E 6 37.1 37.6 36.2 37.3 36.0 36.4 38.0 354 39.1 38.6 39.2 41.7
~ 7 12.6 12.8 12.6 123 12.8 12.3 13.0 11.9 13.2 124 13.1 13.5
8 232 233 225 224 23.6 23.5 23.9 23.1 24.1 22.8 24.2 252

PRE, before administration of Keishi-bukuryo-gan or hot water; RR, time intervals between respective R waves;

SBP, systolic blood pressure; SBF, skin blood flow.

Fig. 1.

In the experiment with KBG, SBF was increased at
90 min, although at 15 min it was decreased significantly
compared with PRE. There were no significant changes
in RR and SBP. However, spectral analysis of these pa-
rameters revealed that SBP-LF was initially increased at
15 min, and then decreased significantly at 60 and 90
min in comparison with PRE. As for hot water, there
were no significant changes in any of the parameters.

Discussion

RR and SBP did not change by KBG in this study,
in line with the report that KBG had no consequential

influence on either cardiac function or large vessels.'"
This suggests that KBG has no direct effect on
macrohemodynamics.

SBF was decreased at 15 min, and increased signifi-
cantly at 90 min compared with PRE in this study. This
result suggests that KBG has an effect on the
microcirculation of the periphery of extremities. SBF
changes reflect sympathetic nervous activity because of
abundant arterio-venous anastomoses with dense sympa-
thetic innervation.'” It was reported that skin sympa-
thetic nerve activity consists of vasoconstrictor and
sudomotor outflow, and SBF reduction depends on vaso-
constrictor activity.'® Therefore, a change in SBF indi-
cates a change in sympathetic nervous activity, and thus
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Table II-2 Time course of subject parameters by Keishi-bukuryo-gan or hot water (RR-HF, RR-L/H, SBP-LF)
Subject Keishi-bukuryo-gan Hot Water
Parameter
No. PRE 15min ~ 30min  45min  60min = 90min PRE 15min  30min  45min  60min  90min

1 115999 113498 112614 117901 112631 116057 103182 105390 104202 105608 105294 103504
2 53505 52142 52242 53907 54555 54536 41091 39838 42271 39150 41195 41799
N 3 112682 109491 113646 109121 113328 114818 97243 92907 100045 98663 93065 93872
T8 4 156042 152912 150980 151076 157941 151604 180765 184789 172653 182145 183786 172137
é & 5 152204 148537 153234 147434 154019 153819 123041 125197 118030 126169 117995 125873
=~ 6 290430 293765 281780 293402 281571 283718 348279 332690 336477 336173 357824 350149
7 112332 109143 112635 113644 109555 109249 85267 82490 81158 85713 81376 86226
8 287453 280148 278764 289466 288473 289174 197082 202640 200375 202084 202953 198339
1 0.23 0.22 0.22 0.23 0.23 0.22 0.22 0.23 0.22 0.22 0.22 0.23
2 0.28 0.27 0.28 0.28 0.27 0.28 0.28 0.30 0.26 0.29 0.27 0.27
T 3 0.62 0.63 0.62 0.63 0.62 0.63 0.61 0.61 0.59 0.58 0.65 0.65
33 4 0.55 0.53 0.55 0.56 0.56 0.55 0.55 0.55 0.59 0.55 0.55 0.55
~ g 5 0.85 0.82 0.82 0.82 0.85 0.83 0.85 0.80 0.90 0.79 0.90 0.80
Ko~ 6 0.56 0.57 0.54 0.56 0.56 0.55 0.55 0.55 0.57 0.57 0.55 0.56
7 1.45 142 1.47 1.42 141 1.46 143 1.42 145 1.37 1.44 143
8 0.80 0.78 0.77 0.78 0.81 0.81 0.79 0.78 0.79 0.74 0.74 0.76
1 623 624 624 604 631 607 575 588 589 587 568 551
2 714 728 719 698 698 694 555 582 568 556 543 548
N 3 962 935 973 935 936 938 894 955 858 850 853 850
o 4 1095 1104 1112 1104 1103 1103 1424 1550 1433 1466 1374 1303
E g 5 889 892 869 893 870 896 744 782 714 712 720 688
Z) 6 861 863 877 875 865 838 1118 1151 1124 1079 1053 1040
7 1947 1964 1982 1962 1900 1963 1492 1558 1520 1534 1441 1389
8 1156 1156 1131 1166 1158 1129 792 845 806 802 733 788

frequency component to high frequency component of R-R interval; SBP-LF, low frequency component of systolic blood pressure.

PRE, before administration of Keishi-bukuryo-gan or hot water; RR-HF, high frequency component oi‘R—R interval; RR-L/H, power ratio of low

the changes in SBF after KBG administration suggest
that KBG possesses an effect concerned with sympa-
thetic nervous activity.

In regard to autonomic nervous activities, SBP-LF
after the administration of KBG was significantly
changed compared with PRE, whereas there were no sig-
nificant changes in RR-HF and RR-L/H. Power spectral
analysis of RR and SBP variability is a widely accepted,
useful and a noninvasive method for indirect evaluation
of autonomic nervous activity. It is considered that RR-
HF reflects parasympathetic nervous activity, and the
low frequency component of the R-R interval and RR-
L/H are regulated by both sympathetic and parasympa-
thetic nervous activity.'*!” On the other hand, SBP-LF
was reported to reflect a-sympathetic nervous activity,
although the high frequency component of systolic blood
pressure was considered not to be concerned with auto-
nomic nervous activities.'”>!” In light of these observa-
tions, the present results suggest that KBG has an effect
on a-sympathetic nervous activity, although it does not
have an effect on cardiac parasympathetic nervous activ-
ity. This result is in agreement with the findings regard-
ing SBF.

SBF was increased at 90 min after the administra-

tion of KBG, and SBP-LF was decreased at 60 and 90
min post KBG compared with PRE. In our previous re-
port, it was clarified that sympathetic nervous activity
had a positive correlation with OS, and this significant
correlation was maintained even after alterations in the
"oketsu" state.5” On the basis of this observation,
Kampo prescriptions for "oketsu" can be expected to
have an inhibiting effect on sympathetic nervous activity.

However, the results at 15 min after KBG admini-
stration, a decrease in SBF and increase in SBP-LF, sug-
gest quite the opposite, namely, that KBG has an
enhancing effect on sympathetic nervous activity. The
taste-of KBG itself might possibly be related to this en-
hancing effect, because some subjects had in fact imme-
diately complained about the terrible taste of KBG after
its administration. But the complete details are unclear,
and there remain various problems to be solved, inclu-
sive of the evaluation of the mode of action of KBG on
sympathetic nervous activity.

It had not been clarified whether or not KBG has an
effect on the autonomic nervous system. Nevertheless,
this study did confirm that KBG has an effect on sympa-
thetic nervous activity.
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