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 Efffects of chronic administration of a Japanese herbal medicine Shichimotsu-koka-to

(SKT) on the incidence of cerebral stroke was investigated in stroke-prone spontaneously

hypertensive rats (SHRSPs).  SHRSP fed with SKT extract at 1. 5g/kg/day from 8 through

23 weeks of age showed significantly lower incidence of stroke in our apparent observa-

tion although the inherent age-dependent elevation of systolic blood pressure was not af-

fected at all.  Control SHRSPs at 23 weeks of age showed hemorrhages calcification spon-

giosis reticulating colliquation and cavitary area in their brain.  ln SKT-treated SHRSPs

their cerebral lesions were decreased.  These observations suggest that the SKT-induced

prevention of stroke contributes to the prolongation of the life span of SHRSP that we have

previously reported. 

1.  INTRODUCTION

 Shichimotsu-koka-to (SKT) is a formula of Japanese herbal medicine (kampo medicine)

the prescription of which was established by Otsukai) in 1956 since when it has tradition-

ally been'
垂窒?唐モ窒奄b??to treat the patients with essential and renal hypertension.  ln Dahl

salt-sensitive rats which develop salt-induced hypertension Hiwara et al. 2) have reported that

SKT decreased their systolic blood pressure.  And Matsui et al. 3) have reported that SKT had

inhibitory effects of blood pressure rise in stroke-prone spontaneously hypertensive rat

(SHRSP) loaded with a 10/o solution of saline.  We have previously reported that the chronic

oral administration of SKT to SHRSPs significantly prolonged their life span without affect-

ing their blood pressure and ameliorated renal lesions secondary to hypertension. ‘'5) The

SHRSP which develops essential hypertension from its youth spontaneously suffers from

lesions secondary to hypertension such as cerebral infarction and / or hemorrhage renal

dysfunction a. nd cardiac fibrosis which are similar to those in humans and therefore has

been regarded as the best animal model available for studying human circulatovascular disor一
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ders. 6) lt may be acceptable that the prevention of stroke causes the prolongation of life span

in chronically-SKT-administered SHRSPs.  ln the present study we continuously observed the

effects of SKT on the incidence of stroke by means of the external features. 

2.  MATERIALS AND METHODS

  2. 1 Formulation

SKT consists of seven crude drugs; Rehmanniae Radix Angelicae Radix Cnidii Rhizoma

Paeoniae Radix Phellodendri Cortex Uncariae Ramulus et Uncus and Astragali Radix at the

ratio of 3 1 3 : 3 1 3 1 2 : 4 : 3.  All the constituents were purchased separately from Uchida

Wakanyaku Ltd.  (Tokyo Japan) and mixed at this ratio.  13. 3kg of the total mixture was

boiled in hot water (1000C) of 20-fold volume for 60 min.  After filtration the filtrate was

concentrated under reduced pressure and then dried in the same way as we have pre-

viously reported. ‘'5) The yield of this extract was 19. 90/o. 

  2. 2 Animal Experiment

Forty-two male SHRSPs / lzm provided from the Disease Model Cooperative Research As-

sociation (Kyoto Japan) were used.  Animals were divided into two groups and one was

treated with SKT (n＝18) and the other served as a control (n＝24).  Groups of three rats

were kept in a plastic breeding cage in air-conditioned room (23±20C 55±50/o humidity)

with lights on for 12 h a day (5:00-17:00).  The oral administration of SKT extract which

was dissolved once in hot water and cooled till room temperature was started from 8

weeks of age.  The drug mixture was always kept mixed by continuously stirring one with

magnetic bars to prevent the deposit of the extract from the accumulation.  The rats were

allowed to freely obtain the drug mixture for the experimental period.  The average intake of

SKT was set to be about 1. 5g/kg/d based on the daily consumption The control SHRSPs

were given tap water all the animals were fed a special diet (Funabashi SP Funabashi Farm

Co.  Ltd.  Funabashi Japan) took food and water or SKT solution ad libitum.  The above

experimental condition was set up in the same way as we have previously reported. 4'5)

During the experimental period the incidence of stroke (convulsion paralysis and / or

lethargy) was apparently checked everyday according to a previous report (Yamori's clas-

sification).  The blood pressure was measured once two weeks by means of a tail-cuff method
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using electrosphygmomanometer (Riken Kaihatsu Tokyo Japan).  At 23 weeks of age six

animals of each group including three rats observed with incidence of stroke and three

unobserved rats were sacrificed under anesthesia with ethyl ether and the brain was im-

mediately dissected out and fixed with ！00/o formalin neutral buffer solution.  lt was then cut

on parietal and frontal lobe and embedded in paraffin blocks which were cut into 3 ptm

thick slices and stained with hematoxylin eosin (H-E) in the continuously ongoing his-

topathological study.  The dead rats before the schedule of dissection were treated in a similar

way as occasional demands. 

  2. 3 Statistics

 The incidence of stroke and the survival rate were statistically examined by means of Fisher

exact probability test and Kaplan-Meier method respectively.  A p value of less than O. 05

was regarded as statistically significant. 

3.  RESULTS

 The chronic treatment with SKT did not affect the development of spontaneous hyperten-

sion in SHRSPs throughout the experimental period (Fig.  1-B) .  Blood pressures in bpth control

SHRSP and SKT-treated SHRSP were over 200 mmHg after 10 weeks of age.  However the

incidence rate of stroke was significantly decreased by treatment with SKT after 18 weeks

of age (Fig.  1'A). 

 Four control SHRSPs and four SKT-treated SHRSPs died during the experimental period. 

No significant difference in the life span was seen between these two groups.  The large

hemorrhages on the surface or in the section were evident in all the dead rats.  A control

SHRSP died at 15 weeks of age showed a large hemorrhage and cavitary area around that. 

After the schedule of dissection akinetic rats were appeared infarct area on surface.  A

moribund control SHRSP dissected at 29 weeks of age showed no large hemorrhages but

cavitary area which was suggestive of reticulating colliquation. 

 Our histopathological examination revealed that control SHRSPs exhibited hemorrhages cal一

. cification spongiosis reticulating colliquation and cavity in their brain at 23 weeks of age. 

There were remarkable degeneration and atrophy but the ventricles still did not remain

expanded as the dead rats.  ln SHRSPs treated with SKT their cerebral lesions were sig-

nificantly decreased as compared to those in control SHRSPs (data not shown ongoing). 

                                      一 53 一



Yukito HIGUCHI and Motoyoshi SATAKE

翁
)

0
図
O
」
り
切

」
O

O
O
己
0
コ
O
唱
■

100

80

60

40

20

o

A

＊ ＊ ＊ ＊

＊ ＊

一一ｭ〉一一  control

一一一一?鼈?SKT

8 13 18 23

Weeks

(
呈
E
≡
)
0
」
＝
切
肋
0
」
臨

0
2

260

240

220

200

180

160

B

一一 Z一一 control
d一一一Z一一 SKT

8 13 18 23

Weeks
Fig.  1 Effects of SKT on the incidence of stroke (A) and blood pressure (B) in SHRSPs. 

SKT-treated animals were allowed to obtain the drug mixture freely from 8 weeks of age.  ln-

cidence of stroke was apparently checked everyday during the experimental period.  Each data
is represented as the percentage of the animal number within the groups (A) and as the mean

± S. E.  of 14h24 animals (B).  ＊; significantly different from control group (P〈O.  05) by Fisher

exact probability test. 
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4.  DISCUSSION

 SKT reduced blood pressure in Dahl salt-sensitive ratsL') fed a high-salt (20/o NaCl) diet and

SHRSPs3) loaded with 10/o saline solution.  However the chronic treatment with SKT did not

affect the development of spontaneous hypertension in SHRSPs throughout the present ex-

perimental period.  We did not load with high salts in the present study.  SKT may be somewhat

selective to ameliorating the salt-inducing hypertension.  The apparent incidence-rate of stroke

was significantly decreased by treatment with SKT in SHRSPs.  The control SHRSP died at

15 weeks of age showed a large hemorrhage and cavitary area around that.  The moribund

control SHRSP dissected at 29 weeks of age showed no large hemorrhages but cavitary area

and spongiosis.  These findings correspond well to the fact that SHRSPs suffer from hemor-

rhage in their youth and infarction at their old age. ') ln the developing hypertension

period the blood vessels burst and lose blood by reason of sudden increasing of blood

pressure.  Meantime in the period of chronic hypertension various infarct damages are caused

by chronic ischemia. 

 SHRSP develops hypertension from its youth and chronically suffers from uncompleted is-

chemia which make the repetition of hypoxia and reoxygenation. 8'9) lt is widely accepted that

free radicals produced by macrophage'O'ii｝ and xanthine oxidase'i') cause damage in ischemia

reperfusion.  The infiltration of macrophages to remove the necrotic cell was noted in the

ischemic organ.  Much free radicals superoxide anion and nitric oxide (NO) are syn-

thesized and released by activated macrophages and neutrophils and appear to be respon-

sible for the cytotoxic function of these cells. i3‘) There were aggregates of either mac-

rophages or glial cells in the brain of SHRSPs.  During hypoxia the conversion of xanthine

dehydrogenase to the oxidase may occur and produce superoxide anion on reoxigenation. ］2)

High concentrations of free radicals can lead to disruption of normal cellular function in the

surrounding cells. '5) We have reported that the chronic administration of SKT to SHRSPs

significantly prolonged their life span without affecting their blood pressure decreased the

xanthine oxidase activity in the cerebral cortex and that SKT had strong free radical

scavenging action. ‘) lt may be said that our present results are closely related with these

effects which we have previously proved.  And moreover Sakuma et al. '6) have reported that

SKT were effected as a NO donor so as to enhance serum NOx levels.  NO make relax and

reduce blood pressure. ］7) On the other hand high levels of NO can cause a chemical reac-

tion with superoxide anion to occur whereby peroxynitrite anion and other cytotoxic radi一
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cal species are generated. '34) Excellence or evil？ Details of the mechanism have not been

clear yet. 

In summary we found that SKT has a strong protective effect against stroke in the brain

of SHRSPs without affecting the development of hypertension what is guessed to cause the

prolongation of their life span.  lt was recognized that SHRSPs died of hemorrhage in the

period of developing hypertension and died of infarction with akinesia or other lesions

such as those in kidney in the period of chronic hypertension.  lt is possible that the

preventive effects of SKT against lesions secondary to hypertension without heavy hemor-

rhage may also cause the betterment of survival rate in their elder ages.  With observing the

life span the effects of SKT are being continuously investigated by histopathological and

biochemical study. 

REFERENCES
1) K.  Otsuka: Kampo-lgaku Sougen-sya Osaka 1956 pp. 271'273. 

2) N.  Hiwara Y.  Uehara S.  Takada Y.  Kawabata N.  Ohshima T.  Nagata T lshimitsu T.  Gomi A. 

   Goto T.  lkeda S.  Yagi and M Omata: Am.  J.  Chin.  Med.  12 51'62(1994)

3) Y.  Matsui T.  Nagase M.  Tomioka M.  Shimizu T.  Takahashi and K.  Takahashi: Pharmacometrics

   57 31-38(1999)

4) Y.  Higuchi K.  Yamashita K.  Taniyama M.  Satake and M.  Ozaki: Folia Pharmacol.  Jpn.  108 13

   一22 (1996)

5) Y.  Higuchi K Ono S.  Sekita H.  Onodera K.  Mitsumori Y.  Nara and M.  Satake: Biol.  Pharm. 

   Bull.  21 914一918(1998)

6) K.  Okamoto Y.  Yamori and A.  Nagaoka: Circ.  Res.  34/35(suppl.  1) 143一153(1974)

7) Y.  Yamori R.  Horie 1.  Akiguchi M.  Kihara and Y.  Nara: Jpn.  Circui.  J.  46 274'283(1982)

8) Y.  Yamori and R.  Horie: Stroke 8 456'461(1977)

9) R.  Horie: Jpn.  Circ.  J.  41 915'936(1977)

10) B. M Babior R. S.  Kipnes and J. T.  Curnutte: J.  Clin.  lnvest.  52 741'744(1973)

11) M. A.  Marletta P. S.  Yoon R.  lyengar C. D.  Leaf and J. S.  Wishnok: Biochemistry 27 8706一8711

   (1988)

12) DN Granger G.  Rutili and J. M.  McCord: Gastroenterology 81 22一29(1981)

13) M.  Saran C Michel and W.  Bors: Free Radic.  Res.  Commun.  10 221v226(1990)

14) J. S.  Beckman TW.  Beckman J.  Chen PA Marshall and BA Freeman: Proc.  Natl.  Acad.  Sci. 

   USA 87 1620A-1624(1990)

15) M. S.  Mulligan JM Hevel MA.  Marletta and PA Ward: Proc.  Natl.  Acad.  Sci USA 88 6338

   -6342(1991)

16) Z.  Sakuma M.  lnoue S.  Sekita M Satake and Y.  Ogihara: Biol.  Pharm.  Bull.  21 1079'vlO83(1998)

17) LJ.  lgnarro: Pharmaceutical Res.  6 651N659(1989)

56



執 筆 者

氏名 所属 職名
佐竹  進  保育学科  教

品川 汐夫  栄養健康学科  教

桝本迫子栄養健康学科教

授

授

授

稲員祥子 保育学科 助教授
若本ゆかり  栄養健康学科  講

佐藤由美子  栄養健康学科  講

樋口 行人  栄養健康学科  講

デ
叩
｝
叩
而
甲

・
口
h
H
 
自
H
 
・
口
h
H

平塚 理佳  栄養健康学科  助 手 補

下関短期大学紀要

 第21・22号
平成16年3月15日 印刷
平成16年3月20日 発行

発行者下関短期大学
  〒750-8508LLI口県下関市桜山町1-1
      電話(0832)23一 0339
      FAX (0832) 28一 2 1 7 9

編集者下関短期大学紀要編集委員会

印刷所泉菊印刷株式会社
  〒752-0927山口県下関市長府扇町8-48
      電話(0832)48一 3553


