ISR ML 14, 149156, 1997 149

Foé M A R VR IR A 5 B AR BC & 2 HARRIESMLE Z » D
BN AN T L= TR 7 L858 L BRI (1)
WA R KE BED HE BAD LEE—BUBBERTY KD LD B A
HIEPRE S Sl s B = NS e Yy A e S

The changes of tissue calcium and magnesium levels by oral
administration of Kampo medicines (Choto-san, Bofu-tsusho-san
and Zokumei-to) in male spontaneously hypertensive rats (1)

Hiroshi SHIMIZU® Masaya OTSUKA® Yoshihisa TAKAISHI? Koichiro TSUCHIYAX®
Kayoko TovyoTA” Kazuo MINAKUCHI® and Masumitsu TAKASUGI®

®Faculty of Pharmaceutical Sciences, Tokushima University, ® Department of Phaymacy, Tokushima University Hospital
(Received January 6, 1997. Accepted April 23, 1997.)
Abstract

Kampo medicines are experientially applied to many chronic diseases, such as cerebro vascular
diseases and hypertension. However, the mechanism of their therapeutic actions has been poorly
understood, and the pharmacological principle of their clinical application still remains to be estab-
lished.

Recently, an imbalanced intake of magnesium and calcium, both divalent alkaline metals, has been
shown to cause hypertension. It was thought that partly through modification of pharmacokinetics of
these elements, Kampo medicines, which mainly consist of medicinal herbs, might cause the attenuation
of hypertension. To test this possibility, we analyzed 1) the elements of water extracts of Kampo
medicines, and 2) changes in blood pressure levels and tissue element concentrations. For the latter, we
used male spontaneously hypertensive rats (SHR) for the hypertensive group and Wistar Kyoto rats
(WKY) for the normotensive group. Both groups were given by oral administration, three types of
Kampo medicines (Choto-san, Bofu-tsusho-san and Zokumei-to) for three weeks.

These investigations showed that the extracts contained about 200 mg of calcium and 100 mg of
magnesium in the usual adult dosage, which were just one third of the recommended daily allowances
in Japan.

In the control SHR, the calcium content of heart and brain tissue significantly increased compared
to that of the WKY, resulting in a high calcium/magnesium ratio. However, this imbalanced, high
calcium/magnesium ratio was normalized in SHR treated with the Kampo medicines. Furthermore, the
elevated urine calcium extraction level of the control SHR significantly decreased nearly to that of
WKY by administration of the Kampo medicines.

These findings suggest that the anti-hypertensive activities of the Kampo medicines tested seem to
be at least partly due to normalization of the calcium/magnesium ratio.
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Abbreviations HDL, high density lipoprotein ; ICP, inductively coupled plasma ; LDL, low density
lipoprotein ; SHR, spontaneous hypertensive rat ; WKY, Wistar Kyoto rat.
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Table I Components of three kinds of Kampo formulations.

Formulation

Components (g/usual adult dosage)

Choto-san

Uncariae vhynchophylla MIQUEL (3), Citrus tangerina HORT. ex TANAKA(3),
Pinelliae ternate BREITENBACH (3), Ophiopogon japonicus KER-GAWLER var.
Japonicus (3), Poria cocos WOLF (3), Panax ginseng C.A. MEYER(2), Chrysan-
themum movifolium RAMAT (2), Ledebouriella seseroides WOLFF(2), Ser-
icolite (5), Glycyvvhiza glabva LINNE var. glandulifera REGEL et HERDER(1),
Zingiber officinale Roscok (1)

Bofu-tsusho-san

Ligusticum acutifolium SIEBOLD et ZUCCARINI(1.2), Paeonia lactiflova PALLAS
(1.2), Cnidium officinale MAKINO(1.2), Gardenia jasminoides ELLIS(1.2),
Forsythia suspensa VAHL(1,2), Mentha arvensis LINNAEUS var. piperascens
HoLMES(1.2), Zingiber officinale RoscoE (1.2), Nepeta japonica MAaxM(1.2),
Ledebouriella seseroldes WOLFF(1.2), Ephedra distachya LINNAEUS(1.2),
Rheum palmatum LINNAERUS(1.5), Natrium sulfuricum (1.5), Platycodon
glaucum NAKAI(2), Scutellavia baicalensis GEORGI(2), Sericolite(2),
Glycyrvhiza glabva LINNE var. glandulifera REGEL et HERDER (2), TALCUM (3)

Zokumei-to

Cinnamomum cassia BLUME (3), Ligusticum acutifolium SIEBOLD et ZUCCAR-
INI(3), Panax ginseng C.A. MEYER(3), Sericolite(3), Zingiber officinale
RoscoE (3), Glycyrrhiza glabra LINNE var. glandulifera REGEL et HERDER (3),
Chidium  officinale MAKINO(3), Prunus armeniaca LINNAEUS wvar. ansu
MaxiMowICz(2.5), Ephedra distachya LINNAEUS (3)

(PEMNEE) (Ul ke rFSHEE L ) £S5
ZHw, 1H&EE LT Tablel nEATHEL 72, B
13, &FH#lD 1 HE% 340 ml dZEEKIZZ, 500 WD
BEARTIRFRBIL 229, RRFEBL CERICHW,
s, HFHMO—EITEEERL, BEEOHEICHY
72,

7T BSOHEN ARFEESME S -~ F (SHR/NCrj), K&
CrRE L CRBEASOBEEEY MEZ v b (Wistar
Kyoto rat, WKY/NCrj) 3 HAF v+ — L X rx— L 1)
AL, 1AERNIEE 25, WE 60 9% OBEi= THEK
LEpER SR (MF, A ) 2> 2 VBRI &) %
AR S - CERICHL 72,

BRIz, HESBIERANE, AEeBEMEM
iR FEE, RSB ARk E RDLHE) 24
HL7,

7 o 3

(1) EHAFDIZE  8:A4 o SHR (1H5L) 21
H1mE3:MEM, 184520k o 3ERICHZ 2 HAD
FIL (SURRAK © 240 mg AR E i /keg KE, fmi
230 mg/kg, B5EGEEEEL © 330 mg/kg) % 10 ml/kg NH
ATRHNIRE L 72, SHR 2> F v— LB K" WKY 2
NI & 32 Y QT I S AN

(2) MEDNRIE @ MEHUSEL, 38 EDOIEEM (Isuzu

incubator, Isuzu seisakusho Co. LTD) <7 v | B#%
mig L, EHICE 7> A5 2 —4%— (Pneumatic pulse
transducer, Marco biosystems Inc.) ##2% 1L ¢, M
HE 2% (Programmed electro sphygmomanometer, PE-
300, Narco biosystems Inc.) TREIBEIPRDNHELIE +,
FEIT 5 BRI & R SRR T RIS HE L 72,

(3) AEESOFR | RGHIEKT %, = — T VRN
Tl W Tk % SEEk L 0 BRSRERE IR L
7z BMEBIE S E-7/24%, EHICOCEEUBERTL, XK
WA AR K THRE L TERICHEL 72,

@) Ca/Mg LtVBIERUESFRIFLERICERTTS
TEBEORE | Ca/Mg o #llE R R F I B
WEHTSIRREZET 2010, SEOERICH
L 7z 3@ DB Kl o> — g o) Bl FHRE, 5 Rk,
L cEmgibkFEErmz, BKLEIT-72, Boniz
A 0 IMAEEE 2 10 ml N2 L, HARY v+ — L L7
v i att8loy ICP #Yesrids (ICAP-750 N) T29#
i (Be, Mg, Ca, Mn, Fe, Cu, Zn, P, Pb, Cd, Al, B, T},
V, Cr, Co, Ni, Sn, As, Se, Ba, Mo, Sh, Ge, Si, Ti, Ga,
Bi, Sc) O R BEDOFEREE 1T - 72, BEHF ARG~
7 2 D gRT D Ca/Mg o BilsEld, EHICHEL 2 &
LR OB & FRRIc e UKIG L, ICP suafidkT
Ca - Mg #%&L, Ca/Mg bRz, 4d, Eikly
Be LT, ErleilE AEERE (OGS v
72,



152 FElIS1C & 5 SHR kN Ca - Mg S8hENKRET

(5) MANDEERREMBENRET | KWL 2D
<, HDL— 2L 25 o— L ¢ oL 2 Fa— 1L
R s % HK-G-6-PDH 5 mig+ + v v
AEMEA T AL 7oL EBEE CHEETo
72 ILDL—av zFu—nix, PY 70wl FEeEE
3% ke, 2L 2Fo— N —HDL—02X } 1) 2
) KISk > TEEL 2,

(6) FRFRO) Ca, Mg fEOMRET © 85 H#1#%5 3 BMHE
ARSI 1 HIR 2B L, B o Cald OCPC
EPMg iz %2 o7 — TRIE 4T 72,

(7) WEtER 185 72T — 2 —I3, student’s i-test
TREZAITY, p<005 2HEFEHN L L1,

& S

1. dENEL

Al EEIMDEENZEL® Fig. LIZRL 72, HH
5By LTI e 3BT, FRlESEEL SHR
a2y ba— VEETHEELERENEIIRBEE N -
72,
2. BAFEIRICEET A5 REE

A ERET 24T - 72 SEHOBEG FRIRE B OTEESE
BErhHAll &L ) TR L 2#% % Table TR
L7, Efrsm#FE e LT3 H#IKIC Ca-Mg-P-Al-Mn
DEAINTEY, FCASERE #1T- 2 HEIE & T Ca
FELEWERRL, F, B s Sk Tz A
DRI HRICEHF T2 CaBiZH200mg &, bl

o 100

4

e 801

=

2 60

>

B i

S 40

ks

o 20[

Q

Le)) [

c 0 . ! ! ! +
8 0 3 6 9 121518 21
O

Days

Fig. 1 Changes of body weight of rats after 3 weeks of
Kampo administration.
(—O=—; untreated SHR, —@— ; Choto-san treated SHR,
—[1— ; Bofu-tsusho-san treated SHR, —l—; Zokumei-
to treated SHR, and — A — ; WKY)
Values are expressed as means=+S.D. for five rats.

Table II The major elements in water extract in daily
allowances of Kampo medicines.

Choto-san Bofu-tsusho-san Zokumei-to

elements |mg/day| elements |mg/day| elements |mg/day
Ca 203.93 Ca 167.61 Ca 205.33
Mg 74.43 Mg 138.45 Mg 93.43

P 11.15 P 15.98 P 17.36
Al 2.48 Al 1.70 Al 2.05
Mn 1.45 Mn 1.25 Mn 1.77
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Fig. 2 Changes of systolic blood pressure in rats before
and after 3 weeks of Kampo administration.
(—O— ; untreated SHR, —@ — ; Choto-san treated SHR,
—[J— ; Bofu-tsusho-san treated SHR, — M — ; Zokumei-
to treated SHR, and — A — ; WKY)
Values are expressed as means+S.D. for five rats. %, % %,
and $ : Significantly different from the untreated SHR
group value at p <0.001, p <0.002, and p <0.05, respective-
ly. (Student’s ¢-test)
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Table III Calcium, magnesium and calcium/magnesium ratio of the organs in
untreated-SHR, Kampo administrated-SHR and WKY (ug/g wet weight).

Organ Group Ca Mg Ca/Mg
water (Control) 40.6+13.8 64.0+1.3 0.63+0.20

Choto-san 24.3%5.5 62.7+3.2 0.39+0.07
Brain SHR Bofu-tsusho-san 16.4+2.3* 65.3£1.6 0.25+0.03*
Zokumei-to 19.2+2.7 65.7+£1.2 0.29+0.04*
WKY water 17.7£1.6* 61.0+7.0 0.29+0.02*

Water (Control) 215.3%83.0 775.4%32.2 0.28+0.09

Choto-san 181.04+106.4 892.7+£197.9 | 0.20%0.11
Heart SHR Bofu-tsusho-san 64.0+18.5* 772.7+38.5 0.08+0.02*
Zokumei-to 83.61+38.9 708.2+25.6* 0.12+0.05

WKY Water 102.0+37.3 712.8+46.4 0.14+0.04

Values are expressed as means+S.D. for five rats.
*$ <0.05 as compared with the SHR-control group. (Student’s ¢-test)

Table IV Clinical characteristics of untreated-SHR, Kampo treated-SHR and WKY.

SHR WKY
Water Choto-san Bofu-tsusho- | Zokumei-to Water
(Control) san
%rlr)lé/’gl};"]eswrd 13.5+0.3 | 17.5+4.5 14.5+2.3 15.340.1* | 12.942.0
Eggﬁ?d“w“ﬂ 33.742.9 | 34.3+2.3 | 40.0£3.0 | 40.041.0* | 48.3%+0.6°
oy el | 68,0210 | 587576 | 73.043.6 | 74.0%44 | 81.3x2.1"
%‘ri’g"/‘fiﬁl“mse levell g0 0+3.5 | 186.7+15.7 | 167.3+3.2* | 164.3+42.5% | 149.7+7.2*
%3335? 146.041.0 | 143.340.6 | 144.7+1.5 | 146.041.0 | 142.3%41.5
%%§§£5 6.640.3 | 6.4%1.0 5.3%0.4 6.5+0.9 5.140.1
Values are expressed as means+S.D. for five rats.
*$<0.05 as compared with the SHR-control group. (Student’s ¢-test)
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Fig. 3 Effects of Kampo formulations on urinary calcium

and magnesium excretion.

1: untreated SHR, 2: Choto-san treated SHR, 3: Bofu-
tsusho-san treated SHR, 4: Zokumei-to treated SHR and
5: untreated WKY. These values are average of each of
the 5 groups of rats.
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