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Abstract

We examined the pharmacological effect of Diao-Teng-San (DTS), a blended traditional
Chinese herb medicine, on spontaneously hypertensive (SHR) and normotensive Wistar-
Kyoto rats (WKY). In response to Diao-Teng-San, systemic blood pressure showed
decreases (i.v., p.o. and chronic p.0.) in a dose-dependent manner in SHRs. In isolated
mesenteric arteries from SHRs, norepinephrine-, K*- and Ca?*-induced contractions were
inhibited in a dose-dependent manner. In (*H)nitrendipine binding using crude cardiac and
cerebral membranes, the maximal number of binding sites ( B,y in the thalamus and
hippocampus of SHRs, which were larger than WKYs, were inhibited by DTS, but the
apparent dissociation constants (K ) differed very little. Total and HDL cholesterol values
in serum of SHRs were smaller than those of WKYs, but increased by DTS and became close
to those of WKYs. p-Lipoprotein, triglyceride and uric acid values in SHRs were increased
by DTS. These findings suggest that DTS is involved in lowering blood pressure through
a-adrenoceptor blocking and calcium channel antagonistic actions, in inhibiting the increase
in the number of calcium channels resembling ones or their components which may play a
part in the development and maintenance of high blood pressure, and in improving the func-
tions of the lipid metabolic system in serum.

Key words traditional Chinese herb medicine, Diao-Teng-San (DTS), spontaneously
hypertensive rat (SHR), anti-hypertensive action, calcium channel antagonistic action, (*H)-
nitrendipine binding, lipid metabolism

Abbreviations DTS, Diao-Teng-San, §J##( ; SHR, spontaneously hypertensive rat ;
WKY, Wistar-Kyoto rat

including anti-hypertensive action, ’ anti-gerontal

Introduction

Diao-Teng-San (DTS) is a blended traditional
Chinese herb medicine (or Kampo medicine),
which consists of eleven crude extracts of Gyp-
sum Fibrosum, Auratii Nobilis Pericarpium,
Ophiopogonis Tuber, Pinelliae Tuber, Hoelen,
Ginseng Radix, Ledebouriellae Radix, Glycyr-
Uncariae
It has

been reported that DTS has many clinical effects

rhizae Radix, Zingiberis Rhizoma,
Ramulus et Uncus and Chrysanthemi Flos.

dementia action, anti-headache action and anti-
vertigo action.

Recently, the interest in traditional Chinese
herb medicine has been revived. Since it has no
side effects in terms of typical hypertensive dis-
orders, for instance, bradycardia, tachycardia and
orthostatic hypotension, and also is free from
harmful adverse effects, DTS has been applied
clinically. we" reported that DTS was effective
for the treatments of patients with not only essen-

tial hypertension but also hyperlipemia. But the
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mechanism of anti-hypertensive effect of DTS is
not yet understood.

This paper discribes further studies on the
mechanism of anti-hypertensive action of DTS,
namely the effect of DTS on systemic blood
pressure, isolated blood vessels, properties of
calcium channels in heart and brain and biochemi-
cal bindings in serum using spontaneously hyper-
tensive (SHR) and normotensive Wistar-Kyoto
rats (WKY).

Materials and Methods

Animals . Male spontaneously hypertensive
(SHR) and normotensive Wistar-Kyoto rats
(WKY) aged 4 to 16 weeks were used.

Measurement of blood pressure and heart
rate - SHRs aged 10 or 11 weeks were anaesthet-
ized with urethane (1.2 g/kg, s.c.).
were canulated into the left common carotid

The animals

artery with a polyethylene tube catheter and the
systemic blood pressures recorded on an ink-
writing oscillograph (RJG-4002, Nihon Kohden
Kogyo Co., Japan) through a multiple pressure
transducer (MPU-0.5, Nihon Kohden Kogyo Co.,
Japan).
recorded through a pulse rate tachometer (RT-5,

The heart rates were simultaneously

Nihon Kohden Kogyo Co., Japan) from the pulse
wave. Solutions of the drug were injected (i.v.)
into the right common jugular vein through a
polyethylene tube catheter. When the drugs
were orally administered to SHR aged 10 weeks
(once a day) and 10 to 16 weeks (twice/day)
without anaesthetization, the systolic blood pres-
sure and heart rate of the rats were measured by
the tail-cuff photoelectric plethysmographic
method. Before the measurement, the animals
were kept in an air-conditioned chamber at 55C
for 2 min. When the drugs were chronically
administered, the systolic blood pressure was
measured 1 hr after each administration of the
drug.

Measurement of mechanical reactivity . SHRs
aged 10 or 11 weeks were killed by a blow on the
occipital region followed by bleeding from the
carotid artery, and the anterior mesenteric
arteries (outside diameter @ 0.3—0.7 mm) were

quickly removed and freed of adhering fat and
connective tissue. The vessels were cut helically
at 45" to the longitudinal axis into strips (about
15X1.5 mm).

cally between hooks in a 50 ml organ bath

The helical strips were fixed verti-
containing nutrient solution. The responses of
the preparations were recorded isometrically on
an ink-writing oscillograph (SR-651, Watanabe
Inst. Corp., Japan) through a force-displacement
transducer (SB-1T-H, Nihon Kohden Kogyo Co.,
Japan).
mg. The bathing solution was aerated with a
mixture of 95% 0,-5% CO, and was maintained
at 37+05C?
the preparations were allowed to equilibrate in
the bathing solution for 60 to 120 min. During
the equilibration period, the solution was replaced

The resting tension was adjusted to 500

Before the start of experiments,

every 15 to 20 min. The composition of the nu-
trient solution {Krebs-Henseleit solution) was as
follows (mm) : NaCl, 118 ; KCl, 4.96 ; CaCl,, 2.5 ;
NaHCO,, 25 ; KH,PO,, 118 ; MgSO,, 1.18 ; and
glucose, 5.55 (pH 7.4).

Studies on relaxation by DTS . Norepineph-
rine- and high K*-induced contractions were elic-
ited by addition of 10~*M norepinephrine and
50 mm KCl, respectively, to normal Krebs-Hen-
seleit solution. When the contractions reached a
steady state, DTS (10-¢ g/ml—3X10* g/ml) was
added cumulatively to the bathing fluid. Finally,
10-* M papaverine was added directly to the bath-
ing fluid to fully relax the preparation?) and the
degree of inhibition of contraction was expressed
as 100 %:D

Studies on norepinephrine- and K*-induced
contractions . Contractions were elicited by cumu-
lative addition of norepinephrine (107 M—10~* M)
and KCI (0—50 mM) to normal Krebs-Henseleit
solution’ Maximum contractions of the individ-
ual preparations were taken as 100%. DTS was
added 10 min before the addition of norepineph-
rine and KCl.

Studies on Ca®*-induced contractions . Ca®*-
induced contractions were elicited by cumulative
addition of CaCl, (10~° M—1072M) to Ca®*-deplet-
ed 54.96 mM K*-containing Krebs-Henseleit solu-
tion, for 10 min after the mesenteric artery strip
had been suspended in Ca?**-depleted 1 mM TGTA-
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containing Krebs-Henseleit solution for 10 min.
CaCl, was added directly to the bathing fluid &
Maximum contractions of the individual prepara-
tions were taken as 100%. DTS was added 10
min before the addition of CaCl,.

Assay of (PH)wnitrendipine binding . The heart
and brain were quickly excised from SHRs and
WKYs aged 10 weeks (n = 5, each), and from
SHR aged 10 weeks administered (twice/day, p.0.)
daily with DTS (300 mg/kg, n=4). Assay of
(*H)nitrendipine binding used the procedure
published by Ishii ef al® The properties of (*H)-
nitrendipine binding were analyzed by the method
of Scatchard

Measuvements of organ weight and biochemi-
cal findings . SHRs and WKYs aged 10 to 16
weeks were administred (twice/day, p.o., n=6—8)
with DTS or distilled water. The animals aged
16 weeks were anaesthetized with pentobarbitone
(30 mg/kg, 7.p.) and their blood collected from the
inferior vena cava through a ventral route. The
heart and kidney were quickly removed and
weighed. Na*, K*, Ca?*, total cholesterol, high
density lipoprotein cholesterol (HDL choilesterol),
F-lipoprotein, triglyceride, total protein, uric
acid, creatinine, blood urea nitrogen (BUN),
glutamic oxaloacetic transaminase (GOT), glu-
tamic pyruvic transaminase (GPT) and total bili-
rubin in the serum were measured with an auto-
analyzer (736-60E type, Hitachi, Japan).

Drugs : Dried, powdered extract of DTS was
obtained by boiling the extract of a mixture com-
posed of Gypsum Fibrosum (5 g), Auratii Nobilis
Pericarpium (3 g), Ophiopogonis Tuber (3 g),
Pinelliae Tuber (3 g), Hoelen (3 g), Ginseng Radix
(2 g), Ledebouriellae Radix (2 g), Glycyrrhizae
Radix (1 g), Zingiberis Rhizoma (1 g), Uncariae
Ramulus et Uncus (3 g} and Chrysanthemi Flos (2
g) and was supplied by Tsumura Juntendo Co.,
The DTS was dissolved in distilled water
for use. (®H)Nitrendipine (72.5—79.5 Ci/mmol)
was obtained from the Japan Radioisotope Asso-
ciation (New England Nuclear, Tokyo). Nife-
dipine was supplied by Bayer Yakuhin Co., Ltd,,
/-Norepinephrine bitartrate, pa-

Japan.

Osaka, Japan.
paverine hydrochloride, ethyleneglycol - bis (8-
amino-ethyl ether) N, N, N’, N’-tetraacetic acid

(EGTA), Tris-hydroxymethylaminomethane
(Tris) and ethylcarbamate (urethane) were ob-
tained from Sigma Chemical Co., US.A. Phen-
tobarbitone sodium was obtained from Abbott
Laboratories, U.S.A. All other chemicals were
of reagent grade.

Other methods . Protein was measured by
the method of Lowry ef al® by using boving se-
rum albumin as a standard. The results were ex-
pressed as the mean + standard error for each
group. Significance of the difference was exam-
ined by Student’s 7-test.

Results

Effects on blood pressure and heart rate

When DTS at a dose of even 10 mg/kg (n=3)
was intravenously administered, blood pressure
and heart rate were hardly affected (Fig. 1). At
doses of 30 and 100 mg/kg (n=3, each), blood
pressure and heart rate showed transient de-
creases immediately after administration, fol-
lowed by lowering of the blood pressure in a dose-
dependent manner. When SHRs were orally ad-
ministered (once) with DTS at 300 mg/kg (n=
4), blood pressure was shown significantly lower
at 23+8.2 and 29+9.0 mmHg after 3 and 5 hr,
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Fig. 1 Effect of Diao-Teng-San (i.v.) on sys-
temic blood pressure in SHRs.

The systolic blood pressure of SHRs at pre-
administration was 180 to 230 mmHg. Each
experiment was performed three times.
Points and vertical bars express the mean+S.E.
of values. * @ p<0.05; significantly different
from pre-administration values.
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respectively, of administration (Fig. 2). At a
dose of 30 mg/kg (n=4), blood pressure showed
insignificant decreases of 20+10.1 and 20+16.4
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Fig. 2 Effect of Diao-Teng-San (p.0.) on systolic
blood pressure and heart rate in SHRs.
The systolic blood pressure and heart rate
of SHRs at pre-administration were 180—205
mmHg and 372--444 beats/min, respectively.
Each experiment was performed four times.
Points and vertical bars express the mean+S.E.
of values. *p<0.05; significantly different
from pre-administration values.
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mmHg after 3 and 5 hr, respectively. Heart rate
showed a significant decrease of 9.7% only at a
dose of 300 mg/kg after 3 hr of administration.
When SHRs aged 10 to 16 weeks were orally
administered (twice/day) with DTS, blood pres-
sure showed significantly lower in a dose-depen-
dent manner (Fig. 3).
trol group (n=6) showed an elevation of approxi-

Blood pressure of the con-

mately 20 mmHg as the animals grew older.
When DTS was given at a dose of 3 mg/kg (n=6),
there was no elevation in the blood pressure like
that in the control group. With a dose of 300 mg/
kg (n=6) of DTS, blood pressure at 4 weeks from
the start of administration was significantly
lower (49 mmHg) than that of the age-matched
control group. When administration was with-
drawn, blood pressure showed a tendency to
return to previous levels. Heart rates differed
very little between the DTS and control groups.
Effects on norvepinephrine -, K*- and Ca**- in-
duced contractions

10~* M Norepinephrine- and 50 mMm K* -in-
duced contractions were relaxed in a dose-depen-
dent manner by DTS with concentration of 3X
10~* g/ml to 3X10~% g/ml (Fig. 4). DTS caused a

Withdrawal

e—e Control
Diao-Teng—-San
=—=u 3 mg/kg
~—4 30 mg/kg
©0—0300 mg/kg

i . A J

Change in Blood Pressure (mmHg)

H] 6 17 8

Time (Weeks)

Fig. 3 Effect of Diao-Teng-San (twice/day, p.0.) on systolic blood pressure in SHRs.
The systolic blood pressure of SHRs at the start of administration was 200+3.7 mmHg.

Each experiment was performed six times.
* 1 p<0.05, ** 1 p<0.01 and *** . p<0.001 ; significantly different from

S.E. of values.
corresponding control values.

Points and vertical bars express the mean®
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dose-dependent inhibition of norepinephrine-in-
duced contractions, and caused the dose-response
curves to shift to the right and downwards (Fig.

20’—
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Relaxation (%)

gl o—° 50 mM K*

| e——o 10™* M Norepinephrine

Inn _ 1 i i 1
3x107% 107 3x10™ 1078
Concentration of Diao—-Teng-San (g/ml)

3x107%

Fig. 4 Dose-response curves for the effect of
Diao-Teng-San on norepinephrine- and K*-
induced contractions of isolated SHR mesenter-
ic arteries.

The values for maximum relaxation by 10~ M
papaverine in the series with norepinephrine-
(n=6) and K*-induced contractions (n=>5) were
297+36.0 and 84+21.8 mg tension, respectively.
Points and vertical bars are mean+S.E. of val-
ues.

Tension Developed (%)

107 107 107 1078 107
Concentration of Norepinephrine (M)

Fig. 5 Dose-response curves for demonstration
of the effect of Diao-Teng-San on norepineph-
rine-induced contraction of isolated SHR mes-
enteric arteries.

Symbols indicate control values (®, n=12)
and values for Diao-Teng-San at 3X10-° g/ml
(m, n=6), 3X10~* g/ml (4, n=6) and 3x107* g/
ml (O, n=6). The value for maximum contrac-
tion was 326+21.8 mg tension. Points and
vertical bars are mean*S.E. of values. ** : p<
0.01 and *** © p<0.001 ; significantly different
from corresponding control values.

5). The EDs, values of norepinephrine which
induced 509% of maximal contraction by DTS at
3x107% and 3X107* g/ml (4.2+0.52X10"7 M and
2.1+0.43X107% M, respectively) were significantly
higher than those for the control group (2.8+
0.15%10"7 M). In K*-induced contractions, DTS
at 3x107% and 3X107* g/ml caused increase at
low concentrations and inhibition at high con-
centrations of K*. But DTS at 3xX10° g/ml
caused only inhibition of K*-induced contractions
(Fig. 6). In the Ca**-induced contractions, DTS
caused a dose-dependent inhibition and the dose-
response curves to shift to the right (Fig. 7). The
ED;, value of Ca?** which induced 50% of maxi-
mal contraction by DTS at 3x10™* g/ml 2.5+
0.47 X107® M) was significantly higher than that
for the control group (1.3+0.13X10=% M). The
inhibitory effect of DTS on norepinephrine-, K*-
and Ca?*-induced contractions was reversible
(data not shown).
Effects on (*H)nitrendipine binding

The specific (*HJnitrendipine binding to crude
membranes prepared from each region of SHRs

8o

40+

Tension Developed (%)
T

201

0 10 20 30 40 50
Concentration of K¥ (mM)

Fig. 6 Dose-response curves for demonstration
of the effect of Diao-Teng-San on K*-induced
contraction of isolated SHR mesenteric arteries.

Symbols indicate control values (®, n=14)
and values for Diao-Teng-San at 3X107° g/ml
(B, n=7),3%x10~* g/ml (o, n=7) and 3x107* g/
ml (O, n=7). The value for maximum contrac-
tion was 213+8.4 mg tension. Points and ver-
tical bars are meantS.E. of values. *:p<
0.05,** 1 p<0.01 and ***: p<0.001; signifi-
cantly different from corresponding control
values.
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Fig. 7 Dose-response curves for demonstration

of the effect of Diao-Teng-San on Ca®'-in-
duced contraction of isolated SHR mesenteric
arteries.

Symbols indicate control values (®, n=10)
and values for Diao-Teng-San at 3X10~% g/ml
(m, n=5), 3x107* g/ml (A, n=5) and 3 X103 g/
ml (O, n=5). The value for maximum contrac-
tion was 122+12.0 mg tension. Points and
vertical bars are mean+S.E. of values. *: p<
0.05, **: p<0.01 and ***: p<0.001 ; signifi-
cantly different from corresponding control
values.

Kp
(nM)

Bmax
(fmoles/mg protein)

and WKYs was saturated monophasically with
high affinity (data not shown).

The properties of (*H)nitrendipine binding of
the tissues of DTS-treated SHRs were compared
with age - matched untreated SHRs or WKYs.
In the hypothalamic, thalamic and hippocampal
membranes, the maximal numbers of binding sites
(Bmax) for the DTS-treated SHR group were sig-
nificantly lower (10.9, 37.8 and 43.0%, respective-
ly) than those of the untreated SHR group (Fig.
8). In the striatal membranes, B, values for
the DTS-treated SHR group were lower, but not
significantly, than those for the untreated SHR
group.
values for the DTS-treated SHR group were sig-
nificantly lower (30.8%) than those for the WKY
group. The apparent dissociation constants
(Kq) for the DTS-treated SHR group differed
very little from those for the brain regions of un-
treated SHR or WKY groups.
membranes, Kq and B,,x values for the DTS-

In the hippocampal membranes, B ax

In the cardiac

treated SHR group differed very little from those

Fig. 8 Properties of (*H)nitrendipine binding to cardiac and cerebral membranes from
SHRs and WKYs, and from SHR treated with Diao-Teng-San.

The experiments were performed four to five times.
* 1 p<0.05, ** L p<0.01, and *** . p<0.001 ; significantly dif-

the mean+S.E. of values.

Columns and vertical bars express

ferent from corresponding SHR or WKY values.
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Table 1 Effect of Diao-teng-San on body and organ weights and biochemical
serum findings in SHRs or WKYs aged 16 weeks.
SHR WKY
control Diao-Teng-San
3 mg/kg 30 mg/kg 300 mg/kg

Body weight (g) 224+14.4 28947.5%1 303£7.0° 310+5.4%° 336+5.6°
Heart (g/100g BW) 0.42+0.003 0.4040.007%"  0.41+0.016" 0.38+0.006°f 0.2940.005¢
Kidney (g/100g BW) 0.77+0.020 0.67+0.019° 0.70£0.0132  0.72%0.007% 0.6910.007°
Na* (mEq/1) 144+0.2 14540.6>¢ 143+0.3¢2 144+0.4 143+0.4°
K+ (mEq/1) 4.7+£0.04 4.9+0.09° 5.1£0.06% 5.0+£0.07f 4.1£0.09°
Ca® (mEq/1) 4.940.05 4.8+0.10° 4.8+0.07° 4.8+0.03° 5.2+0.06°
Total cholesterol (mg/dl) 41+2.3 54+2.8>f 52+0.8%f 48+1.28f 105+4.3¢
HDI. cholesterol (mg/dl) 27+1.5 34x2.281 37+£2.3>f 31+£1.0%f 65+2.4¢
B-Lipoprotein (mg/dl) 49+5.4 66+12.6 641t14.1 106+10.6%f 50+4.4
Triglyceride (mg/dl) 54+6.9 59+6.0 64+7.1 99+ 8.7%¢ 62+3.6
Total protein (g/dl) 6.2+0.11 6.540.14° 6.24+0.15¢ 6.1£0.09¢ 5.8+0.05
Uric acid (mg/dl) 1.7+0.07 2.84+0.33>¢ 2.6+0.19¢1 1.9+£0.13¢ 1.2+0.28
Creatinine (mg/dl) 0.7+0.01 0.840.03>f 0.7£0.02¢ 0.7+0.02¢° 0.6+0.03°
BUN (mg/dl) 20+0.7 23+1.4¢ 22+1.0f 20+0.9¢ 17+0.6°
GOT (Karmen-U) 148+11.9 198+9.8>f 184+9.881 147+3.7" 69+6.8°
GPT (Karmen-U) 51%£5.7 43+3.0f 37+£3.0¢ 31+1.6°f 17£0.5°
Total bilirubin (mg/al) 0.220.03 0.2+0.02¢ 0.2+0.02° 0.3+0.02° 0.3+£0.03

The values are expressed as the mean+S.E. for 6 to 8 rats.
21 p<<0.05,%: p<0.01 and ©: p<0.001 ; significantly different from corresponding control SHR values.
41 p<0.05,°: p<0.01 and ' p<0.001 ; significantly different from corresponding WKY values.

for untreated SHR or WKY groups.
Effects on body and organ weights and biochemi-
cal findings in serum

The effect of DTS on body and organ weight
and biochemical findings in serum is summarized
in Table I. Body weight of the DTS-treated
group showed significant increases in a dose-
dependent manner over that of the untreated SHR
group and was significantly lower than that of the
WKY group. The heart and kidney weights of
the DTS-treated group showed significant de-
creases over those of the untreated SHR group.

Na* and Ca*" values of the DTS-treated
group differed little from those for the untreated
SHR group, but K* values showed significant in-
creases.

Total and HDL cholesterol values of the
untreated SHR group showed significantly lower
than those of the WKY group. Total cholesterol,
HDL cholesterol, g-lipoprotein, triglyceride, total
protein and uric acid values of the DTS-treated
group showed increases over those for the un-
treated SHR group. BUN, GOT and GPT values

for the DTS -treated group differed very little
from those for the untreated SHR group.

Discussion

Since the intravenous administration of DTS
in SHRs was shown to lower the systemic blood
pressure in a dose-dependent manner (Fig. 1), it
may have an anti-hypertensive action with itself
but not its metabolites. Oral administration of
DTS at doses of 30 and 300 mg/kg slowly and
continuously lowered the systolic blood pressure
from 20 to 29 mmHg after 3 to 5 hr (Fig. 2).
Furthermore, chronic oral administration (twice/
day) of DTS in SHRs lowered the systolic blood
pressure in a dose-dependent manner (Fig. 3), but
did not show any effect on the heart rate. In
SHRs in a continuous hypertensive stage from 10
to 16 weeks-old, therefore, DTS has an anti-
hypertensive action but does not affect the heart
rate. On the other hand, Ozaki et al » reported
that DTS in stroke-prone SHRs (SHR-SP) caused
only a minor reduction in the blood pressure.
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These differences may suggest that for SHR-SP,
which is a model animal of malignant hyperten-
sion, it is difficult to lower the systemic blood
pressure.

In isolated mesenteric arteries from SHRs,
DTS relaxed 10~* M norepinephrine-induced con-
traction and shifted the dose-response curves for
norepinephrine-induced contraction to the right
and downwards (Figs. 4 and 5). DTS at high
concentrations also relaxed 50 mMm K*-induced
contraction and inhibited K*-induced contraction
(Figs. 4 and 6). Furthermore, DTS shifted the
dose-response curves for Ca?'-induced contrac-
tion to the right (Fig. 7). High K*-induced con-
traction resulted from increases in Ca** influx
through activation of voltage-sensitive calcium
channels (opening or widening) of the muscle cell
®" On the other hand, because of
cumulative addition of Ca**-induced contraction
of isolated arteries in Ca?*~depleted K*-depolar-
izing solution after treatment with EGTA-con-

1
membrane .

taining Ca?*-depleted solution, it is possible that
the Ca%*-induced contraction depends on the in-
flux of Ca?* into the vascular smooth muscle cells
from the external medium.” Accordingly, all
these results support at least the idea that DTS
may antagonize a-adrenoceptor and transmem-
brane influx of Ca?*, as well as calcium channel
antagonists ,m and anti-hypertensive effect of
DTS may play a part in peripheral vasodilating
action.

Belleman et al > ’ Murphy and Snyder " and
Ehlert ¢f al." have shown that, of the 1,4-dihy-
dropyridine derivatives, (*H)nitrendipine binds

4)

specifically to membrane fractions of the brain
and heart and to homogenate preparations of the
(*H) Nitren-
dipine binding assay proved to be very useful for

longitudinal muscle of the ileum.

the study of calcium channels ¥ TIshii et al”
reported that the B, of (*H)nitrendipine bind-
ing in the striatum, thalamus and hippocampus
for SHRs showed increases over those in WKYs,
but the Ky differed very little between WKYs and
SHRs at 4, 6, 10 and 15 weeks of age. These
increased number of (*H)nitrendipine binding
sites, reflected in calcium channels resembling
voltage-sensitive ones or their components of

SHR, may play a part in the development and
When DTS
was chronically administered to SHRs, the B,y

maintenace of high blood pressure.

in the striatum, thalamus and hippocampus of the
brain was lowered either insignificantly or signifi-
cantly as compared with untreated SHRs (Fig. 8).
These values were also lowered by chronically
administered nifedipine and nimodipine (50 mg/
kg, each) but not by phentolamine and pro-
pranolol (20 and 10 mg/kg, p.o., respectively)
(unpublished data). Panza et al’” reported that
chronic treatment of mice with verapamil or
nifedipine has been shown to decrease binding of
These
data suggest that DTS may act on the calcium
channels of the central nervous system either di-

(®H)nitrendipine to neuronal membranes.

rectly or as a calcium channel antagonist, and
may increase the cerebral blood flow. This phe-
nomenon may play a part in anti-hypertensive
effect through the central nervous system in
SHRs.

DTS was shown to increase body weight and
decrease enlargement of the heart and kidney in
SHRs (Table I).
DTS caused increasing of the decreases in total

In biochemical serum findings,

and HDL cholesterol values of SHRs in compari-
son with WKY's and also increased g-lipoprotein,
trigriceride and uric acid in SHRs. These results
suggest that DTS improves abnormal lipid meta-
bolic system in SHRs. On the other hand, we v
reported that in typical hypertension patients,
DTS significantly decreased total serum choles-
terol at the high pre-remedy levels, significantly
decreased triglyceride at normal and high pre-
remedy levels and significantly increased HDL
cholesterol in all cases, but DTS did not affect
any significant changes in Nat and K* levels.
Therefore, DTS may have less effect on serum
Na*, K* and Ca?*" levels, but these differences
between SHRs and human patients on the mecha-
nism of lipid metabolic system are not known.

Conclusion
In SHRs, DTS may lower the blood pressure,

inhibit an increase in the number of (®H)nitren-
dipine binding sites in the striatum, thalamus and
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hippocampus and improve the functions of the
lipid metabolic system.
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