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SUMMARY

1. Isosteviol (IST) is the derivative from stevioside, a sweet-tasting glycoside existed in
the leaves of Sevia rebaudiana that has been using widely in Japan as sugar substitute.

2. IST (25 mg kg™) given intraperitoneally into spontaneously hypertensive rats (SHRs)
decreased systolic blood pressure 20 mmHg. In isolated aortic rings from rats, IST could
dose-dependently relax vasopressin-induced vasoconstriction. IST had no effect on
phenylephrine- or KCl-induced vasoconstriction that produced mainly due to intracellular
calcium (Ca®") release. Also, IST failed to modify the vasopressin-induced vasoconstriction in
Ca’*-free medium. The results indicate that IST had vasorelaxation effect via an inhibition of
ca’" influx.

3. Relaxation of the vasopressin-induced vasoconstriction by IST was obtained in the
absence of endothelium, showing this action of IST was not related to nitric oxide and/or
endothelium. Isosteviol-induced Ca®* influx inhibition was blocked by specific K* channel
blockers glibenclamide (Karp channel blocker), 4-aminiopyridine (Kv channel blocker) and
apamin (Ca’*-sensitive small conductance K* channel blocker) but not by charybdotoxin (Kca
channel blocker).

4. Thus, open of the K* channel especially Ca®*-sensitive small conductance to inhibit the
Ca” influx by IST can be considered. These results suggest that ST can open the K* channel to
inhibit Ca®* influx to induce vasodilation in SHRs.
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channel blockers
INTRODUCTION

Hypertension is one of the most common cardiovascular disease.* Inadequate blood pressure
control still persists as a major public health problem? Compliance of patients to
antihypertensive treatment may be an important barrier to improve blood pressure control, since
antihypertensive drugs commonly have a negative effect on quality of life Diuretics are most
commonly prescribed initial therapy and have been proven to reduce cardiovascular mortality.?
Beta-blockers are another important class of antihypertensive drugs commonly used as first-line
monotherapy or in combination therapy.? Unfortunately, these two classes of the drugs usually
have side effects especially on sexua function.* So, these could be of considerable benefits for
patients with hypertension if some natura products could lower blood pressure effectively with
lesser side effects.

Stevioside is a glycoside isolated from the plant Sevia rebaudiana Bertoni (Compositae),
which is widely used as a non-caloric sweetener in Japan and Brazil for about 20 years? Its
safety in human usage has been well established. Recent data from animal study show that
stevioside is an effective antihypertensive agent.® The action mechanism is still unknown except
the calcium antagonistic effect was proposed.” In order to have the active principle, we prepared
isosteviol (Fig. 1) from stevioside. This study was performed to evaluate the antihypertensive
effect of isosteviol (IST) and to know its possible action mechanism.

MATERIALSAND METHODS
Animals
Male spontaneously hypertensive rats (SHRs, 350-450 g) and male Wistar-Kyoto rats (WKY) or
Wistar rats (350-450 g) were used. They were obtained from the animal center of the National
Cheng Kung University Medical College. Rats were housed in a temperature-controlled room
(25+1°C) and kept on a 12hr : 12hr light-dark cycle (light on at 0600 h'). Food (Purina Rat
Chow) and water were available ad labitumthroughout the experiment.

M easurement of systemic blood pressure

As described previously,® the systemic blood pressure was measured by a noninvasive tail-cuff
monitor (UR-5000, Ueda Company, Japan) in conscious SHRs. The systolic blood pressure and
heart rate of SHRs can be recorded simultaneously. The SHRs (n=8), which had mean blood
pressure higher than 160 mmHg were used to evaluate the antihypertensive activity of drugs.
When the blood pressure was stable (varied less than 5 mmHg between 20 minute intervals), 25
mg kg™ IST (dissolved in normal saline) were administered intraperitoneally into SHRs. Other
group of SHRs (n=8) received the same volume of normal saline as control. The systolic blood
pressure was measured repeatedly 30 minutes and 60 minutes after the injection of IST.

Deter mination of vasoconstriction of isolated aortic rings

Change of vascular tone was determined on the thoracic aortic ring isolated from Wistar rat.
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Each rat was anaesthetized with 35 mg kg™ pentobarbital and sacrificed by decapitation. A
media laparotomy was then performed immediately to excise the thoracic aorta. The vessel was
sectioned into four 3mm rings after being gently dissected free of fat and connective tissue.
Rings were then mounted into 10-ml organ baths filled with oxygenated Krebs buffer (95% O,
5% CO,) and warmed to 37°C. The preparations were connected to strain gauges (Grass FT03)
and isometric tension was recorded on a Grass polygraph (model 79). After being mounted, the
rings were alowed to stabilize for 2 h. Each preparation was then stretched gradually to an
optimal 1g tension.

Experimental protocolsfor IST in isolated aortic rings

After the stabilization, 10® M vasopressin, 10° M phenylephrine and 40 mM KCl were
administered into Ca?*-containing buffer to induce vasoconstriction. Similar responses were
obtained in aortic rings prepared from Wistar rats and WKY in the preliminary experiments.
Thus, we employed the aortic rings from Wistar rats in the present study. Treatment groups was
administered IST from concentrations of 10° to 10° M to observe the effect of IST on
constricting aortic rings. Otherwise, the above 3 vasoconstrictors (vasopresin, phenylephrine,
KCl) were administered into Ca’*-free buffer to know the role of Ca?* influx. Moreover, 10°M
methylene blue was administered 15 min before the addition of 108 M vasopressin to observe
whether IST still can relax this vasopressin—nduced vasoconstriction or not.

Cultureof rat aortic smooth muscle cells (A7r5)
The A7r5 aortic smooth muscle cell line,” obtained from the Food Industry Institute (Hsin-Chu,
Taiwan), were cultured as described previously.™©

M easurement of cytosolic Ca>* in A7r5 with Fura-2

Measurements of Ca’" in aortic smooth muscle cells (A7r5) were performed a room
temperature using the calcium-sensitive dye fura 2-acetoxymethyl ester (Fura-2, Molecular
Probes), as previously described.™**? The cells were kept on ice for 15 min before incubation
with 4 nmol Fura-2 in PBS for 60 min in the dark at room temperature. Then, the solution was
centrifuged for 2-3 min to remove Fura-2. The pellet of cells was put on ice for 10-15 min and
300 m of physiological sat solution (PSS) were then added slowly back to the cells over 2-3
min. Harvested cells were suspended in Ca?*-containing PSS for 30 min up to 4 h before Fura-2
determinations. The cells were maintained on ice until immediately before an experiment.

For measurements of Ca*, drug at the desired concentration was then added into the 10 i
of cel solution during the stable state of fluorescence recorded in Hitachi F2000
spectrophotometer; an excitation and emisson wavelength of 340 and 380 nm was used,
respectively. The value of Ca* was calculated based on the ratio at 340/380 nm, as described
previously.™*

The role of Ca* influx in the responses to stimulating agents (vasopressin, phenylephrine
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and KCl) was evaluated using norma PSS containing Ca?* and Ca®*-free PSS. Then IST was
administered to observe its C&* antagonistic effect. The K* channel blockers, glibenclamide
(Katp channel blocker), 4-aminopyridine (Ky channel blocker), charybdotoxin( Kca channel
blocker) and apamin (Ca’* -sensitive small conductance K* channel blocker) were also used to
evaluate whether the inhibition of Ca?* influx by IST was through K* channel opening.™®

Materials and solutions

Drugs used in this study were: 4-aminopyridine, apamin, charybdotoxin, HEPES,
L-phenylephrine hydrochloride (Sigma, USA); fetal bovine serum, FBS (Hyclone, Utah, USA);
Fura-2 (Molecular Probes Inc., Eugene, USA); dlibenclamide (RBI, MA, USA); arginine
vasopressin (Parke-Davis Co., USA) and methylene blue (Fisher Scientific Limited, Montréal,
Canada). IST was prepared from stevioside that was supplied by Professor Die-Yu Xu (Nanjing
Railway College of Medicine, Nanjing City, China). The standard PSS contained (in mmol/l):
140 NaCl, 5.9 KCI, 1.2 NaH,PO,4, 5 NaHCO;3;, 1.4 MgCl,, 1.8 CaCl,, 11.5 glucose, and 10
HEPES (titrated to PH 7.4 with NaOH). In the preparation of C&'-free solution, CaCl, was
replaced by 1.8 mmol/l MgCl, (total 3.2 mmol/l) with an addition of 0.5 mmol/l| EGTA. The
ionic composition of the Krebs solution was as follows (mmol/l): NaCl 135, KCI 5, CaCl, 2.5,
MgSO, 1.3, KH,PO, 1.2, NaHCO;3; 20, D-glucose 10 and EDTA-2Na 0.026. The solution was
aerated with 95% O, and 5% CO,, and the pH of the solution was maintained at 7.4.

Statistics:

All values were presented as mean + standard error of mean. All experimental animal groups
or experiments were 8 unless specified. ANOVA and Dunnetts post-hoc test was used to
evaluate data between different experimental groups. A p value less than 0.05 was regarded as
significant.

RESULTS

The effect of ST on blood pressure of SHRs

In conscious SHRs, the maximal hypotensive effect was observed by an intraperitoneal injection
of 25 mg kg’ IST. After 60 minutes, the mean arteria blood pressure was decreased from
166.2+3.6 to 157+3 mmHg (Fig. 2, p<0.05).

Stimulating agents on Ca*" influx

Figure 3a indicates the response of isolated aortic rings in C&*-free solution. The contractile
response to 10 M vasopressin was 67.5+3.4% of that in Ca’*-containing solution (100 %). Thus,
vasoconstriction caused by vasopressin in thoracic aorta was acted in part through the Ca’*
influx. Phenylephrine at the concentration of 108 M caused the increase of vascular tone similar
in either Ca™*-free or Ca’*-containing solution (Fig. 3b), implicating that the vasoconstricting
effect of phenylephrine was acting through intracellular Ca®* release. Moreover, the response to
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40 mM KCl was also the same in Ca?*-free or Ca?*-containing solution; no significant difference
(P>0.05) was found. Intracellular Ca?* release was indicated (Fig. 3c).

In Ca*-containing solution, IST can relax the constricting aortic rings caused by 108 M
vasopressin in a concentration-dependent manner (Table 1). The maximal effect by 10° M IST
was 54.9+6.5 % of the vascular tone raised by 10® M vasopressin. In Ca’*-free solution, even at
the concentration of 10°M, IST had no effect on 10®M vasopressin-induced vasoconstriction.
Despite Ca’*-free or Ca®*-containing solution, even at the concentration of 10°M, IST failed to
produce effect on 108 M phenylephrine-induced vasoconstriction. Similar phenomenon was also
observed in the aortic rings response to 40 mM KCl ; no vasorelaxation can be induced by 10°
M IST .

Effect of ST on aortic rings under methylene blue

After treatment with methylene blue, IST still produced vasorelaxation in aortic rings response
to 10 M vasopressin (Table 1). The vascular tone decreased to 55.6 + 9.3 % of the control,
implicating that this action of IST was not methylene blue-sensitive.

Effect of K™ channel blockerson the action of IST in aortic rings

Glibenclamide (Karp channel blocker) was administered 20 min before the increase of vascular
tone by 10® M vasopressin. Table 1 showed that the vasorelaxation effect of IST was reversed
by glibenclamide at the concentration of 10° M.

After a 20-min preincubation of the aortic rings with charybdotoxin, a K¢, channel blocker,
the action of IST was not modified; the relaxation effect was still at 51.7 + 4.3% (Table 1).
Otherwise, a 10-min pretreatment with apamin, Ca?*-sensitive small conductance K* channel
blocker, reversed the vasorelaxation of IST in a concentration-related manner.

Effect of IST on Ca?* influx in A7r5

In the presence of Ca®* in medium containing A7r5 cells, vasopressin increased the intracellular
Ca”* concentration from 184.8 +18 nM to 427.2+60 nM (Table 2). In C&*-free medium,
vasopressin failed to modify the intracellular Ca?* amount. An increase of C&* influx into A7r5
cells by vasopressin seems responsible for the raise of intracellular Ca®".

In Ca®*-containing medium, IST attenuated the intracellular C&* increasing effect of 10°M
vasopressin (Table 2). This inhibitory effect of IST was in a concentration-dependent manner;
the intracellular Ca®* was decreased from 339.6 +12.4 nM to 102.2+13.2 nM. Phenylephrine
increased the intracellular C&®* in A7r5 regardless the medium containing Ca2* or not (Table 2).
However, the intracellular Ca?* concentration increased by 10° M phenylephrine was from
185.2+22.8 nM to 814.9+33.8 nM in Ca’*-containing medium but only to 401.1+15.5 nM in
Ca’*-free medium. An increase of C&" influx into A7r5 cells by phenylephrine can thus be
considered. In Ca*-containing medium, IST inhibited the raise of intracellular Ca®* by 107 M
phenylephrine (Table 2). However, this inhibition by IST disappeared in C&*-free medium.
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Table 2 aso showed the concentration-dependent inhibition by IST on the increase of
intracellular Ca?* by 10° M phenylephrine in Ca®*-containing medium and no difference in
Ca’*-free medium.

A23187 can increase intracellular Ca®* concentration without depolarization. Data showed
that IST had no inhibitory effect on the increase of C&* influx by A23187; the intracellular Ca’*
was still at the concentration of 1038.0+103.3 nM.

In the presence of K* channel blocker, glibenclamide (Katp channel blocker) or
4-aminopyridine (Ky channel blocker), IST failed to inhibit Ca®* influx. Intracellular Ca®*
concentration recovered from 245.8+5.9 nM and 174.08+23.6 nM to 501.27+26.13 nM and
480.9+13.8 nM respectively (Fig. 4a & 4b)

However, charybdotoxin (Kca channel blocker) at the concentration of 5 10° M failed to
modify the action of 10° M IST; the intracellular C&" was still decreased by IST from
2207+55.1 nM to 1406.36+53.6 nM (Fig. 4c). Even a the concentration of 107 M,
charybdotoxin was not effective to the inhibition of C&* influx by IST; the concentration was
decreased from 2024.5£91.5 nM to 1444.7+44.5 nM. Furthermore, in the presence of apamin
(Ca®*-sensitive small conductance K* channel blocker), inhibition of Ca* influx by IST was
reversed significantly (Fig. 4d).

DISCUSSION

In the present study, we found that IST has the ability to lower blood pressure in conscious
SHRs. Like the previous report,® stevioside has an effective blood pressure lowering action in
SHRs. This action was probably due to calcium antagonism.” In consistent to this view, our data
indicate that the mechanism for antihypertensive action of IST, one derivative of stevioside, may
be due to inhibit Ca* influx in smooth muscle cells of blood vessels.

First, we evaluated various vascular stimulating agents. Under Cé&-free solution,
vasoconstriction induced by vasopressin attenuated significantly, implicating the involvement of
Ca” influx. Then, IST could dose-dependently inhibit this vasoconstriction by vasopressin only
in Ca?*-containing solution but not in Ca’*-free solution. Inhibition of Ca* influx by IST can
thus be considered.

Furthermore, IST was not effective to relax the vasoconstriction induced mainly due to the
release of Ca" such as the responses to phenylephrine (a: receptor agonist) or KCl. In
thoracic aorta, increase of vascular tone by phenylephrine was introduced to dependent on the
release of Ca?*in smooth muscle cells.** Our data are in agreement with this view because there
was no difference of vasoconstriction by phenylephrine in organ bath containing Ca¢* or not.
Similar results were observed in the response to KCl. Data show that KCI had no differencein
inducing vasoconstriction despite the solution was Ca’*-free or Ca*-containing, implicating that
vasoconstriction induced by KCl in thoracic aorta was mainly due to intracellular Caf* release.
Therefore, the vasorelaxation effect of IST was probably due to inhibition of Ca?* influx.
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Then, the role of endothelium and/or nitric oxide (NO) was investigated. It is well-known
that NO can stimulate cGMP synthesis to induce vasorelaxation.® After pretreatment with
methylene blue for 15 min, IST could still relax the vasoconstriction induced by vasopressin
which is similar to vehicle control. Also, the activity of IST was not modified by the removal of
endothelium. Mediation of NO and/or endothelium-derived substance(s) in the vasodilative
action of IST can thus be ruled out.

Moreover, inhibition of Ca®* influx by IST was furthered identified in cultured vascular
smooth muscle cell line (A7r5) using Fura2 as indicator. However, we found that IST had no
effect on the increase of intracellular C&?* by A23187. It has been documented that A23187 can
induce Ca®* influx without depolarization.’® Thus, the inhibitory effect of IST on C&" influx
seems not due to the direct blockade of Ca®* channels. Otherwise, K* channels play an important
role in the control of vascular tone'’ Drug that can open K* channels may induce
hyperpolarization to close the Ca?* channels and resulted in vasodilatation. In an attempt to meet
this possibility, we employed the K* channel blockers. In the presence of glibenclamide, Karp
channel blocker, decrease of Ca?* influx by IST was totaly reversed. Similar results were
observed in the vasorelaxation of aortic rings. Relation of K* channels in the vasodilatation of
IST can thus be considered. Then, apamin, Ca*-sensitive small conductance K* channel blocker,
reversed the decrease of Ca* influx and vasorelaxation of I1ST but charybdotoxin, K, channel
blocker, was not effective. Selective open of K* channel by IST can thus be considered. It is
reasonable to suggest that the blood pressure lowering action of IST is related to the
vasodilatation due to the opening of K* channels to inhibit the Ca®* influx into vascular smooth
muscles.

In conclusion, IST derived from stevioside is an effective agent to lower blood pressure and
its mechanism is probably due to K* channel opening (except the charybdotoxin-sensitive K*
channel) resulting in an inhibition of Ca?* influx and the subsequent vasorelaxation.

We acknowledge Professor Brian Tomlinson for editing and Professor Die-Yu Xu (Nanjing
Railway College of Medicine, Nanjing City, China) for kindly supply of stevioside. The
present study is supported in part by a grant from National Science Council of the Republic of
China (NSC88-2314-B038-130).
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Figure 2

Figure 3

Figure 4

The mean arterial blood pressure changes at 60 min after an intraperitoneal
injection of I1ST (25 mg kg™) into conscious SHRs (n=8). * p<0.05.
Amplitude of vasoconstriction in isolated aortic rings. A: 10 M vasopressin in
Ca’*-free [C&* (-)] or Ca’*-containing [Ca®* (+)] solution. **p<0.01. B: 108 M
phenylephrine in Ca’*-free [Ca?* (-)] or Ca*-containing [Ca®* (+)] solution. C:
40 mM KCl in Ca*-free [Ca&" (-)] or Ca’*-containing [C&" (+)] solution.
IST could inhibit intracellular C&" increase induced by vasopressin. A:
Glibenclamide could reverse the action of IST dose-dependently. *p<0.05,
**p<0.01. B: 4-aminopyridine could reverse the action of IST dose-dependently.
**n<0.01. C: Charybdotoxin could not reverse the effect of IST. |:| = 5x10% M
charybdotoxin; =107 M charybdotoxin. **p<0.01. (IST vs Vehicle).

- D: Apamin could reverse the action of IST dose-dependently. ***p<0.001.

| sosteviol

Figurel

10



Mean arterial blood pressure (mmHQ)

Vasoconstriction (%)

175 1

170 A

165

160 A

155 1

150 ' '
0 30 60

Time (min)

Figure?2

120 -

100 -

-

*
*

80 =

HH

60 +

40 -+

20 =

0 [

Ca2+(+) Ca2+(-)
Vasopressin (10°M)

Figure3 A)

11



Vasoconstriction (%)

Vasoconstriction (%)

—H

Ca”™(+)

Ca*(-)
phenylephrine (10°M)

Figure 3 B)

—H

Ca’'(+) ca’'(-)
KCI (40 mM)

Figure3C)

12



Intracellular Ca2+ (M)

Intracellular Ca2+ (nM)

500 1
400 -
300 1
200 1
100 -

*

600 7
500 -
400 T
300 -
200 1
100 1

vehicle 10®

5x10°

Glibenclamide (M)

Figure4 A)

10

vehicle 3x10%

5x108

4-aminopyridine (M)
Figure4 B)

13

8x10®



IST (10° M)

1

y

/

2400 -

1800 -

o
©

1200

(INU) +2eD fe|njpoeau|

o o

Charybdotoxin

Figure4 C)

OOOOOOOO
0000000
7777777

(U) +geD re|n|poeau|

107

@

o

—

%

(0
—~

—

2 0
c <
s 2 3

o ® 3

o2 2

- < LW

)

S

>



Table 1 The vasorelaxtion effect of IST on 10® M vasopressin-induced
vasoconstriction in aortic rings.

IST level(M) 0 10°® 10”7 10°® 10°
gaseline 100+0 94.6+2.0¢ 86.1+4.3** 73.2+4.4** 54.9+6.5%*
Methylene blue 1000 91.1+7.2* 80.4+8.9** 67.1+8.4** 556+9.3**
Glibenclamide
5 10°M 1000 101.2+15 984465 855+51* 71.9+4.9*
7 10°M 1000 100.1#50 96.9+50 94.5+6.0  87.4+5.6*
10° M 100+0 101.8#55 103.4#7.2 101.2+6.7 98.2+4.1
Charybdotoxin 1000 99.8+6.8  82.4+6.0** 69.8+11.3** 51.7+4.3**
Apamin
5 10%M 1000 100.4+#6.7 99.2+6.8 93.8+5.8* 83.9+6.2**
107 M 100+0 101.9+5.2 102.0+6.1 1015+4.0 105.2+10.5

Values are given as mean £ SEM. Number of experiments = 10.

*p<0.05; **p<0.01; ***p<0.001 (vs 0 M)

Table 2. Using Fura-2 to evaluate different drug effect on intracellular Ca’™ level (nM)
in A7r5 cells.

Druglevel (M)  Vehicle 108 107 10°
Ca(-) solution
\Vasopression 174.3+19  199.2+36 180.9+21 172.8+22
Phenylephrine 143.4450 204.7+13.3* 296.4+29.5* 401.1+15.5**

Phenylephrine +IST ~ 334.1+27 3424426  315.1+17** 229.5+13.2%**
Ca(+) solution

Vasopressin 184.8+18  289.2+30*  353.7+63**  427.2+60**
Vasopressin  +IST  339.6£12.4 274.8+18.4* 193.9+6.6** 102.2+13.2%**
Phenylephrine 185.2+22.8 329.0+24.4** 608.6+41.1** 814.9+33.8**

Phenylephrine +IST 651.0+13.4 557.8£18.4* 315.1+6.6** 328.8+47

Values are given as mean £ SEM. Number of experiments = 10.
*p<0.05; **p<0.01; ***p<0.001. (vs Vehicle)
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