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ABSTRACT 
 

“Daí-me Senhor, a perseverança das ondas do 
mar, que fazem de cada recuo um ponto de 
partida para um novo avanço”. (Gabriela Mistral) 



 

Finding new agents for the treatment of hypertension has been one of several targets of 
pharmacology. The current research was undertaken to investigate the effects of 
stevioside, a natural sweetener, on arterial blood pressure of normotensive rats treated 
with inhibitors of the L-arginine-nitric oxide (NO) synthase (NOS) - guanylate cyclase 
(CG) - cGMP pathway. The effects of stevioside on spontaneous cardiac beats of 
isolated atria preparations of rats and on aortic rings preparations of rats treated with L-
NOARG or ODQ were also investigated. Intravenous injection of L-NOARG (1 mg/Kg) or 
ODQ (2.5 µg/Kg) alone did not produce any variations on arterial blood pressure, but 
antagonized the hypotensive effect induced by stevioside (32 to 64 mg/Kg). Stevioside 
(0.4 to 24 mM), L-NOARG (0.1 to 1 mM) or ODQ (10 to 50 µM) did not change the 
spontaneous cardiac beats in isolated atria preparations of rats, but L-NOARG (0, 1 mM) 
and ODQ (10 µM) antagonized the reduction of vascular tension induced by stevioside 
(10 µM and 1 mM) in the intact aortic rings preparations of rats pre-contracted by 
norepinephrine (0,01 µM) or KCl (20 mM), respectively. Such data indicate that the 
hypotensive effect induced by stevioside is not dependent of an action of the sweetener 
on cardiac tissue, but it is influenced by endogenous activity of the L-arginine- NOS- 
NO- GC- cGMP pathway in vascular tissue. Additionally, it was recorded that L-NOARG 
(0, 1 mM) or ODQ (10 µM) increased the pre-contractions produced by norepinephrine 
(0,01 µM) in preparations with and without intact endothelium. L-NOARG and ODQ also 
increased the pre-contraction induced by 20 mM KCl, but such effect occurred only in 
preparations with intact endothelium. The percentage of increase produced by L-
NOARG or ODQ was similar in preparations with and without intact endothelium pre-
contracted by norepinephrine. L-NOARG (0, 1 mM) and ODQ (10 µM) antagonized the 
reduction of vascular tonus induced by stevioside in the intact-endothelium aortic rings 
preparations pre-contracted by norepinephrine or KCl, but did not modify the reduction 
of vascular tonus induced by the sweetener in the denuded aortic rings pre-contracted 
by those agents. Since the increase produced by L-NOARG or ODQ on pre-contraction 
induced by norepinephrine was not able to impair the effect of stevioside in the denuded 
aortic rings preparations, the data indicate that the stevioside-induced vasodilatation is 
not dependent of an intact endothelium, but is strongly influenced by NO synthesized in 
such tissue.  
 
 
 
Keywords:  Stevia rebaudiana (Bert) Bertoni – Compositae – stevioside - nitric oxide - 
blood pressure - aortic ring. 
 
 
 
 
 
 
 
 
 
 



 

RESUMO 
 

Encontrar novos agentes para o tratamento da hipertensão tem sido um entre vários 
alvos da farmacologia. O presente trabalho foi realizado para investigar os efeitos do 
esteviosídeo, um adoçante natural, na pressão arterial de ratos normotensos tratados 
com inibidores da via L-arginina – óxido nítrico sintase – GC (guanilato ciclase) – GMPc. 
Os efeitos do esteviosídeo na freqüência cardíaca espontânea de preparações de átrio 
isolados de ratos e preparações de anéis de aorta de ratos tratados com L-NOARG ou 
ODQ também foram investigados. Injeção intravenosa de L-NOARG (1 mg /Kg) ou ODQ 
(2,5 µg /Kg) não produziram nenhuma variação na pressão arterial mas antagonizaram 
o efeito hipotensivo induzido por esteviosídeo (32 a 64 mg /Kg). Esteviosídeo (0,4 a 24 
mM), L-NOARG (0,1 a 1 mM) ou ODQ (10 a 50 µM) não mudaram os batimentos 
cardíacos espontâneos em preparações de átrio isolado de ratos, mas L-NOARG (0,1 
mM) ou ODQ (10 µM) antagonizaram a redução da tensão vascular induzida por 
esteviosídeo (10 µM e 1 mM) em preparações de anéis de aorta isolados de ratos, pré-
contraídos por norepinefrina (0,01 µM) ou KCl (20 mM), respectivamente. Os dados 
indicam que o efeito hipotensivo induzido por esteviosídeo não é dependente de uma 
ação do adoçante no tecido cardíaco, mas é influenciada pela atividade endógena da 
via L-arginina – óxido nítrico sintase (NOS) – guanilato ciclase (GC) – GMPc no tecido 
vascular. Adicionalmente, foi registrado que L-NOARG (0,1 mM) ou ODQ (10 µM) 
aumentaram a pré-contração produzida por norepinefrina (0,01 µM) em preparações 
com e sem endotélio. L-NOARG e ODQ também aumentaram a pré-contração induzida 
por 20 mM de KCl, mas este efeito ocorreu somente em preparações com endotélio 
intacto. A porcentagem de aumento produzida por L-NOARG ou ODQ foi similar em 
preparações com e sem endotélio intacto pré-contraídos por norepinefrina. L-NOARG 
(0,1 mM) e ODQ (10 µM) antagonizaram a redução no tônus vascular induzida por 
esteviosídeo em preparações de anéis de aorta com endotélio intacto pré-contraídos 
por norepinefrina ou KCl, mas não modificou a redução no tônus vascular induzida pelo 
adoçante em preparações de anéis de aorta com endotélio pré contraídos por estes 
agentes. Desde que o aumento induzido por L-NOARG ou ODQ na pré-contração 
induzida por norepinefrina não foi capaz de prejudicar o efeito de esteviosídeo nas 
preparações de anéis de aorta, os dados indicam que a vasodilatação induzida por 
esteviosídeo não depende de endotélio intacto, mas é fortemente influenciada pelo NO 
sintetizado em tal tecido. 
 

 
 
Palavras chaves: Stevia rebaudiana (Bert) Bertoni – Compositae – esteviosídeo – 
óxido nítrico – pressão arterial – anéis de aorta. 
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- Introduction  

The hypotensive effect induced by different agents may be mediated or 

influenced by activation of synthesis of a factor dependent on intact endothelium 

(Furchgott and Zawadzki, 1980; Welch and Loscalzo, 1994) known as nitric oxide (NO) 

(Ignarro et al., 1987; Palmer et al., 1987). Such factor is synthesized from L-arginine by 

the action of NO-synthase (NOS) (Schmidt et al., 1992), and NG-nitro L-arginine (L-

NOARG) is an agent used as pharmacological tool to inhibit the activity of such enzyme 

(Moncada et al., 1991; Chinellato et al., 1998). Since the biological effects induced by 

NO may also be mediated by activation of the guanylate cyclase increasing intracellular 

level of cGMP (Moncada et al., 1997), 1H-[1, 2, 4] oxidiazolo [4,3- a] quinoxalin-1-one 

(ODQ) has been used as pharmacological tool to reduce the activation  of the guanylate 

cyclase by NO (Boulton et al. ,1995; Schrammel et al., 1996). 

Stevioside, a sweet-tasting glycoside isolated from the herb Stevia rebaudiana 

(Bert) Bertoni (Compositae), is a sugar substitute (Soejarto et al., 1982). However, it has 

been showed that intravenous injection of stevioside produces a dose-dependent 

reduction on arterial blood pressure in spontaneously hypertensive rats (Chan et al., 

1998). Similar effect is observed when the sweeter is orally administered to human 

hypertensive patients (Chan et al., 2000; Hsieh et al., 2003) or intraperitoneally in 

normotensive rats (Hsu et al., 2002). As it is accepted that the hypotensive effect 

produced by stevioside has origin in peripheral vessels reducing Ca++ influx (Lee et al., 

2001), its oral administration has been proposed as able to produce clinical benefit in 

the control of hypertension (Melis, 1992; Chan et al., 1998; Liu et al., 2003). Despite the 

oral administration of drugs to offer clinical practicability to treatment of hypertension, the 

oral ingestion of stevioside was not able to reduce the arterial blood pressure in 

untreated essential hypertension patients with mean systolic blood pressure ≤ 159 

mmHg and diastolic blood pressure ≤ 99 mmHg (Ferri et al., 2006). The absence of 

hypotensive effect after oral ingestion of stevioside has been attributed to its low gastro 

intestinal absorption (Yamamoto et al., 1985; Bracht et al., 1985; Geuns et al., 2003). 

Although exist controversies about clinical benefices of oral administration of stevioside 

to treatment of hypertension (Chan et al., 2000; Hsieh et al., 2003; Ferri et al., 2006), 

there is not any conflict about the hypotensive effect of sweeter in studies performed 



 

with intravenous administration of sweeter in rats (Melis and Sainati, 1991; Melis, 1992; 

Lee et al., 2001; Liu et al., 2003). Since it is not possible to negligence the efficiency of 

stevioside reducing the arterial blood pressure during its intravenously administration , 

and considering that in hypertensive clinical emergence such via of administration is 

used to injections of agents that block Ca++ channels (Wallin et al., 1988; Halpern et al., 

1992; Kovac et al., 2001; Levy, 2005), the current study was undertaken to obtain data 

those might be useful to clinical research using the intravenous administration of 

stevioside. Therefore, the influence of L-NOARG and ODQ on hypotensive effect 

induced by intravenous administration of stevioside in normotensive rats (in vivo 

experiments) was investigated. The effects of sweeter (pure= 99.9 %, mixture = 70 %) 

alone or in combinations with L-NOARG or ODQ were also investigated in the atria 

isolated and aortic rings preparations of rats (in vitro).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- Material and Methods 

 



 

2.1- Arterial Blood Pressure (in vivo) 

The experiments were performed on normotensive male Wistar rats (250-280 g), 

with free access to food and water. Animals were anesthetized with intraperitoneal 

injection of sodium thiopental (36 mg/Kg) and urethane (600 mg/Kg). After tracheotomy, 

the carotid artery was catheterized and connected to BP transducer (PowerLab® AD 

Instruments, MLT0380) and arterial blood pressure was recorded on the computer 

equipped with Chart Software of Powerlab® (AD Instruments, Pty, Ltd., Castle Hill, 

NSW, Australia). The jugular vein was also catheterized (dead space 0.1 ml) to permit 

injection of different agents. When the stabilization of arterial blood pressure (110 to 120 

mmHg) was reached, saline (0.1 ml) was administered to verify possible mechanical 

effects of the injections.  

The lowest dose of stevioside able to reduce the arterial blood pressure was 

established and administered in additive form at each 15-min interval. The injections of 

stevioside were always followed by administration of saline (0.1 ml). The lowest doses of 

ODQ or L-NOARG able to modify the reduction on arterial blood pressure induced by 

stevioside were also researched (2.5 µg/Kg and            1 mg/Kg), respectively. When 

the experiments were performed with associations of drugs, the first agent (ODQ or L-

NOARG) was always administered 15 minutes before stevioside injection.  

The values of arterial blood pressure recorded after administration of stevioside 

were taken as a percentage of that obtained without administration of any agent 

(control). Data were submitted to ANOVA, followed by the Bonferroni test with the level 

of significance set at P< 0.05.    

 

 

 

 

2.2- Isolated  Atria  



 

After all detectable blood was washed from the heart, entire right atria was isolated and 

allowed to beat spontaneously in a temperature-controlled (37°C) tissue bath cont aining 

the Tyrode solution (in mmol/L: NaCl, 134,8; KCl, 496; MgCl2, 1,0; CaCl2, 1,97; 

NaH2PO4, 0,86; glucose, 11 and NaHCO3, 15).The preparation was connected to strain 

gauges (Grass, FT 03) and heart rate was recorded on the computer equipped with 

Chart Software of Powerlab (AD Instruments, Pty, Ltd., Castle Hill, NSW, Australia). The 

preparations were stretched gradually to an optimal 0.5 g resting tension. After being 

mounted, the right atria were allowed to stabilize for 30 min. During this period, the 

medium was replaced every 15 min. Pacemaker frequency was directly monitored via 

computer (Chart Software of Powerlab). The mean of spontaneously beating atria 

obtained after addition of drugs was every 15 min taken as percentage of that recorded 

in free drugs Tyrode solution (control frequency). Data were submitted to ANOVA, 

followed by the Bonferroni test with the level of significance set at P< 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2.3- Isolated Aortic rings (“in vitro” preparations )  

       Rats were previously heparinized and killed by decapitation after intraperitoneal 

injection of sodium thiopental (36 mg/Kg) and urethane (600 mg/Kg). A medial 

laparotomy was then performed immediately to excise the thoracic aorta. The vessel 

was sectioned into 3-mm rings and after gently dissected free of fat and connective 

tissue. Rings were then mounted into 30 ml organ baths filled with oxygenated (95% O2, 

5% CO2) Krebs buffer (in mmol/L: NaCl, 118; KCl, 4.75; CaCl2, 2.5; MgSO4, 1.2; 

NaHCO3, 25; KH2PO4, 1.2; EDTA 0.03, and glucose, 11) at 37 ºC, and the pH of the 

solution was maintained at 7.4. 

The preparation was connected to strain gauges (Grass, FT 03) and isometric 

tension was recorded on the computer equipped with Chart Software of Powerlab (AD 

Instruments, Pty, Ltd., Castle Hill, NSW, Australia). After being mounted, the rings were 

allowed to stabilize for 2 h. The preparations were then stretched gradually to an optimal 

1g resting tension.  

The presence of intact endothelium was considered when the addition of 

acetylcholine (1.0 µM to 10 nM) in the bath was able to produce 100% relaxing of the 

preparations pre-contracted with norepinephrine (0.01 µM). After the resting tension was 

stabilized, KCl (20 mM) or norepinephrine (0.01 µM) was administered into the bathing 

buffer to induce a rapid increase of vascular tone followed by a stable vasoconstriction 

(tonic contraction). Norepinephrine was the drug chosen to produce pre- contraction of 

vessels because is naturally produced in the organism and, in contrast with epinephrine, 

has higher affinity for alpha-adrenoceptors (Westfall and Westfall, 2006).  

The concentration of norepinephrine used was that proposed in literature as able to 

produce about 50% of maximal tension in isolated aortic rings preparations of rats 

deprived of the endothelium (Testai et al., 2005). The concentration of KCl used was 

that proposed in literature as able to produce contraction of the aortic rings preparations 

without, however, to impair the action of agents considered as a possible K+ channel 

opener (Nelson and Quayle, 1995) as such mechanism of action and/or the blockage of 

Ca++ channels might explain the vessel relaxing induced by stevioside (Lee et al., 2001, 

Wong et al., 2004a, b). The lowest concentration of stevioside able to produce a 



 

reduction on vascular tonus induced by KCl or norepinephrine was researched and then 

added in the bath. The moment when stevioside produced its maximal relaxing effect 

was also set (10 min after its addition in the bath) and used for all the experiments. 

When the assays were performed with association of drugs, the different agents were 

administered in the bath 20 min before stevioside addition. The tension recorded at t= 

10 min was taken as the percentage of that (control) obtained after addition of KCl or 

norepinephrine in the bath. Concentrations of ODQ (10 µM) (Schrammel et al., 1996; 

Crauwels et al., 2000) and L-NOARG (0, 1 mM) (Moore et al, 1990) proposed in 

literature as able to block the guanylate cyclase or NOS, respectively, were used in the 

current studies. Data were submitted to ANOVA, followed by the Bonferroni test with the 

level of significance set at P< 0.05.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

2.4- Stevioside and Others Agents 

 
Standardized stevioside (Fig. 1) was obtained from dried leaves by a method 

developed by Alvarez (1987). The method produces a mixture of stevioside (70%) and 

rebaudioside (20%). Since the effects produced by a mixture of stevioside might be 

influenced by rebaudioside, pure stevioside (100%), according to Dacome (2005) was 

also utilized to confront of data. NG- nitro L-arginine (L-NOARG), 1H - [1, 2, 4] oxidiazolo 

[4, 3-a] quinoxalin-1-one (ODQ), acetylcholine, norepinephrine and urethane were 

purchased from Sigma (St.  Louis, MO, USA), and sodium thiopental from Cristália (SP, 

Brazil). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Chemical structure of stevioside 

 

 

 

 

 



 

3- Results 

 
Intravenous injection of L-NOARG (1 mg/Kg) or ODQ (2.5 µg/Kg) alones did not produce 

any variations on arterial blood pressure, but antagonized the hypotensive effect 

induced by pure or mixture of stevioside (32 to 64 mg/Kg) (Fig.2). Pure or mixture of 

stevioside (0.4 to 24 mM), L-NOARG (0.1 to 1 mM) or ODQ (10 to 50 µM) did not 

change the spontaneous frequency of beats in preparations atria isolated of rats (Fig.3), 

but L-NOARG (0,1 mM) and ODQ (10 µM) antagonized the reduction of vascular tension 

induced by pure (1mM and 10 µM) or mixture (1 mM and 0,1 mM) of stevioside in the 

intact aortic rings preparations of rats pre-contracted by norepinephrine (0,01 µM) or KCl 

(20 mM), respectively (Fig.4A and 4B). 
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Fig.2 Antagonism by L-NOARG (1mg/Kg; ■) and ODQ (2,5µg/Kg; ●) of 
hypotensive effect induced by intravenous injections of stevioside (pure � , 
mixture Ο) in normotensive rats. Abscissas indicate Log dose (mg/Kg) of 
stevioside.  On the ordinate, reduction (%) of arterial blood pressure. Points 
represent mean (± SEM) of 6 experiments. * P< 0, 05 compared to stevioside 
(ANOVA; Bonferroni post hoc test). 
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Fig.3 Absence of effect of stevioside (Stev, 0, 4 to 24 mM) pure (100%) or mixed 
(70%), L-NOARG (0, 1 to 1 mM) or ODQ (10 to 50 µM) on spontaneous heart activity 
(beats/min) of the right atrium isolated from rats. Abscissas indicate absence (-) or 
presence (+) of drugs in the bath. Height of columns represent mean of spontaneous 
hearts beats ± S.E.M. of 6   to 8 preparations (ANOVA). 
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Fig. 4 Antagonism by L-NOARG (0.1 mM) and ODQ (10 µM) of reduction of tension 
(vasoconstriction) induced by stevioside (Stev) pure (100%, 1 mM and 10 µM) or mixed 
(70%, 1 mM and 0,1 mM) in the isolated aortic rings preparations of rats pre-contracted 
by 0,01 µM norepinephrine (NE, A) or 20 mM KCl (B).  Abscissas indicate presence (+) 
or absence (-) of drugs in the bath. Ordinate indicates percentage (%) of reduction of 
tension induced by stevioside alone, or in combination with others agents. Heights of 
columns show mean ± SEM of 6 to 8 experiments. * P< 0, 05 compared to control (NE or 
KCl alone taken as 100 %, ANOVA; Bonferroni post hoc test). ** P< 0, 05 compared to 
stevioside (100% and 70 %) alone (ANOVA; Bonferroni post hoc test). 
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4- Discussion 

 

Current research confirms that stevioside produces a dose-dependent reduction 

on arterial blood pressure if experiments are performed with “in vivo” preparations (Melis 

and Sainati, 1991a; Melis and Sainati, 1991b; Chan et al., 1998; Hsu et al., 2002; Liu et 

al., 2003). Additionally, data show that such effect of pure stevioside or of that obtained 

according to Alvarez (1987) is antagonized by previous intravenous administration of L-

NOARG or ODQ. Although previous report indicates that the reduction on arterial blood 

pressure induced by intravenous administration of stevioside is not determined by an 

action of sweeter in the central nervous system (Liu et al., 2003), the antagonism by L-

NOARG or ODQ of hypotensive effect induced by stevioside might has origin on 

inhibition of the L-arginine- NOS- NO- GC- cGMP pathway activity in several biological 

systems regulator of arterial blood pressure (Ignarro,1989; Jover and Mimran, 2001) 

However, the current work permitted to verify that the antagonisms by L-NOARG or 

ODQ of hypotensive effect induced by stevioside has not origin in the cardiac 

pacemaker, as the blockers of the L-arginine- NOS- NO- GC- cGMP pathway activity or 

stevioside did not modify the spontaneous cardiac activity in atria isolated preparations. 

In contrast, it was verified that the inhibitor of NOS, L-NOARG, or the inhibitor of 

guanylate cyclase, ODQ, antagonized the reduction of vascular tension induced by 

stevioside in intact endothelium aortic rings preparations of rats pre- contracted by 

norepinephrine or KCl. Although can not be disregard the actions of L-NOARG or ODQ 

in others tissues than cardiac or vascular, data indicate that exits a strong influence of 

NO synthesized in vascular tissues on hypotensive effect induced by stevioside. It is 

unlikely that the antagonisms by L-NOARG or ODQ of stevioside- induced reduction of 

arterial blood pressure had been determined by inhibition of metabolism of stevioside by 

NOS or by reduction of activation by stevioside of GC, as NOS is an enzyme highly 

stereospecific to L isomer of arginine (Palmer et al., 1988) and GC is sensitive to agents 

that contain Fe+3 in their molecules (Martin et al., 1985). It is also unlikely that the 

antagonism by L-NOARG or ODQ of vasodilatation induced by stevioside had been 

determined by a previous reduction of vasodilatation mediate by NO, thereby inducing 



 

an acute vasoconstriction, as the intravenous injections of 1 mg/Kg L-NOARG or 2,5 

µM/Kg ODQ alones did not produce any variations on arterial blood pressure.  

Although NOS exist in endothelium and arterial smooth muscle of rats (Gurdal et 

al., 2005), the literature offers evidences indicating that reduction of vascular tension 

induced by stevioside is not dependent on intact endothelium in the aortic rings 

preparations of rats (Lee et al., 2001). Nevertheless, the vasoconstriction induced by 

norepinephrine may be depressed by NO released through stimulation of alpha- 

adrenoceptors (Kaneko and Sunano, 1993; Lamb and Barna, 1998). Thus, the 

antagonism by L-NOARG or ODQ of reduction of vascular tension induced by stevioside 

in aortic rings preparations of rats pre- contracted by norepinephrine or KCl might be a 

functional antagonism produced by reduction of synthesis of NO by L-NOARG or by 

decrease the activity of guanylate cyclase by ODQ determining a decrease on inhibitory 

action of NO and/or cGMP on vasoconstriction mediated by alpha-adrenoceptors or KCl.  

Since stevioside pure, or that obtained from method of Alvarez (1987), produced 

similar qualitative and quantitative results, is possible to admit that the reduction of 

arterial blood pressure induced by mixture of stevioside (70%) and rebaudioside (20%) 

is not determined by action of other agents in mixture than the stevioside. However, 

have to be considered that the results obtained with the intravenous injection of 

stevioside, in contrast with those obtained from “in vitro” preparations, might be 

produced by a metabolic of stevioside, as it has been shown that such sweeter is 

degraded to steviol after its intravenous administration in rats (Cardoso et al., 1996; 

Wong et al., 2004).  

As whole, data indicate that there is not important difference between the reduction 

of arterial blood pressure induced by intravenous administration of pure stevioside and 

that obtained from method of Alvarez (1987). The hypotensive effect induced by 

stevioside it is strongly influenced by endogenous activity of the L-arginine- NOS- NO- 

GC- cGMP pathway, and is, at least in part, mediated by actions of sweeter and it’s 

metabolic in vascular tissue. 
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1- Introduction  

 
The vascular relaxation induced by different agents may be mediated, or 

influenced, by nitric oxide (NO) [1, 2]. NO is a gas synthesized from L-arginine (L-Arg) 



 

by the action of NO-synthase (NOS) [3] and NG-nitro L-arginine (L-NOARG), an analog 

of L-arginine [2], may inhibit the activity of such enzyme in different tissues. As the 

vascular relaxation produced by NO may also be mediated by activation of the 

guanylate cyclase (GC), increasing the intracellular level of cGMP, [4], 1H-[1,2,4] 

oxidiazolo [4,3- a] quinoxalin-1-one (ODQ), a selective blocker of guanylate cyclase, has 

been used to investigate if the vascular effects produced by different agents might 

depend on the activity of such enzyme [5] 

Stevioside, a sweet-tasting glycoside isolated from the herb Stevia rebaudiana 

(Bert) Bertoni (Compositae), has been used as a sugar substitute [6]. However, it has 

been shown that such sweetener is also able to produce significant reduction on arterial 

blood pressure when administered intraperitoneally, orally or intravenously [7, 8, 9 and 

10]. Despite the oral administration of stevioside being practical for the treatment of 

hypertension, clinical studies have shown that stevioside does not reduce the arterial 

blood pressure when it is orally administered in untreated patients with essential 

hypertension with mean systolic blood pressure ≤ 159 mmHg and diastolic blood 

pressure ≤ 99 mmHg [11].The absence of hypotensive effect of stevioside in clinical 

studies using the oral administration has been attributed to a low gastrointestinal 

absorption of the compound [12]. However, it is not possible to underestimate the 

efficiency of stevioside in reducing the arterial blood pressure during intravenous 

administration [7, 13, 14, 15 and 16]. Since the hypotensive effect produced by 

stevioside depends on its action in peripheral vessels [13] reducing the Ca++ influx [17], 

and considering that the intravenous administration of agents that block Ca++ channels is 

useful in clinical emergency [18], the current study was undertaken to verify the 

influence of L-NOARG and ODQ on the reduction of vascular tension produced by 

stevioside in aortic rings preparations of rats pre-contracted by norepinephrine or KCl.  

 

 

2- Material and Methods 

2.1- Isolated Aortic Rings 

 



 

 Rats were killed by decapitation after intraperitoneal injection of sodium thiopental (36 

mg/Kg) and urethane (600 mg/Kg). A medial laparotomy was then performed 

immediately to excise the thoracic aorta. The vessel was sectioned into 3-mm rings and 

gently dissected free of fat and connective tissue. Rings were then mounted into 30-ml 

organ baths filled with oxygenated (95% O2, 5% CO2) Krebs buffer (in mmol/L: NaCl, 

118; KCl, 4.75; CaCl2, 2.5; MgSO4, 1.2; NaHCO3, 25; KH2PO4, 1.2; EDTA 0.03, and 

glucose, 11) at 37 ºC, and the pH of the solution was maintained at 7.4. The Ethic 

Committee of the State University of Maringá approved the procedures used in the 

current study. 

The preparation was connected to strain gauges (Grass, FT 03) and isometric 

tension was recorded on the computer equipped with Chart Software of Powerlab (AD 

Instruments, Pty, Ltd., Castle Hill, NSW, Australia). After being mounted, the rings were 

allowed to stabilize for 2 h. The preparations were then stretched gradually to an optimal 

1g resting tension. The presence of intact endothelium was considered when the 

addition of acetylcholine (1.0 µM) to the bath was able to produce 100 % relaxation of 

the preparations pre-contracted by norepinephrine (0.01 µM). When the experiments 

were performed in the preparation without endothelium, this was removed by gentle 

rubbing. The successful removal of the endothelium was confirmed by the failure of 1.0 

µM acetylcholine to relax the rings pre-contracted by norepinephrine (0.01 µM). After the 

resting tension was stabilized, KCl (20 mM) or norepinephrine (0.01 µM) was 

administered to the bathing buffer to induce a rapid increase of vascular tone followed 

by a stable vasoconstriction (tonic contraction). Norepinephrine was the drug chosen to 

produce pre-contraction of vessels because it is naturally produced in the organism and, 

in contrast to epinephrine; it has higher affinity for alpha-adrenoceptors [19]. The 

concentration of norepinephrine used was that proposed in the literature as able to 

produce about 50% of maximal tension in isolated aortic rings preparations of rats 

deprived of the endothelium [20]. The concentration of KCl used was that proposed in 

the literature as able to produce contraction of the aortic rings preparations without, 

however, impairing the action of agents considered as possible K+ channel openers [21], 

as such mechanism of action and/or the blockade of Ca++ channels might explain the 

vessel relaxation induced by stevioside [17]. The lowest concentration of stevioside able 



 

to produce a reduction of vascular tonus induced by KCl or norepinephrine was 

researched and then added to the bath. The moment when stevioside produced its 

maximal relaxing effect was also set (10 min after its addition to the bath) and used for 

all the experiments. When the assays were performed with association of drugs, the 

different agents were administered to the bath 20 min before stevioside addition. The 

tension recorded at t = 10 min was taken as the percentage of that obtained after 

addition of KCl or norepinephrine to the bath (control). Concentrations of ODQ (10 µM) 

[22] and L-NOARG (0.1 mM) [23], proposed in the literature as able to block the 

guanylate cyclase or NOS, respectively, were used in the current studies. Data were 

submitted to ANOVA, followed by the Bonferroni test with the level of significance set at 

P< 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2.2- Stevioside and others agents 

Standardized stevioside (Fig. 1) was obtained and purified (100%) according to 

Dacome et al. [24]. Other agents, NG-nitro L-arginine (L-NOARG), 1H-[1, 2, 4] oxidiazolo 



 

[4, 3-a] quinoxalin-1-one (ODQ), norepinephrine and urethane were purchased from 

Sigma (St. Louis, MO, USA) and sodium thiopental from Cristália (SP, Brazil). 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Fig.1 The chemical structure of stevioside 
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3- Results 

 The lowest concentration of stevioside able to reduce the increase of tension 

produced by 0.01 µM norepinephrine was 1 mM in preparations with or without 

intact endothelium (Fig.2). In contrast, the lowest concentrations of the sweetener 

able to reduce the increase of tension produced by 20 mM KCl were 0.01 mM and 

1 mM in preparations with and without intact endothelium, respectively (Fig 3). The 

percentage of increase recorded with L-NOARG (0.1 mM) or ODQ (10 µM) on 

tension produced by 0.01 µM norepinephrine was similar in preparations with or 

without intact endothelium (Fig. 2). On the other hand, L-NOARG or ODQ 

increased the tension produced by 20 mM KCl in preparations with intact 

endothelium, but did not modify the values of tension produced by 20 mM KCl in 

preparations without intact endothelium (Fig. 3). L-NOARG (0.1 mM) and ODQ (10 

µM) antagonized the reduction on vascular tonus induced by stevioside in the 

intact-endothelium aortic rings preparations of rats pre-contracted by 

norepinephrine or KCl, but such agents did not modify the reduction on vascular 

tonus induced by stevioside in the denuded aortic rings preparations of rats pre-

contracted by norepinephrine or KCl (Fig. 3). 
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Fig. 2 Effects produced by administration of stevioside (Stev) alone or combined 
with L-NOARG or ODQ in the aortic rings preparations of rats with and without 
intact endothelium pre-contracted by norepinephrine (NE). The increment by L-
NOARG and ODQ of the pre-contraction produced by NE is also shown. Heights of 
columns indicate percentage of vasoconstriction (mean ± SEM) of 6 to 8 
experiments. * P<0.05 different of control (NE alone) taken as 100 %. ** P<0.05 
different of vasoconstriction induced by combined administration of NE and Stev 
(ANOVA; Bonferroni post hoc test).   
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Fig. 3 Effects produced by administration of stevioside (Stev) alone or combined 
with L-NOARG or ODQ in the aortic rings preparations of rats with and without 
intact endothelium pre-contracted by KCl. The increment by L-NOARG and ODQ of 
the pre-contraction produced by KCl in preparations with intact endothelium is also 
shown. Heights of columns indicate percentage of vasoconstriction (mean ± SEM) 
of 8 to 10 experiments. * P<0.05 different of control (KCl alone) taken as 100 %. ** 
P<0.05 different of vasoconstriction induced by combined administration of KCl 
and Stev (ANOVA; Bonferroni post hoc test).   
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4- Discussion   

Stevioside reduces the vascular tonus in the aortic rings preparations of rats 

pre-contracted by norepinephrine or KCl (0.01 µM and 20mM). Since the reduction 

on vascular tonus induced by stevioside was observed in preparations with and 

without endothelium pre-contracted by norepinephrine or KCl, the current study 

confirms that the vessel relaxing effect of stevioside does not depend on an intact 

endothelium [17]. Nevertheless, it was verified that the treatment of preparations 

with L-NOARG or ODQ antagonized the vessel relaxing effect of stevioside in the 

endothelium-intact aortic rings preparations of rats pre-contracted by 

norepinephrine or KCl, but such treatment was ineffective to change the effect of 

the sweetener in denuded aortic rings preparations of rats pre-contracted by 

norepinephrine or KCl. Although such data are partially according to Lee et al 

(2001), that showed that methylene blue, another blocker of guanylate cyclase, did 

not antagonize the vessel relaxation induced by stevioside in the denuded aortic 

rings preparations of rats pre-contracted by norepinephrine (0.01 µM) or 40mM 

KCl, they show for the first time that the reduction of vascular tonus induced by 

stevioside is strongly influenced by the L-Arg-NOS-GC-cGMP pathway activity in 

vascular tissues. It is unlikely that the antagonisms by L-NOARG or ODQ of 

vasodilatation induced by stevioside had been determined by inhibition of the 

metabolism by NOS of the sweetener or by reduction of the activation of the GC by 

stevioside, as NOS is an enzyme highly stereospecific for the L isomer of arginine 

[25] and GC is sensitive to agents that contain Fe+3 in their molecules [26]. It is 

also unlikely that the antagonism by L-NOARG or ODQ of vasodilatation induced 

by stevioside in preparations with intact endothelium had only been produced by 

strong vasoconstriction induced by combined administration of L-NOARG or ODQ 

with norepinephrine or KCl, as such intense vasoconstriction induced by combined 

administration of L-NOARG or ODQ with norepinephrine was not able to impair the 

vasodilatation induced by stevioside in denuded aortic rings preparations. It has 

been shown that NOS exist in endothelium and arterial smooth muscle of rats [27], 

and that the vasoconstriction induced by norepinephrine may be depressed by NO 

released through stimulation of alpha- adrenoceptors [27, 28]. Thus, the increment 
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of tension produced by L-NOARG or ODQ of vasoconstriction induced by 

norepinephrine in preparations with or without intact endothelium might be 

determined by reduction of synthesis of NO by L-NOARG or decrease of the 

guanylate cyclase activity by ODQ, determining a reduction of the inhibitory action 

of the gas and/or cGMP on vasoconstriction mediated by alpha-adrenoceptors. On 

the other hand, it was observed that the increment of vasoconstriction induced by 

norepinephrine was similar in preparations with and without intact endothelium. 

These observations indicate that the activation of alpha-adrenoceptors by 

norepinephrine stimulates the synthesis of NO in endothelial and muscular cells. In 

contrast, the cellular depolarization by 20 mM KCl seems to be able only of 

activating NOS in endothelial cells, as was recorded that the vasoconstriction 

induced by KCl was solely incremented by L- NOARG or ODQ in preparations with 

intact endothelium. Additionally, it was verified that the lowest concentration of 

stevioside able of reducing the increase of tension induced by KCl in preparations 

with intact endothelium was lower than that found in aortic rings preparations pre-

contracted by norepinephrine. These results indicate that the NO synthesized in 

the endothelial cells has synergic action with stevioside when the preparations are 

depolarized by 20 mM KCl. Such synergism of action between NO synthesized in 

endothelial cells and stevioside might be the main determinant factor of the lowest 

concentration of stevioside to be lower in preparations with intact endothelium than 

in preparations without it pre-contracted by KCl. Such synergism might also have 

occurred in preparations with intact endothelium pre-contracted by norepinephrine, 

since L-NOARG and ODQ antagonized the reduction of vascular tension induced 

by stevioside in such experimental conditions. However, it is possible that such 

synergism had been masked by production of NO and cGMP in arterial smooth 

muscle, as there were not differences between the increase of tension induced by 

norepinephrine in preparations with and without endothelium.  

Several insights have been proposed to explain the cellular mechanism by 

which NO acts on membrane ion channels to produce smooth muscle relaxation. 

There is data indicating that NO activates K+ channels determining membrane 

hyperpolarization, but the inhibition of voltage-dependent Ca++ current is another 
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mechanism of action proposed of NO-induced vasodilatation [4]. NO may also 

inhibit Ca++ - channel activity via cGMP [3,4, 29] , but recently it has been proposed 

that the vasodilatation induced by NO might be supplemented by an ability of the 

gas to interfere with agonist-induced activation of Cl- current, thereby interfering 

with depolarization and preventing muscular contraction [30]. Thus, it is possible to 

suppose that such mechanisms of actions of NO combined or alone, might be 

those determinants of synergism found between NO and stevioside in preparations 

with intact endothelium, as stevioside is an agent that blocks Ca++ channels on 

vascular tissues to produce arterial vasodilatation [17]. 

As a whole, the data indicate the vascular effect produced by stevioside is 

not dependent of an intact endothelium, but its action of reducing the vascular Ca++ 

influx [17] is strongly influenced by NO synthesized in vascular endothelium. 
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Baixar livros de Literatura
Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matemática
Baixar livros de Medicina
Baixar livros de Medicina Veterinária
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC
Baixar livros Multidisciplinar
Baixar livros de Música
Baixar livros de Psicologia
Baixar livros de Química
Baixar livros de Saúde Coletiva
Baixar livros de Serviço Social
Baixar livros de Sociologia
Baixar livros de Teologia
Baixar livros de Trabalho
Baixar livros de Turismo
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