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Abstract

Background/Aim. Stevioside is a glycoside that suppos-
edly possesses a number of pharmacodynamic effects such
as anti-infective, hypoglycemic, along with the beneficial in-
fluence on the cardiovascular system. The aim of this study
was to determine the effect of rats pretreatment with aque-
ous solution of stevioside on pharmacological actions of
adrenaline, metoprolol and verapamil. Methods. Rats were
administered  (intraperitoneally 200 mg/kg/day) stevioside
as aqueous solution or physiological saline in the course of 5
days, then anaesthetized with urethane and the first ECG
recording was made. The prepared jugular vein was con-
nected to an infusion pump with adrenaline (0.1 mg/mL),
verapamil (2.5 mg/mL) or metoprolol (1 mg/mL). Control
animals, pretreated with saline, in addition to the mentioned
drugs, were also infused with the solution of stevioside (200
mg/mL) in the course of recording ECG. Results. The in-
fusion of stevioside produced no significant changes in
ECG, even at a dose exceeding 1,600 mg/kg. In the control
group, a dose of adrenaline of 0.07 ± 0.02 mg/kg decreased
the heart rate, whereas in the stevioside-pretreated rats this
occurred at a significantly higher dose (0.13 ± 0.03 mg/kg).
In stevioside-pretreated rats, the amount of verapamil
needed to produce the decrease in heart rate was signifi-
cantly lower compared to the control. The pretreatment
with stevioside caused no significant changes in the pa-
rameters registered on ECG during infusion of metoprolol.
Conclusion. The results suggest that pretreatment with
stevioside may change the effect of adrenaline and vera-
pamile on the heart rate.
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Apstrakt

Uvod/Cilj. Steviozid je glikozid za koji se pretpostavlja da
poseduje niz farmakodinamskih efekata kao što su antiin-
fektivni, hipoglikemijski, kao i uticaj na kardiovaskularni
sistem. Cilj rada bio je da se utvrdi uticaj pretretmana pa-
cova vodenim rastvorom steviozida na farmakološko de-
jstvo adrenalina, metoprolola i verapamila. Metode. Pacovi
su tretirani (intraperitonealno 200 mg/kg/dan) vodenim
rastvorom steviozida ili fiziološkim rastvorom pet dana, na-
kon ega su anestezirani uretanom i ura en im je prvi EKG.
U preparisanu venu jugularis infuzionom pumpom potom je
primenjivan adrenalin (0,1 mg/mL), verapamil (2,5 mg/mL)
ili metoprolol (1 mg/mL).  Kontrolne životinje, pretretirane
fiziološkim rastvorom, osim navedenih lekova, primale su i
rastvor steviozida (200 mg/mL) preko infuzione pumpe.
Sve vreme dok su lekovi davani u jugularnu venu, sniman je
EKG. Rezultati. Infuzija steviozida nije uzrokovala zna a-
jne promene EKG-a, ak ni pri dozi koja je prelazila 1 600
mg/kg. U kontrolnoj grupi doza adrenalina od 0,07 ± 0,02
mg/kg smanjila je sr anu aktivnost, dok je kod pacova
prethodno tretiranih steviozidom taj efekat postignut  pri
znatno višoj dozi (0,13 ± 0,03 mg/kg). Kod pacova koji su
prethodno tretirani steviozidom doze verapamila potrebne
za izazivanje smanjenja sr ane aktivnosti bile su zna ajno
niže u odnosu na kontrolu. Prethodni tretman steviozidom
nije izazvao zna ajne promene parametara koji su pra eni
na EKG-u tokom infuzije metoprolola. Zaklju ak. Re-
zultati pokazuju da kod pacova pretretiranih steviozidom
dolazi do promena dejstva adrenalina i verapamila na
frekvenciju srca.

Klju ne re i:
stevia; fitoterapija; elektrokardiografija; adrenalin;
metoprolol; verapamil; pacovi.
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Introduction

Stevia leaves have been used by indigenous peoples in
Paraguay and Brazil since before recorded history. Stevia be-
came more widely known following the 1887, when it was
discovered by botanist Antonio Bertoni. Due to its sweet-
ness, Stevia has been given many names including honey
leaf, sweet leaf of Paraguay, sweet herb and honey herba 1.
Stevia is used most in the countries of South America, much
less in Europe, and since 1970 it has been widely used in Ja-
pan as sweetener of various beverages of mass use 2.

The major glycosides found in the leaves of wild Stevia
plants are stevioside, rebaudioside A, rebaudioside C and
dulcosides A and B 3, 4. Other sweet diterpenoid glycosides
which can be isolated include rebaudioside D and E 5.

The sweet taste of Stevia tea is due to stevioside, a gly-
coside that supposedly possesses a number of pharmacody-
namic effects such as anti-infective, hypoglycemic, along
with the beneficial influence on the cardiovascular system
and on seborrheic skin and skin with acne. The importance
and actuality of scientific studies on Stevia is emphasized in
many papers 6-13.

Curi et al. 14 reported that Stevia extracts from 5 g of
dried leaves administered thrice a day for 3 days to healthy
volunteers lowered the plasma glucose levels. However,
care should be taken interpreting these results as the
plasma glucose level of the Stevia treated group was al-
ready significantly lower before the administration of the
extract 14.

Intravenous administration of stevioside [95% pure, in
doses of 50, 100 or 200 mg/kg body weight (bw)] resulted
in a significant hypotensive effect in spontaneously hyper-
tensive rats without adverse effects on heart rate or serum
catecholamine levels 15. In a study with humans stevioside
(250 mg thrice a day) was administered for 1 year to 60 hy-
pertensive volunteers 16. After 3 months the systolic and
diastolic blood pressure significantly decreased and the ef-
fect persisted during the whole year. Blood biochemistry
parameters including lipids and glucose showed no signifi-
cant changes. No significant adverse effect was observed
and quality of life assessment showed no deterioration. The
authors concluded that stevioside is a well tolerated and ef-
fective compound that may be considered as an alternative
or supplementary therapy for patients with hypertension.
Liu et al. 10  reported that the underlying mechanism of the
hypotensive effect of administered stevioside in dogs (200
mg/kg bw) was due to inhibition of Ca++ influx from extra-
cellular fluid.  Also, Melis and Sainati 6  suggested that
stevioside induced in rats a decrease in mean arterial pres-
sure and promoted renal vasodilatation by lowering renal
vascular resistance. The vasodilator effect is likely to occur
via blockage of Ca++ channels similarity to verapamil.
Stevioside reduces blood pressure by decreasing the vas-
cular resistance via inhibition of extracellular Ca++ influx
and by stimulating the release of a vasodilator prostaglan-
din. Stevioside also induces diuresis, natriuresis and reduc-
tion of Na+ reabsorption resulting in the reduction of extra-
cellular fluid volume 17.

Preliminary human studies suggest that stevioside has
an influence on the function of cardiovascular system, espe-
cially that stevioside can reduce hypertension 18, 19.

The European Food Safety Authority evaluated the
safety of steviol glycosides, extracted from the leaves of
the Stevia rebaudiana Bertoni plant, as sweetener and ex-
pressed its opinion on March 10, 2010. The Authority es-
tablished an acceptable daily intake for steviol glycosides,
expressed as steviol equivalents, of 4 mg/kg bw/day. On
November 11, 2011, the European Commission allowed the
usage of steviol glycosides as food additive, establishing
maximum content levels for different types of foods and
beverages 20.

The aim of this study was to determine whether stevio-
side can cause a significant interaction with some cardioac-
tive drugs (adrenaline, metoprolol and verapamil) and mod-
ify their effect on the heart rate.

Methods

Stevioside in the form of white powder, purchased in
Brazil (Stevita 100% Natural), was a spray-dried commercial
formulation containing 95% of stevioside, purified from the
Stevia leaves; Urethane puriss, (Reanal, Budapest, Hungary);
adrenaline, (1 mg/mL, diluted to 0.1 mg/mL), Adrenaline
ampoules, Jugoremedija Zrenjanin, Serbia); metoprolol, (5
mg/5 mL), Betaloc® ampoules, Astra Zeneca UK; verapamil
(5 mg/2 mL), Isopamil ampoules®, Galenika, Belgrade, Ser-
bia.

The experiments were carried out on adult Wistar rats
of both sexes, bw 180-260 g. Before and during the experi-
ment the animals had free access to food and water, with a
12-hour cycle of light and dark periods.

The pretreatment period lasted 5 days, during which the
animals were injected intraperitoneally (ip) with daily doses
of: saline solution (1 mL/kg bw) – the control group (C) or
an aqueous solution of stevioside (200 mg/kg bw) – the ex-
perimental group (S).

On the 5th day, 2 h after the last injection, the animals
were anaesthetized with 25% urethane and connected to the
ECG, to take the initial recording. The jugular vein of ani-
mals was prepared and animals were connected to the infu-
sion pump.

The animals from the group C were connected to the in-
fusion pump containing one of the investigated cardioactive
drugs: adrenaline (0.1 mg/mL),  metoprolol (1.0 mg/mL), ve-
rapamil (2.5 mg/mL), or aqueous solution of stevioside (200
mg/mL).

The animals from the group S were connected to the in-
fusion pump containing one of the investigated cardioactive
drugs: adrenaline (0.1 mg/mL), metoprolol (1.0 mg/mL), or
verapamil (2.5 mg/mL).

The infusion rate for verapamil was 0.1 mL/min, ECG
was monitored 12 minutes during verapamil infusion got.
The infusion rate for the other drugs was 0.2 mL/min, ECG
was also monitored during 12 minutes of infusion with other
drugs (adrenaline, metoprolol or aqueous solution of stevio-
side).
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ECG analysis was performed in a single-blinded fash-
ion. In all of animals in the group C and the group S ECG
was recorded before application of cardioactive drugs. Also
the investigator who conducted the experiment did not inter-
pret ECG. It was interpreted by the investigator who did not
know the treatment.

The ECG paper speed was 25 mm/sec, respectively one
small block was 40 msec. On the basis of the time interval of
infusion duration and the change in the ECG it was possible
to calculate the amount of the drug required to produce the
observed changes. This amount was correlated with the ani-
mal’s bw to obtain the specific dose in mg/kg bw.

For all animals 5 min before the application of the investi-
gated cardioactive drugs the control ECG was recorded. There-
fore, each of the animal was a control for itself (Figure 1a).

The infusion pump and ECG machine started at the
same time. During the application of cardioactive drugs
changes in the ECG record were monitored.

The changes that were observed on the ECG are: 1) the
first changes – lonely change in the heart rate that was seen
in ECG recording. This changes in the heart rate most fre-
quently were extrasystoles (Figure 1b) or atrioventricular
block (Figure 1c); 2) second changes – frequently changes in
the heart rate that were seen in the ECG recording (bradycar-
dia was the most frequent change in the heart rate (Figure
1d); 3) the third changes or toxic effect – changes in the heart
rate that were seen in the ECG recording in the form of ex-
treme bradycardia (Figure 1e) or asystolia (cardiac arrest)
(Figure 1f). Extreme bradycardia was frequency of the heart
less than 100 beats per minute.

a) ECG record before the infusion of the drugs tested; b) The first changes – extrasystoles;

c) The first changes – atrioventricular block; d) Second changes – bradycardia;

e) The third changes or toxic effect –
extreme bradycardia;

f) The third changes or toxic effect – asystolia
(cardiac arrest).

Fig. 1 – The changes that were monitored during infusion of the drugs tested.
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Statistical analysis was performed by Student’s t-test
for small independent samples. Values p < 0.05 were consid-
ered statistically significant.

This experiment was carried out in accordance with the
ethical principles of working with experimental animals
(AEC approval Faculty of Medicine, University of Novi Sad,
Novi Sad, Serbia).

Results

No toxic effect was observed in any case of stevioside
infusion not even after the dose exceeding 1,600 mg/kg.
ECG record of animals in the control group after infusion of
stevioside was similar to the ECG record before infusion of
stevioside. A decrease of frequency was observed in 2 out of
6 animals, and only after 240 s of infusion, which corre-
sponded to the dose of 640 mg/kg. Further infusion of
stevioside produced the normalization of the heart frequency
after 180–300 s.

Infusion of adrenaline in all of the animals in the con-
trol group decreased the heart rate after the dose of 0.07 ±
0.02 mg/kg. None of the animals died but attenuated ampli-
tudes of the QRS complex were observed in two cases after
the dose of adrenaline of 0.56 ± 0.014 mg/kg. During infu-
sion that lasted about 12 min, after the dose of adrenaline of
0.95 mg/kg, the changes in the ECG pattern that could indi-
cate the occurrence of toxicity were not detected.

Pretreatment of rats with stevioside changed the sensi-
tivity of the myocardium to adrenaline (Table 1). Namely,

the decrease in the heart rate occurred significantly later
compared to the control group of animals, at the doses of
0.13 ± 0.03 mg/kg. In this group of animals, an increased
toxic effect of adrenaline was observed. Two out of 6 ani-
mals died after infusion of adrenaline of 0.82 mg/kg and 0.92
mg/kg, respectively.

The pretreatment of rats with stevioside decreased the sensi-
tivity of the heart to adrenaline, and increased its toxicity.

The effect of verapamil on ECG of the control group
and those treated with stevioside is given in Table 1. The in-

fusion of verapamil in the control group caused the first re-
action at the dose of 1.84 ± 0.38 mg/kg, while the second re-
action was caused with the dose of 3.78 ± 0.89 mg/kg. Toxic
effects during the infusion of verapamil in the control group
were registered after the dose of 7.53 ± 1.45 mg/kg. All of
the three evaluated parameters (the first, second and the third
reaction of the heart to verapamil infusion) in the stevioside-
pretreated group, occured significantly earlier comparing
with the control group.

The effect of metoprolol on ECG of the control animals
and those pretreated with stevioside is given in Table 1.

Metoprolol in the control group caused bradycardia but
this change of the heart rate was not significant. It was simi-
lar in the group of animals pretreated with stevioside.

Toxic effects of metoprolol were not registered in nei-
ther the control nor experimental group.

Discussion

The present data confirm that pretreatment with stevio-
side play an important role in the increase or decrease of the
sensitivity of the myocardium in experimental animals to the
studied drugs.

The infusion of aqueous solution of stevioside produced
no significant changes in ECG. Only in two cases a tempo-
rary decrease in heart rate was observed, but the initial value
was restored within 3 to 3.5 min during continuous infusion
of stevioside. Similar results were also observed in our first
study, when the concentration of stevioside in infusion was

20 mg/mL18. Chan et al. 15 found that stevioside applied in-
travenously in the dose of 200 mg/kg in rats was effective in
blood pressure reduction and there was no change in the
heart rate. The heart rate in rats were about 350 beats per
minute. Clinical studies also show that stevioside applied at a
dose of 250 mg three times a day orally for one year in peo-
ple with hypertension exerts antihypertensive effect but no
effect on the heart rate 16. The study confirms our results that
stevioside at a high dose of 1,600 mg/kg did not significantly
affect the heart rate.

Table 1
Effect of adrenaline, verapamil and metoprolol on the rat heart function monitored via ECG changes

ECG changesDrugs I II III
Adrenaline (mg/kg),
 ± SD

  with S pretreatment 0.13  0.03* 0.62  0.23 0.81  0.08
  without S pretreatment 0.07  0.02 0.56  0.14 without toxic effect
Verapamil (mg/kg),
 ± SD

  with S pretreatment 0.89 ± 0.17* 1.17 ± 0.34* 3.14 ± 0.92*
  without S pretreatment 1.84 ± 0.38 3.78 ± 0.89 7.53 ± 1.45
Metoprolol (mg/kg),
 ± SD

  with S pretreatment 1.89 ± 0.67 5.17 ± 0.42 without toxic effect
  without S pretreatment 1.45 ± 0.41 4.84 ± 0.75 without toxic effect

S – stevioside-pretreated rats (200 mg/kg/day, intraperitoneally during 5 days); ECG changes: I – first visible; II
– more continuous; III – toxic;  – mean value; SD – standard deviation. *p < 0.05 (statistically significant
difference).
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In both cases (with control the and stevioside-pretreated
rats) the decreased heart rate was observed during the
adrenaline infusion. This result can be explained by the fact
that the rats are laboratory animals in which 1 adrenergic
receptors are very sensitive to adrenaline, resulting in the
significant vasoconstriction and reflex bradycardia during in-
fusion of adrenaline. This fact was first pointed out by
Turner in 1965 21.

In this study, the pretreatment of rats with stevioside
reduced the sensitivity of the myocardium to adrenaline
(bradycardia occurred later compared to the control).

In our previous study, when the animals were pretreated
with a lower dose of stevioside (20 mg/kg bw) the toxic ef-
fects (asystolia, cardiac arrest) were not reported 18. But, the
pretreatment with a higher dose of stevioside (200 mg/kg
bw) increased thebsensitivity of the myocardium of rats to
adrenaline, and cardiac arrest in stevioside–pretreated rats
occurred after the administration of adrenaline in a dose of
0.81  0.08 mg/kg bw.

The mechanism of the hypotensive action of verapamil
is the blocking of calcium channels. The consequence of cal-
cium channels blocking in the myocardium is the appearance
of bradycardia. Stevioside, as reported in several papers is a
calcium channels blocker. In stevioside pretreated animals,
an increased sensitivity of the myocardium to verapamil was
observed and the drug toxicity was significantly increased,
too. Thus, a significantly smaller amount of verapamil was
required to cause bradycardia in the stevioside–pretreated
animals, which needed a significantly smaller amount of ve-
rapamil to cause toxic effects (cardiac arrest). In our previ-
ous study, when the animals were pretreated with stevio-
side at a dose of 20 mg/kg bw there was no report on the
cardiac arrest after administration of verapamil. This indi-
cates that cardiodepressive effect of stevioside in rats is
dose–dependent.

Taking into account these facts it can be concluded that
verapamil and stevioside applied together mutually potenti-
ate their effect 6, 10, 15, 16, 18.

Pretreatment with stevioside showed the tendency to
reduce the sensitivity of the myocardium to a beta-blocker,
but the decrease of the heart rate did not occurr within 12
min of metoprolol infusion. The average decrease of heart
rate was 14%, and only with one animal it was 25% of the
initial value after 12 min of infusion. No toxic effect was
observed, neither in the control nor in the stevioside-
pretreated animals. The influence of metoprolol on the
heart rate in our previous study, when the animals were
pretreated with stevioside at a dose of 20 mg/kg bw was
similar 18.

The additional reason for the interaction of stevioside
and cardioactive drugs might be the consequence of the in-
fluence of stevioside on the regulation of the level of glucose
as described in the literature 12. Namely, treatment with
stevioside results in the increase in C-peptide concentrations
in healty and diabetic rats. Stevioside influences the function
of the endocrine pancreas and stimulates insulin secretion 12.
The results from Jeppesen et al. 9 in the experiments on rats
indicate that the treatment with stevioside exhibited hypo-
glicemic, insulinotropic and glucagonostatic effects, which
might influence the sensitivity of the heart to cardioactive
drugs actions.

Conclusion

Our results suggest that pretreatment with stevioside
might change the effects of adrenaline and verapamil on the
heart rate.
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