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Comparative Effects of Stevia rebaudiana Leaves and
Stevioside on Glycaemia and Hepatic Gluconeogenesis

The purpose of the present study was to compare the effect the
oral treatment (gavage) with Stevia rebaudiana (Bert.) Bertoni
(SRB) and stevioside (STV) on glycaemia and gluconeogenesis of
15-h fasted rats. For this purpose, the rats received SRB (20 mg/
kg  day), STV (5.5 mg/kg  day) or an equal volume of water (controls) during 15 days. To measure hepatic gluconeogenesis, liver
perfusion and isolated hepatocytes were used. Glycaemia and
gluconeogenesis from L-alanine (5 mM), L-glutamine (5 mM)
and L-lactate (2 mM) were decreased (P < 0.05) after pre-treatment with SRB. However, the treatment with STV did not influence glycaemia and gluconeogenesis. Moreover, to get further information about the mechanism by which SRB leaves inhibit glu-

coneogenesis their potential role as a PPARg agonist was investigated. The data showed absence of activation of PPARg receptors.
In summary, our results showed that the reduction of glycaemia
promoted by the treatment with SRB leaves was mediated, at
least in part, by an inhibition of hepatic gluconeogenesis. However, this effect did not involve stevioside and the activation of
PPARg receptors.
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in rats [2] and human [3] confirmed that the treatment with SRB
leaves could reduce fasting glycaemia.

Introduction
Native to north-eastern Paraguay and southern Brazil, the leaves
of Stevia rebaudiana (Bert) Bertoni (SRB) have been used by the
Guarani Indians to treat diabetes and this popular knowledge
have been passed on by oral tradition for many centuries.
This empirical knowledge led researchers to study the antidiabetic properties of this plant. The reports about the influence of
SRB upon diabetes started with Oviedo et al. [1], who first demonstrated the hypoglycaemic effect of SRB leaves. From this
study, several publications, including our previous investigations
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Several reports [4], [5], [6], [7], [8], [9] suggest that the effect of
SRB leaves on glycaemia could be mediated, at least in part, by
the main sweet component, i. e., stevioside (STV). However, the
hypoglycaemic effect of oral STV is still controversial, because
STV is degraded by the intestinal microflora of rats [10], pigs
[11] and human [10] to the diterpenoid aglycone steviol. However, the presence of steviol in the blood after oral ingestion of
stevioside was not confirmed [12].

Affiliation
Department of Pharmacy and Pharmacology, State University of Maringµ, Maringµ-Pr, Brazil
2
Department of Molecular Pharmacology, University of Brasília, Brasília, Brazil

Correspondence
Roberto B. Bazotte ´ Department of Pharmacy and Pharmacology ´ State University of Maringµ ´
Avenida Colombo 5790 ´ 87020±900 Maringµ - PR ´ Brazil ´ Phone/Fax: +55-44-3261-4999 ´
E-mail: rbbazotte@uem.br
Received December 14, 2005 ´ Accepted February 6, 2006
Bibliography
Planta Med 2006; 72: 1±6  Georg Thieme Verlag KG Stuttgart ´ New York
DOI 10.1055/s-2006-931586 ´ Published online n
ISSN 0032-0943

Planta 2005-12-0892 Neu-238-PDF1
5.4.06/Druckerei Sommer

Therefore, considering that the effect of SRB leaves on fasting
glycaemia mediated by STV was not well established, the present
study was undertaken to investigate this possibility. Moreover,
the role of liver gluconeogenesis, that is crucial for the maintenance of fasting glycaemia [13], and the participation of peroxisome proliferator-activated receptors gamma (PPARg), a nuclear
mediator of insulin sensitivity [14], [15] were examined. For this
purpose, the experiments were executed by using 15-h fasted
rats, which represents a favourable system for gluconeogenesis
[13] and reporter gene transcription assays modulated by PPARg
in mammalian cells [16].

Original Paper

Materials and Methods
Plant material: SRB leaves and stevioside
Dried powdered leaves manufactured under the highest quality
control were obtained from Steviafarma (Maringµ, Brazil). From
these dried powdered leaves standardised stevioside was obtained by a method that produces a mixture of stevioside and rebaudioside [17].
Animals and treatment protocol
Male Wistar rats (Maringµ, Brazil) weighing about 220 g were
employed. The manipulation of the animals followed the Brazilian Law on the protection of animals.
Experimental groups received 20 mg/kg  day SRB (SRB group) or
5.5 mg/kg  day STV (STV group) dissolved in water and administered (gavage) at 5 : 00 p. m. during 15 days. Control groups received water (gavage). During the treatment food and water
were freely available.
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Determination of glycaemia
After 15 days of treatment food was withdrawn and the rats were
killed by decapitation 15 h later. Blood was immediately collected, centrifuged and the glycaemia was determined [18].

differences in the glucose production during (10 ± 30 min) and
before (0 ± 10 min) the infusion of glycerol allowed calculation
of the areas under the curves (AUC), expressed as mmol/g. Moreover, similar procedures were performed when L-glutamine (5
mM), L-alanine (5 mM) and L-lactate (2 mM) were used as the
gluconeogenic substrates. During the liver perfusion experiments, L-lactate [19], pyruvate [20] and urea [21] production
were also measured. Thus, the AUC of Tables 14 were obtained
from similar experiments shown in Fig. 1.
Isolation and incubation of isolated hepatocytes
The isolation of hepatocytes was executed by a technique employing collagenase first described by Berry and Friend [22] and
modified by Bazotte [23]. For this purpose 15-h fasted rats were
anaesthetised and submitted to laparotomy. The liver perfusion
started with Ca2+-free KHB. Afterwards, this perfusion fluid was
replaced by KHB containing collagenase (0.035 %) and Ca2+ (2.5
mM). In this phase the perfusion was done with recirculation of
the perfusate that returned to the reservoir and recirculated.
After 5 ± 10 min, the fluid commenced to ooze freely from the
surface of the liver. Within 10 ± 30 min, the loss of fluid from the
liver surface was too great for the perfusion to be maintained. At
this point the consistency of the liver was so soft that it disintegrated on pressure unless handled very gently. The liver was then
carefully removed, transferred to a Petri dish with 10 ± 20 mL of
enzyme medium at 4 8C, and broken up with a blunt spatula.
After the filtration and centrifugation, we obtained a supernatant with 95 ± 98 % of isolated hepatocytes that, upon microscopic examination (Newbauer chamber), did not stain with trypan blue. The isolated hepatocytes (2  106 cells/mL) obtained by
the technique described above were incubated during 60 min
with KHB (5 mL) containing L-alanine (5 mM), L-lactate (2 mM),
L-glutamine (5 mM), glycerol (2 mM) or no substrate (to get basal
values). All flasks were gassed (O2/CO2 : 95/5 %) and maintained in
a shaking water bath at 37 8C during the incubation period. Last-

Liver perfusion experiments
After 15 days of treatment food was withdrawn and the rats were
anaesthetised by an i. p. injection of sodium pentobarbital
(40 mg/kg) and submitted to laparotomy. The livers were perfused in situ using Krebs Henseleit bicarbonate buffer (KHB), pH
7.4, saturated with O2/CO2 (95/5 %). The perfusion fluid was
pumped through a temperature controlled (37 8C) membrane
oxygenator prior to entering the liver via the portal vein. The perfusion was performed in an open system, without recirculation
of the perfusate. A constant flow rate in each experiment was adjusted according to the liver weight (4 mL/g of tissue fresh
weight  min).
Fig. 1 illustrates the result of a liver perfusion experiment in which
the protocol described above was employed. As shown in Fig.1
after a pre-perfusion period (10 min), the gluconeogenic substrate
was dissolved in the perfusion fluid and infused between the 10th
and 30th min of the perfusion period, followed by a post-infusion
period (20 min) to allow the return to basal levels.
Samples of the effluent perfusion fluid were collected at 2-min
intervals and the glucose concentration was analysed [18]. The
Ferreira EB et al. Comparative Effects of ¼ Planta Med 2006; 72: 1 ± 6

Fig. 1 Demonstrative experiment of glucose production from glycerol in isolated perfused liver from 15-h fasted rats that received during
15 days Stevia rebaudiana (Bert.) Bertoni leaves (SRB group) or water
(control group) orally administered. The livers were perfused as described in Materials and Methods. The differences in the glucose production during (10 ± 30 min) and before (0 ± 10 min) the infusion of
glycerol allowed calculation of the areas under the curves (AUC),
expressed as mmol/g.
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ly, the incubation medium was centrifuged and the supernatant
was used for glucose [18] determination.

Statistical analysis
The GraphPad Prism program (version 2.0) was used to calculate
the areas under the curves (AUC). Data were analysed statistically by the unpaired Student t test and ANOVA. A 95 % level of confidence (P < 0.05) was accepted for all comparisons. Results were
reported as means  SEM.

There are few studies showing the effectiveness of herbal therapy for the management of diabetes [25]. In this context, our
data shown quite clearly that SRB leaves, but not stevioside, orally-administered during 15 days decreased (P < 0.05) glycaemia
(Table 1).
In contrast to our results, Jeppesen et al. [6] demonstrated favourable effects of stevioside on glycaemia. Since we used approximately the same daily dose, such a discrepancy could be attributed to several possibilities: 1) the experimental model (Wistar rats vs. type 2 Goto-Kakizaki rats); 2) the period of treatment
(2 weeks vs. 6 weeks); 3) the parameter evaluated (fasting glycaemia vs. glucose tolerance test) etc. Another possibility not
mentioned by Jeppesen et al. [6] could be the composition of
the stevioside.
Since hepatic gluconeogenesis is crucial for glucose maintenance
during fasting [13] this metabolic pathway was investigated in livers from rats treated with SRB leaves (SRB group) and the results were compared with livers of rats which received an equal
volume of water (control group).
The SRB group showed lower liver glucose production (P < 0.05)
from L-alanine, whereas the catabolism of L-alanine, inferred
from the production of urea, pyruvate and L-lactate was not modified (Table 2). Thus, the possibility of a decreased glucose production from the pyruvate step should be considered. In confor-

Table 2

Glucose, urea, pyruvate and l-lactate production from L-alanine (5 mM) in isolated perfused liver from 15-h fasted rats
that received Stevia rebaudiana (Bert.) Bertoni leaves (SRB
group) or water (control group). SRB (20 mg/kg  day) or water was administered by gavage during 15 days. The values of
area under the curves (AUC) were calculated as described in
Materials and Methods (Fig. 1). The data are reported as
mean  SEM of 4 ± 6 experiments
Values of AUC (mmol/g)

Parameters

Control
Glucose

6.08  0.73

Urea

25.94  1.69

SRB
3.45  0.39*
27.55  1.90

Pyruvate

3.51  0.52

4.25  0.61

l-Lactate

5.61  0.88

5.99  1.10

* P < 0.05 vs. control group.

Table 1

Effect of the treatment with Stevia rebaudiana (Bert.) Bertoni leaves (SRB) or stevioside (STV) on glycaemia (mg/dL). Experimental
groups received 20 mg/kg  day SBR (SRB group) or 5.5 mg/kg  day STV (STV group) dissolved in water and daily administered (gavage)
at 5 : 00 p. m. during 15 days. The control groups received an equal volume of H2O (gavage). Blood samples were collected from 15-h
fasted rats

Parameter

Glycaemia
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Cell culture, transfection and PPAR reporter transactivation
assay
Human promonocyte U937 cells (Cell Culture Facility, University
of California; San Francisco, CA, USA) were maintained on 37 8C,
CO2 (5 %) subcultured in RPMI-1640 (GIBCO; Grand Island, NY,
USA) medium with foetal calf serum (10 %), glutamine (2 mM),
penicillin (50 units/mL) and streptomycin (50 mg/mL). For transfection assays, the cells were collected by centrifugation and resuspended in transfection solution (0.5 mL/1.5  107 cells) containing PBS (phosphate-buffered saline), Ca2+ (100 mM) plus
dextrose (0.1 %) and mixed with 1.5 mg of human PPARg expression vector (provided by J. Magae, Japan) [16] and 3 mg of the luciferase (Luc) reporter (provided by J. Magae, Japan). This reporter plasmid has a synthetic PPARg response element, containing
one copy of DR-1 (5¢-agcttcaggtcagaggtcagag-3¢) cloned immediately upstream of a minimal thymidine kinase (tk) promoter (±32/
+ 45) linked to luciferase coding sequences. Afterwards, the cells
were transferred to a cuvette and electroporated using a Bio-Rad
gene pulser at 300 mV and 950 mF. Immediately after electroporation, the cells were transferred to fresh RPMI-1640 medium,
plated in a 12-well dish and treated in triplicates with ethanol:DMSO 1 : 1 (vehicle), Pioglitazone (Sigma; St. Louis, MO,
USA) at 10 ± 5 M (PPARg agonist) and lyophilised SRB leaves. After
24 h, cells were collected by centrifugation, lysed by the addition
of 150 mmL 1  lysis buffer (Promega; Madison, WI, USA) and assayed for luciferase activity (kit from Promega Corp.). Transfection experiments were performed at least three times. Fold activation was calculated using the ratio of luciferase numbers
obtained by the samples treated with ligands with the templates treated with vehicle. Finally, to the transfection assay
[24], 1 g of dried and pulverised leaves was heated/boiled for 5
min in 100 mL of water, the decoction was allowed to stand for
30 min and then filtered through a paper filter. Then, the decoction was lyophilised, and this material was kept at ±20 8C until
use.

Results and Discussion

SRB treatment

STV treatment

Control

SRB

Control

STV

94.10  2.99

67.83  5.70*

86.39  4.64

91.50  6.00

P < 0.05 vs. control group.

Ferreira EB et al. Comparative Effects of ¼ Planta Med 2006; 72: 1 ± 6
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Table 3

Glucose and pyruvate production from L-lactate (2 mM) in
isolated perfused livers from 15-h fasted rats that received
Stevia rebaudiana (Bert.) Bertoni leaves (SRB group) or water
(Control group). SRB (20 mg/kg x day) or water was administered by gavage during 15 days. The values of area under the
curves (AUC) were calculated as described in Materials and
Methods (Fig. 1). The data are reported as mean  SEM of
4 ± 6 experiments.
Values of AUC (mmol/g)

Parameters

Control

SRB

Glucose

10.81  1.19

6.50  0.95*

Pyruvate

3.30  0.50

6.75  0.98*

Original Paper

* P < 0.05 vs. control group.

Table 4

Glucose production from L-glutamine (5 mM) and glycerol (2
mM) in isolated perfused livers from 15-h fasted rats that received Stevia rebaudiana (Bert.) Bertoni leaves (SRB group) or
water (control group). SRB (20 mg/kg x day) or water was administered by gavage during 15 days. The values of area under the curves (AUC) were calculated as described in Materials and Methods (Fig. 1). The data are reported as mean 
SEM of 4 ± 6 experiments

Parameters

Values of AUC (mmol/g)
Control

Glucose from L-glutamine
Glucose from glycerol

SRB

24.82  1.0

16.93  1.0*

9.51  0.5

10.51  0.8

* P < 0.05 vs. control group.
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mity with this proposition, livers from SRB group exhibited higher (P < 0.05) pyruvate and lower (P < 0.05) glucose production
from L-lactate (Table 3). These results suggest that gluconeogenesis from the pyruvate step was decreased in the livers from the

SRB group. Furthermore, lower glucose production (Pc< 0.05)
was also obtained when L-glutamine was used as glucose precursor (Table 4).
In contrast to L-alanine, L-lactate and L-glutamine the glucose
production from glycerol was not affected by the treatment
with SRB leaves (Table 4).
The results obtained from the liver perfusion experiments were
summarised in the Fig. 2. Starting with L-alanine and L-lactate
that enter in the gluconeogenic pathway at pyruvate step, our results suggest that pyruvate carboxylase (PC) and phosphoenol pyruvate carboxylase (PEPCK) could be inhibited by the treatment
with SRB leaves. According to this view, a recent investigation
showed that the PEPCK expression could be influenced by SRB
[26]. In agreement, glucose production from l-glutamine which,
enters in the gluconeogenic pathway before the PEPCK step, was
also inhibited by the treatment with SRB leaves. However, gluconeogenesis was not totally inhibited since the glucose production
from glycerol, which enters in this metabolic pathway after the
PEPCK step was not influenced by the treatment with SRB leaves.
In contrast to SRB leaves, we did not observe decreased glucose
production in livers from animals treated with stevioside (results
not shown), even when isolated hepatocytes were employed
(Fig. 3).
Because PPARg agonists reduce insulin resistance and inhibit the
expression of the rate-limiting enzyme of gluconeogenesis, i. e.,
PEPCK [27], the possibility of an effect on PPARg receptors was investigated. Pioglitazone, a synthetic agonist of PPARg, that has
been used to improve insulin sensibility in patients with type 2
diabetes by improving the cellular signalling trigged by this hormone, was used as a positive control. As shown by Fig. 4, in contrast to the PPARg agonist pioglitazone, which increased PPARg
transcription activity 4.8-fold, extracts from SRB leaves did not
show any effect on PPARg. In addition, similar results were obtained when STV was tested (not shown).

Fig. 2 Effect of the treatment with Stevia
rebaudiana (Bert.) Bertoni leaves on gluconeogenesis. Plasma membrane is depicted
by the large rectangle and the mitochondria
by the small rectangle. (y) Decreased gluconeogenesis. (Q) Absence of effect on gluconeogenesis. Abbreviations: AcCoA = acetyl-CoA; ALAN = L-alanine; ASP = aspartate; CIT = citrate; FA = fatty acid; FDP =
fructose diphosphate; F6P = fructose 6phosphate; FUM = fumarate; GAP = glyceraldehyde phosphate; G6P = glucose 6phosphate; GLUC = glucose; L-GLUT = La-KG = a-ketoglutarate; Lglutamine;
LACT = L-lactate; PYRU = pyruvate; MAL =
malate; OAA = oxaloacetate; PEP = phosphoenol pyruvate; 2PG = 2-phosphoglycerate; 3PG = 3-phosphoglycerate; SUCC =
succinate.
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monstration of the absence of toxicological potential will be necessary to open the possibility for the development of a new antidiabetic compound.
Taken together, our results showed that SRB leaves diminish the
glycaemia and one of the mechanisms involved was the reduction of hepatic gluconeogenesis. Furthermore, the hypoglycaemic effect promoted by the treatment with SRB leaves was not
mediated by PPARg activation or stevioside and future studies
will test new compounds and/or fractions from SRB leaves.
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Fig. 3 Glucose production from gluconeogenic substrates in isolated
hepatocyte from rats treated with stevioside (STV group) or water
(control group). During 15 days the animals received STV (5.5 mg/
kg  day) (STV group) or an equal volume of water (control group) by
gavage. The data are the mean of 4 ± 5 experiments. Abbreviations:
Gly = glycerol (2 mM); L-ala = L-alanine (5 mM); L-glu = L-glutamine
(5 mM); L-lac = L-lactate (2 mM).
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transfected cells were treated with vehicle (ethanol:DMSO); Pio at
10 ± 5 M; 200, 400, 800 or 1600 mg of Stevia and assayed for luciferase
activity. * P < 0.05 vs. vehicle.

Our results confirmed the popular reputation of SRB leaves to reduce glycaemia. But, the possibility of effects on the reproductive
system must be considered [28], [29], [30]. On the other hand,
these studies were contradicted by Shiotsu [31] who did experiments using methods as similar as possible to the method used
by Mazzei-Planas and Kuc [28].
In view of the fact that SRB leaves contain diterpene glycosides
(stevioside, rebaudiosides A, B, C, D, steviobioside, etc) and a
thousand of other compounds, including non-glycosides diterpenes, sterols, triterpenoids, flavonoids, coumarins, caffeic acid,
chlorogenic acid and a variety of volatile oils [32], the identification of the hypoglycaemic molecule and/or fraction and the de-

Oviedo CA, Franciani G, Moreno R. Action hipoglucemiante de la Stevia
rebaudiana Bertoni (Kaa-he-e). Seventh Congress of the International
Diabetes Federation, Buenos Aires, Argentina: 1970
2
Ueda M, Weffort RMM, Zubioli A, Bersani-Amado CA, Bazotte RB, Gaeti WP et al. Efeito do extrato aquoso da Stevia rebaudiana (Bert) Bertoni sobre o teste de tolerância à glicose em ratos normais adultos. Rev
Unimar 1983; 5: 111 ± 5
3
Curi R, Alvarez M, Bazotte RB. Effect of Stevia rebaudiana on glucose
tolerance in normal adult humans. Braz J Med Biol Res 1986; 19:
771 ± 4
4
Jeppesen PB, Gregersen S, Poulsen CR, Hermansen K. Stevioside acts
directly on pancreatic b cells to secrete insulin: actions independent
of cyclic adenosine monophosphate and adenosine triphosphate-sensitive K+ channel activity. Metabolism 2000; 49: 208 ± 14
5
Jeppesen PB, Gregersen S, Alstrup KK, Hermansen K. Stevioside induces antihyperglycaemic, insulinotropic and glucagonostatic effects in
vivo: studies in the diabetic Goto-Kakizaki (GK) rats. Phytomedicine
2002; 9: 9 ± 14
6
Jeppesen PB, Gregersen S, Rolfsen SE, Jepsen M, Colombo M, Agger A et
al. Antihyperglycemic and blood pressure-reducing effects of stevioside in the diabetic Goto-Kakizaki rat. 2003; 52: 372 ± 8
7
Gregersen S, Jeppesen PB, Holst JJ, Hermansen K. Antihyperglycemic
effects of stevioside in type 2 diabetic subjects. Metabolism 2004;
53: 73 ± 6
8
Chang JC, Wu MC, Liu IM, Cheng JT. Increase of insulin sensitivity by
stevioside in fructose-rich chow-fed rats. 2005; 37: 610 ± 6
9
Dyrskog SE, Jeppesen PB, Colombo M, Abudala R, Hermansen K. Preventive effects of a soy-based diet supplemented with stevioside on
the development of the metabolic syndrome and type 2 diabetes in
Zucker diabetic fatty rats. Metabolism 2005; 54: 1181 ± 8
10
Koyama E, Sakai N, Ohori Y, Kitazawa K, Izawa O, Kakegawa K. Absorption and metabolism of glycosidic sweeteners of stevia mixture and
their aglycone, steviol, in rats and humans. Food Chem Toxicol 2003;
41: 875 ± 83
11
Geuns JMC, Augustijns P, Mols R, Buyse JG, Driessen B. Metabolism of
stevioside in pigs and intestinal absorption characteristics of stevioside, rebaudioside A and steviol. Food Chem Toxicol 2003; 41: 1599 ±
607
12
Geuns JM. Stevioside. Phytochemistry 2003; 64: 913 ± 21
13
Murad GRB, Mario EG, Bassoli BK, Bazotte RB, Souza HM. Comparative
acute effects of leptin and insulin on gluconeogenesis and ketogenesis
in perfused rat liver. Cell Biochem Funct 2005; 23: 405 ± 13
14
Knouff C, Auwerx J. Peroxisome proliferator-activated receptor-gamma calls for activation in moderation: lessons from genetics and pharmacology. Endocr Rev 2004; 25: 899 ± 918
15
Evans RM, Barish GD, Wang YX. PPARs and the complex journey to
obesity. Nat Med 2004; 10: 355 ± 61
Ferreira EB et al. Comparative Effects of ¼ Planta Med 2006; 72: 1 ± 6

5

Planta 2005-12-0892 Neu-238-PDF1
5.4.06/Druckerei Sommer
16

Original Paper

Togashi M, Ozawa S, Abe S, Nishimura T, Tsuruga M, Ando K et al. Ascochlorin derivatives as ligands for nuclear hormone receptors. J Med
Chem 2003; 46: 4113 ± 23
17
Alvarez M, Kusumoto IT. Anµlise quantitativa dos glicosídeos edulcorantes da Stevia rebaudiana e dos seus produtos de hidrolise atravØs de
cromatografia líquida de alta performance (HPLC). Arq Biol Tecnol
1987; 30: 337 ± 48
18
Bergmeyer HU, Bernt E. Determination of glucose with glucose oxidase and peroxidase. In: Bergmeyer HU, editor. Methods of enzymatic
analysis; Vol. 2 New York: Academic Press, 1974: p 1205 ± 15
19
Gutmann I, Wahlefeld W. L-(+)-Lactate. Determination with lactate
dehydrogenase and NAD. In: Bermeyer HU, editor. Methods of enzymatic analysis; Vol. 2 New York: Academic Press, 1974: p 1464 ± 72
20
Czok R, Lamprecht W. Pyruvate, phosphoenol pyruvate and D-glycerate 2-phosphate. In: Bermeyer HU, editor. Methods of enzymatic
analysis; Vol. 2 New York: Academic Press, 1974: p 1446 ± 8
21
Gutmann I, Bergmeyer HU. Determination of urea, indicator reaction
with phenol and hypochlorite. In: Bermeyer HU, editor. Methods of
enzymatic analysis; Vol. 2 New York: Academic Press, 1974: p 1790 ± 8
22
Berry MN, Friend DS. High-yield preparation of isolated rat liver parenchymal cells. A biochemical and fine structural study. J Cell Biol
1969; 43: 506 ± 20
23
Bazotte RB. ObtencËo de hepatócitos em perfuso de fígado de ratos in
situ com colagenase. In: Peres CM, Curi R, editors. Como Cultivar CØlulas Rio de Janeiro: Editora Guanabara Koogan, 2005: p 75 ± 7

6

Ferreira EB et al. Comparative Effects of ¼ Planta Med 2006; 72: 1 ± 6
View publication stats

24

Forman BM, Tontonoz P, Chen J, Brun RP, Spiegelman BM, Evans R.
M15-deoxy-delta-12,14-prostaglandin J2 is a ligand for the adipocyte
determination factor PPAR gamma. Cell 1995; 83: 803 ± 12
25
Shapiro K, Gong WC. Natural products used for diabetes. J Am Pharm
Assoc 2002; 42: 217 ± 26
26
Chen TH, Chen SC, Chan P, Chu YL, Yang HY, Cheng JT. Mechanism of
the hypoglycemic effect of stevioside, a glycoside of Stevia
rebaudiana. Planta Med 2005; 71: 08 ± 13
27
Glorian M, Duplus E, Beale EG, Scott DK, Granner DK, Forest C. A single
element in the phosphoenol pyruvate carboxykinase gene mediates
thiazolidinedione action specifically in adipocytes. Biochimie 2001;
83: 933 ± 43
28
Mazzei-Planas G, Kuc J. Contraceptive properties of Stevia rebaudiana.
Science 1968; 162: 1007
29
Melis MS. Effects of chronic administration of Stevia rebaudiana on
fertility in rats. J Ethnopharmacol 1999; 67: 157 ± 61
30
Oliveira-Filho RM, Uehara OA, Minetti CA, Valle LB. Chronic administration of aqueous extract of Stevia rebaudiana (Bert.) Bertoni in rats:
endocrine effects. Gen Pharmacol 1989; 20: 187 ± 91
31
Shiotsu S. Fertility study of Stevia decoction in rats. Tech J Food Chem
Chemicals 1996; 4: 108 ± 13
32
Darise M, Kohda H, Mizutam K, Kasai R, Tanaka O. Chemical constituents of flowers of Stevia rebaudiana Bertoni. Agric Biol Chem 1983; 47:
133 ± 5

