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We evaluated the toxicity of a semipurified extract (EPA fraction, containing caffeine and several flavan-
3-ols and proanthocyanidins) of seeds of the native Amazon plant Paullinia cupana (guaraná) in rodents.
Acute toxicity was tested in male Swiss mice, which received different doses orally (OR) and intraperito-
neally (ip); control groups received water. These tests produced acute mortality, with LD50 of 1.825 g/kg
(OR) and 0.827 g/kg (ip), and a significant weight decrease in lungs of mice receiving a dose of 0.1 g/kg. In
the repeated-dose toxicity test, the EPA was administered OR daily to male and female Wistar rats at
doses of 30, 150, and 300 mg/kg/day/90 days. Their behavior, mortality, weight changes, laboratory tests,
and the weights and histopathology of organs were evaluated. No rats died during the tests. Males dosed
at 150 or 300 mg/kg gained weight more slowly and lost kidney weight (absolute and relative weights,
compared to the control group). Hematological and biochemical tests showed few changes, differing
somewhat between males and females; the histopathological evaluation indicated no significant changes.
These results indicate that the EPA fraction of guaraná caused no toxicity in rats at the smallest dose eval-
uated (30 mg/kg). No other species was evaluated.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Guaraná, also known by the native Americans as ‘‘uaraná”,
grows naturally in the Maués region of the Amazon basin. Guaraná
seeds are widely used in pharmaceuticals and foods as a tonic, a
stimulant of the central nervous system, and an ingredient of bev-
erages (Henman, 1982; Angelo et al., 2008).

Pharmacological studies have shown, in addition to the known
stimulant effects, antioxidant properties in vitro (Mattei et al.,
1998; Yamaguti-Sasaki et al., 2007) and augmentation of learning
and memory (Espínola et al., 1997; Otobone et al., 2005). However,
similar beneficial effects on cognition in healthy human volunteers
were not observed (Galduróz and Carlini, 1994).

Mattei et al. (1998) evaluated young and old rats in several pro-
tocols, such as various signs after chronic administration (urinary
settling frequency, piloerection, motor activity, etc.), time of sleep
induced by pentobarbital, weight change after 12 months of treat-
ment, mortality, and histopathology parameters; and found no sig-
nificant changes from the control groups. In vitro studies have
shown that guaraná has genotoxic and mutagenic effects in rats
(Santamaria et al., 1998; Fonseca et al., 1994).
ll rights reserved.
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Guaraná is currently listed in the official Brazilian Pharmaco-
poeia (Farmacopéia Brasileira, 2000). The pharmaceutical industry
uses the seeds in the production of medicines, and the food indus-
try uses them mainly in soft drinks and food supplements (Ortega
et al., 1989). From the semipurified fraction (EPA), several com-
pounds have been isolated and identified, including caffeine, cate-
chin, epicatechin, and procyanidins B2, B3, and B4 (Antonelli-
Ushirobira et al., 2007). In addition to these compounds, Yama-
guti-Sasaki et al. (2007) isolated and identified ent-epicatechin
and procyanidins B1, A2, and C1.

Recently, our research group showed that the crude extract
(EBPC) and semipurified fraction (EPA) of guaraná cause antide-
pressant effects in animal models after prolonged administration
(Otobone et al., 2007). These observations led to the filing of a pat-
ent application and to tests of the acute and subchronic toxicity of
the semipurified extract, including analyses of the hematology,
biochemistry, and histopathology of various animal organs.

2. Materials and methods

2.1. Preparation of the extract

An extract was prepared from guaraná seeds (1000 g) with acetone:water (7:3;
v/v) extractor liquid, and after the organic solvent was removed, the remaining solid
material was lyophilized (EBPC – patent pending PI0006638-9). The semipurified,
subchronic toxicological evaluation of the semipurified extract of seeds of
/j.fct.2010.04.013
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lyophilized extracts were obtained from the EBPC: 158 g of the lyophilized extract
was partitioned with ethyl acetate (10�, 5 L), resulting in an ethyl-acetate fraction
(EPA: 44 g) (patent pending PI0006638-9). The EPA was solubilized in distilled
water immediately before administration.
2.2. Animals

Forty-eight Wistar rats of each sex and 100 male Swiss mice were obtained
from the Main Animal Facility of the Universidade Estadual de Maringá (UEM),
and kept under controlled temperature (22 ± 2 �C) and a 12 h light/dark cycle con-
trolled via an automatic timer. A pelleted diet (Nuvital� for laboratory rats and
mice, Nuvilab Ltd., Curitiba, PR, Brazil) and tap water were provided ad libitum.
The UEM Animal Ethics Committee approved the experimental procedure (protocol
No. 039/2003).
2.3. Acute toxicological evaluation (LD50)

The test procedures were carried out in accordance with the ‘‘Guia para a realiz-
ação de estudos de toxicidade pré-clínica de fitoterápicos” (Brasil, 2004). The mice
were divided into 10 experimental groups of 10 animals each, to form two treat-
ment groups and two control groups. The treatment groups received a single oral
dose (OR, gavage) (5.0, 2.5, or 1.0 g/kg; acute administration) of EPA, and also intra-
peritoneally (ip) in doses of 2.5, 1.5, 1.0, 0.5, or 0.1 g/kg. The two control groups re-
ceived water (OR and ip). The animals were observed immediately after the
administration and then daily for 14 days, and were weighed on the 1st, 7th, and
14th day. At the end of the experiment, they were euthanized, and the kidneys,
heart, liver, and lungs were removed and weighed, and evaluated for possible mac-
roscopic changes or abnormalities. The ip route for administration was selected
according to the Brazilian regulation for this test (Brasil, 2004). Large numbers of
animals were used in the acute study for DL50. For this study, mice were used be-
cause a Brazilian regulation requires only behavioral evaluations, and not biochem-
ical and hematological evaluations for the acute test (Brasil, 2004). We therefore
used mice rather than rats, as have several other investigators (Rebecca et al.,
2002; Li et al., 2010). Through this means, the approval by the Animal Ethics Com-
mittee was facilitated, in addition to the economic considerations.
2.4. 90-Day subchronic study

Male and female rats were weighed and divided into groups by sex. The mean
weights of males and females are listed in Table 1. They were divided into a control
group and three test groups of 12 animals each, and maintained in groups of 4 in
labeled polypropylene cages. Each animal received daily, for a period of 90 days,
administration of water (control group) or EPA at doses of 30, 150, and 300 mg/
kg (OR, gavage). The behavior of the animals was observed daily, and they were
weighed weekly. After 60 days of treatment, the animals were submitted to the
open-field test and were gently manipulated in order to collect urine for physical,
chemical, and sedimentoscopic tests. At the end of the experiment (90 days), the
animals were euthanized, and their blood was collected for hematological and bio-
chemical analyses.
2.5. Open-field test

The open-field test followed the method described by Carlini et al. (1986).
Table 1
90-Day subchronic study: body-weight changes of male rats treated with EPA.a

Dose (mg/
kg/day)

Control 30 150 300

1 247.00 ± 25.0 246.67 ± 18.4 246.45 ± 18.6 247.89 ± 19.2
7 306.49 ± 23.5 300.48 ± 18.5 292.31 ± 29.2 291.12 ± 26.2

14 324.83 ± 27.0 319.09 ± 19.6 289.36 ± 78.4 306.31 ± 26.7
21 346.19 ± 28.6 340.75 ± 23.2 318.75 ± 29.9* 318.45 ± 24.8*

28 355.57 ± 29.2 351.40 ± 22.3 344.79 ± 22.6 331.87 ± 24.5*

35 368.91 ± 28.9 365.91 ± 21.8 347.12 ± 28.3 337.22 ± 36.9*

42 384.12 ± 29.2 374.91 ± 27.2 357.29 ± 29.7* 353.00 ± 23.8*

49 392.71 ± 30.8 385.75 ± 26.9 366.91 ± 26.5* 361.56 ± 24.8*

56 393.05 ± 29.6 390.43 ± 26.7 371.46 ± 29.3* 365.06 ± 25.9*

63 404.58 ± 32.1 400.91 ± 25.2 376.35 ± 31.4* 370.29 ± 27.4*

70 399.19 ± 31.7 406.55 ± 25.8 381.69 ± 33.4 363.82 ± 30.3*

77 406.38 ± 30.3 404.81 ± 30.1 383.83 ± 30.2 366.47 ± 34.4*

84 413.19 ± 30.4 411.40 ± 28.8 391.97 ± 31.0 377.61 ± 34.4*

90 419.74 ± 30.2 415.59 ± 30.3 394.48 ± 30.0* 379.66 ± 35.3*

* Indicates significant difference at P < 0.05 level compared to the control group.
a Values are presented as means ± SD (g).
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2.6. Laboratory tests

Laboratory tests for urine (physical, chemical, and sedimentoscopy) and blood
(blood glucose; total cholesterol; triglycerides; urea; uric acid; creatinine; glu-
tamic-pyruvic transaminase (GPT); direct, indirect, and total bilirubin; albumin;
amylase; and alkaline phosphatase) were performed.

One blood sample was placed in test tubes containing EDTA as an anticoagulant,
and another in a dry tube for separation of serum. The biochemical tests were per-
formed with commercial kits (Labtest and Biodiagnóstica) through enzymatic–col-
orimetric, colorimetric, or kinetic reactions. The blood was placed in an automated
counter (Cell-Dyn, Abbott Laboratories), and a differential count was performed
after the smear was stained with Leishman dye. The partial examination of urine
used reactive strips (Multistix, Bayer Diagnostics), and the positive reactions on
the strips were confirmed by qualitative biochemical reactions. Bacterioscopy
was performed by Gram-staining of the sediment obtained after centrifugation.

The blood collection and the laboratory tests followed a sealed numerical pro-
tocol. This effectively blinded the biochemical work, so that the technicians had no
prior knowledge of which group was being evaluated.

2.7. Histopathological analysis

Histopathological analysis was performed on 10 randomly selected rats in each
experimental group, totaling 80 animals. The animals were dissected using the rou-
tine described in the literature (Mikel, 1994). Heart, kidneys, liver, and lungs were
harvested for analysis. The tissues were preserved in 10% neutral-buffered formalin,
embedded in paraffin, sectioned at approximately 5 mm, stained with hematoxylin
and eosin, and examined with an optical microscope.

2.8. Statistical analysis

The statistical analysis compared the treated groups with the negative control
group, using the STATISTICA program (version 5.0). The data are presented as
mean ± SD. We applied the one-way analysis of variance (ANOVA) to the toxicolog-
ical tests (acute and subchronic), followed by Duncan’s test. The frequencies of his-
topathological events were evaluated by Fisher’s exact test. The level of significance
accepted was P < 0.05 for all experiments. The LD50 was assessed by the method
proposed by Miller and Tainter (1944).

2.9. Legal regulation

The parameters set for this study followed those established by ANVISA (Na-
tional Health Surveillance Agency, Brazil) Resolução RE No. 90 (Brasil, 2004).

3. Results

3.1. Acute toxicological evaluation

The acute tests with EPA produced mortality in 50% of the pop-
ulation at doses of 5.0 and 2.5 g/kg (OR) and 2.5, 1.5, and 1.0 g/kg
(ip); the LD50 was 1.769 ± 0.242 g/kg OR and 0.593 ± 0.097 g/kg
ip. No changes in the behavior of the surviving animals were ob-
served over the 14-day duration of the experiment.

The animals showed no significant differences in body weight
between the control and treated groups. Similarly, the macroscopic
analyses of the organs revealed no changes. The only significant
change observed in the organ weights was a decrease of weight
of the lungs of mice treated with a dose of 0.1 g/kg.

3.2. 90-Day subchronic study

3.2.1. Evolution of animal weight and organ weights
No animals died during the 90 days of treatment. There was,

however, a decrease in body weight of males treated with 150
and 300 mg/kg of EPA from day 21 to day 90 (Table 1), compared
to the control group. The weights of females did not change signif-
icantly. As mentioned above, the animals were fed ad libitum; all
the groups consumed substantial amounts of feed, although these
amounts were not measured.

A decrease in right and left kidney weight in males at the doses
of 150 and 300 mg/kg was demonstrated for both the absolute and
relative weights, compared to the control group. The data for abso-
lute weight were 150 (1.18 ± 0.10; 1.19 ± 0.09) and 300
subchronic toxicological evaluation of the semipurified extract of seeds of
/j.fct.2010.04.013

http://dx.doi.org/10.1016/j.fct.2010.04.013


T.M. Antonelli-Ushirobira et al. / Food and Chemical Toxicology xxx (2010) xxx–xxx 3

ARTICLE IN PRESS
(1.18 ± 0.08; 1.20 ± 0.08) mg/kg, and for relative weight were 150
(0.30 ± 0.01; 0.30 ± 0.02) and 300 (0.31 ± 0.03; 0.31 ± 0.03) mg/kg.
Males treated with a dose of 150 mg/kg also showed a decrease
in absolute and relative weight of the lungs (1.91 ± 0.32;
0.48 ± 0.08, respectively). Females, however, showed no significant
changes in any of the organs evaluated.
3.2.2. Open-field test
The results showed a significant increase in movement and

rearing of males treated with doses of 150 and 300 mg/kg. All
the groups of females treated with EPA also showed significant in-
creases in movement, but only the dose of 150 mg/kg produced a
significant increase in rearing (P 6 0.05) (data not shown).
3.2.3. Laboratory tests
The urinary parameters examined did not differ significantly

between the treated and control groups (data not shown).
Blood leukocytes were significantly reduced in both males and

females at a dose of 150 mg/kg (5.8 ± 1.3; 5.2 ± 0.7, respectively),
and in males only at a dose of 300 mg/kg (6.1 ± 0.6), compared
with the control group. The biochemical parameters of blood
showed several slight but significant changes in both males and fe-
males at all three doses, compared with the control group.

The males showed increases levels of alkaline phosphatase
(143.8 ± 32.9; 163.1 ± 54.5; 173.9 ± 30.4) and glutamic-pyruvic
transaminase (GPT) (50.6 ± 3.7; 52.8 ± 10.6; 49.5 ± 8.8) in all the
treated groups. In females, only those treated with 150 mg/kg
(238.9 ± 58.8) showed changes in the levels of alkaline phospha-
tase, which increased in relation to the control group.

All the groups of treated females showed changes in the bio-
chemical values in the tests for urea (62.7 ± 9.1; 61.8 ± 2.7;
63.3 ± 7.2), glycemia (59.7 ± 6.9; 65.3 ± 15.2; 68.2 ± 12.8), and tri-
glycerides (139.9 ± 26.8; 113.3 ± 21.6; 105.6 ± 24.2); and those
treated with the doses of 150 mg/kg (134.5 ± 10.2) and 300 mg/
kg (138.4 ± 12.7) showed changes in the levels of amylase. These
levels were increased in relation to the control group, except for
triglycerides which decreased.
3.2.4. Histopathological analyses
Macroscopic analysis of the lungs did not reveal any abnormal-

ity that would justify their microscopic evaluation. The histopa-
thological analyses of liver and kidneys showed no histological
changes indicating abnormalities.
4. Discussion

This study investigated the possibility of subchronic toxicity of
a semipurified extract from guaraná seed (EPA). In the acute toxic-
ity test (LD50), although a group of animals treated with a dose of
0.1 g/kg showed a decrease in weight of the lungs, this did not
compromise their development. This decrease probably resulted
from biological variability occurring in this group, since no de-
crease in lung weight was observed at higher doses, and there were
no changes in their body weight or behavior.

Subchronic toxicity studies have provided information on
health risks, when a drug is administered, especially orally, for
shorter or longer periods (30 or 90 days) (Brasil, 2004). The re-
peated-dose toxicity test conducted on animals for 90 days of
treatment with EPA, provided results for the target organs and
the effects of the cumulative-fraction test. For the 90-day sub-
chronic treatment test, provisions must be made for a series of lab-
oratory examinations that require a sufficient volume of blood to
perform. In this case, rats, because they have a body volume nearly
10 times larger than mice, better satisfy this requirement.
Please cite this article in press as: Antonelli-Ushirobira, T.M., et al. Acute and
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The increase or decrease in body weight of an animal may indi-
cate important physiological changes, such as liver or hormonal, or
failure to absorb components such as proteins, amino acids, and
others. Females showed little change in weight, and this factor
was not statistically significant nor did it affect the development
of the organs. Male rats, however, showed a significant decrease
in body weight, which was reflected in the weight of some organs
at the end of the treatment. These data may indicate a possible tox-
icity of the product, but since these events were not equivalent in
both sexes, they may also indicate a greater susceptibility of male
rats. The food consumption was not determined.

In the open-field test, the locomotor activity of the animal may
indicate the activity of a stimulant or sedative drug. The observed
increases in movement may indicate that the animals were stimu-
lated. This may be related to the presence of caffeine in the EPA
fraction (Antonelli-Ushirobira et al., 2007; Yamaguti-Sasaki et al.,
2007), since methylxanthines are associated with stimulation of
the central nervous system (CNS). An interesting aspect is the lack
of apparent stimulation of males by the lowest dose, 30 mg/kg, be-
cause the open-field test provided the same environmental condi-
tions for both sexes. Therefore, the significant changes in
movement by all females treated, including at the lowest dose,
may be related to a greater propensity of females for stimulation
of the CNS.

Mendes and Carlini (2002) conducted pre-clinical toxicology
studies in male rats, where the groups received extracts of coffee
at concentrations of 100, 200, and 400 mg/kg and caffeine at a dose
of 20 mg/kg, for 180 days. There was no increase in movement of
animals treated with caffeine in the open-field test. According to
Mendes and Carlini (2002), this result may indicate that other
compounds than caffeine in the coffee extract may have exerted
some stimulation on the CNS. Similarly, the test performed with
guaraná can be interpreted as indicating the presence of other sub-
stances in the EPA that act on the CNS. Otobone et al. (2007)
showed that the crude extract (EBPC) and semipurified fraction
(EPA) reduced immobility time in the forced-swim test, indicating
an antidepressant activity. The presence of phenolic compounds,
especially tannins, isolated and identified by Antonelli-Ushirobira
et al. (2007) and Yamaguti-Sasaki et al. (2007), may be related to
this activity, since these compounds are found in the largest quan-
tity in the EPA fraction. Furthermore, the presence of caffeine by it-
self is insufficient to explain all the popular uses of guaraná.

In the blood of females treated with a dose of 150 mg/kg, the
number of leukocytes, although statistically significant, was close
to the minimum level of normal biological variation. For males,
the leukocyte levels were above the normal minimum, at doses
of 150 and 300 mg/kg (Wolford et al., 1986). These data, however,
may indicate a tendency to leukopenia, which may signify toxicity
and/or greater susceptibility of males. The other hematological lev-
els found in the groups of males and females showed no toxicolog-
ically significant changes, being within the normal ranges.

In the biochemical tests, compared with the control group,
males had altered levels of alkaline phosphatase and glutamic-
pyruvic transaminase (GPT) at all doses evaluated. However, fe-
males showed changes in the levels of alkaline phosphatase only
in animals treated with a dose of 150 mg/kg, and the levels of
GPT showed no changes. High levels of alkaline phosphatase occur
in bone disorders such as rickets, and in liver diseases such as cir-
rhosis and acute viral hepatitis. GPT is also present at high levels in
liver diseases (Lima et al., 2001). These biochemical changes oc-
curred in males, and although the levels remained within the nor-
mal range, they may suggest a change in the liver. However, this
evidence of possible liver alteration should be considered with
caution, since the histopathological analysis of the organ and also
the serum levels of total bilirubin showed no significant changes
from those in the control group. Fukumasu et al. (2006a,b) showed
subchronic toxicological evaluation of the semipurified extract of seeds of
/j.fct.2010.04.013
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that guaraná protects the liver against DEN-induced DNA damage
in mice.

All females treated with EPA showed changes in the levels of
urea, glucose, and triglycerides. In females treated with doses of
150 and 300 mg/kg, there were changes in the levels of amylase.
These values were high in relation to the control group, except
for triglycerides, which decreased. Amylase can increase in certain
conditions, especially in acute pancreatitis (Lima et al., 2001). The
high values for amylase compared to the control group may indi-
cate changes in the animals’ intestine. However, in the dissected
animals, no evidence of steatonecrosis was observed in the pancre-
atic tissue or the serous layer of the bowel.

The changes in blood glucose and triglyceride levels in females
(Wolford et al., 1986), although statistically significant, have no
biological importance. The same occurred in the males, in which
glucose levels decreased at doses of 30 and 150 mg/kg, again indi-
cating a probable greater biological susceptibility of this sex.

Physiologically, increases in blood urea are due to decreased re-
nal function, decreased liver function, or a hyperprotein diet (Lima
et al., 2001). The levels of urea in females were high compared with
those reported in the literature; however, these changes were not
statistically different between the groups. Even the control groups
of both sexes showed increased levels compared with the litera-
ture (Wolford et al., 1986).

Renal dysfunction can be assessed by concurrent measurements
of urea and creatinine. For both males and females, the creatinine
levels remained normal (Wolford et al., 1986), reducing the likeli-
hood of kidney problems. Reinforcing these data, the histopatholo-
gical analysis of kidneys revealed no abnormality in the organ.
Thus, the most likely hypothesis for the increase in the amounts
of urea, is a decrease in liver function. The biochemical evidence
of liver function showed considerable changes in both groups of
animals, although these were more significant in males than in
females.

The histopathological evaluation of organs did not show
changes that could establish the dose–response-dependent rela-
tionship to treatment with the EPA test fraction.

Based on these results, we can conclude that after 90 days of
treatment, the animals showed biochemical changes indicating
that the liver is the target organ in case of possible toxicity of the
EPA fraction of guaraná, especially in males, at doses of 150 and
300 mg/kg. The results also indicate a possible greater biological
susceptibility of males. However, these doses are about 50 and
100 times the effective dose assessed by Otobone et al. (2005),
respectively.
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