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Abstract
Guarana (Paullinia cupana) is a plant from the Amazon region with cultural
importance. Despite its early ancestral use by indigenous tribes, the first reports
regarding the benefits of guarana consumption for human healthwere published
in the 19th century. Since then, the use of guarana seed in powder and extract
forms has been studied for its diverse effects on human health, such as stimulat-
ing, anti-inflammatory, antioxidant, anticancer, hypocholesterolemic, and anti-
obesity effects. These effects are attributed to the high content of bioactive com-
pounds found in guarana seeds, especially methylxanthines and flavonoids. In
fact, the Brazilian Food Supplement Law has officially acknowledged guarana as
a source of bioactive compounds. The number and diversity of studies focused
on guarana and human health are increasing; thus, organizing and describ-
ing the available evidence on guarana and its applications is necessary to pro-
vide a framework for future studies. In this narrative review, we have organized
the available information regarding guarana and its potential effects on human
health. Guarana produces unique fruits with great potential for human health
applications. However, the available evidence lacks human studies and mecha-
nistic investigations. Future studies should be designed considering its applica-
bility to human health, including intake levels and toxicity studies.
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1 INTRODUCTION

The origin of guarana (Paullinia cupana var. sorbilis)
is profoundly intertwined with the cultural identity of
the indigenous population of the Amazon region. The
curious-looking fruit resembles a human eye (Figure 1), a
characteristic that features prominently in the legend of
its origin: the sowing of the eyes of an indigenous child

that died tragically (Nazaré & Figueirêdo, 1982). This leg-
end demonstrates that the importance of guarana reaches
far beyond its status as food. Rather, the fruit carries impor-
tant significance to the indigenous population andmust be
regarded as a cultural patrimony.
The consumption of guarana was first described by

Jesuit missionaries in the 17th century. They noted that
indigenous people of the Amazon consumed it daily for
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F IGURE 1 Ripe guarana fruit resembling a human eye
(AnitaFortis, CC BY-SA 3.0 https://creativecommons.
org/licenses/by-sa/3.0, via Wikimedia Commons)

energy and medicinal purposes, such as treatment for
headache, diarrhea, fever, and cramps. They also believed
that the daily consumption of guarana offered protection
against malaria and parasite diseases. Remarkably, these
missionaries noted that the fruit was as valuable to the
tribes as gold was to the European colonizers (Henman,
1982; Smith & Atroch, 2010). During the colonial period,
the consumption and commerce of guarana intensified; it
was advertised as a tonic, stimulant, and aphrodisiac. In
the beginning of the 20th century, guarana was introduced
as a flavoring in carbonated soft drinks and since then its
name became a synonym of such drinks in Brazil (Smith &
Atroch, 2010).
The first scientific reports on guarana’s effect on human

health originated during the 19th century. They described
the use of guarana seed powder to treat headaches,
diarrhea, and urinary diseases, comparing its effects with
those of coffee and tea. Previously in the same century,
German botanist Theodore von Martius identified and
isolated caffeine from the composition of guarana (Bre-
itbach et al., 2013; Schimpl et al., 2013). Accordingly,
many scientific studies using guarana have focused on
health effects associated with caffeine, such as cognitive
and stimulant effects (Silva, Soares-Freitas, Sampaio,
et al., 2019). Other studies have indicated that guarana’s
benefits to human health originate from a complex
synergistic effect among its various components rather
than caffeine alone (Haskell et al., 2007; Kennedy et al.,
2004; Ruchel et al., 2016). In the last decade, guarana has
attracted the interest of pharmaceutical industries due to
its effects on diverse aspects of human health, including
cancer, cardiovascular diseases, and diabetes (Silva et al.,
2018).

Because of the increasing amount and diversity of stud-
ies focused on guarana and human health, organizing and
describing the available evidence is necessary to guide the
design of future studies. Herein, we aimed to retrieve and
compile the available information regarding guarana and
its effects on human health.We also aimed to describe pos-
sible applications of the fruit in emerging areas of human
health to provide a framework for future studies. For this
narrative review, we searched Google Scholar, PubMed,
SciELO, Science Direct, Embase, and Scopus databases
for articles on guarana in English, Spanish, and Brazil-
ian Portuguese without period restrictions. The search
terms used included “guarana,” “Paullinia cupana,” and
“guarana extract,” among other terms specific to human
health and disease.

2 CHEMICAL COMPOSITION

The chemical composition of guarana varies according
to genotype, cultivar, location, and climate conditions.
Brazil is the only country that produces guarana commer-
cially; however, low productivity related to high genetic
variability represents an obstacle to the use of its full
potential. Nina et al. (2021) investigated the phytochem-
ical diversity of several guarana genotypes cultivated in
the Western Amazon region and identified considerable
variability in metabolite content among them. Based on
variations in caffeine, catechin, and epicatechin content,
they classified the genotypes as three different chemotype
groups: energetic & antioxidant, energetic, and antioxi-
dant guarana. Similarly, da Silva et al. (2017) differenti-
ated guarana seeds from different geographical regions
based on variations in their flavonoid content. This indi-
cates that guarana seeds originated from different cultivars
and regions have distinct proportions of bioactive com-
pounds. Thus, guarana extracts containing mostly “ener-
getic” guarana genotypes may display great stimulating
effects but diminished antioxidant effects, while those con-
taining mostly “antioxidant” genotypes may display the
opposite, demonstrating how this variability may play a
role in the application of guarana in human health.
Among the diverse chemical composition of guarana,

plant secondary metabolites considered bioactive com-
pounds hold special interest for the effects of guarana
in human health. Angelo et al. (2008) identified several
expressed sequence tags in guarana related to the biosyn-
thesis of important metabolites, including 94 expressed
sequence tags related to purine alkaloid metabolism
and 129 expressed sequence tags related to flavonoid
metabolism. Among these, the authors identified mark-
ers related to the expression of essential enzymes for the
biosynthesis of catechin and its isomer, epicatechin, such
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TABLE 1 Main bioactive compounds found in guarana seed

Mean Standard error Minimum Maximum
Compound
name

mg/100 g of
guarana seed

mg/100 g of
guarana seed N

mg/100 g of
guarana seed

mg/100 g of
guarana seed Reference

Methylxanthines
Caffeine 2797 623 7 850 5130 Machado et al. (2018); Santana et al.

(2019); Santana and Macedo
(2019); Sousa et al. (2010);
Yonekura et al. (2016)

Theobromine 20 4 7 6 39 Machado et al. (2018); Santana et al.
(2019); Santana and Macedo
(2019); Sousa et al. (2010);
Yonekura et al. (2016)

Theophylline 50 18 6 10 130 Machado et al. (2018); Santana et al.
(2019); Santana and Macedo
(2019); Sousa et al. (2010)

Monomeric flavan-3-ols
Catechin 2056 573 12 460 7600 da Silva et al. (2017); Machado et al.

(2018); Mendes et al. (2019);
Santana et al. (2019); Yonekura
et al. (2016)

Epicatechin
gallate

13 5 4 4 26 Santana et al. (2019); Santana and
Macedo (2019)

Epicatechin 1340 334 12 370 4400 da Silva et al. (2017); Machado et al.
(2018); Mendes et al. (2019);
Santana et al. (2019); Yonekura
et al. (2016)

Proanthocyanidins
Procyanidin B1 374 3 3 370 380 Machado et al. (2018); Mendes et al.

(2019)
Procyanidin B2 314 80 4 100 490 Machado et al. (2018); Mendes et al.

(2019); Sousa et al. (2010)
Procyanidin A2 60 – 1 – – Sousa et al. (2010)

as dihydroflavanol 4-reductase and anthocyanidin syn-
thase. In fact, flavanols represented by catechin and epicat-
echin are themajor bioactive compounds found in guarana
seeds along with caffeine.
Guarana contains a high amount of caffeine. While

popular caffeine sources such as espresso coffee (U.S.
Department of Agriculture, 2020a), black tea (U.S. Depart-
ment of Agriculture, 2020b), and 85% chocolate (Mudenuti
et al., 2018) have approximately 0.21%, 0.02%, and 2.34%
of caffeine content, respectively, guarana has up to 5.3%
of caffeine in its composition. Similarly, guarana has a
high flavan-3-ol content, with catechin and epicatechin
representing up to 3% and 2% of its composition, respec-
tively. Other common sources of flavan-3-ol such as cocoa
powder (epicatechin: 0.20%, catechin: 0.06%), green tea
(epicatechin: 0.02%, catechin: 0.09%), and cacao bean
(epicatechin: 0.10%, catechin: 0.09%) have 10−100 times
less catechin and epicatechin than guarana (Bhagwat
& Haytowitz, 2015). Table 1 shows the main bioactive

compounds content of guarana seed.
In addition to monomeric flavan-3-ols, guarana con-

tains proanthocyanidins, which are oligomers (dimers,
trimers, and tetramers) of flavan-3-ol. The most represen-
tative are proanthocyanidin B1 and B2, but recent studies
have demonstrated that guarana contains proanthocyani-
dins with varying degrees of polymerization (Figure 2 and
Table 2) (da Costa da Silva et al., 2017; Pinaffi et al., 2020).
Furthermore, the residue obtained during the production
of guarana extracts contains insoluble-bound polyphenols
with potential biological activity, representing an over-
looked fraction of guarana (da Costa Pinaffi et al., 2020).
Besides the characterization of polyphenols and

methylxanthines, several studies have investigated other
aspects of guarana seed composition. Dalonso and
Petkowicz (2014) characterized the polysaccharides of
guarana seeds and showed that different starch fractions
had distinct amylose and amylopectin content. Avato
et al. (2003) reported that guarana seed oil contained
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F IGURE 2 Chemical structures of catechin and epicatechin, and simplified representation of proanthocyanidins type-A and type-B
linkage

3% of cyanolipids and 28% of acylglycerols. Additionally,
other studies have quantified and described the mineral
composition of guarana seeds, including important trace
elements such as Mn, Fe, and Zn (Adolfo et al., 2020; de
Gois et al., 2016; Santos et al., 2019).
Besides agricultural and environmental factors—such

as season, soil quality, and harvest time—processingmeth-
ods can also affect guarana’s composition. Briefly, the
production of guarana seed powder involves three main
processing steps: fermentation, roasting, and grinding.
After harvest, the guarana fruit undergoes fermentation
to facilitate pulp and shell removal. The seeds are then
roasted to achieve specific moisture contents depending
on the final product (from 5% to 12% moisture content)
(SEBRAE, 2016). Finally, the seeds are ground to obtain
guarana powder.
Among these processing steps, roasting has the most

direct impact on guarana’s bioactive composition. Ushi-
robira et al. (2004) reported that sun-dried seeds lost
a considerable amount of polyphenols and methylxan-
thines compared with the reference sample (seeds dried
in a clay pot for 2 h). Conversely, seeds roasted for
2.5−4 h in a metallic pot had greater polyphenol con-
centrations than the reference sample while maintaining
comparable methylxanthine contents. This illustrates that
differences in processing (from traditional to industrial

methods) may translate into differences in the bioactivity
of guarana seed powder. Furthermore, Veiga et al. (2014)
analyzed the content of polycyclic aromatic hydrocarbons
in roasted seeds. They surmised that the average guarana
seed powder intake represented a level of exposure within
the limits established by the European legislation.

3 EFFECTS ONHUMANHEALTH

3.1 Bioavailability

Upon consumption, bioactive compounds must be
absorbed into the systemic circulation and reach tissues
and cells in a sufficiently high concentration to be deemed
bioavailable and exert physiological effects at a systemic
level. While caffeine is widely bioavailable (Blanchard &
Sawers, 1983), polyphenols have low bioavailability owing
to low absorption and rapid elimination. Flavan-3-ols are
mostly absorbed in the small intestine and undergo exten-
sive metabolization (Shahidi et al., 2019), reaching plasma
concentrations in the 10−9 M range (Halliwell et al., 2005).
Nonetheless, polyphenols that are not absorbed and accu-
mulate in the gastrointestinal phase (e.g., insoluble-bound
polyphenols that accumulate in the colon) can still exert
direct or indirect physiological effects.
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TABLE 2 Monomeric and oligomeric flavan-3-ol structures
found in guarana

Compound
Molecular
mass

Elemental
composition

g∙mol−1

Monomers
Catechin 290.3 C15H14O6

Epicatechin 290.3 C15H14O6

Dimers
Type-A afzelechin dimer 544.5 C30H24O10

Type-A flavan-3-ol dimer 560.5 C30H26O11

Procyanidin A2 576.5 C30H24O12

Type-A procyanidin dimer 576.5 C30H24O12

Procyanidin B2 578.5 C30H26O12

Type-B procyanidin dimer 578.5 C30H26O12

Trimers
Type-A afzelechin trimer 814.7 C45H34O15

Type-A flavan-3-ol trimer 830.7 C45H34O16

Type-A flavan-3-ol trimer 846.7 C45H34O17

Type-A procyanidin trimer 864.8 C45H36O18

Type-B procyanidin trimer 866.8 C45H38O18

Tetramers
Type-B afzelechin tetramer 1091.0 C60H50O20

Type-B flavan-3-ol tetramer 1107.0 C60H50O21

Type-B flavan-3-ol tetramer 1123.0 C60H50O22

Type-A flavan-3-ol tetramer 1119.0 C60H46O22

Type-A flavan-3-ol tetramer 1135.0 C60H46O23

Type-A procyanidin tetramer 1153.0 C60H48O24

Type-B procyanidin tetramer 1155.0 C60H50O24

Source: da Costa Pinaffi et al. (2020) and da Silva et al. (2017).

Several studies demonstrated that the gastrointesti-
nal tract itself can be a key action site of pro-oxidant
compounds (e.g., sulfite myoglobin, heme proteins, cop-
per and iron ions, aldehydes, mycotoxins, polycyclic
aromatic hydrocarbons, nonsteroidal anti-inflammatory
drugs, among others) (Fuentes et al., 2021; Halliwell et al.,
2000; Sampaio et al., 2021). According to Mendes et al.
(2019), a significant concentration of flavan-3-ols (cate-
chin, 95%; epicatechin, 66%; procyanidin B1, 84%; and pro-
cyanidin B2, 50%) from guarana seed powder reached the
small intestine after in vitro digestion. Therefore, guarana
flavanols may counteract excessive oxidative stress at the
gastrointestinal level. Furthermore, polyphenols that accu-
mulate in the colon can exert physiological effects through
the action of metabolites formed upon colonic fermenta-
tion (Gonzales-Sarrias et al., 2017; Mudenuti et al., 2021).
Mendes et al. (2019) reported that a very low propor-
tion of guarana flavan-3-ols (2.7−4.7%) reached the colon
after in vitro digestion. Accordingly, da Costa Pinaffi et al.

(2020) reported that insoluble-bound polyphenols repre-
sent a small percentage of the total phenolic content of
guarana powder.
Few studies have addressed the bioavailability of bioac-

tive compounds from guarana. Yonekura et al. (2016)
observed plasma concentrations of catechin, epicatechin,
and their methylated metabolites ranging between 0.38
and 0.64 nmol/ml in human volunteers 1 h after the inges-
tion of guarana powder (3 g containing 90 mg of catechin
and 60 mg of epicatechin). These very low concentrations
were sufficient to exert measurable physiological effects
on oxidative stress parameters, demonstrating the bioavail-
ability and bio-efficacy of polyphenols from guarana. In an
in vitro study, guarana flavan-3-ols that underwent sim-
ulated gastrointestinal digestion were not detected after
Caco-2 cell permeation (da Silva, 2016). However, the
authors reported the presence of unidentified compounds
in the basolateral cell compartment. Moreover, the rela-
tively low sensitivity of the detection method may have
affected the detection of absorbed compounds.
Before being bioavailable, bioactive compounds must

also be bioaccessible. In other words, dietary bioactive
compounds must release from the food matrix, be solu-
bilized, and resist degradation. Considering that guarana
powder is commonly consumed in association with
other foods, Mendes et al. (2019) evaluated the effect of
macronutrients on the bioaccessibility and bioavailability
of flavan-3-ols from guarana after simulated digestion
using Caco-2 cells. They reported that milk protein had
a negative impact on flavan-3-ol bioaccessibility, whereas
vegetable lipids exerted a positive effect. Conversely, the
addition of macronutrients did not affect caffeine bioac-
cesibility. Regarding bioavailability, the authors detected
digested flavan-3-ols after Caco-2 cell permeation and did
not observe any effects related to the presence of other
macronutrients.
Despite the indication that polyphenols from guarana

are sufficiently bioavailable to exert physiological effects
in humans, further studies investigating the relationship
between dosage and plasma concentration as well as stud-
ies determining the presence of diverse metabolites (such
as methylated, glucuronidated, and sulfated flavan-3-ol
derivatives as well as microbial metabolites of procyani-
dins such as valerolactone derivatives) in systemic circula-
tion and/or organs and tissues are needed to fully elucidate
the bioavailability of bioactive compounds from guarana.

3.2 Toxicity

Bioactive compounds present in the composition of
functional foods and herbal medicines can be foreign
to the human body. Therefore, the products of their
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biotransformation may lead to adverse events or toxic
effects, highlighting the importance of studies on the toxi-
city of these compounds (Lapa et al., 2010).
Regarding guarana, in vivo studies using aqueous

guarana extract in association with other plants have
reported that these formulations have low toxicity and are
safe in low dosages, even with prolonged consumption (de
Mello et al., 2010; De Oliveira Campos et al., 2011; Espinola
et al., 1997; Mattei et al., 1998; Oliveira et al., 2005). In
an in vitro study, Santa Maria et al. (1998) demonstrated
that an aqueous extract containing 10 mg/ml of guarana
was not toxic to Chinese hamster ovary cells and bacterial
cells. In another study, Antonelli-Ushirobira et al. (2010)
observed possible toxicity in the liver of male rats that
received 150−300 mg/kg of guarana for 90 days. Teixeira
et al. (2021) investigated the safety of a supplement com-
prising guarana, selenium, and L-carnitine for human con-
sumption. They observed that the administration of this
supplement (concentration range: 0.04−2.1 mg/ml) did
not induce mortality during leukocyte culture; instead, it
downregulated CASP3 and CASP8, reducing cell apopto-
sis. Moreover, the authors observed no toxic effects on red
earthworms, concluding that this guarana-containing sup-
plement may be safe for humans.
Guarana flavanols—the main chemical component in

guarana seeds aside from caffeine—have been seldom
investigated regarding their involvement in pharmacoki-
netics and pharmacodynamic interactions. Ventura et al.
(2018) reported that the concurrent administration of lam-
otrigine (10 mg/kg), an antiepileptic drug, and guarana
(821 mg/kg) negatively affected the rate of drug systemic
exposure in rats. Therefore, pharmacological and toxico-
logical studies are necessary to determine safe dosages
and modes of administration. Nonetheless, the aforemen-
tioned studies indicate that guarana has low toxicologic
potential.

3.3 Antioxidant properties

Antioxidants are substances that scavenge free radicals and
deactivate pro-oxidant metal ions owing to their ability
to donate electrons to oxidized species (i.e., acting as a
reducing agent) as well as to chelate transition metal ions
(Oroian & Escriche, 2015). Antioxidant compounds also
decrease the generation of free radicals through the inhi-
bition of enzymes involved in reactive oxygen species pro-
duction (Fu et al., 2011). Furthermore, they may play a role
in the inhibition of lipid peroxidation (Durak et al., 2014).
Antioxidants are divided into two categories: enzy-

matic and non-enzymatic. Non-enzymatic antioxidants
are organicmolecules ormineral elements originated from
endogenous (e.g., metabolic processes) or exogenous (e.g.,

diet) sources. Among several important dietary sources,
such as berries, spices, and legumes (Carlsen et al., 2010),
some studies have focused on the antioxidant activity of
guarana due to its high content of bioactive compounds,
demonstrating its antioxidant effects in vitro and in vivo
(Mattei et al., 1998) (Figure 3).
The bioactive compounds found in guarana include

methylxanthines, tannins, saponins, catechins, and proan-
thocyanidins, as well as residual concentrations of other
compounds that are also associated with health benefits
(Cadona et al., 2016).
According to Portella et al. (2013), guarana demonstrated

high antioxidant activity in vitro—mainly at concentra-
tions of 1 and 5 μg/ml—suppressing the production of con-
jugated dienes and thiobarbituric acid reactive substances,
eliminating tryptophan, and showing high total reactive
antioxidant potential. Similarly, guarana in different con-
centrations reduced luminol oxidation induced by peroxyl
radical, with concentrations between 0.5 and 10 μg/ml
displaying very strong inhibitory activities. Furthermore,
Mattei et al. (1998) reported that guarana displayed antiox-
idant effects and inhibited lipid peroxidation in vitro even
at low concentrations (1.2 μg/ml).
A study by Yonekura et al. (2016) showed that the

consumption of 3 g of guarana powder (90 mg of cat-
echin and 60 mg of epicatechin) by healthy individuals
increased plasma oxygen radical absorbance capacity, indi-
cating a reduction in damage caused by peroxyl radicals,
while reducing ex vivo oxidation of LDL cholesterol (LDL-
c) (Yonekura et al., 2016). Moreover, guarana catechins
were bioavailable and reduced oxidative stress markers in
these individuals through direct antioxidant action and
increased regulation of antioxidant/detoxifying enzymes
(e.g., superoxide dismutase, catalase, and glutathione per-
oxidase). Yonekura et al. (2016) also reported that the daily
intake of guarana powder had acute and cumulative effects
on the activity of glutathione peroxidase and catalase,
which are phase II antioxidant enzymes that reduce per-
oxides to water molecules. In contrast, antioxidant status
markers, such as reduction in LDL-c oxidation ex vivo and
in lymphocytes DNA damage induced by hydrogen perox-
ide, only improved temporarily.
Boasquívis et al. (2018) showed that the protective

effects of guarana extract (5, 10, or 50 mg/ml) are asso-
ciated with its antioxidant activity and proteostasis mod-
ulation. Using a C. elegans model, they demonstrated
that guarana increased life span and proteasome activity,
reduced intracellular reactive oxygen species and accumu-
lation of autophagosomes, and increased the expression of
superoxide dismutase-3 and chaperoninHSP-16.2, suggest-
ing that guarana may have therapeutic potential in age-
related diseases. Similarly, Peixoto et al. (2017) studied the
effect of guarana seed extract (100, 200, or 300 μg/ml) in
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F IGURE 3 Bioactive compounds found in guarana are involved in several biological mechanisms. In oxidative stress, polyphenols from
guarana can affect the formation of reactive oxygen species by modulating enzymes involved in their generation, chelating transition metal
ions, and directly scavenging radical species. In inflammation, polyphenols from guarana may affect several different aspects of the
inflammation process. SOD, superoxide dismutase; GPx, glutathione peroxidase; COX, cyclooxygenase; NOS, nitric oxide synthase; MAPK,
mitogen-activated protein kinase; NF-κB, nuclear factor kappa B; AP-1; activator protein 1; cGMP, cyclic guanosine monophosphate; cAMP;
cyclic adenosine monophosphate

a C. elegans model, reporting an increase in resistance to
oxidative stress and life span, aswell as a reduction in aging
markers such as muscle function decline and polyQ40
aggregation.
Bulku et al. (2010) evaluated the safety of a dietary sup-

plement containing guarana, sage, and oolong tea extracts
(192 or 1344 mg/kg of supplement daily for 4 months)
and investigated changes in antioxidant enzymes of the
liver, kidneys, and heart; serum chemistry profile; and
organ histopathology using an animal model with Fischer
344 rats. They observed an increase in total glutathione
and glutathione peroxidase concentrations, as well as an
increase in superoxide dismutase activity in the liver, kid-
ney, and heart. Concomitantly, the levels of oxidative stress
in the organs of rats that received the supplement were
lower than those in the organs of rats in the control group.
Similarly, Kleber Silveira et al. (2018) observed a decrease
in the activity of antioxidant enzymes (catalase, sodium
dismutase, and glutathione peroxidase) in the liver, kid-
ney, and colon of Wistar rats that received 21 mg/kg of
guarana seed powder without an increase in the expres-
sion of oxidative damagemarkers. Therefore, guarana seed
powder improves redox status in vivo.
Acrolein is a toxic organic compound associated with

oxidative damage in the brain and other organs, such as

the liver. Individuals are exposed to acrolein in tobacco
smoke, heated animal fat, vehicle exhaust, and certain
foods (e.g., roasted coffee) (Agency for Toxic Substances
and Disease Registry, 2007). Bittencourt et al. (2020) used
a Wistar rat model to evaluate the protective effect of
guarana extract against acrolein exposure. Animals treated
with 150−350 mg/kg/day of guarana extract exposed to
acrolein (2.5 mg/kg/day) displayed no hepatic or central
nervous system damage, indicating that guarana can pro-
tect against acrolein-induced oxidative damage.
More recently, Machado et al. (2021) demonstrated

that guarana extracts with and without methylxanthines
displayed antioxidant activity measured by their abil-
ity to scavenge 2,2-diphenyl-1-picrylhydrazyl radicals (i.e.,
DPPH assay). In particular, the extract free of methylxan-
thines but rich in tannins had a half maximal inhibitory
concentration of 5.88 μg/ml, demonstrating the antioxi-
dant potential of guarana-derived tannins.
Furthermore, the use of natural antioxidants in the

food industry has been receiving increased interest due
to the notion that natural food ingredients are safer than
synthetic ones (Yanishlieva & Marinova, 2001). Food
manufacturers use antioxidants to stabilize food lipids,
preventing product quality deterioration (Shahidi &
Zhong, 2015). A study by Pateiro et al. (2018) revealed that
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guarana seeds are very effective against color deterioration
and lipid and protein oxidation in pork burgers, demon-
strating the potential of guarana as a natural antioxidant
in the food industry (Yanishlieva &Marinova, 2001). Find-
ings from a study by de Carvalho et al. (2019) supported
the use of guarana seed extract as a natural antioxidant in
lamb patties. Apart from exhibiting antioxidant proper-
ties, the authors highlighted that the addition of guarana
seed extract to the patties did not affect their sensorial
properties.
Therefore, guarana has important and varied antiox-

idant properties that have potential to be explored in
different areas of human health and in the procurement
of natural food additives. Further studies are necessary to
elucidate its mechanisms of action and confirm its antiox-
idant effects in humans.

3.4 Anti-inflammatory properties

Inflammation is an intrinsic process of the body’s immune
defense. When inflammatory processes are sustained for a
long period of time, inflammation becomes chronic. Sev-
eral diseases are associated with chronic inflammation,
including noncommunicable chronic diseases such as car-
diovascular diseases, diabetes, cancer, and obesity. Collec-
tively, these chronic diseases represented 74% of all deaths
globally in 2019 (World Health Organization, 2020a).
Chronic inflammation is defined by the infiltration

of macrophages, dendritic cells, and lymphocytes in tis-
sues, which stimulates the production of inflammatory
cytokines such as interleukin (IL)—including IL-1β, IL-6,
and IL-8—tumor necrosis factor (TNF)-α, and interferon-
γ, growth factors, and enzymes (Pahwa et al., 2021; Zhang
& Tsao, 2016). Several risk factors are associated with
an increased production of pro-inflammatory molecules
and mediators, including age, smoking, stress, and dietary
habits. Lifestyle interventions are effective in improving
chronic inflammation, such as increasing the consump-
tion of fruits, vegetables, and legumeswhile decreasing the
consumption of saturated and trans fats and simple sug-
ars. This effect is attributed to bioactive compounds ubiq-
uitously found in these plant-based foods and their ability
to modulate inflammatory processes (Pahwa et al., 2021).
Guarana has demonstrated potential anti-inflammatory

properties. Ruchel et al. (2016) investigated the effects of
guarana onhypercholesterolemia, ametabolic dysfunction
characterized by high levels of blood LDL-c and associated
with the development of inflammatory lesions. The admin-
istration of 50 mg/kg/day of guarana powder to hyperc-
holesterolemic rats was associated with lower adenosine
deaminase activity compared with those who received a
normal diet, indicating that guarana contributed to min-

imizing the inflammatory process caused by the hyperc-
holesterolemic diet.
Another study using an HFF-1 cell model demonstrated

that the use of low-level laser therapy combined with
guarana extract administration (1, 3, 5, 10, or 30 μg/ml)
downregulated the expression of pro-inflammatory pro-
teins and upregulated the expression of interleukin-10,
demonstrating its anti-inflammatory effects and indicating
that the use of guarana may improve the efficacy of this
type of treatment (Maldaner et al., 2020).
Finally, a recent study using a methylxanthine-free and

tannin-rich guarana extract reported that the administra-
tion of 90 μg/ml of extract to THP-1 cells activated by
lipopolysaccharides inhibited TNF-α production by almost
84% while presenting no toxicity to these cells (Machado
et al., 2021). Nonetheless, further studies on humans are
necessary to elucidate and confirm the anti-inflammatory
effects of guarana and its applicability in human health.

3.5 Cardiovascular health and obesity

A study (Taddei et al., 2020) analyzing data from over 1100
population-based studies estimated that 3.7−4.2 million
deaths worldwide in 2017 could be attributed to hyper-
lipidemia and the cardiovascular risk that it represents.
Hyperlipidemia is a lipid metabolism dysfunction defined
by high levels of serum LDL-c, total cholesterol, and
triglycerides in affected individuals. This disorder repre-
sents amajor risk factor for atherosclerosis, ischemic heart
disease, and obesity. Conversely, obesity is defined as a
metabolic disorder associated with adverse effects related
to cardiovascular diseases (e.g., stroke), type 2 diabetes,
cancer, gallbladder diseases, osteoarthritis, pulmonary dis-
eases, and sleep apnea (Alonso-Castro et al., 2019; Bor-
tolin et al., 2019; Ruchel et al., 2019). In less than 45 years,
the worldwide obesity prevalence has increased three-fold;
almost 700 million adults were obese in 2016 and 40 mil-
lion children (5 years old or younger) were overweight or
obese in 2019 (World Health Organization, 2020b).
Over the past years, the use of herbal products for

weight loss has become a common practice. Among these,
guarana seed powder is a popular nonprescription dietary
herb supplement. Consumption of guarana powder has
shown anti-obesity and cardioprotective effects, as well
as hypolipemiant, anti-inflammatory, hypotensive, and
antioxidant properties. These health benefits may prevent
the development of chronic diseases caused by lipid pro-
file changes. Several studies applying different experimen-
tal models have demonstrated these effects in animals and
overweight or obese subjects using guarana alone or in
combination with other medicinal plants (Alonso-Castro
et al., 2019; Bortolin et al., 2019; Ruchel et al., 2019).
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Several studies have demonstrated the positive effects of
guarana consumption on heart disease over the past two
decades. Ruchel et al. (2019) evaluated the effect of guarana
powder in the purine metabolism and inflammatory pro-
file in lymphocytes and serum of rats with Poloxamer-
407-induced hyperlipidemia. They reported that guarana
(12.5, 25, and 50 mg/kg/day) and caffeine (0.2 mg/kg/day)
prevented a hyperlipidemia-induced increase in INF-c lev-
els, halting the inflammatory process caused by lipotoxic-
ity and promoting an anti-inflammatory response. These
findings may be attributed to methylxanthines and fla-
vanols present in guarana, which have well defined lipoly-
tic effects.
In an adult male Wistar rat model, guarana powder

(12.5, 25, and 50 mg/kg/day) consumption reduced total
cholesterol and LDL-c levels similar to that of simvas-
tatin, partially reduced hyperlipidemia-induced liver dam-
age, prevented changes in acetylcholinesterase activity,
and improved memory impairment related to hyperlipi-
demia (Ruchel et al., 2019). Furthermore, guarana powder
contributed to inflammatory process reduction by decreas-
ing ATP levels and increasing extracellular adenosine, as
well as decreasing total cholesterol and LDL-c to basal lev-
els (Ruchel et al., 2016).
Studies conducted with human subjects have also

demonstrated the benefits of guarana consumption in
lipid metabolism, oxidative stress, LDL-c oxidation, and
metabolic disorders.When healthy overweight individuals
completed a 15-day interventionwith a daily intake of 3 g of
guarana seed powder containing 90mgof (+)-catechin and
60 mg of (−)-epicatechin, Yonekura et al. (2016) observed
an improvement in LDL-c oxidation levels.
Portella et al. (2013) investigated the potential effects of

guarana consumption in healthy older adults who habit-
ually ingested guarana on serum oxidation and in vitro
LDL-c oxidation. Isolated LDL-c samples were exposed to
five different guarana concentrations (0.05, 0.1, 0.5, 1, and
5 μg/ml); after treatment, they demonstrated lower LDL-
c oxidation, especially at concentrations of 1 and 5 μg/ml.
The effect of guarana on LDL-c oxidation may partially
explain its protective effects on cardiometabolic diseases.
Krewer et al. (2011) described the potential beneficial

effects of habitual guarana consumption (≥2 times/week),
including a lower prevalence of hypertension, obesity, and
metabolic syndrome, as well as lower cholesterol (total
and LDL-c) and advanced oxidation protein product lev-
els. The aforementioned observational study evaluated the
associations between metabolic disorders (obesity, hyper-
tension, type 2 diabetes, and dyslipidemia), anthropomet-
ric parameters, biochemical biomarkers of lipid, glucose,
and oxidative metabolism, and the habitual ingestion of
guarana by older adults of the Amazon region of Maués,
Brazil. They identified a significant association between

habitual guarana consumption and lower advanced oxida-
tive protein product levels in both men and women and
lower cholesterol and LDL-c levels in women.
The effects of guarana consumption on LDL-c and

serum oxidation are associated with its bioactive com-
pounds, such as catechins and methylxanthines. How-
ever, the underlyingmechanisms of action remain unclear.
Polyphenols from guarana may incorporate into LDL-c,
rendering the serum of individuals less susceptible to oxi-
dation (Krewer et al., 2011; Portella et al., 2013). Nonethe-
less, guarana powder may be a promising supplement for
patients with hyperlipidemia.
Anti-obesity mechanisms of plant extracts and isolated

phytochemicals have been widely explored. These mech-
anisms include appetite reduction, modulation of lipid
absorption and metabolism, thermogenesis, and changes
in the gut microbiota. In particular, studies have indicated
that gut microbiota composition may be associated with
the development of obesity and obesity-associated disor-
ders (Bortolin et al., 2019).
Animal and cellular models were conducted to assess

the effectiveness of guarana seed powder in weight
loss, metabolic and inflammatory parameters, lipid
metabolism, obesity-related diseases, and adipogenesis, as
well as its possible mechanisms of action. Bortolin et al.
(2019) reported that guarana seed powder supplemen-
tation (0.5% [w/w] of total diet) in male Wistar rats for
18 weeks prevented weight gain, insulin resistance acqui-
sition, and adipokine dysregulation while inducing brown
adipose tissue expansion. Moreover, an 8-week guarana
supplementation (1 g/kg) in mice led to an increase in
energetic metabolism (energy expenditure) and stimu-
lated mitochondrial biogenesis, contributing to weight
and adipose tissue accumulation control, even when
associated with a high-fat diet (Lima et al., 2018).
Guarana treatment (1 g of guarana powder/kg of weight)

in Swiss femalemice and their offspring in different phases
of life ameliorated the effect of maternal obesity through
weight reduction and/or weight gain prevention, adipose
tissue depot reduction, increased energy expenditure, and
increased gene expression and concentration levels of
cytokine and inflammatory markers, such as leptin, IL-6,
TNF-α, and MCP-1 (Lima et al., 2019).
To examine the effects of guarana on tissue lipid

metabolism, Lima et al. (2005) supplemented sedentary
and trained male adult Wistar rats with different doses of
guarana extract (0.130 g/kg and 0.325 g/kg) for 14 days. The
highest dose of guarana supplementation decreased total
food intake and induced changes in lipid metabolism.
Guarana has anti-adipogenic potential due to its ability

to modulate miRNAs and genes related to this process in
a 3T3L1 cell model (150 μg/ml). Guarana prevented
triacylglycerol accumulation in a dose-dependent
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manner and promoted the up-regulation of anti-
adipogenic genes (Wnt10b, Wnt3a, Wnt1, Gata3, and
Dlk1) and down-regulation of pro-adipogenic genes
(Cebpα, Pparγ, and Creb1) (Lima et al., 2017).
Most studies with human subjects that investigated the

effects of guarana on weight loss and other anti-obesity
effects used guarana in combination with other sub-
stances. Alkhatib et al. (2015) believe that the thermogenic
effect of multi-ingredient mixtures—such as those con-
taining caffeine, guarana, ephedrine, capsaicin, and green
tea extracts—act synergistically to increase fatty acid oxi-
dation, energy expenditure, resting metabolic rate, hemo-
dynamics, and sympathetic function.
Harrold et al. (2013) and Andersen and Fogh (2001) con-

ducted studies with a patented mixed herbal preparation
containing 112mg of yerbamaté (leaves of Ilex paraguayen-
sis), 95 mg of guarana (seeds of Paullinia cupana), and
36 mg of damiana (leaves of Turnera diffusa var. aphrodisi-
aca) to verify the impact of its consumption on appetite
and food intake, as well as on gastric emptying, 10- and
45-day weight loss, and 12-month weight maintenance of
healthy normo-weight and overweight volunteers. Those
who consumed the herbal preparation experienced signif-
icant reductions in food intake, energy intake, hunger, and
desire to eat. Furthermore, the consumption of the herbal
preparation in capsule form significantly delayed gastric
emptying, reduced the time to perceived gastric fullness,
and induced significant weight loss over 10 and 45 days
in overweight patients. Over the 12 months of follow-up,
the volunteers maintained a constant weight, suggesting
that this herbal preparation may be used in weight main-
tenance strategies.
Other human studies also evaluated the effects of sup-

plements containing guarana in combination with other
compounds (green tea extract, black tea, extracts of bit-
ter orange, ginger extract, rutin, caffeine, cayenne pep-
per, Ma Huang, vitamin C, etc.) on weight loss and other
anti-obesity effects. Alkhatib et al. (2015) reported that
the consumption of a commercially available supplement
containing, among other ingredients, guarana seed extract
increased fatty acid oxidation during exercise and satiety
while decreasing the rate of perceived exertion. Opala et al.
(2006) reported a significant change in body composition
improvement index and decrease in body fat measured
with the 4-skinfold method. Bérubé-Parent et al. (2005)
reported an increase in 24-h energy expenditure, while
Roberts et al. (2005) reported an increase inmetabolic rate.
Finally, Boozer et al. (2001) reported weight and body fat
loss; waist and hip circumference reduction; and triglyc-
eride, alanine aminotransferase, and aspartate amino-
transferase levels decrease. These authors used guarana as
a source of methylxanthines and attributed its effects to
guarana’s high caffeine content.

In an in vitro study, Silva, Thomazini, Holkem et al.
(2019) demonstrated the anti-obesity potential of guarana
seed powder through its high capacity to inhibit lipase
activity, which was comparable to that of orlistat. These
results suggest that guarana seed powder may be an alter-
native to anti-obesity drugs.
Although guarana displays a potential for application

in cardiovascular health and weight management, future
studies should focus on guarana alone to elucidate its
mechanisms of action. In addition, further human studies
are needed to confirm the effects of guarana consumption
observed in animal models.

3.6 Diabetes

According to data from the International Diabetes Fed-
eration, the global diabetes prevalence in 2019 was 9.3%
(463 million people); this number is expected to increase
to 10.2% (578 million) by 2030 and 10.9% (700 million) by
2045 (Saeedi et al., 2019). Diabetes prevention and control
require management of blood glucose levels, which can
be achieved through diet modification strategies (Roglic &
World Health Organization, 2016).
Studies have shown that some dietary polyphenols

exhibit anti-diabetic properties (Hanhineva et al., 2010;
Kimet al., 2016). Recently, studies have indicated an associ-
ation between consumption of polyphenols and a decrease
in the risk of developing type 2 diabetes. Rienks et al. (2018)
conducted a systematic review to summarize the evidence
regarding polyphenol exposure in association with type 2
diabetes incidence.
After analyzing 28 meta-analyses, an association

between polyphenol intake and reduced risk of type 2
diabetes was observed for total polyphenols (hazard ratio
[HR]: 0.56; 95% confidence interval [CI]: 0.34−0.93), total
flavonoids (HR: 0.88; 95% CI: 0.81−0.96), flavan-3-ols
(HR: 0.89; 95% CI: 0.81−0.99), and catechins (HR: 0.86;
95% CI: 0.75−0.97) intake. Regarding single compounds,
the dietary intake of catechin was significantly inversely
associated with type 2 diabetes incidence (Rienks et al.,
2018).
As mentioned in Section 2, guarana is a source of

polyphenols such as catechin, epicatechin, and proan-
thocyanidins (Schimpl et al., 2013; Yonekura et al.,
2016). Dietary polyphenols may inhibit α-amylase and
α-glucosidase, inhibit glucose absorption in the intes-
tine by sodium-dependent glucose transporter 1, stimu-
late insulin secretion, and reduce hepatic glucose output.
Polyphenols may also enhance insulin-dependent glucose
uptake, activate 5′ adenosine monophosphate-activated
protein kinase, modify the microbiome, and display anti-
inflammatory effects (Kim et al., 2016). However, to the
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best of our knowledge, only two studies about the role
of polyphenols from guarana on glucose metabolism have
been published to date.
Silva et al. (2018) evaluated the potential inhibitory

activity of guarana extracts after in vitro digestion on
α-amylase and α-glucosidase. They demonstrated that
polyphenols from guarana inhibited α-glucosidase and α-
amylase activities. In this case, these effectswere attributed
to soluble polyphenols such as catechin and its isomer
epicatechin, and procyanidins B1 and B2. Subsequently,
da Costa Pinaffi et al. (2020) investigated the contri-
bution of insoluble phenolic compounds occurring in
guarana powder, such as dimeric and oligomeric proan-
thocyanidins, in α-glucosidase inhibition. They further
demonstrated that both soluble and insoluble-bound
polyphenols of guarana inhibited α-glucosidase activ-
ity in a dose-dependent manner in vitro. Moreover, the
concentration of phenolic compounds released from the
insoluble-bound fraction required to inhibit 50% of α-
glucosidase activity was 5.8-fold lower than that of the sol-
uble counterpart.
The inhibitory activity of phenolic extracts and individ-

ual polyphenols is highly dependent on phenolic compo-
sition and the molecular structure of these compounds.
Thus, to increase the inhibitory efficiency of phenolic
extracts, the main active compounds and/or fractions
involved in this process must be identified (Sun & Miao,
2020). The mechanism of action of polyphenols from
guarana is not fully understood yet.
Raimundo et al. (2020) investigated the impact of

polyphenol consumption on diabetes biomarkers (blood
glucose, glycated hemoglobin, insulin, pro-insulin, insulin
resistance, IAPP/amylin, pro-IAPP/pro-amylin, glucagon,
and C-peptide). They indicated that dietary polyphenols
may have a beneficial effect on blood glucose levels of
individuals with diabetes and those at risk of developing
the disease. The effects of phenolic subgroups (e.g., mix-
ture of isoflavones, flavanols, and resveratrol) on blood
glucose levels did not differ significantly. Furthermore,
the decrease in hyperglycemia was significantly more
pronounced in individuals with diabetes receiving anti-
diabetic medication compared with those not receiving
medication. This result suggests a potential synergistic
effect between polyphenol supplementation and diabetes
treatment medication, opening new venues for exploring
the use of polyphenol-rich diets as co-adjuvants in diabetes
management strategies (Raimundo et al., 2020).
Starch digestion can be hindered in vivo by dietary

polyphenols, potentially due to their inhibitory activities
against α-amylase and α-glucosidase in the small intestine.
In addition, alleviation of postprandial hyperglycemia by
polyphenols may result from both inhibited starch diges-
tion and influenced glucose transport (Sun &Miao, 2020).

Thus, future studies on guarana and diabetes should evalu-
ate the effects of polyphenols on glucose transport through
the expression of glucose transporters—including SGLT1,
GLUT2, and GLUT4—in tissue cells.

3.7 Cancer

The International Agency for Research on Cancer esti-
mates that 19.3 million new cancer cases and 10.0 mil-
lion cancer-related death occurred worldwide in 2020. In
another 20 years, this burden is projected to increase by
almost 50% (Sung et al., 2021). Cancer comprises sev-
eral diseases originated from abnormal genetic expression.
Considered a noncommunicable disease, it may affect any
human body cell or tissue at any age, although it is more
common in adults and older people. Cancer displays dis-
tinctive characteristics that reflect intrinsic aspects of cells
and tumors, such as dysregulated cell proliferation, faulty
cell death mechanisms, and distant metastasis (Rivenbark
& Coleman, 2014). Cancer can be treated using surgical
procedures, chemotherapy, and/or radiotherapy based on
its clinical stage and type (Martins et al., 2017). Many treat-
ments cause adverse reactions and side effects—such as
fatigue, anorexia/cachexia, and sleep disturbances—as a
consequence of damaging normal cells along with the tar-
geted cancer cells (Harorani et al., 2020). In this scenario,
the use of guarana in adjuvant therapy or in the manage-
ment of side effects has attracted the interest of the scien-
tific community.
In vitro and in vivo studies have indicated potential

pharmacological applications of guarana extract in human
health and cancer, demonstrating its chemo-preventative,
antitumor, antimutagenic, and anticarcinogenic effects
(Fukumasu, Avanzo, Heidor, et al., 2006; Fukumasu et al.,
2011). These effects are strongly associated with the main
bioactive compounds of guarana, namely polyphenols
and caffeine, that can directly or indirectly modulate the
expression of genes involved in carcinogenesis and in can-
cer cell growth inhibition (Cadona et al., 2017; Dabulici
et al., 2020; Fukumasu, da Silva, Avanzo, et al., 2006).
Mice treated with aqueous guarana extract (2 mg/g) had

reduced DNA damage in hepatic cells, demonstrating an
anticarcinogenic effect (Fukumasu, Avanzo, Heidor, et al.,
2006). Similarly, young mice treated with 0.1, 1, or 2 mg
of guarana/g of body weight exhibited a dose-dependent
lower incidence ofmacroscopic hepatic lesions, aswell as a
lower PCNA expression, compared with those who did not
receive guarana (Fukumasu, da Silva, Avanzo, et al., 2006).
In a mice metastasis model, the cancer cells of animals
treated with 2 mg of guarana/g of body weight displayed
reduced proliferation and increased apoptosis, resulting
in a reduction in tumor size (Fukumasu et al., 2008).
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Furthermore, mice with Ehrlich ascites carcinoma who
received guarana (100, 1000, or 2000 mg/kg) lived longer
and exhibited a reduction in ascites without any side
or toxic effects, demonstrating antiproliferative properties
attributed to a reduction in cyclin D1 expression and cell
cycle interruption (Fukumasu et al., 2011).
Some of guarana’s therapeutic effects have been

attributed to its caffeine content, suggesting that the
combination of caffeine and anticancer drugs may repre-
sent an efficient strategy for cancer treatment. Caffeine
inhibits anticancer drugs intracellular efflux, halts cell
cycle progression, induces cancer cell apoptosis, promotes
anticancer immune response, and reduces angiogenesis
and metastasis. Specifically, caffeine modulates apoptosis
in a dose-dependent manner through the depletion of
glutathione and reactive oxygen species, increase in the
expression of proapoptotic agents (c-Fos c-Myc), decrease
in the expression of anti-apoptotic agents (Bcl-2, c-N-Ras),
and inhibition of the PI3K/Akt/mTOR/p70S6K pathway
(Tej & Nayak, 2018).
In cancer, many metabolic pathways are dysregulated,

intracellular levels of reactive oxygen species are exac-
erbated, and the expression of genes related to survival,
proliferation, and cell death is increased, resulting in
aggressive diseases. Guarana in varied concentrations
(0.1−100 mg/ml) can affect these cancer-related alter-
ations, halting tumor growth through the reduction in
the expression of MAPK (p-p39, p-HSP27), mTORC1 (p-
S6K), and mTORC2 (p-AKT) proteins in cell models. For
instance, the expression of mTORC1 was inhibited in
breast (MCF-7) and colorectal cancer cells (HT-29) after
a 72-h treatment with 100 μg/ml of guarana extract. This
effect is similar to that of oxaliplatin, an important drug
for colorectal cancer treatment. Moreover, when the drug
and guarana extract are administered concomitantly, the
anticancer effect is potentialized. In contrast, in the same
concentrations, guarana does not promote impactful cel-
lular alterations in normal cells (PBMC, HFF-1) (Cadona
et al., 2016, 2017).
The reduction in cell viability and proliferation in breast

cancer related to the use of drugs such as cyclophos-
phamide, doxorubicin, 5-fluoracil, paclitaxel, vinorelbine,
gemcitabine, and methotrexate is a similar effect to that
observed with the use of low concentrations of guarana
(1, 5, and 10 μg/ml) in MCF-7 cells (Hertz et al., 2015).
Therefore, guarana may have important applications in
cancer treatment considering its selective and dose- and
time-dependent effects. Furthermore, the development
of alternative therapies that incur less cytotoxic effects on
healthy cells is important to lower the incidence of adverse
effects in cancer patients, ultimately improving their qual-
ity of life (Cadona et al., 2017; Machado et al., 2015).
Further in vivo studies and clinical trials are necessary to

elucidate and confirm the anticancer effects of guarana in
humans.
The use of caffeinated oral supplements (e.g., pills, cap-

sules, and dry and liquid extracts) for side effects manage-
ment in cancer patients has demonstrated improvement
in symptoms and therapy adverse events, quality of life,
physical and emotional wellbeing, survival, and mortal-
ity. Despite the varied quality of evidence, some findings
support that guarana consumptionmay alleviate fatigue in
patients with breast cancer (Leggett et al., 2015).
Cancer-related fatigue is a common side effect of

chemoradiotherapy, presenting as a persistent and subjec-
tive physical, emotional, and/or cognitive exhaustion and
negatively affecting the patient’s general state and qual-
ity of life. Moreover, this fatigue is associated with other
symptoms such as depression, lethargy, pain, and sleep dis-
turbances. The stimulating properties of guarana have led
to its evaluation as a potential treatment for cancer side
effects.
A clinical study that administered 75 mg/day of guarana

to breast cancer patients undergoing radiotherapy did not
observe improvements in post-treatment depression and
fatigue (Miranda et al., 2009). In contrast, in another clin-
ical study, De Oliveira Campos et al. (2011) administered
50 mg of guarana twice daily for 21 days after the first
cycle of chemotherapy to breast cancer patients with pro-
gressive fatigue. In this randomized study, patients were
evaluated at three time points (days 1, 21, and 49) and the
findings indicated that guaranamay represent a non-toxic,
cheap, and efficient alternative treatment for acute fatigue,
sleep disturbances, anxiety, and depression, effects mostly
attributed to its stimulating effects.
Marcon et al. (2011) developed a guarana extract that

demonstrated great anti-inflammatory potential in vivo,
reducing the levels of IL-6 and TNF-α in mice. However,
the administration of this extract (37.5 mg twice daily) in a
clinical trial to patients with different solid tumors under-
going chemotherapy resulted in questionable antifatigue
effects (Del Giglio et al., 2013). In a subsequent clinical
study, they utilized a lower dose of guarana extract (7.5 and
12.5 mg) with improved effects. The presence of magne-
sium silicate in the excipient may have interfered in these
results; thus, new studies utilizing an excipient free ofmag-
nesium silicate are necessary to confirm the antifatigue
effects of this purified guarana extract (Sette et al., 2018).
Another clinical study administered 50 mg of guarana

extract twice daily to patients with head and neck carci-
nomaundergoing chemoradiotherapy and presentingwith
persistent fatigue. They investigated general aspects of
quality of life, pain, food intake, deglutition, cough, and
weight loss, observing no beneficial effect for this popula-
tion (Martins et al., 2017). The use of guarana as a nonphar-
maceutical alternative therapy for cancer-related fatigue
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seems positive, but of short duration. Fatigue has a com-
plex and non-uniform physiopathology, which may com-
plicate its treatment (De Waele & Van Belle, 2010).
Anorexia/cachexia represents another common adverse

effect in cancer patients. In a clinical study, Palma et al.
(2016) observed that patients with advanced cancer (pri-
mary neoplasm in the lung, breast, urinary tract, and
gynecologic and gastrointestinal systems) who received
50 mg of dry guarana extract twice daily for 4 weeks dis-
played improved appetite, reduced drowsiness, and stable
weight. The gonadotoxic effects of cancer treatments may
cause hot flashes in patients with breast cancer, negatively
impacting their quality of life. In another clinical study, the
oral administration of 50 mg of dry guarana extracts twice
daily for 6 weeks resulted in a significant reduction in the
intensity of hot flashes without any toxic effects (Oliveira
et al., 2013).
Few studies have investigated the use of guarana in can-

cer therapy or prevention. Most studies have focused on
the use of guarana to treat symptoms of the disease and side
effects of chemo- and radiotherapy, especially in women
with breast cancer. Although many studies have reported
positive health effects regarding the use of isolated and
purified bioactive compounds, the investigation of these
compounds in their food matrixes is important because
they may represent an easily accessible alternative to con-
ventional therapies. Furthermore, future studies should
focus on different populations and types of cancer consid-
ering that physio-pathological mechanisms vary according
to the cell or tissue affected, as well as on elucidating the
pathways and biomarkers that are modified upon guarana
administration.

3.8 Cognitive function

Cognition comprises the capacity of learning, maintaining
healthy executive functions, storing and processing infor-
mation (memory), and using this properly stored infor-
mation, as well as processes such as processing speed,
attention, and concentration (Pan et al., 2019); language;
decision-making (World Health Organization, 2020c); and
problem-solving. Several conditions, of which many are
associated with aging, negatively affect these processes,
compromising the cognition (Morley et al., 2015). The
aging process naturally involves varied degrees of cogni-
tive decline,which can result inmild cognitive impairment
and dementia (Morley, 2018). While mild cognitive impair-
ment is part of the normal cognitive changes that occur in
dementia (Sanford, 2017), cognitive dysfunction is a symp-
tomatic domain identified in many mental disorders such
as major depressive disorder, which contributes signifi-
cantly to occupational and functional disability (Pan et al.,

2019). Furthermore, functional cognitive disorders are a
group of overlapping conditions in which cognitive symp-
toms are present but are inconsistently experienced and
unrelated to systemic or brain diseases (McWhirter et al.,
2020); they are neurodegenerative in nature rather than
subjective or functional (Hamilton et al., 2020). Approx-
imately 25% of patients who visit memory clinics receive
diagnoses thatmay indicate the presence of functional cog-
nitive disorders (McWhirter et al., 2020), with a prevalence
of 3%−19% among those older than 65 years old (Gauthier
et al., 2006).
The first human studies on cognition using guarana

were conducted with 500 mg of guarana capsules twice
daily in young and older individuals. Although the
intervention had no significant impact in cognitive
performance (Galduróz&Carlini, 1994), it improved visual
spatial organization (Galduróz &Carlini, 1996). The effects
of guarana consumption on the cognitive function of
young individuals may be masked by their already good
cognitive health (Galduróz & Carlini, 1994) or lessened by
the lack of long-term consumption.
In animal model studies, adult Wistar rats consumed

2−60mg/kg/day of guarana for approximately 30 days. The
animals demonstrated an improved cognitive performance
(Otobone et al., 2005) and memory (Ruchel et al., 2019),
and the chronic supplementation presented low toxicity
(Otobone et al., 2005). Furthermore, Wistar rats that con-
sumed 21mg/kg/day of guarana extract for 180 days had an
increase in glutathione peroxidase levels and a reduction in
oxidative stress-related damage in the hippocampus (Min-
gori et al., 2017). Thus, the consumption of guarana may
have protective effects for the brain and promote improve-
ment in cognition.
In human studies, encapsulated guarana powder doses

of 75 mg/day acutely improved attention, memory, and
speed of performance (Kennedy et al., 2004); doses of
35−75 mg/day for 5 days resulted in improved cognitive
performance; and a dose of 300mg/day for the same period
improved alertness, albeit with a lesser effect on cogni-
tion than that observed with lower doses (Kennedy et al.,
2004). Doses greater than 300 mg/day showed no signif-
icant effect (Silvestrini et al., 2013). Conversely, the con-
sumption of guarana alone and in a drink with vitamins
and ginseng before and after exercise resulted in improved
cognitive performance with a dose of 37.5 mg/day (Pom-
portes et al., 2017), and improved information processing
with a dose of 300 mg/day (Pomportes et al., 2019).
The consumption of guarana associated with other

dietary supplements, such as creatinine, also demon-
strated positive effects on cognition. Furthermore, 1500mg
of guarana powder before physical exercise showed an
improvement in cognition, mainly related to decision-
making (Pomportes et al., 2015), while 222.2 mg of guarana



GUARANA CONSUMPTION AND HUMAN HEALTH 285

powder in combination with a complex of multivitamins
and minerals improved cognitive performance (Kennedy
et al., 2008; Veasey et al., 2015; White et al., 2017), mem-
ory, attention (Scholey et al., 2013), and mental fatigue
(Kennedy et al., 2008). The use of multivitamins and min-
erals with or without guarana powder improves brain
activity and cognitive performance in adults (McWhirter
et al., 2020;Morley, 2018). However, the cognitive improve-
ment related to decision-making and reaction time (pro-
cessing speed/response) was observed after the addition
of 300 mg of guarana to the multivitamins and minerals
(Pomportes et al., 2015).
The effects of guarana powder are greater than those

of caffeine alone. The presence of other bioactive com-
pounds, such as tannins (Galduróz & Carlini, 1994, 1996),
theobromine, and catechins (Mingori et al., 2017; Ruchel
et al., 2017), may contribute to this improvement despite
the composition of guarana containing high levels of caf-
feine (Otobone et al., 2005; Pomportes et al., 2015). There-
fore, improvements in cognitive performance are a result
of improvements in memory, attention, decision-making,
and processing speed/response originating from complex
synergistic effects between the distinct bioactive com-
pounds present in guarana. Further human studies should
focus on cognitive impairment.

3.9 Depression

According to the Pan American Health Organization,
depression is a mental disorder characterized by persis-
tent sadness and a loss of interest in activities that are
normally pleasurable (PanAmericanHealthOrganization,
2017). This common disorder can affect any individual,
compromises their ability to function in several aspects
(ability to work, sleep, study, eat, among others), and is
related to biological, genetic, psychological, and environ-
mental factors. More than 300 million people experience
depression and approximately 800 thousand people die by
suicide each year worldwide, with depression as one of the
main causes of such deaths (Pan American Health Organi-
zation, n.d.).
Only a few studies have focused on the effects of guarana

consumption on depression. These studies have used ani-
mal models and doses of 25.5−200 mg/kg/day, observ-
ing effects similar to antidepressants after tests to induce
depressive behaviors, such as tail suspension and forced
swimming. These effects included reduction in immobil-
ity (Campos et al., 2005; Otobone et al., 2007), inhibition
of norepinephrine, serotonin, and dopamine reuptake, and
increase in the release of these neurotransmitters (Cam-
pos et al., 2004), contributing positively to depression and
depressive symptoms.

Clinical studies on the relationship between guarana
and depression focused on individuals with tumors and/or
undergoing chemotherapy. These individuals presented
depressive symptoms but were not clinically depressed.
These studies used doses between 50.0 and 100 mg/day
without significant changes in depressive symptoms
(da Costa De Oliveira Campos et al., 2011; Del Giglio
et al., 2013; Miranda et al., 2008, 2009). Nonetheless,
it is important to emphasize that the individuals who
participated in these studies were not depressed nor had
biochemical markers related to depression analyzed.
Therefore, studies involving clinically depressed indi-
viduals and the analysis of important biomarkers are
needed.
Individuals with depression have high- or low-grade

chronic inflammation (Osimo et al., 2019). Polyphenols,
especially flavonoids, are associated with a reduction in
depressive symptoms (Godos et al., 2018) and inflamma-
tion (Mingori et al., 2017; Trebatická & ɰuračková, 2015).
Flavan-3-ols (e.g., catechin and epicatechin) and proan-
thocyanidins contribute to mental health by reducing
monoamine oxidase activity, attenuating inflammation,
and increasing brain-derived neurotrophic factor expres-
sion (Khalatbary & Khademi, 2020; Naoi et al., 2019;
Stringer et al., 2015; Xu et al., 2010). Thus, polyphenols
play a beneficial role in depression through their anti-
inflammatory potential.
As aforementioned, animal studies on depression using

guarana have shown potential beneficial effects. In addi-
tion, studies with flavanols and proanthocyanidins, which
represent the main polyphenols present in guarana, have
associated their consumption with positive effects on
depression. Therefore, future human studies must focus
on the effects of guarana on depressive symptoms, risk of
depression, possible biochemical markers (inflammatory
markers such as cytokines; monoamines such as serotonin
and dopamine; and neuroprotective agents such as brain-
derived neurotrophic factor), and as adjuvant therapy in
depression treatment (e.g., medication dose reduction and
condition improvement duration).

4 FINAL REMARKS

Selected clinical studies on guarana are organized in
Table 3. No adverse events were reported during the inter-
ventions conducted by Yonekura et al. (2016) and Sil-
vestrini et al. (2013). Moreover, no grade 3 or 4 toxicities
were reported by Palma et al. (2016), while Sette et al. (2018)
reported that 3.5% of patients who received guarana extract
experienced grade 3−4 insomnia and 9−14% reported
grades 1−2 anxiety, tachycardia, mucositis, and gastric
pain. Similarly, Oliveira et al. (2013) reported that the
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F IGURE 4 Illustration summarizing the diverse applications of guarana on human health

most common adverse events experienced by patients
who received guarana extract were insomnia, nausea,
headache, sweating, anxiety, and constipation; nonethe-
less, these adverse events were mild and did not result
in early discontinuation. Del Giglio et al. (2013) observed
that the adverse events (including insomnia, dizziness, and
anxiety) occurring during their intervention were more
frequent and intense than those observed during a pre-
vious study conducted by the same group (De Oliveira
Campos et al., 2011), which they attributed to a higher
guarana dosage. Finally, the PlantLIBRA project analyzed
the adverse effects associated with the consumption of
plant food supplements. Consumers self-reported experi-
encing insomnia, tachycardia, dizziness, constipation, and
diarrhea after consuming supplements containing guarana
(Colombo et al., 2020). As described, the most common
adverse events reported by intervention studies are related
to those associated with overconsumption of caffeine (U.S.
Food and Drug Administration, 2018). Therefore, design-
ing studies considering these aspects would result in more
realistic and applicable findings, as well as possibly fewer
or less intense adverse events.
This study summarizes the diverse applications of

guarana on human health (Figure 4). For a long time,
studies focused on guarana health effects associated with
its caffeine content. In fact, caffeine is a stimulant affect-
ing the central nervous system and cognition parameters
such as long-term memory (de Mejia & Ramirez-Mares,
2014). Accordingly, cognitive and stimulatory effects asso-
ciated with guarana consumption are widely attributed
to its caffeine content. Haskell et al. (2007) demonstrated

that guarana supplementation (37.5 and 75 mg of guarana
containing 4.5 and 9 mg of caffeine, respectively) acutely
improved cognitive and mood parameters in healthy vol-
unteers. Interestingly, the authors pointed out that the caf-
feine content of these doses was below the psychoactive
threshold for caffeine, rendering it unlikely that caffeine
alone was responsible for the effects observed in the study.
More recently, Schuster and Mitchell (2019) reported that
interactions between polyphenols and caffeine in foods
such as coffee, chocolate, and teas positively affect the cog-
nitive effects of caffeine while decreasing its negative neu-
ropsychological side effects. In the case of guarana, caf-
feine is commonly associated with tannins and other com-
pounds, which may delay caffeine absorption and result
in a long-lasting, continuous stimulatory effect (Schimpl
et al., 2013). This and other synergistic effects may con-
tribute to the varied health effects associated with guarana
consumption.
Although more human studies are necessary to effec-

tively translate the use of guarana in clinical practice,
non-clinical studies such as in vitro, cell-based, and ani-
mal studies remain pertinent for the elucidation of spe-
cific mechanisms as well as toxicological and pharma-
cological aspects. Before application in clinical studies,
several characteristics of the potential compound must
be determined, including pharmacokinetics, absorption,
metabolism, genotoxicity, mutagenicity, among others
(Andrade et al., 2016). For this reason, conducting concur-
rent and complementary non-clinical and clinical studies
is indispensable for furthering our understanding of such
a complex Amazon plant.
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5 RECOMMENDATIONS AND
CONCLUSION

Future efforts should be focused on designing and con-
ducting clinical trials to confirm and elucidate several of
the possible health effects reported in cell and animalmod-
els. Furthermore, guarana dosages used in animal and cell
models should be defined based on quantities that would
be applicable for humans. For instance, some animal mod-
els use the equivalent of 7−14 g of guarana for an average
adult (70 kg). This dose would exceed the amount of caf-
feine that the U.S. Food and Drug Administration consid-
ers safe for a healthy adult (U.S. Food and Drug Adminis-
tration, 2018).
The elucidation of mechanisms is another aspect that

deserves attention. Understanding the underlying mech-
anisms through which guarana and its components exert
effects of biological importance is important to better
define and maximize its applicability. Thus, future stud-
ies should focus not only on the magnitude of effects,
but also on determining what pathways, structure-activity
relationships, andmechanisms are involved. Furthermore,
when considering the use of guarana as adjuvant or com-
plementary therapy for diseases such as cancer, diabetes,
depression, and hyperlipidemia, future studies should
investigate possible pharmacological interactions between
traditional drugs and guarana components. These inter-
actions may be beneficial, potentializing the action of an
active component, or detrimental, rendering a drug less
effective or causing unexpected side effects. Therefore, elu-
cidating pharmacological interactions is paramount for
safely and effectively applying guarana in the treatment of
human diseases.
Regarding studies on cognition, most studies used

guarana in combination with other compounds. Thus, in
the future, studies should exclusively use guarana to better
understand how it may affect cognition, including deter-
mining dose ranges and therapy duration for future clini-
cal practice recommendations. In addition, although older
adults represent a population of interest for studies on cog-
nitive health, cognitive disorders affect individuals at any
stage of life. Therefore, further studies should consider
populations with a given cognitive disorder besides pop-
ulations in a certain age range.
While findings of cellular and animal model studies

using guarana indicate promising effects, those of studies
with humans remain somewhat inconsistent. This is partly
expected because human studies focus on distinct diseases
with different etiologies and the number of studies on a
specific disease remains insufficient for consolidating and
translating their results into clinical practice recommenda-
tions. Moreover, methodologies vary significantly between
studies (dose, intervention duration, guarana powder, or

extract administration, among other aspects). Therefore,
we recommend that future studies attempt to use interven-
tion regimens comparable to those used by other studies to
minimize the effects of this heterogeneity.
Studies on microbiota alterations and regulation repre-

sent an unexplored area with great potential in human
health. Kleber Silveira et al. (2018) reported that a 21-day
treatment with guarana seed powder (21 mg/kg) altered
gutmicrobiota ofWistar rats without loss of diversity. Con-
sidering that guarana has insoluble-bound polyphenols,
which accumulate in the colon and are metabolized by
the microbiota, further studies exploring effects such as
microbiota growth modulation and intestinal lumen pH
alteration are warranted, including the determination of
proanthocyanidin-related metabolites produced by bacte-
rial activity (phenylacetic and phenylpropionic acids and
their derivates).
In conclusion, guarana is a culturally important plant

that produces fruits with great potential for human health
applications. The development of more productive and
less genetically variable cultivars, as well as the use of
guarana seed residue (extraction byproducts) in industrial
and pharmaceutical applications, will increase the intrin-
sic value of this plant. In the future, the name “guarana”
should not represent a synonym for soft drinks but should
be globally recognized along with “green tea,” “cacao,”
and other important foods of great interest for human
health.
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