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Abstract

Currently, the number of diseases has been increasing and reaching the
population directly, and the deliberate use of drugs is creating resistance of
pathogens in several drugs, a fact evidenced by the increased ineffectiveness of
drugs and the persistence of infections in the body. Given this, it is necessary to
search for new alternative drugs that can effectively promote effective therapy. It
is possible to highlight, in Brazil, the diversity of the Amazonian flora, which has
several species with considerable potential as a source of new molecules with identi-
fied biological activity. Thus, a literature review was conducted in order to describe
the applications of some Amazonian extracts and their chemical characteristics and
biological activity. The Amazon rain forest has considerable diversity of plant spe-
cies with biological properties that may be useful to public health. Further research
is needed to identify new compounds with health benefits.

Keywords: Amazonian extracts, biological activity, chemical composition,
alternative treatment

1. Introduction

The Amazon rain forest is known to have an extensive territory, including
several Brazilian states and some other American countries, full of a considerable
diversity of fauna and flora forming a rich ecosystem. Thus, due to the diversity of
plants and the side effects of the drugs currently used, such as the increasing anti-
microbial resistance, it is necessary to obtain new alternatives to enable the effective
treatment and/or prevention of diseases [1].

Brazilian biodiversity is recognized as one of the most representative of the
earth’s biosphere and plays an important role in its maintenance and in human
health by providing basic products and ecosystem services. In addition, Brazilian
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Amazon provides a lot of products including food (such as livestock, fruits, and
vegetables), wood, and even drugs [2].

Given this, the aim of this chapter is to conduct a review, presenting some
Amazonian species included in Brazilian Amazon biodiversity, as well as the
biological activity of their extracts.

2. Astrocaryum vulgare Mart (tucuma)

The Amazon has innumerable native species of fruit plants that have economic,
technological, and nutritional potential, which has been arousing the interest of
scientific studies in many fields, such as food science, pharmaceutical, cosmetic,
flavoring, and essences. Allied to these virtues is the tucuma (Astrocaryum vulgare
Mart.), species belonging to the family of Arecaceae, popularly known by the name
of tucumanzeiro. Fruits and seeds are used in human and animal food and leaves
and stems in the construction of houses by the people in the interior of the Amazon.
This species commonly found in the Amazon region can reach 10 to 15 m in height
and 15 to 20 cm in diameter of trunk. It has the characteristic of presenting flowers
and fruits almost all year round. The normally ellipsoid orange fruits, when ripe,
are 3 to 5 cm long and have a characteristic odor [3].

2.1 Chemical composition

The sticky and fibrous pulp is very rich in vitamin A, 90 times more than the
avocado and 3 times higher than the carrot, also having high vitamin B (thiamine)
and high vitamin C content, compared with the citrus fruits. Tucuma also has high
energy value (247 calories per 100 grams) and presents relevant content of glycids
(19.1%), lipids (16.6%), and proteins (3.5%) [3].

2.2 Biological activity

In addition to good nutritional values, tests were performed on hydroalcoholic,
methanolic, and ethanolic extracts in the epicarp of the fruit, and according to
Mathias [4], the tucuma presents better antioxidant activity of hydroalcoholic
extracts. Thus, the antimicrobial activity of plant extracts was evaluated by deter-
mining the minimum inhibitory concentration [5]. However, despite numerous
other benefits presented in traditional acknowledgment, the tucuma extracts did
not show antimicrobial activity against any of the strains (Bacillus, Enterobacter,
Enterococcus, Escherichia, Salmonella, Shigella, Streptococcus, Listeria, Staphylococcus,
Geobacillus) [4, 5].

In a recent study by Bernardes et al. [6], tucuma presented high medicinal
potential due to its composition rich in carotenoids, flavonoids, fibers, and polyun-
saturated fatty acids, indicating its use on lipid metabolism and the prevention of
disorders from the cardiovascular system. In this study, hyperlipidemia was induced
by intraperitoneal injection of Poloxamer 407 in rats resulting in an elevated blood
lipid level (hyperlipidemia). Tucuma was not active in reducing these increasing
lipids; however, it acts on modulation of purinergic enzymes that could present the
ability to keep vascular homeostasis, reducing platelet aggregation and consequent
arterothrombosis, which could be converted in reducing of hyperlipidemia and
cardiovascular diseases.

According to Azevedo [7] the antimicrobial activity of hexanic and metha-

nolic extracts of tucuma pulp were tested against standard strains of the bacteria
Staphylococcus aureus (ATCC6538), Escherichia coli (ATCC 35218), and Pseudomonas
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aeruginosa (ATCC 9027) and against the yeast Candida albicans (ATCC 12031) by
microplate dilution technique [8]. No antimicrobial activity of the hexanic and
methanolic extracts of the tucuma pulp against Staphylococcus aureus, Escherichia
coli, and Pseudomonas aeruginosa was observed confirming previous studies, with-
out antibacterial activity [4, 5]. Also, no antimicrobial activity of the hexanic and
methanolic extracts of the tucuma pulp was obtained against Candida albicans [7].

Tucumad is a fruit rich in bioactive compounds still little explored by the scien-
tific community. Lectins are proteins capable of selective and reversible binding to
various carbohydrate types without altering the chemical structure of any glycosyl
linker residue. Tucuma mesocarp extract was obtained in 1:3 saline phosphate
buffer (PBS) and was studied to verify its lectinic activity on crude extract and its
fractions, by a hemagglutination assay which was performed against rabbit, human,
and sheep blood. The results pointed to positive lectinic activity only by crude
extracts, suggesting that the different fraction could act synergistically in crude
extract, but fractioning technique used could have separated the synergistic active
principles, making the obtained fractions inactive [9].

One study [10] measured the interference of oils extracted from tucuma in the
composition of the dental biofilm and the progress of enamel demineralization
and dental caries that is a multifactorial disease that is still prevalent worldwide.
With relevant action of microorganisms in biofilm formation on the tooth surface,
reducing of dental plaque formation bacteria could be reverted in decreasing of
caries. The relationship between biofilm microorganisms and dietary elements
(carbohydrates) may influence the etiology of this disease. The study performed
an in situ work with volunteers that were kept with dental enamel blocks fixed on
their palates, treated with solutions. One group used a sucrose solution (20%) and
other groups with sucrose solution added with natural oils including tucuma (20%).
Mineral loss of enamel blocks was assessed by Knoop surface microhardness and
optical coherence tomography. There was a reduction of the count of cariogenic
bacteria Streptococcus mutans, total Streptococcus, and Lactobacillus casei in the
tucuma oil group compared with the sucrose control group, and also the mineral
loss was lower (p < 0.05). These findings present tucuma oil as a potential source of
compounds for the manufacture of anticaries drugs in the future [10].

Neuropsychiatric diseases carry with them a complicated pathophysiology, some
of which have recently been associated with excess of free radicals compared with
each cell’s intrinsic protective system (oxidative stress) and mitochondrial dysfunc-
tion, resulting in an exacerbated inflammatory response. Due to the complexity of
the pathophysiology of neuropsychiatric diseases, research with natural products
with bioactive and pharmacological characteristics is necessary, such as the use of
nanotechnology to improve the bioavailability of these compounds and with the
potential to delay, prevent, and treat such pathologies. In one study [11], tucuma
oil nanoemulsions were prepared to help protect their bioactive compounds and
improve their biodistribution. The stability of the formulations was tested for
90 days under different storage conditions. The SH-SY5Y and B2 neuronal strains
were used to evaluate the safety profile of free tucuma oil and its nanoemulsion,
in addition to its power to activate cell proliferation. Based on the results initially
observed, tucuma oil nanoemulsion was tested against inflammatory activity in
BV-2 cells activated by lipopolysaccharides. The best conservation condition of
nanoemulsion was under refrigeration. Regarding cytotoxicity evaluations in BV-2
and SH-SY5Y cells, no significant damage was observed. Regarding the anti-
neuroinflammatory effect evaluations of tucuma nanoemulsion, it was observed
that although nanoformulation did not maintain cell proliferation levels equal to the
negative control, there was a reduction in cell reactivity, oxidative profile normal-
ization, and cell cycle regulation. Thus, it can be suggested that tucumai oil hasa
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potential anti-inflammatory effect and that through its nanostructuring this effect
can be optimized and may perhaps overcome the blood-brain barrier and modulate
possible chronic inflammatory stimuli that correlate with neuropsychiatric or
neurodegenerative disease [11].

3. Caryocar sp.

The genus Caryocar belongs to the Caryocaraceae family and has species that are
popularly known as pequi, piqui, or pequia. The most studied species of the genus
are Caryocar brasiliense, Caryocar villosum, and Caryocar coriaceum [12].

This genus is easily found in Central and South America. According to some
authors, the fruit may be called by different names according to the region in which
it is found, such as the following: the fruits of C. brasiliense that are more commonly
found in the Midwest of Brazil and Minas Gerais are called pequi; C. coriaceum
fruits common in the Northeast of Brazil are called piqui; and C. villosum fruits
from the Amazon region are called piquia [13].

Caryocar spp. are a drupaceous fruit, globose, and green in color, with one to
four segments [13]. The ripe fruit of pequi is a shell composed of a thin brownish-
green exocarp and an outer mesocarp composed of a white, inedible mass. Within
the fruit is a nucleus that has an inner mesocarp or inner flesh, the generally edible
fruit component, light yellow in color, abundant, oil-rich flesh, and an almond
within the spinous endocarp [12, 13].

3.1 Chemical composition

The fruit of pequi is rich in several important components, such as monoun-
saturated fatty acids (MUFA), bioactive compounds, fibers, minerals [13], and
carotenoids [12]. The amount of each may vary according to the species analyzed,
the environmental conditions in which it is inserted, the part of the fruit, as well as
the type of analysis that was used [13].

The pulp of Caryocar spp. has a substantial amount of MUFA, and dietary fiber
and minerals are found, of which calcium, magnesium, and potassium stand out.
Fruit peel is abundant in dietary fiber, including soluble fiber and phenolic com-
pounds, but in oil high levels of oleic acid are found [12].

Carotenoids are natural pigments of various fruits of Brazil. The presence of
this pigment in Caryocar spp. occurs with values comparable to those of papaya
and guava, which are considered fruits rich in carotenoids. The carotenoids found
in the pulp were p-carotene, lycopene, {-carotene, cryptoflavin, f-cryptoxanthin,
anteraxanthin, zeaxanthin, mutatoxanthin, violaxanthin, lutein, and neoxanthin
[13]. However, as stated earlier, the amount present in each species varies due to
several factors. In the review of Nascimento Silva and Naves [12], this difference
varying between 155 and 270 pg/g of carotenoids in C. brasiliense species was found,
whereas from C. villosum it was between 17 and 69 pg/g.

In the study by Chisté et al. [14], the pulp of C. villosum was chemically
characterized, and the most representative components were total lipids (25.5%
wet basis), gallic acid, ellagic rhamnose, and ellagic acid as the main phenolic
compounds and all-trans-antheraxanthin and all-trans-zeaxanthin as the main
carotenoids.

Carotenoid profile analysis in pequi pulp has been a challenge for researchers.
For best results, various procedures for carotenoid extraction with different solvents,
temperatures, time periods, and equipment were performed. In addition to the pulp
and species extraction methodology, the ripening stage of the fruit also interferes
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with the composition, since carotenoid synthesis intensifies during the ripening
period. Storage conditions need to be evaluated, as light-protected packaging
minimizes compost loss [12].

The extraction of bioactive compounds from plant materials is strongly influ-
enced by the solubility of each specific structure in the solvent used. Knowing this,
Chisté et al. [14] evaluated C. villosum extracts using different solvents with differ-
ent polarities, which was ethanol/water (1:1, v/v), ethanol/ethyl acetate (EAC)
(1:1, v/v), and ethyl acetate. The extracts produced solid mass ranging from
10.8 to 46.4%, depending on the solvent. The ethyl acetate and ethanol/ethyl
acetate extracts showed the highest total lipid content and the highest solid mass
yield. The ethanol/water extract presented the highest values of total phenolic
compounds (9.2 mg garlic acid equivalent (GAE)/g of lyophilized extract), total
flavonoids (3.8 mg catequin equivalent (CE)/g of freeze-dried extract), and total
tannins (7.6 mg tannic acid equivalent (TAE)/g of lyophilized extract), followed
by the other extracts, ethanol/ethyl acetate and ethyl acetate extracts, that had the
lower content of these compounds. This result can be explained considering that
the main phenolic acids (gallic acid, ellagic acid and derivatives) found in C. villosum
pulp have high affinity for high-polarity solvents. In fact, water or ethanol and
mixtures between them are widely used for the quantitative extraction of phenolic
compounds from different plant sources.

Regarding the total carotenoid content, the ethanol extract presented the high-
est value (0.1 mg/g), while the ethanol/water mixture presented the lowest value
(0.01 mg/g). Since the composition of carotenoids from C. villosum pulp has been
reported to be primarily hydroxyl groups (xanthophylls), it is more polar than caro-
tenes generally found in large quantities in fruits of the Amazon. This fact explains
why the use of high-polarity solvents (such as water and ethanol/water) has low
efficiency in carotenoid extraction [14].

In C. brasiliense pulp, larger total phenolic compounds were found than in
almond. In almond oil of this same species, the values of gallic acid (GAE) were
higher, up to 392 mg of GAE/100 g of oil [13].

According to the literature, the total phenolic content of pulp fluctuates even in
the same species. Studies with Caryocar spp. reported that the total phenolic con-
tent ranges from 178 to 334 mg/100 g gallic acid equivalents (GAE), 209 mg/100 g
GAE for C. brasiliense, and 59 mg/100 g GAE for C. villosum. Although the total
phenolic content of C. brasiliense pulp is the lowest among other species of the
genus, it is still higher than Cerrado Biome fruits, such as jenipapo with an aver-
age of 48 mg/100 g, and fruits such as banana with 56 mg/100 g or mango with
78 mg/100 g [12].

3.2 Biological activities

In addition to the nutritional benefits, pequi has important biological activi-
ties. These include healing, anti-inflammatory, and antimicrobial activities and
protection against genome damage and oxidative damage. These benefits are mainly
attributed to the presence of MUFA and phytochemical compounds [13].

Gallic acid and ellagic acid are the phenolic compounds most present in C. villosum
pulp. These compounds suppressed tumors, inhibiting cell proliferation-related
gene expression and angiogenesis in 1,2-dimethylhydrazine (DMH)-induced
tumors, transgenic prostate adenocarcinoma, and mice-bearing prostate
xenografts. In addition to these activities, some epidemiological studies have
reported that ingestion of polyphenol-rich sources reduces the risk of developing
chronic diseases such as cardiovascular disease, type 2 diabetes, cancer, and
neurodegeneration [12].
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Carotenoids and phenolic compounds obtained from C. coriaceum pulp have
important antioxidant action. Active flavonoids have the ability to neutralize
pathogens and eliminate reactive oxygen species (ROS) either directly or indirectly,
activating pathways that enable ROS degradation [15].

Doxorubicin (DOX), from the anthracycline group, is a drug given to treat
cancer. However, it has side effects, such as cardiotoxicity exerted through the
production of free radicals. In the study of Moura et al. [16], ethanolic extract of
pequi bark (PSEE) was administered daily to DOX-treated rats; this led to increased
activity of the enzyme glutathione reductase (GDH-Rd). This enzyme is responsible
for maintaining the cellular protection system intact through a biochemical cascade.
The presence of elevated GDH-Rd in the heart tissue of PSEE-treated rats showed
higher antioxidant activity than those who did not undergo the treatment.

In addition to these effects, there are reports of the leishmanicidal effect of the
fruit. Therefore, the search for alternative treatments, including the use of natural
products with less toxicity than conventional treatments, has become more
frequent [17].

In leishmaniasis disease, an inflammation must occur to control the parasitic
load, being triggered by the interaction of the parasite with the host immune cells.
However, an exacerbated response can cause tissue damage, similar to those seen in
leishmaniasis. Thus, an antioxidant action of C. coriaceum controls the inflamma-
tory response for effective disease control [15].

The study by Tomiotto-Pellissier [17] aimed to verify the leishmanicidal action
of C. coriaceum leaf extracts obtained from extraction by EAC and methanol
(MET). The extracts were able to induce the parasite mitochondria membrane
depolarization in the promastigote phase; such membrane is crucial for parasite
survival, since Leishmania spp. have a single mitochondria, which is the main site
for generating cellular ATP through oxidative phosphorylation, making it a promis-
ing antiparasitic target. Mitochondrial respiratory chain dysfunction can produce
an enormous amount of ROS within the organelles. Both EAC and MET promoted
the increase of ROS in the promastigote phases. In addition, the cascade triggered
by loss of mitochondrial integrity followed by increased ROS production can lead
to parasite death through an apoptosis-like mechanism. The results showed that
although both extracts had similar results, the treatment with EAC was a more effi-
cient activity against promastigote forms than MET. The presence of catechins and
steroids only in the EAC extract, and the greater amount of flavonoids than MET,
could explain the more pronounced results found in the treatment with EAC. In
addition, the effects could be given by the synergistic action of the compounds
present in the extracts.

Its antimicrobial effect has been tested by Alves et al. [15]. The ethanolic extracts
of peel and pulp of C. coriaceum had activity against six pathogenic strains, three of
the genus Malassezia sp., and three from Microsporum canis. The minimum fungi-
cidal concentration (MFC) and the minimum inhibitory concentration (MIC) were
39.1 pg/mL (MFC) and 9.8 ug/mL to 19.5 pg/mL (MIC) against Malassezia strains
and 4.9 to 9.8 pg/mL (MFC) and 4.9 pg/mL (MIC) against M. canis. Besides that,
the authors evaluated the antioxidant activity the extracts compared with a stan-
dard (rutin), obtaining higher activity of the extracts, with highlight to the pulp
extract that had activity 3.6 times higher than rutin.

4. Hymenaea sp. (Jatoba)

Jatoba (Hymenaea sp.) belongs to the family Fabaceae and subfamily
Caesalpiniodeae and has been highlighted for a long time by folk medicine. The
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word jatoba has its origin from the Tupi language of Brazilian Indians, meaning
“hard fruit tree,” and this species is used for various purposes, such as medicinal,
food, ornamental, and timber use [18]. Its distribution occurs in Central America
to South America, mainly in the Amazon basin, and this genus comprises about 25
described species in America [19].

The use of this plant for medicinal purposes is not restricted to the use of its
leaf or fruit extracts. The structures used are the most diverse as stem bark, leaves,
and roots and are prepared, for example, by infusion, cooking, maceration and
syrup for phytotherapeutic extraction, and isolation of the active compounds. Such
extracts can be used for anti-inflammatory, healing, soothing, influenza, cough,
pneumonia, gastritis, ulcer, burning urethra, stroke, anemia, and more, showing
how this plant is extremely important for culture and traditional popular medicine
in Brazil [18].

4.1 Chemical composition

The species Hymenaea stigonocarpa was studied by Cardoso et al. [20] to
analyze the nutritional content of pulp of fruits. The results pointed to low pulp
yield (17.1%) and moisture (8.8 g/100 g) and a rich presence of dietary fiber
(44.3 g/100 g), energy (193.0 kcal/100 g), and protein (5.6 mg/100 g). Vitamin
E and folates were present in higher levels than other common fruits (53.5 and
495.5 ng/100 g, respectively). Carotenoids and vitamin C were present in low
concentrations (0.4 mg and 8.9 mg/100 g, respectively). The authors concluded that
the fruit of this species known as “jatoba of cerrado” is a source of vitamin C, a good
source of folates, and an excellent source of dietary fiber.

In the work of Veras et al. [19], leaves of H. cangaceira were hydrodistilled to
obtain a yellow essential oil. Within this oil 15 compounds were detected, which
were 85.38% of the total composition of the oil. The analysis of the composition of
this oil presents a high percentage of sesquiterpenes (79.04%), besides having as
main components 3-caryophyllene (23.38 + 0.51%), germacrene D (14.66 + 0.14%),
a-guaiene (9.75 + 0.07%), p-elemene (7.05 + 0.02%), a-copaene (6.34 + 0.15%),
and a-humulene (4.65 + 0.12%) [19].

Aguiar et al. [21] evaluated chemical composition of ripe and unripe peels of
H. courbaril, founding sesquiterpenes as main compounds of both samples (86.1
and 93.3%, respectively). In ripe peels majority of the compounds were a-copaene
(11.1%), spathulenol (10.1%), p-selinene (8.2%), y-muurolene (7.9%), and caryo-
phyllene oxide (6.9%); unripe samples provided an oil with germacrene D (31.9%),
p-caryophyllene (27.1%), bicyclogermacrene (6.5%), a-humulene (4.2%), and
a-copaene (4.2%) as the major compounds.

The crude ethanolic extract and ethyl acetate fraction obtained from stem barks
of atree of H. martiana was analyzed for the identification of flavonoid content.
The results showed 11 peaks in the chromatograms that were identified as taxifolin,
eucryphin, astilbin and three diastereoisomers, engeletin and two diastereoiso-
mers, quercitrin, and 2,6,3’,4'-tetrahydroxy-2-benzylcoumaran-3-one. The ethyl
acetate fraction presented 3.8 times higher concentration of astilbin than the crude
extract [22].

4.2 Biological activities

Veras et al. [19] stated that the biological effects of the compounds described
above (H. cangaceira) are as follows:-caryophyllene has anti-inflammatory,
antibacterial, antifungal, antirheumatic, antioxidant, antitumor, analgesic, and
antiviral activities. Germacrene has been described with antitumor, analgesic,
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anti-inflammatory, and antioxidant activities, as well as a-amylase and ace-
tylcholinesterase inhibitory activity. Guaiene has reports as a cyclooxygenase
inhibitor, 5-lipoxygenase, and acetylcholinesterase and has antioxidant and anti-
inflammatory activities. Elemene is described as potent antimicrobial, antioxidant,
and anesthetic. Copaene has antimicrobial, antileishmanial, antigenotoxic, and
antioxidant activities. Humulene is referred as an anti-inflammatory, analgesic,
and antiallergic agent [19].

In a research conducted by the Federal Rural University of Pernambuco, the
effectiveness of the essential oil of jatoba leaf (H. cangaceira) against Staphylococcus
aureus ATCC 43300 (MRSA), S. aureus ATCC 29213 (MSSA), Pseudomonas aerugi-
nosa ATCC 27853, Klebsiella pneumoniae ATCC 700603, Candida tropicalis ATCC
750, and C. krusei ATCC 6258 was observed. The result of inhibition of both fungi
and bacteria was positive for the oil of jatoba in different concentrations, and it
must highlight the high activity against Gram-negative bacteria with MICs ranging
between 4 and 16 pg/mL, result similar to cefepime, the control drug used [19]. The
same authors also present in this work other important bioactivities, such as high
antioxidant and analgesic activities and absence of toxicity on rats and erythrocytes.

In other work from the Federal University of Sergipe, H. martiana leaf extract
was tested in inhibition of isolates of Salmonella spp., Escherichia coli, and
Staphylococcus aureus and reduces its counts in raw milk. The minimum bactericidal
concentrations (MBC) against bacteria were 125.3 pg/mL against S. aureus (ATCC
25923), 781.2 pg/mL against E. coli (ATCC 35218), and 1556.5 pg/mL against S.
enterica subsp. enterov serovar Choleraesuis ATCC® 10708. The authors inoculated
these bacteria on milk samples at different concentrations and used the extract in
MBC concentrations to try to avoid bacterial growing on milk. However the results
were not as expected, since there was growing of bacteria in concentrations of 10*
and 10° UFC/mL. Only in lower concentration of bacteria on milk does inhibition
on growing of bacteria occur. The author suggests that the biological compounds
present in milk may have reacted with the bioactive compounds of the extract,
reducing their antibacterial activity [23].

Aguiar et al. [21] evaluated the activity of essential oil of ripe and unripe fruits
of H. courbaril, as larvicide against A. aegypti larvae. The oil from ripe fruits was a
strong larvicide against the larvae, presenting death of 50% of larvae with almost
half of the concentration necessary for unripe fruit oil to obtain the same result
(LC50 14.8 + 0.4 and 28.4 + 0.3 pg/mL). The authors assigned this difference to the
higher concentration of oxygenated sequiterpenes in first oil, mainly spathulenol.

5. Mammea americana (apricot)

Mammea americana, popularly known as apricot, wild apricot, or apricot from
Sdo Domingos, is a fruit originating from the West Indies and northern South
America, currently found mainly in the Amazon and some few other regions [24].

According to a study by Mourdo and Beltrati [25], in which they characterized
the morphology and anatomy of the fruit, it was possible to typify the apricot as a
berry, whose “bark” consists of the epicarp and mesocarp that together represent
13.3% of the fruit’s weight. The endocarp represents 70.7%, and the remainder
of the fruit is represented by the large seeds, which account for 16% of the fruit
weight [26].

The first commercial orchards were established in the mid-1980s, with seedlings
that originated from seeds. Due to this fact, there was a large proportion of male
plants and several phenotypic variations in the chemical and physical character-
istics of the fruits. As an example, from a sample of 50 fruits originating from
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10 different mother plants, it was possible to identify an average fruit weight of
852.8 g, with minimum and maximum limits of 502.3 g and 1443.0 g. Thus, it is pos-
sible to verify that the fruit weight is derived from the genetic origin trait, although
it suffers a lot of influence from the environment [26].

The apricot tree can be disseminated through a sexual or asexual route.
However, being a species that presents male plants and hermaphrodite plants, the
orientation is that their diffusion is effected by vegetative processes. Thus, the most
widely used method is grafting. Its spread by grafting ensures early production and
enables the orchard to have only hermaphrodite plants [27].

It is grown in igapés and flooded river banks in the Amazon region, mainly in
the state of Para. It’s a medium-sized tree that can reach 20 m in height; the apricot
easily propagates through seeds, which germinate between 12 and 18 days. The
plant can start flowering from 6/8 years [28].

5.1 Chemical composition

Through the study by Nascimento [29], it was possible to identify the com-
position of apricot, which has a vitamin content of 27.26 + 1.03 mg of ascorbic
acid/100 g in the apricot pulp. It was also possible to characterize the carotenoid
content in apricot pulp which was 161.34 + 0.40 bs and dehydrated product
103.53 + 0.65 bs (pg/100 g p-carotene). By analyzing the results of quantifying
antioxidant activity from the substitution calculations in the equation of the Trolox
curve line, according to the ABTS method, a value of 31.96 + 0.76 uM Trolox/g bs
was obtained from fresh apricot. The analyses that dealt with the quantification
of antioxidant activity from the consumption calculations of the DPPH radical
obtained a value of 192.51 + 0.13 fruit/g DPPH bs in the apricot sample in natura.

5.2 Biological activity

Regarding its biological activity, it is possible to identify, through studies found in
the literature, extracts of Mammea americana generating results in the medical field.

According to studies by Toma et al. [30] that analyze the action of apricot
extracts as antiulcerants in mice, the extracts showed antiulcerogenic effects with
significant reduction in the damage of gastric lesions through the model of anti-
inflammatory-induced injury. In NSAID/cholinomimetic-induced model, ethanolic
and dichloromethane extracts of apricot showed antiulcerogenic effects with signif-
icant reduction in the damage of these gastric lesions by 36 (8.3 + 2.0 mm) and 42%
(7.5 + 1.4 mm), respectively, as compared to the control group (13.0 + 0.9 mm),
increased the pH values, and promoted reduction of acid production.

According to the studies by Braga et al. [31], the antioxidant activity and the
quantification of bioactive compounds (total carotenoids, CT; total polyphenols,
PT; and total flavonols, FT) and the physical and centesimal characterization of
the compounds of apricot fruits (Mammea americana) were evaluated. Antioxidant
activity was measured by two different methods, oxygen radical absorbance capac-
ity (ORAC) and the Trolox equivalent antioxidant capacity (TEAC). By ORAC, the
results showed antioxidant activity with results of 30.97 + 2.30 pmol equivalent
Trolox/100 g, within the results showed of acerola (Malpighia emarginata) accord-
ing the authors. In the TEAC test, the result was 11.82 + 1.40 pmol equivalent
Trolox/100 g, inside the range of acai also. For these two methods, the antioxidant
activity of apricot was lower than other fruits like murici (Byrsonima crassifolia)
and ingd (Inga spp.) For the bioactive compounds present in apricot in this work,
2.61 + 0.73 mg equivalent catechin/100 g of FT, 25.41 + 2.30 mg equivalent gallic
acid/100 g of PT, and 7.55 + 0.78 mg equivalent p-carotene/100 g CT were found.
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From these results, the high content of carotenoids must be highlighted, which
indicate that apricot is a promising source of pro-vitamin A.

According to a study found in the literature, it was possible to identify high
trypanocidal activity in extracts of Mammea americana. In this way, compounds
were obtained from M. americana fruit peels, and their action against the parasite
was tested. The compounds were tested in vitro against epimastigotes (intracellular
phase, without locomotion organelles, with little cytoplasm and large nucleus) and
trypomastigotes (extracellular phase, circulating in the blood) of Trypanosoma
cruzi, the etiological agent of Chagas disease. The most potent compounds were
mammea A/BA, A/BB, A/AA, A/BD, and B/BA (designation based on chemical
characteristics), with MC100 (minimum concentration at which all of the epimas-
tigotes or trypomastigotes died after a 48-hour incubation) values ranging between
15 and 90 g/ml. Several active coumarins were also tested against normal human
lymphocytes in vitro, which showed that mammea A/AA and A/BA did not show
toxicity. Thus, through this study, it was possible to identify that these mammea-
type coumarins have trypanocidal action and if they deepen the study of the
compound, it may become possible to identify an important source of compounds
with trypanocidal action [32].

6. Platonia insignis Mart (Bacuri)

Platonia insignis Mart consists of a species in the Clusiaceae family, being popu-
larly named as bacuri. It has a fruit of appreciated flavor and is very famous in the
Amazon region. The generic name, Platonia, is a tribute to the philosopher Plato (in
Portuguese, Platdo), and insignis means remarkable in reference to the size of the
fruit [33]. The bacuri belongs to the subfamily Clusioideae and the genus Platonia
and encompasses about 1000 species, present in tropical, subtropical, and temperate
regions of the world. Approximately 90 species correspond to plants, involving trees,
shrubs, lianas, and herbs of economic interest for the production of edible fruits, fine
woods, and chemical derivatives of pharmaceutical and industrial interest [34-37].

Ethnobotanical utility concerns the use of oil extracted from its seeds, such as
in the production of soap and as anti-inflammatory. The seeds are used to make
bacuri oil, which is popularly used in the treatment of skin diseases and as a wound
healer in animals. It is noteworthy that the investigation of P, insignis extracts and
compounds is based on popular use. However, pharmacological studies conducted
with the plant point to it as promising source for elaboration of phytomedicines
with healing, anti-inflammatory, anticonvulsant, antimicrobial, cytotoxic, and
antioxidant activities and to be used in treatment of several diseases such as cancer,
Alzheimer, and Parkinson [38].

6.1 Chemical composition

Rocha [39] evaluated the chemical composition of Platonia insignia leaves and
classified the chemical constitution as positive, moderately positive, strongly posi-
tive, or negative, as can be seen in Table 1.
6.2 Biological activity

Phenolic compounds present in the extract, such as catechins and flavononols, are
widely distributed in the plant kingdom and associated with various biological activi-

ties, such as the fact that flavonoids have activity on capillary, anti-inflammatory,
antiviral, antitumor, and hormonal permeabilities [40, 41]. Among the phenolic
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Coumarins Presence of substances
Phenols Strongly positive
Condensed tannins Strongly positive
Catechins Strongly positive
Steroids Strongly positive
Alkaloids Strongly positive
Flavanonols Moderately positive
Saponins Moderately positive
Coumarins Negative
Hydrolyzable tannins Negative
Anthocyanidins and anthocyanidins Negative

Flavones, flavonols, and xanthones Negative
Chalcones and aurones Negative
Leucoanthocyanidins Negative
Flavonones Negative
Triterpenoids Negative

Note: Results expressed as average of the qualitative and semiquantitative evaluation tests of chemical constituents
performed in triplicate in the hydroalcoholic extract, by Rocha [39]. Strongly positive; moderately positive; positive;
negative. Source: in [39], adapted.

Table 1.
Qualitative and semiquantitative evaluation of the chemical constituents in the hydroethanol extract of
Platonia insignis Mart leaves.

compounds, flavonoids were found in large quantities in bacuri extract, which exhibit
several biological properties, such as anti-inflammatory, hormonal, and antioxidant
action [42].

In addition, saponins can be found in tissues susceptible to bacteria, fungi or
insects, due to their relationship with the plant defense system. This substances
have hemolytic activity, formed with hypocholesteromic antifungal action and
with the ability to change the permeability of membranes [41, 43, 44].

Alkaloids, in turn, are known for their antimalarial, antimicrobial, and cytotoxic
activities [45]. Moreover, according to [46] review, P, insignis has antiepileptic and
vasorelaxant activity.

Finally, there are compounds in bacuri, such as kaempferol and quercetin glyco-
sides, that express significance in the regulation of hyperglycemia, due to the strong
stimulation of glucose and oleic acid absorption [47].

7. Conclusion

Given the information previously constructed, it is possible to infer, therefore,
that the Amazon rain forest has a considerable diversity of plants, which have sev-
eral biological activities that may be of great concern for public health application.
This is a little example of the power of biodiversity present in the Brazilian Amazon
and of the natural resources with biopotential for treatment of a large number of
diseases, being a promising source of new drugs that could be alternatives for the
traditional drugs used nowadays that present side effects, such as toxicity to the
patient and emergence of bacterial resistance to antibiotics, among others. Thus,
many new studies are needed to identify compounds with desirable health activities,
and the Amazon, by their potential biodiversity, seems to be the best place to look.
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