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Abstract Carapa guianensis is a tree from Meliaceae family traditionally known as andiroba that

has a wide range of biological properties, including therapeutic effects, antioxidant activities, insec-

ticidal and repellent effects that can be used in biotechnological approaches to medicine, agricul-

ture, and cosmetic products. Therefore, we aim to explore the biological activities exhibited by

this species and their respective biotechnological applications of interest. For this, a systematic

review was carried out following the PRISMA guidelines dated from 1993 to 2022 through the Sco-

pus, Web of Science and Agricultural Research Database (Base de Dados da Pesquisa Agropecuária
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- BDPA), screened for biological activity/bioactive compounds. A total of 129 studies were included

in the PRISMA flow analysis. Biological properties and major bioactive compounds, as well as

biotechnological approaches could be identified. The biological activity from C. guianensis could

be observed in different vegetative parts through diverse methods of extractions. These activities

are mainly due to the unsaturated fatty acids and bioactive compounds, such as the limonoids

and a small fraction of phenolic compounds. Gedunin-type limonoids, like gedunin and its deriva-

tives, represent the class of compounds that show the highest bioactivities in different applications.

� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Brazil covers an area of 8.5 million square kilometers, being
the fifth biggest nation in the world, the largest country in
South America and has the largest plant diversity on the pla-

net. One of its more important biomes is Amazonia, the largest
tropical forest in the world that occupies 49 % of Brazil and
has one third of the planet’s tropical forests (4.2 million

km2) containing a massive quantity of vegetation (1.5 million
species) (Tappin et al. 2008; Alarcon et al. 2021). Then, it is
not surprising that the gigantic biodiversity of Amazonia has
been studied around the world. Among so many plant species,

one receives a different look due to its versatility and multiple
applications: Carapa guianensis Aublet.

C. guianensis is a tree belonging to the Meliaceae family and

is popularly known as andiroba, a word derived from the tupi-
guarani (an indigenous language of Brazil) which means ‘‘bit-
ter taste” (Novello et al. 2015; Chia et al. 2018). This specie is a

canopy tree, attaining 30 to 50 m height at maturity, with
white flowers, slightly fragrant, round fruits, large and dark
leaves and seeds of brown coloring and angular side

(Enrı́quez, 2003). It grows in South and Central America,
occurring preferably in wet-land forests, mainly in the Amazon
River basin (Tappin et al. 2008; Londres et al. 2017).

Andiroba has a high economic value due its multiple uses,

for instance, its wood has high value for solid products includ-
ing furniture manufacturing, construction, veneers (wood
sheets) and plywood (similar to medium-density fiberboard -

MDF) (Firmino et al. 2019). On the other hand, C. guianensis
usually produces 180–200 kg of seeds/tree/year, containing
approximately 60 wt% (wt%) in oil (Embrapa, 2004;

Lourenço et al. 2017). The oil extracted from the seeds has a
transparent light-yellow color, solidifies at temperatures below
25 �C, has a bitter taste and reaches rancidity rapidly after

extraction (Novello et al. 2015). This oil is mostly recognized
for its uses in traditional medicine (Novello et al. 2015; Chia
et al. 2018). Hammer and Johns (1993) interviewed a popular
community of Marajó island, Pará, Brazil founding that C.

guianensis cortex and the oil extracted from its seeds were used
as insect repellent, wound healing, treatment of arthritis,
throat inflammation, diarrhea, diabetes, ear infection and even

uterine cancer (Enrı́quez, 2003; Tappin et al. 2008). Addition-
ally, the by-product generated from the seed oil extraction can
be used to manufacture insect repellants candles that can be

used against the Anopheles mosquitoes that transmit malaria
and Aedes (Stegomyia) aegypti L., the dengue vector (de
Mendonca et al. 2005; Tappin et al. 2008).

The andiroba seed oil (AOS) is quite interesting to the cos-

metics industry once it is composed mostly of triacylglycerols
with high levels of unsaturated fatty acids (FA) such as oleic

(51.81 %), palmitic (25.76 %), stearic (9.08 %), and linoleic
acid (8.3 %). Its unsaponifiable content varies from 2 to
5 %, and is composed of triterpenes, steroids, alkaloids, cou-

marins, flavonoids and limonoids (Cabral et al. 2013). The
oil is one of the best-selling medicinal products on Amazon,
with an international demand, being exported to Europe and
to the United State (Tappin et al. 2008). In the cosmetics

industry, this oil is used in massage creams, soaps, conditioners
and shampoos (de Santana et al. 2018). In another context, the
density, viscosity and calorific value of the andiroba oil are

quite similar to those of other vegetable oils extracted from
traditional seeds, such as soybean and cotton, which has made
it an alternative for biodiesel production (Cabral et al. 2013).

Thus, it is clear that andiroba has a worldwide range and is
not restricted to the regional level and several research groups
have studied this species and its fractions, extracts, oils and its
metabolites around the world in order to test the most diverse

activities, such as antioxidant, repellent, insecticide, anti-
inflammatory, among others. Therefore, this systematic review
aims to quickly present the current scenario related to the main

biological activities presented by C. guianensis.

2. Methods

2.1. Search strategy

This systematic review was performed according to the
PRISMA (Page et al. 2021) guidelines. The literature was
retrieved from Scopus, Web of Science and Agricultural

Research Database (Base de Dados da Pesquisa Agropecuária
- BDPA) and for citation searching between 15 May 2022 and
30 June 2022. The keywords used were: ‘‘Andiroba”; ‘‘Andir-

oba OR Carapa guianensis”; ‘‘Andiroba OR ‘‘Carapa guianen-
sis”AND ‘‘bioactive compounds”; ‘‘Reactive oxygen species”
OR ROS and cytotoxic AND genotoxic AND hematotoxic”.

2.2. Selection criteria

The articles were firstly screened based on titles, abstracts and
keywords. Next, refining tools were used: (1) limit to articles

and reviews; (2) published between 1993 and 2022, (3) subject
area; (4) not topic-related literature; (5) non-English or Por-
tuguese literature; (6) duplication removal. A second following

criteria included to literature was: (a) in vitro and in vivo stud-
ies; (b) provide biological activity; (c) biotechnology applica-
tions and the following literature were excluded: (i) did not
produced significant bioactivity; (ii) unclear activity or doses

concentrations; (iii) no access to full-text. Then, the literature

http://creativecommons.org/licenses/by-nc-nd/4.0/
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data were extracted meeting the selection criteria and orga-
nized and stored in EndNote 20 libraries including the criteria
steps in groups. The methodology flowchart can be seen Fig. 1.

3. Results

A total of 582 articles were identified from the databases, of

which 76 duplicates were removed by duplication and 105 by
ineligibility. Then 401 articles were screened by titles, abstracts
and keywords and 126 articles were selected for full-text

reviewing, in which 22 did not match to selection criteria. A
citation search identified 30 articles and then 4 articles did
not retrieve. A total of 130 articles were eligible to the selection

criteria and included in the analyses. The feasible bioactive
effects for the application methods and bioactive compounds
from C. guianensis of these reports are summarized in Table 1.

The bioactive compounds were subsequently numbered in the
text and their chemical structures were ilustred in figures.

A set of biological activities were exhibited by C. guianensis
in the main findings of the studies. This review identified the

major biological activities and biotechnological approaches,
those are: insecticidal (32.95 %), therapeutics (30.68 %),
antimicrobial (15.91 %), toxicity (6,82 %), repellent effect

(5.68 %) and biotechnological approaches (7.95 %) (Fig. 2).
Furthermore, the major biological activities are related from
the oil extraction method and its application, such as AOS

(57,69 %), AOE (9,62 %), nanoandi (AOS nanoemulsion)
(9,62 %), FA (7,69 %), TNTPs (3,85 %), AOS + I2
(3,85 %), LRFs (3,85 %), FAA (1,92 %) and nanoandie
Fig. 1 PRISMA flow diagram indicati
(AOE nanoemulsion) (1,92 %) (Fig. 3), as well as to the limo-
noids structure. The gedunin-type limonoids exhibit the high-
est and most diverse activities, followed by: mexicanolide-

type > phragmalin-type > phragmalin 1,8,9-orthoacetate > c
hukrasone-type > andirobin-type > 9,10-seco-mexicanolide
limonoids (Fig. 4).

4. Biological activity of Carapa guianensis

4.1. Limonoids

The bioactive properties of AOS are attributed to limonoids

typically known for their chemical and biological properties.
These compounds are commonly found in the plants of the
Meliaceae and Rutaceae families (Inoue et al. 2018;

Tsukamoto et al. 2019). Limonoids are tetranortriterpenoids
(TNTPs) that are modified triterpenoids originated from a pre-
cursor with 4,4,8-trimethyl-17-furylsteroids that usually con-
tains four highly oxidized (A, B, C, and D) rings. They are

basically composed of 6/6/6/5-fused tetracyclic carbon skele-
tons processing five methyl groups at C-4, C-4, C-8, C-10
and C-13 positions and a furan ring at C-17. Cleavage and

rearrangement of the carbon skeleton allows the occurrence
of diverse structures that possess biological activities
(Higuchi et al. 2017; Kikuchi et al. 2020).

Several structures of limonoids in AOS have been reported
by researchers throughout the years, such as of carapanolides
A and B (Inoue et al. 2012), carapanolides C–I (Inoue et al.

2014), carapanolides J–L (Matsui et al. 2014), carapanolides
ng the inclusion and exclusion criteria.



Table 1 Bioactive effects of the application methods and bioactive compounds from C. guianensis.

Sample Bioactivity Bioactive compounds or

oil application methods

References

AS NO inhibition Carapanolide J Matsui et al.

(2014)Carapanolide T

AOS Anticancer Carapanolide A Inoue et al. (2012)

Guianolide A Inoue et al. (2013)

Carapanolide C Inoue et al. (2014)

Carapanolide D

Carapanolide E

Carapanolide F

Carapanolide I

17b-hydroxyazaradione Inoue et al. (2015)

Methylangolensate

Andirolide S Sakamoto et al.

(2013)Andirolide T

Citotoxicity Crude oil Porfirio-Dias et al.

(2020)

Genotoxicity AOS diluted at 10 and 20 % Wanzeler et al.

(2018)

Therapeutic Crude oil and TNTPs Soares et al. (2021)

Antiallergic Gedunin Penido et al.

(2005)7-deacetoxy-7-oxogedunin

6a-acetoxygedunin
Methylangolensate

Andirobin

Antiallergic

Anti-

inflammatory

TNTPs Penido et al.

(2006)

Antiallergic Ferraris et al.

(2011)

AS Antiobesity 7-deacetoxy-7-Oxogedunin Matsumoto et al.

(2019a, 2019b)

AOS Anticonvulsant FAA de Oliveira et al.

(2020)

Collagen

synthesis

Gedunin Morikawa et al.

(2018)7-deacetoxy-7-oxogedunin

6a-acetoxygedunin
7-deacetoxy-7a-hydroxygedunin
Guianolide A

Methylangolensate

Healing Crude oil Santos et al. (2013)

Silva et al. (2015)

Ozonized AOS Araújo et al.

(2017)

Andiroba-based commercial emulsion (Tegum�) Chia et al. (2018)

Antioxidant Crude oil Milhomem-Paixão

et al. (2016)

Cytotoxicity Nanoemulsion composed by AOS (10 g), KolliphorELP surfactant (20 g) and

of Milli-Q water (10 g).

Milhomem-Paixão

et al. (2017)

Therapeutic Crude oil and nanoandi (Smix sufactant, Tween 80�: Span 80� (9:1, w/w) in

2000 mg.kg�1 prepared by a phase inversion temperature method

Melo et al. (2021)

Antibacterial AOS diluted at 25 % Santos et al. (2012)

Nanoemulsion prepared using oil and aqueous phase containing the lipophilic

and hydrophilic surfactants Span 80� and Tween 20�, respectively, dispersed

in AOS at 10 %

Vaucher et al.

(2015)

Crude oil Bataglion et al.

(2014)

Araújo-Lima et al.

(2018)

AOE* Antifungal AOE 0,2%, 0,4%, 0,6%, 0,8% e 1,0% Sousa et al. (2012)

AOS Crude oil Sousa et al. (2018)

Nascimento et al.

(2019)

AOS and AFO Antimalarial 6a-acetoxyepoxyazadiradione Tanaka et al.

4 K.K.B. Dias et al.
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Table 1 (continued)

Sample Bioactivity Bioactive compounds or

oil application methods

References

(2012)Gedunin

6a-hydroxygedunin
6a-acetoxygedunin
Andirolides H

7-deacetoxy-7-oxogedunin Pereira et al.

(2014)AOS 6a-acetoxygedunin
Andirobin

6a-hydroxydeacetylgedunin
7-deacetoxy-7-oxogedunin

6a-acetoxygedunin
Gedunin

7-deacetylgedunin

1,2-dihydro-3b-hydroxy-7-deacetoxy-7-oxogedunin
Andirobin

Miranda Junior

et al. (2012)

AOS and LRFs Antileishmanial 7-deacetoxy-7-hydroxygedunin

Deacetyldihydrogedunin

Deoxygedunin

Gedunin

11b-hydroxygedunin
17-glycolyldeoxygedunin

6a-acetoxygedunin
6a,11b-diacetoxygedunin

Oliveira et al.

(2018)

Nanoemulsion prepared by adding water and Tween 80� as aqueous phase; the

organic phase was prepared using Span 80� and AOS (1 g)

Moraes et al.

(2018)

AOE* Trypanocidal Nanoemulsion at 0.5–1.0 % of AOE composed by a organic phase containing a

lipophilic surfactant (Span 80�) and acetone; the aqueous phase contained a

hydrophilic surfactant (Tween 80�) and distilled water

Baldissera et al.

(2013)

AOS Insecticidal AOS diluted at 10, 25, 30, 50, 100 % Farias et al. (2009)

AOS diluted at 5, 10 and 20 % Vendramini et al.

(2012a, b)

Crude oil Roma et al.

(2013a, b, 2014,

2015)

AOE* Larvicidal AOE diluted at 10 % Volpato et al.

(2015)

AOS AOS diluted at 25, 50, 75, 100 % Barros et al. (2012)

Dry-scratched of AS 0.5 to 2 % and 0.5–4 % to treated the 3rd and 4th larval instar, respectevely Silva et al. (2004)

AOS The four larval stages of GCZ and Rockefeller strains of Aedes aegypti treated

at the concentration of 80–489 ppm

Silva et al. (2006)

AOS AOS at 500 mg.mL�1 de Mendonca et al.

(2005)

AOS at 500 mg.mL�1 Prophiro et al.

(2012)

Nanoemulsion composed by water (90 %), Sorbitan monooleate/polysorbate

(5 %) and AOS (5 %)

Jesus et al. (2017)

Emulsion composed by a silk protein solution at 2 % (75 %), ethanol (24 %)

and bioactive compounds (5 % AOS, FAEE or FFA)

Sarquis et al.

(2020)

Crude oil Santos et al. (2012)

Nanoemulsion prepared using oil and aqueous phase containing the lipophilic

and hydrophilic surfactants Span 80� and tween 20�, respectively, dispersed in

AOS at 10 %

Vaucher et al.

(2015)

AOS diluted at 10 mL.L-1 Xavier et al. (2015)

Insecticidal AOS diluted at 2L.100L-1 Nunes et al. (2015)

Crude oil Wille et al. (2021)

6a-acetoxygedunin Ambrozin et al.

(2006)

AOS + I2 Sousa et al. (2019)

Arillus of C.

guianensis

7-deacetoxy-7-oxogedunin Sarria et al. (2011)

b-photogedunin
AOS AOS + I2 Santos et al. (2015)

AOE* AOE diluted at 1 % and 5 % Klauck et al.

(2014)

(continued on next page)
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Table 1 (continued)

Sample Bioactivity Bioactive compounds or

oil application methods

References

C. guianensis root

and stem

Antihelmintic Ethanolic extract at 1.06 mg.mL�1 and 0.34 mg.mL�1 of andiroba root and

stem, respectively

Amorim et al.

(2021)

AOS Repellent AOS diluted at 15 % and 100 % Miot et al. (2004)

C. guianensis stem

wood and seed hulls

Insecticidal

Repellent

Dilution at 250 mg.mL�1 Correa de Oliveira

et al. (2022)

AOE* Repellent AOE diluted at 5 % Klauck et al.

(2015)

AOS AOS 0.5–2 % associated with 5 % protein (BioanastrephaTM) Machado da Rosa

et al. (2013)

AOE* AOE diluted at 5 % Zortea et al. (2017)

AOS Crude oil Freire et al. (2006)

AS, andiroba seeds; AOS, andiroba seed oil; AOE, andiroba essential oil; AOF, andiroba flower oil; AOS + I2, andiroba oil associated with

iodine; FFA, fatty acids amide; TNTPs, tetranortriterpenoids; LRFs, limonoid-rich fractions; *AOE, commercial oil (Beraca, RF3150)

extracted from AS.

Fig. 2 Major biological activities and biotechnological approaches displayed by C. guianensis in this review.
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M�S (Inoue et al. 2015), carapanolides T–X (Miyake et al.

2015), carapanosins A–C (Higuchi et al. 2017); carapanosins
D-F (Inoue et al. 2018), carapanins A-C (Kikuchi et al.
2020), guianolides A-B (Inoue et al. 2013), guianofruits A-B

(Sasayama et al. 2018) and guianofruits C-I (Tsukamoto
et al. 2019). Furthermore, the andiroba flower oil has also been
reported, such as andirolides A-G (Tanaka et al. 2011), andir-
olides HAP (Tanaka et al. 2012), andirolides Q-V (Sakamoto

et al. 2013) and andirolides W-Y (Sakamoto et al. 2015).
The limonoids presence in andiroba flower and seed oil

have been report to exhibit highly efficient analgesic, anti-

bacterial, anti-fungal, antimalarial agent (Matsui et al. 2014;
Higuchi et al. 2017; Tsukamoto et al. 2019), anti-parasitic
(Cabral et al. 2013), anti-inflammatory, anti-cancerous, anti-

tumor, and antiallergic activities (Matsui et al. 2014; Higuchi
et al. 2017; Tsukamoto et al. 2019). It’s also a renowned lepro-
static, antiulcer, antipyretic, anti-irritant, antifeedant and was

also found to be effective against wounds, bruises, antiulcer,
rheumatism, ear infections, insecticidal, repellent, has a

growth-inhibiting properties, as well as acute and subacute
toxicities (Sakamoto et al. 2015; Inoue et al. 2018;
Tsukamoto et al. 2019; Kikuchi et al. 2020).

4.2. Inhibition of physiological nitric oxide

Reactive oxygen species (ROS) are chemical molecules with

high oxidative reactivity that are produced by cellular metabo-
lism and formed by the partial reduction of molecular oxygen
(O2). In this group are include O2, superoxide, hydroxyl radi-
cal, singlet oxygen and hydrogen peroxide. In addition, the

ROS contains a subclass of nitrogen formed by reaction of
ROS with nitric oxide (NO), known as reactive nitrogen spe-
cies (RNS). ROS at low levels plays essential roles in biological

processes acting as key signaling molecules for cell metabolism,
such as growth, development and deaths. However, once the
level is exceed the tolerance threshold of cells, both ROS and

http://mg.mL
http://mg.mL


Fig. 3 Bioactivities displayed through the oil extraction method

and its applications. AOS = andiroba seed oil; Nanoandi:

andiroba oil nanoemulsion; AOE = andiroba essential oil; FA:

fatty acids; TNTPs= tetranortriterpenoids; AOS+ I2= andiroba

oil associated with iodine; LRFs: limonoid-rich fractions; FFA:

fatty acids amides; Nanoandie: andiroba essential oil

nanoemulsion.
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RNS becomes lethal, causing cellular oxidative damage, for
instance, the peroxidation of the biological structures of lipids,

DNA and proteins macromolecules via oxidative stress (Liang
et al. 2021; Salinas et al. 2021; Wang et al. 2021). The DNA
repair system can reverse the damages, however, if it persists,

induces genotoxicity and even mutagenesis (Milhomem-
Paixão et al. 2017). The cells can scavenge intracellular ROS
under normal conditions using antioxidants, including cata-
lase, glutathione and ascorbic acid, to maintain the dynamic

redox balance. The positive and negative effects of ROS on
Fig. 4 Structure of limonoids th
cells depend on their intracellular concentration and cellular
context (Liang et al. 2021; Wang et al. 2021).

Macrophages plays important roles in biological defense,

for this reason, they are potential targets in the therapeutic
treatments of inflammatory diseases. When activated, they
release pro-inflammatory mediators, such as NO, interleukin-

1 beta, tumor necrosis factor-a (TNF-a), among others. NO
is involved in blood pressure regulation and blood flow distri-
bution, however, overexpression of these mediators has been

reported to induce severe or chronic inflammatory diseases,
such as tissue damage, rheumatoid arthritis, osteoarthritis, dia-
betes, multiple organs dysfunction and death, as well as sys-
temic inflammatory responses in sepsis, such as hypotension,

cardiodepression and vascular hyporeactivity (Higuchi et al.
2017; Tsukamoto et al. 2019).

There are several studies reporting bioactivity of com-

pounds isolated from C. guianensis on the production of NO
by lipopolysaccharide-activated (LPS-activated) mouse peri-
toneal macrophages (RAW264.7 cells). Using spectroscopy

Matsui et al. (2014) isolated from andiroba seeds (AS) a novel
gedunin and two novel phragmalin-type limonoids structures,
named carapanolides J–L, as well as a known gedunin-type

limonoid called epoxyazadiradione. From the results, cara-
panolide J (1) showed similar inhibitory activities compared
to positive control, NG-monomethyl-L-arginine acetate (L-
NMMA), an inducible nitric oxide synthase (iNOS) with no

cytotoxicity. While the epoxyazadiradione (2) exhibited supe-
rior inhibitory NO production activities at non-toxic concen-
trations to those of L-NMMA (Table 2), suggesting that

carapanolide J may be a valuable potential inhibitor of NO
production. The chemical structures for these compounds
can be seen in Fig. 5.

AS are commonly studied, for instance, Miyake et al.
(2015) isolated two novel mexicanolide-type limonoids from
these seeds, the carapanolides T–U (mexicanolide-type limo-

noids that had OH in C-2 and C-8), as well as three novel
phragmalin-type limonoids highly oxidized, the carapanolides
at exhibit biological activities.



Table 2 Produced NO cell viability in mouse peritoneal macrophages (Matsui et al. 2014).

Compound Produced NO (%) (lM) IC50

(lM)
3 10 30 100

1 92.1 ± 1.5a

(103.4 ± 1.8) b
83.4 ± 3.1 a

(102.4 ± 0.8) b
61.8 ± 1.8 a

(101.0 ± 1.7) b
16.8 ± 0.0 a

(102.8 ± 0.6) b
37.4 a

>100b

2 74.0 ± 5.0a

(81.4 ± 0.8) b
30.0 ± 2.3 a

(65.6 ± 0.2)b
7.5 ± 1.0 a

(33.6 ± 6.3) b
3.9 ± 1.8 a

(0.4 ± 0.4) b
12.0 a

15.2b

L-NMM c 93.0 ± 3.3 a

(103.5 ± 0.5)b
79.3 ± 0.8a

(102.0 ± 1.5)b
58.2 ± 2.4a

(94.1 ± 1.4)b
39.9 ± 1.7a

(96.5 ± 2.5)b
53.7a

>100b

a, Produced NO (%); bcell viability (%) were determined based on the absorbance at 570 nm, respectively, by comparison with values for

dimethyl sulfoxide (DMSO) (100 %); ositive control.

Fig. 5 Chemical structures for compounds. (1): carapanolide J; (2): epoxyazadiradione. Source: adapted from Matsui et al. 2014.
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V–X. In this study, four limonoids and L-NMMA were evalu-
ated for their inhibitory effects on NO production in LPS-

stimulated RAW264.7 cells by 3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyl tetrazolium bromide (MTT) assay to determine safe
concentrations of these limonoid cytotoxicities. Carapanolides

T (3) and U (4) (Fig. 6) exhibited similar NO inhibitory activ-
ities (IC50: 22.0 lM; 23.3 lM, respectively) against L-NMMA
(IC50 23.9 lM). Of these, 4 did not show cytotoxicities at 1–
30 mM whereas 3 exhibited low cytotoxicity at 30 mM, how-

ever, not at the effective concentration, namely 10 mM, sug-
gesting that both have potential as anti-inflammatory disease
agents.

Higuchi et al. (2017) isolated eight limonoids from AOS
and evaluated their inhibitory effects on NO production. All
tested compounds did not exhibit cytotoxicity (cell viability

92.7–100.4 % at 30 lM). Of these, five compounds (Fig. 7)
exhibited inhibitory activity on NO production, carapanosin
C (5), swietephragmin D (7) and, 17-b-hydroxyazadiradione
(9) (IC50: 13.7 lM; 4.9 lM; 10.8 lM, respectively) stronger

than L-NMMA (IC50 23.9 lM) and carapanolide H (6) and
17-epi-17-hydroxyazadiradione (8) (IC50: 25.5 lM; 28.9 lM,
respectively) showed moderate activity on NO production.

Sasayama et al. (2018) isolated two chukrasone-type limo-
noids, guianofruits A (10) and B (11) (Fig. 8) from AOS and
evaluated their effects on the production of NO in LPS-

activated. The NO inhibitory assay showed that both com-
pounds exhibited no toxicity at 1–30 mM. However, compound
10 showed similar inhibitory activities (produced NO 87.9 %

at 10 mM; 47.5 % at 30 mM) to the positive control, L-
NMMA (produced NO 68.9 % at 10 mM; 43.1 % at
30 mM), while 11 (NO produced 94.4 % at 10 mM; 65.6 %

at 30 mM) exhibited moderate inhibitory activities on NO
production.

In the same year, Inoue et al. (2018) isolated a novel nor-
phragmalin-type limonoid, named carapanosin D and two

novel mexicanolide-type limonoids, carapanosins E (12) and
F (13) (Fig. 8) from the AOS and were evaluated for their
effects on NO production in LPS-activated mouse peritoneal

macrophages. All of them showed non-toxicities at 0–30 mM.
12 and 13 showed superior inhibitory activities (IC50:
23.9 mM and 11.8 mM, respectively) when compared to the pos-

itive control, L-NMMA (IC50: 47.6 mM), which suggest that 12
and 13 are valuable and have high potential as inhibitors of
macrophage activation.

Tsukamoto et al. (2019) isolated and elucidated the struc-

ture of 6 compounds from AOS, among them, guianofruits
C (14) and D (15) (Fig. 9), two new chukrasone-type limonoids
that exhibited moderate inhibitory activities (IC50: 80.4 mM;

61.0 mM, respectively) without cytotoxicities. Recently,
(Kikuchi et al. 2020) isolated three new limonoids also from
AOS, named carapanins A-C, being carapanins B (16) and C

(17) (Fig. 9) were related as potent nitric oxide inhibitors



Fig. 6 Chemical structures for compounds. (3): carapanolide T; (4): carapanolide U. Source: adapted from Miyake et al. 2015.

Fig. 7 Chemical structures for compounds. (5): carapanosin C; (6): carapanolide H; (7): swietephragmin D; (8): 17-epi-17-

hydroxyazadiradione and (9): 17-b-hydroxyazadiradion. Source: adapted from Higuchi et al. 2017.
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(IC50: 12.6 lM; 29.5 lM, respectively) relative to L-NMMA

(IC50 47.6 lM) without cytotoxicity exhibited at 1–30 lM.
In another study, 10 limonoids, seven known compounds

and three new (andirolides W-Y) were obtained from the
flower oil, a less usual source. Among them, 7-deacetoxy-7-



Fig. 8 Chemical structures for compounds. (10): guianofruit A; (11): guianofruit B; (12): caraponosin E; (13): caraponosin F. Source:

adapted from Sasayama et al. 2018 and Inoue et al. 2018.
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oxogedunin (18), 6a-acetoxygedunin (19), 6a-hydroxygedunin
(20), 6a-acetoxy-7a-deacetoxy-7a-hydroxygedunin (21), gedu-
nin (22) and 7-deacetoxy-7-hydroxygedunin (23) (Fig. 10) were
tested and exhibited inhibitory activities on NO inhibition

(Table 3) without notable cytotoxic effects at effective concen-
trations in the MTT assays. 22 was found to be the most
potent, being higher even than caffeic acid phenethyl ester
(Sakamoto et al. 2015).

Ninomiya et al. (2016) examined 17 limonoids isolated
from the seeds and/or flowers oil of C. guianensis related to
hepatoprotective effects in order to clarify and characterize

the action mechanisms and structural requirements against
liver injury induced by D-galactosamine (D-GalN)/LPS in mice.
The results showed that three gedunin-like limonoids, 7-

deacetoxy-7-oxogedunin (18), 6a-acetoxygedunin (19) and
gedunin (22) exhibited hepatoprotective effects at doses of
25 mg/kg, per oral (p.o), induced by D-GalN/LPS. Further-
more, they discovered that the action mechanisms are likely

dependent on inhibition of LPS-induced macrophage activa-
tion and reduced sensitivity of hepatocytes to tumor necrosis
TNF-a-induced cytotoxicity, however, these compounds did

not decrease the cytotoxicity caused by D-GalN. The data from
this work supports the inhibitory effects of 22 on NO produc-
tion in LPS-activated macrophages previously reported by

Borges et al. (2015) which gedunin suppressed the activation
of macrophages through binding to myeloid differentiation
protein 2 (MD-2) and not by affecting TLR4-mediated signal-
ing. Moreover, the structural requirements of limonoids (1–17)

with regard to inhibition of LPS-induced NO production in
mouse peritoneal macrophages and TNF-a-induced cytotoxic-
ity in L929 cells were found to show different tendencies.

From these data, it is possible observe that twenty-three
limonoids from four structures, 10 gedunin-type, 6
mexicanolide-type, 4 chukrasone-type and 3 phragmalin-type

exhibit strong and moderate inhibitory activity against NO
production in LPS-activated RAW264.7 cells, as shown in
Table 4. Between these structures, gedunin-type limonoids pro-
vide the most potent inhibition, especially 22 that exhibit the

highest and most potent inhibitory activity on NO production.



Fig. 9 Chemical structures for compounds. (14): guianofruit C; (15): guianofruit D; (16): carapanin B and (17): carapanin C. Source:

adapted from Tsukamoto et al. 2019.
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4.3. Anticancer activity

Antineoplastic agents are a class of pharmaceuticals used for
the treatment of various types of cancer through chemother-

apy. Several anticancer drugs are capable of producing oxida-
tive stress in biological systems, such as ROS generation in the
patients who receive these drugs. Additionally, antineoplastics

may interfere in the efficacy of the treatment (Conklin 2004),
for this reason, phytotherapeutics have been extensively stud-
ied as alternative treatments for these drugs (Soares et al.

2021).
Due to the impact of cancer on humankind, the anticancer

effects of AOS are of great pharmacological interest with a

huge potential to become phytopharmaceutical products
(Henriques and Penido 2014; Porfirio-Dias et al. 2020). Based
on this, the anticancer properties of C. guianensis are one of
the most important roles studied for compounds isolated from

this species among researchers. Herein are described relevant
discoveries about the action of these compounds.

Inoue et al. (2012) have started isolating and elucidating

novel structures of limonoids, as well as testing their inhibition
on cancer cell growth. In this report, carapanolide A (24) and
B were isolated and tested in order to evaluate cytotoxic activ-

ities against three tumor cell lines, P388, L1210, and HL-60. As
a primary screen for cancer cell growth inhibition, (24) showed
moderate activity against L1210 cells, but none activity against
HL-60 and P388 cells, whereas carapanolide B was inactive

against all the cell lines. Next, Inoue et al. (2013) isolated
two new compounds, guianolides A (25) and B and tested their
cytotoxic activities against the same cell lines and only 25

showed a weak activity against the P388 cell lines.



Fig. 10 Chemical structures for compounds. (18): 7-deacetoxy-7-oxogedunin; (19): 6a-acetoxygedunin; (20): 6a-hydroxygedunin; (21):
6a-acetoxy-7a-deacetoxy-7a-hydroxygedunin; (22): gedunin; (23): 7-deacetoxy-7a-hydroxygedunin. Source: adapted from Sakamoto et al.

2015.

Table 3 Inhibitory activities on the NO production and cytotoxic assays in mouse peritoneal macrophages.

Authors Compound Inhibition (%) (lM) IC50

(lM)
3 10 30 100

Sakamoto et al. (2015) 18 7.4 ± 5.2a

(100.3 ± 3.9) b
40.9 ± 4.7

(98.9 ± 3.2)

94.0 ± 0.8

(98.8 ± 7.4)

88.1 ± 2.1

(83.7 ± 1.2)

12.8

19 16.9 ± 1.7

(96.8 ± 1.2)

67.6 ± 4.6

(102.3 ± 2.2)

88.4 ± 3.5

(92.5 ± 1.7)

99.6 ± 0.2

(53.6 ± 5.1)

7.9

20 7.7 ± 7.1

(88.4 ± 3.0)

20.7 ± 4.3

(87.6 ± 4.0)

64.0 ± 3.1

(90.4 ± 2.6)

97.3 ± 0.3

(82.2 ± 4.2)

19.1

21 5.8 ± 6.1

(99.8 ± 4.5)

63.9 ± 3.0

(103.9 ± 6.9)

97.2 ± 0.9

(108.9 ± 2.4)

99.7 ± 0.5

(4.9 ± 0.5)

9.4

22 25.1 ± 2.5

(102.2 ± 5.3)

84.5 ± 2.3

(119.5 ± 5.3)

101.8 ± 0.6

(94.8 ± 1.4)

100.9 ± 0.4

(3.0 ± 0.4)

4.6

23 15.7 ± 4.6

(110.3 ± 5.9)

55.7 ± 4.0

(106.6 ± 3.1)

98.8 ± 0.4

(96.3 ± 4.6)

100.2 ± 0.2

(2.6 ± 0.5)

8.7

Matsuda et al. (2009)Morikawa et al. (2014) L-NMMA 1.4 ± 2.8

(101.1 ± 5.7)

19.9 ± 2.8

(100.7 ± 6.2)

43.0 ± 2.1

(102.6 ± 4.2)

70.9 ± 1.6

(106.4 ± 4.6)

36.0

CAPE 5.9 ± 5.2

(95.4 ± 0.7)

44.4 ± 3.2

(70.0 ± 4.0)

86.2 ± 1.1

(71.4 ± 6.0)

99.6 ± 0.1

(53.0 ± 1.4)

11.0

CAPE, caffeic acid phenethyl ester; aNO inbihition (%) = values without parentheses; bindicate cell viability (%) in MTT assay = values

between parentheses.
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In their continuous research, Inoue et al. (2014) isolated five
new mexicanolide-type limonoids, carapanolides C–G together
with two new phragmalin-type limonoids, carapanolides H–I

from AOS. Carapanolides C (26), E (27), and I (28) exhibited
moderate activity in the P388 and L1210 cell lines. Conversely,
carapanolide D (29) exhibited a strong inhibitory effect in the

HL-60 cell line and carapanolides F (30) showed inhibitory
activity in the L1210 cell line. The cytotoxic activity of 28

was moderate in all cell lines.
Sakamoto et al. (2013) reported that andirolide S (31) has

an c-ethoxy-ab-unsaturated c-lactone as side chain and andir-
olide T (32) a mexicanolide-type limonoid having a hydroxy
group at C-2, an acetyl group at C-3, and a 2-

methylbutyryloxy group at C-30 showed significant cytotoxic
activity against murine P388 and human HL-60 leukemia cell
lines. Ning et al. (2010) reported that a 2-methylbutyryloxy
moiety might be influential in the cytotoxicity of gedunin-
type limonoids which that was also found that this influenced

in the cytotoxicity of mexicanolide-type limonoids. Table 5
shows cytotoxic activities isolated from C. guianensis reported
by Inoue et al. (2012, 2013, 2014) and Sakamoto et al. (2013).

In another study, Inoue et al. (2015) also isolated five novel
phragmalin-type limonoids, carapanolides M�Q and two
mexicanolide-type limonoids, carapanolides R-S from AOS
and evaluated their activities in the triglyceride metabolism-

promoting in the high glucose-pretreated together with 12
known limonoids isolated from C. guianensis seed oil: 24, 25,
26, two gedunin-type limonoids, 17b-hydroxyazaradione (33)

and methylangolensate (34) from AOS and 6 gedunin-type
limonoids and an andirobin-type limonoid from the flower



Table 5 Cytotoxic activities of compounds report by the authors.

Authors Compound IC50

mM
Linage

Cells

Inhibitory

Activity

Inoue et al.

(2012, 2013, 2014)

24 8.7 L1210 Moderate

25 33.7 P388 Weak

26 13.3 P338 Moderate

17.9 L1210

52.3 HL-60

27 15.8 P388 Moderate

45.0 L1210

18.1 HL-60

28 89.8 P388 Moderate

24.3 L1210

90.8 HL-60

29 >100 P388 Weak

11.0 HL-60 Strong

27.1 L1210 Moderate

30 >100 P388 Weak

63.7 HL-60 Moderate

Sakamoto et al.

(2013)

33 15.9 L1210 Strong

1.4 P388

1.3 HL-60

34 1.8 P388

1.3 HL-60

Table 4 Inhibitory activity of limonoids structures on NO production.

Work Limonoid

Structures

Compound IC50

mM
L-

NMMA

mM

Inhibitory

Activity

Matsui et al. (2014)Higuchi et al. (2017)Sakamoto et al. (2015) Gedunin-type 2 12.0 53.7 Strong

5 13.7 23.9

8 28.9 23.9 Moderate

9 10.8 Strong

18 12.8 36.0 Strong

19 7.9

20 19.1 Strong

21 9.4

22 4.6 Strong

23 8.7

Miyake et al. (2015) Mexicanolide-

type

3 22.0 23.9 Strong

4 23.3

Sasayama et al. (2018)Inoue et al. (2018)Tsukamoto et al. (2019)Kikuchi et al.

(2020)

Chukrasone-type 12 23.9 47.6

13 11.8

16 12.6

17 29.5

10 – – Moderate

11 – –

14 80.4 – Moderate

15 61.0 –

Matsui et al. (2014)Higuchi et al. (2017) Phragmalin-type 1 37.4 53.7 Strong

6 25.5 23.9 Moderate

7 4.9 Strong
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oil in human hepatocellular carcinoma cell line, HepG2. As
shown in Table 6, only gedunin-type limonoids were capable

of reducing triglyceride (TG) levels in hepatocytes: 7-
deacetoxy-7-hydroxygedunin (23), gedunin (22) and 7-
deacetoxy-7-oxogedunin (18) reduced significantly the TG

levels, representing the strongest activities, respectively,



Table 6 Compounds that showed effects on TG/protein content in the homogenate (Inoue et al. 2015).

Treatment TG/protein content in the homogenate (% of control)

Concentrarion (mM) 0 3 10 30

2 100.0 ± 4.6 96.4 ± 9.4 86.9 ± 8.2 65.0 ± 7.7**

19 100.0 ± 2.7 82.5 ± 1.2** 75.4 ± 4.2** 79.6 ± 3.0**

21 100.0 ± 2.9 93.6 ± 2.7 107.3 ± 8.3 79.8 ± 4.1**

22 100.0 ± 3.2 88.8 ± 3.5 86.0 ± 1.9* 70.2 ± 5.0**

23 100.0 ± 2.0 74.3 ± 2.2** 55.0 ± 3.6** 49.9 ± 2.5**

24 100.0 ± 3.9 71.9 ± 1.0** 35.4 ± 3.9** 32.0 ± 3.0**

33 100.0 ± 3.0 96.7 ± 5.5 93.0 ± 3.8 69.8 ± 3.1**

34 100.0 ± 3.1 89.5 ± 2.6* 96.8 ± 3.1 85.5 ± 3.7**

Metformin 100.0 ± 1.6 81.9 ± 2.7** 85.4 ± 1.5** 78.1 ± 2.8**

Each value represents the mean ± S.E.M. (n = 4). Asterisks denote significant differences from the control, Crystal data of 2 *p < 0.05,

**p < 0.01.
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whereas epoxyazadiradione (2), 31, 6a-acetoxy-7a-deacetoxy-
7a-hydroxygedunin (21), 6a-hydroxygedunin (20) and 32

demonstrated moderate activities. The gedunin-type limonoids
showed the strongest activities and were responsible for the

fatty liver preventive effects of C. guianensis, besides had no
substituent at C-6 exhibited which than those of moderate
activities that have a hydroxyl or acetyl group at C-6. Further-
more, the reductions provided for these compounds were equal

or stronger than those obtained using the hypoglycemic med-
icine, metformin. All related compounds (Inoue et al. 2012,
2013, 2014, 2015) and Sakamoto et al. (2013) can be seen in

Fig. 11.

4.4. Healing properties

Some beneficial effects of AOS on health have been reported
in vitro and in vivo, such as, antiallergic, anti-obesity, anticon-
vulsant, healing and collagen synthesis effects in rodents

(Penido et al. 2005; Morikawa et al. 2018; Matsumoto et al.
2019a; de Oliveira et al. 2020). Furthermore, natural com-
pounds are of great interest to the pharmaceutical industry,
therefore, relevant studies on health effects tested in rats are

described below. The antiallergic and anti-inflammatory prop-
erties of AOS, as well as its TNTPs fractions, including 7-
deacetoxy-7-oxogedunin (18), 6a-acetoxygedunin (19), gedu-

nin (22), methylangolensate (32) and andirobin (39) in rodents
has been reported. Penido et al. (2005) showed that AOS and
its TNTPs fractions displayed inhibition on allergen-induced

in paw and ear edema (Swiss and C57/Bl10 mice) in formation
and pleural exudation in previously sensitized mice via the
impairment of signaling pathways triggered by histamine, sero-
tonin, bradykinin and platelet-activating factor (PAF) and

prostaglandin (PGE2). In addition, crude extract of C. guia-
nensis seeds and TNTPs fractions also demonstrated an anti-
nociceptive effect by oral treatment in Wistar rats through

inhibition PGE2 generation, decreasing antigen-hyperalgesia.
Moreover, Penido et al. (2006) reported the inhibition of

allergen-induced eosinophil recruitment and showed that the

pooled TNTPs impaired the allergic response involved in the
production of inflammatory mediators in the late phase, such
as the eosinophilotactic mediators interleukin (IL)-5 and che-

mokine (CAC motif) ligand (CCL)11/eotaxin. They evidenced
that impaired production of these mediators resulted in inhibi-
tion of nuclear factor jB (NFjB) by TNTPs observed in vitro

and in vivo. Next, the anti-inflammatory activity isolated from
C. guianensis on zymosan-induced arthritis in C57BL/10 mice
showed that the pool of TNTPs inhibits neutrophil influx and

edema formation in oral treatment via production of pro-
inflammatory mediators, such as tumor necrosis factor
(TNF)-a, KC/IL-8 in synovial washes in mice. The results of
in vitro assay demonstrated that TNTPs is also able to impair

murine macrophage activation by the inhibition of NFjB
translocation induced by zymosan, which explain anti-
inflammatory effect of these compounds in the experimental

arthritis of zymosan-stimulated mice.
In turn, Ferraris et al. (2011) investigated the effect of

TNTPs, as well as the individual effect of each of five TNTPs

compounds mentioned above isolated from AOS on the mod-
ulating functions of T lymphocytes and eosinophils in vitro
critically involved in allergic diseases. The eosinophils incuba-
tion in vitro of these compounds were able to impair the adhe-

sion of eosinophils to TNF-a-primed tEND.1 endothelial cells.
In addition, each one of the five limonoids and pooled TNTPs
tested demonstrated impairment on the production of IL-2,

CCL11 and CCL5/regulated upon activation of normal T cell
expressed and secreted. On the other hand, pooled TNTPs did
not inhibit adhesion and chemotaxis of T lymphocytes in vivo,

but were able to impair anti-CD3 monoclonal antibody
(mAb)-induced T cell proliferation and the expression of
CD25, CD69 and NFjB. In the latter, 19 did not show any

effects. The results demonstrated that in vivo assay, the anti-
allergic activity is shared between the five TNTPs isolated from
C. guianensis by the ability to inhibit the activation of T lym-
phocytes, enabling the production of eosinophilotactic media-

tors that causes the consequently impairment of eosinophil.
Another beneficial property of isolated compounds of C.

guianensis is the effect against obesity, that is defined as an

abnormal increase in adipose tissue mass, recognized as a
worldwide health problem of an epidemic nature known
related to lifestyle diseases, such as hyperlipidemia, diabetes

mellitus, hypertension and cardiovascular disease by the inter-
action of three complex factors, genetic, behavioral and envi-
ronmental effects. Obesity is the result of an excess of lipids

in adipocyte cells whose function is to store lipids as a source
of energy, regulate the lipid metabolism and balance the body’s
energy (Cornier et al. 2008; Attie and Scherer 2009; Finucane



Fig. 11 Chemical structures for compounds isolated and/or tested by the authors. (24): carapanolide A; (25): guianolide A; (26):

carapanolide C; (27): carapanolide E; (28): carapanolide I; (29): carapanolide D; (30): carapanolide F; (31): andirolide S; (32): andirolide

T; (33): 17b-hydroxyazaradione and (34): methylangolensate. Source: adapted from Inoue et al. 2012, 2013, 2014, 2015 and Sakamoto

et al. 2013.
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et al. 2011). Thus, there is great interest in the development of
new anti-obesity drugs.

Matsumoto et al. (2019a, 2019b) investigated the antiadi-

pogenic activity of the limonoid 7-Deacetoxy-7-Oxogedunin
(18) isolated from C. guianensis seeds on mice 3 T3-L1 cells.
The results showed that the ability of 18 to decrease intracellu-

lar accumulation of lipids was mediated by 3 factors, the
reduction of glucose uptake by the insulin receptor (IRS-1)/
Akt, expression of glucose transport (GLUT4) by CCAAT/

enhancer-binding proteins (C/EBPa) and the expression of
peroxisome proliferator-activated receptor c (PPARc) in adi-
pocytes. Furthermore, no significant cytotoxicity was observed
at concentrations up to 10 lM in WST-8 assay. Next, was

tested the effect of 18 in low and high-fat-diet (HFD and
LFD, respectively) on C57BL/6 administered by oral route
(20 mg.mL�1) for 7 weeks. In this study, compound 18

decreased body weight gain, reduced serum TG levels and
improved insulin sensitivity in HFD-fed mice, therefore, an
improvement on the suppression development of obesity, as

well as hypertriglyceridemia and insulin resistance were eluci-
dated. Furthermore, 18 also showed an anti-inflammatory
activity, for instance, the transcription levels of the M1 and

the expression M2 macrophage-related genes decreased in
the white adipose tissue (WAT) of HFD-fed mice. Regarding
to brown adipose tissue (BAT), 18 enhanced the expression
of uncoupling protein (UCP1), UCP2 and UCP3 and

decreased the weight in both LFD and HFD-fed mice. The rec-
tal temperature increased the energy expenditure under HFD-
fed conditions. Thus, when BAT and UCP family proteins are

activated, it is observed the enhancing of mRNA levels of the
thermogenic PRDM16, Cidea, and PGC-1a genes, demon-
strating that 18 has an ability to enhance thermogenesis. It is

noteworthy that the UCP1 levels in WAT were also enhanced
by 18 administrations. Thus, the results showed that andiroba
contains anti-obesity and antidiabetic effects, as well as bioac-

tive constituents.
The anticonvulsant activity from AOS has been widely used

in traditional medicines and the substances present in this oil
can be used as precursors for the synthesis of endocannabi-

noids, known as fatty acids amide (FAA). Due to their biolog-
ical actions, such as the neuroprotective and antiepileptic
effects, AOS have been attracting researchers attention

(Nardi et al. 2016; de Oliveira et al. 2020). In this context, de
Oliveira et al. (2020) evaluated the anticonvulsant activity of
FAA synthesized via biocatalysis process of ethanolamine

from AOS in pentylenetetrazole-induced (PTZ)-induced in
Swiss mice on gamma-aminobutyric acid (GABA)A receptors.
The results showed that FAA is effective in the control of sei-
zures by decreasing PTZ-induced through potential mecha-

nisms involved in neuroprotection, besides a significant
change in myoclonic, tonic-clonic latency and duration of sei-
zures. Additionally, the inhibitory action of flumazenil, which

can reverse the FAA actions, provide the evidence that these
compounds are involved in the regulation of GABAA recep-
tors. In contrast, FAA was unable to affect behavioral seizures

induced by PTZ, as well as the original composition of AOS
which did not produce any effects mentioned above.

Morikawa et al. (2018) characterized the collagen synthesis-

promoting effects of AOS and its 10 principal limonoid con-
stituents. From these, 18, 19, 20, 22, 23, 25 and 32 significantly
promoted collagen synthesis in normal human dermal fibrob-
lasts without causing cytotoxic and the relativity potential
activities were observed in 22 and 23. In regard to the struc-
tural requirements of gedunin-type limonoids in collagen
synthesis-promoting activity, the groups: 6a-acetoxy and 6a-
hydroxy moieties reduced the activity; the 7a-acetoxy group
exhibited higher activity than that with 7a-hydroxy or 7-keto
groups; compounds with an a,b-epoxy-g-lactone moiety in

the D-ring exhibited higher activity than that with an a,b-
unsaturated cyclopentanone moiety. In addition, Palheta
et al. (2018) analyzed the effects of AOS associated with micro-

needling in Wistar rats skin and the results showed that AOS
had inferior results as drug delivery when compared to vitamin
C.

Santos et al. (2013) reported the healing process of gas-

tropathies by gavage in male Wistar rats under the influence
of AOS (100 mg.kg�1) treatment. The initial phase of the heal-
ing process started at 7th day, the intermediate and advanced

phase at 14th and 21th days, respectively. They concluded that
AOS treatment was able to accelerate the healing process of
the stomach in rats. In addition, another study carried out

by Silva et al. (2015) evaluated the effect of AOS in colonic
healing also by gavage in male Wistar rats at the same period.
According to results, animals treated with AOS showed better

cecum healing when compared to the control group.
It is noteworthy that the healing process is subject of clini-

cal, scientific, and economical interest, because it consists in a
perfect and coordinated cascade of cellular, molecular and bio-

chemical events that are interrelated in order to occur tissue
reconstitution (Hussni et al. 2010; Silva et al. 2015). Therefore,
compounds that accelerate the healing process, such as the

combination of vegetable oils with medicinal ozone, are of
great interest due its oxidant properties (Kim et al. 2009). In
this manner, Araújo et al. (2017) analyzed the effects of topical

application of pure and ozonized AOS on experimentally
induced wounds in horses. There was no difference in healing
process between the studied groups compared to control, how-

ever, it was possible to conclude that AOS and ozonized AOS
may be good options to treat equine wounds.

Carmona et al. (2013) evaluated the effect of AOS on
induced periodontitis in male Wistar rats treated with saline

(0.63 mL.kg�1), AOS (0.63 mL.kg�1) and meloxicam
(7.5 mL.kg�1) by gavage, for seven days, once a day. In regard
to AOS, satisfactory effects on induced periodontitis were

observed, like the decreased quantity of inflammatory cells in
systemic administration. These effects are probably due to
the anti-inflammatory and antibacterial agents of oil, however,

the effectiveness on the measure of alveolar bone loss was only
observed in meloxicam treatment.

Chia et al. (2018) investigated the healing effect of
andiroba-based commercial emulsion (Tegum�) on full-

thickness cutaneous wounds in Wistar rats via modulation of
inflammation and transforming growth factor beta 3. This
treatment resulted in a significant enhancement of wound clo-

sure rates in all times tested. In addition, the wounds were
smaller and contracted and showed an increase in angiogenesis
and decreased on the levels of CD68 + and M2 macrophages

on the 7th and 15th day, but the higher effects were observed
on the 20th day. The myofibroblasts appeared at the 7th and
15th day and TGFb3 levels were higher in the treated wounds,

besides a less dense collagen fibers, lower col I/III ratios and a
higher tensile strength. Thus, andiroba-based emulsion was
able to modulate all parameters tested in wounds, leading to
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an enhancement in the contraction and in the tensile strength
and a better esthetic appearance on rats’ wounds.

As a last healing property reported is the effect of AOS on

oral mucositis (OM), one of the most common, undesirable
and painful side effects clinically significant in the cancer
treatment by chemotherapy and radiation. Estimates have

shown that more than 80 % of patients who undergo treat-
ment for head and neck tumors develop OM. Furthermore,
severe cases dramatically affect quality life of patients, which

can result in the discontinuation of antineoplastic treatment
(Wanzeler et al. 2018; Soares et al. 2021). In this context, a
study developed by Wanzeler et al. (2018) was conducted to
investigate the healing activity of AOS against OM induced

by 5-fluorouracil (5-FU) in golden Syrian hamsters using
three treatments: AOS in natura (100 %), a diluted oil
(10 %) from AOS 100 % and a refined commercial AOS

diluted (10 %), both mixed in an orabase base composition
(pectin, gelatin, nipagin, ecgonine methyl ester and purified
water) were tested. The results showed that the AOS

100 % group can reduce the healing OM when compared
to the reported control group. However, they concluded that
the percentage of micronuclei was concentration-dependent,

as increasing the oil concentration, higher the percentage of
micronuclei frequency, indicating that the extract AOS
100 % presents a genotoxic potential on the cells of male
golden Syrian hamsters.

In a recent study, Soares et al. (2021) performed a clinical
study on the effects of andiroba orabase 3 % (pectin, gelatin,
nipagin, carboxymethylcellulose, and purified water) in the

symptomatology and evolution of OM to establish its thera-
peutic effects in children with leukemia underwent chemother-
apy compared with low power laser treatment. The andiroba

group showed better and statistically significant results, with-
out reported pain on the eighth day and any symptoms at
the ninth day of follow-up OM. This successful management

can be attributed to the analgesic and antimicrobial potential
of AOS, which provides inhibited effects on the bacterial, as
well as derived fraction of TNTPs obtained from the seeds
of C. guianensis. In conclusion, the present study observed

that andiroba is more effective in the treatment of OM
(p < 0.05), when compared to low power laser, on account
of the reduction in the degree of OM.

AOS and its innumerous extraction methods were able to
provide a good profile of bioactivities and healing properties
in animal models. The gedunin-type limonoids also displayed

a potential inhibition in relation to antiallergic, anti-
inflammatory and antiobesity activity. The direct application
of andiroba crude oil and its emulsion or ozonized form
demonstrated great results to promote a better healing process

and collagen synthesis, demonstrating the high pharmacologi-
cal potential of C. guianensis in the development of new bio-
products. In addition, further investigations are needed to

assess the bioactivity and cytotoxicity of these compounds
and applications in humans.

4.5. Genotoxic, hematotoxic, cytotoxic and mutagenic effects of
C. guianensis

Bioactive compounds with potential antioxidant properties

have been the focus of scientific interest to protect biological
systems against ROS due to reduce the effects of toxic com-
pounds on the environment and human health (Melo et al.
2018). Lipids play an important role in natural oil toxicities
and the FA, such as, stearic, palmitic, oleic and linoleic acids

can cause cellular apoptosis. However, FA from vegetable oils
have an important antioxidant activity exerting a protective
effect against ROS. Furthermore, the apoptosis caused by

the FA may not originate from genetic damage, in a manner
similar to that reported for limonoids that cause cell apoptosis
via the mitochondrial route (Milhomem-Paixão et al. 2016;

Melo et al. 2018).
In order to assess genotoxicity, cytotoxic, hematotoxicity

and mutagenic parameters from AOS, some authors have
reported the efficiency and safety of natural products used to

treat diseases among Amazonian and other populations. In
this context, it is particularly important to assess the potential
genotoxicity since toxicity is considered to be fundamental in

the development of diseases like cancer (Milhomem-Paixão
et al. 2016).

Costa-Silva et al. (2008) carried out the acute and subacute

toxicity of AOS in Wistar rats by oral administration oil route
in order to investigate the hematological, biochemical and
morphological parameters. They reported that at the doses

up 5.0 g.kg�1 in acute test any sign of toxicity or death were
produce in rats, suggesting a LD50 above 5.0 g.kg�1, in which
according to Kennedy Jr. et al. (1986) substances that present
LD50 higher than 5.0 g.kg-1 by oral route can be considered

practically non-toxic. In the subacute treatment (1.5 g.kg�1)
AOS did not change any biochemical parameters analyzed,
except for an increase in alanine aminotransferase (ALT)

serum levels in the group, indicating possible hepatotoxic
effects. Furthermore, when the oral administration route of a
drug is used, the biochemical toxicity of oil is almost null.

Henriques and Penido (2014) have also mentioned acute
and subacute activities of AOS reported by their group. In
the acute toxicity orally administrated in Swiss mice was

reported that LD50 in AOS was 22.3 g.kg�1, which is superior
to another drugs, such as the antihistamine fexofenadine
(4.5 g.kg�1) and the corticosteroid dexamethasone (5.8 mg.
kg�1) both used to treat acute and chronic allergic reactions.

In the subacute standardized test, it was observed that as oil
as pooled TNTPs orally administered for 21 days into infant
mice did not induce significant changes in body weight gain,

in spleen weight, in peripheral blood leukocytes in peripheral
CD4 + T lymphocytes. Besides that, no changes were
observed in red blood cell counts, inguinal lymph node or

adrenal weights among control groups and dexamethasone-
treated, oil-treated and tetranortriterpenoid-treated groups.

In another study, Milhomem-Paixão et al. (2016) used
Swiss mice to evaluate genotoxic and mutagenic effects of

AOS, besides its antioxidant properties and lipidome in order
to address safety issues. Using comet and micronucleus assay
and hematological analysis, the authors concluded that no

clinical or behavioral alterations were observed in the treat-
ment period and exposure to AOS at the dose concentrations
(500, 1000 and 2000 mg.kg�1/day) by gavage for 14 consecu-

tive days. The conditions used in this study did not result in
hematotoxic, genotoxic or mutagenic effects, quite the oppo-
site, the antioxidant activity of the oil would tend to protect

cellular DNA from oxidative damage.
Milhomem-Paixão et al. (2017) also performed a compara-

tive study to test the cytotoxicity, genotoxicity, and hemato-
toxicity of the AOS and its nanoemulsion (nanoandi) in vitro
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(fibroblasts, lineage NIH/3T3) and in vivo (Swiss mice) using
the same method mentioned above. The nanoemulsion was
prepared by a phase-inversion temperature method and its

composition consists of 10 g of AOS, 20 g of Kolliphor ELP
surfactant (Sigma) and 10 g of Milli-Q water. The nanoandi
did not present genotoxic, cytotoxic, or mutagenic effects

in vivo under the chosen experimental biological conditions,
while the in vitro tests presented cytotoxicity at the highest con-
centrations. They also observed that there is an influence on

cell morphology by the AOS, nanoandi and for the surfactant
used in its composition, which means that probably AOS,
nanoandi control and nanoandi have a profound influence
on cell membranes.

Doxorubicin (DOX) is an anthracycline antibiotic from
Streptomyces peucetius used as antineoplastics agent and quite
effective in treating various types of cancer, including lym-

phomas, leukemias, ovarian, breast, lung, thyroid cancers,
among others, however, its limited to clinical use because it
causes severe side effects (Melo et al. 2021). The toxicity mech-

anism of DOX seems to be related to the production of ROS in
the body (El-Moselhy and El-Sheikh 2014). In opposition,
antioxidants might be used to decrease ROS generated by

DOX. In this context, Melo et al. (2018) evaluated the geno-
toxic effects of AOS and its nanoemulsion on Swiss Mice, as
well as its antigenotoxic effects using DOX as ROS inductor.
In summary, the results indicated that both AOS and

nanoandi did not cause genetic damage and showed protective
effects against micronucleus formation in mice treated with
DOX.

Melo et al. (2021) also evaluated the feasibility of AOS and
nanoandi (Smix sufactant, Tween 80�:Span 80� (9:1, w/w)
prepared by a phase inversion temperature method to prevent

DOX damage to kidney, liver and spleen, as well as some bio-
chemical and hematological parameters in Swiss mice by gav-
age for 14 days and simultaneously intraperitoneal route

injection of DOX on 13 day. The results showed both AOS
and nanoandi (2000 mg.kg�1) were capable to reduced several
aspects in severity lesions caused by DOX (40 mg.kg�1),
decreasing hematotoxicity and the histological changes,

besides reducing the frequency of apoptotic cell death in the
studied organs, mostly was established by nanoandi, which
showed to be efficient to revert the deleterious DOX effects,

proving to be a protective agent for the liver. These potential
effects are believed due to the increase in the absorption in
the liver where was observed the greatest tissue recovery. Thus,

these data brought better applications to therapeutic proper-
ties of andiroba-based formulations.

In general, AOS and its nanoemulsions did not exhibit sig-
nificant differences in respect of hematological, biochemical

and morphological parameters, as well as hematotoxic, geno-
toxic, cytotoxic or mutagenic effects. On the contrary, it exhi-
bits antioxidant activities capable of modulating oxidative

damage in DNA and reducing side effects of antineoplastic
agents.

4.6. Antimicrobial activity

The natural prospection of new products with deleterious
effects against diseases caused by microorganisms in plants

and animals through secondary plant metabolites has
increased, showing to be potentially useful for the pharmaceu-
tical industry, medicine and agriculture (Nascimento et al.
2019). In this sense, efforts towards drug discovery and pru-
dent use of antimicrobial agents are the basis for overcoming

the worldwide problem of microbial resistance (Santos et al.
2010). The antimicrobial activity of some essential oils against
pathogenic microorganisms has been recognized and explored

as their mechanical procedures and/or specific conditions, suc-
cessfully releasing bactericidal or bacteriostatic substances,
such as quaternary ammonium compounds, bisbiguanides,

enzymes, metallic salts, however, the high volatility of the com-
pounds present in the composition of the oils represent the
cause of a sharp decline in antimicrobial activity (Conde
et al. 2015; Vaucher et al. 2015).

The minimum inhibitory concentration (MIC) is used to
determine the smallest concentration of the substance capable
of inhibit microbial growth. There are several methods to

assess antibacterial and antifungal of vegetal extracts, such
as agar diffusion method, macrodilution and microdilution
method (Ostrosky et al. 2008; Conde et al. 2015). Antimicro-

bial activities of AOS have been reported while its antibacte-
rial, antifungal and antiprotozoal activity, therefore, relevant
findings are discussed below.

4.6.1. Antibacterial

The antimicrobial activity of commercial andiroba (RF3150)
extracted from AS and copaiba (Copaifera officinalis)

(RF3350) oils (Beraca Sabará, Quı́micos e Ingredientes S/A
(São Paulo, Brazil) against bacteria of the genus Paenibacillus
was determined for the first time by Santos et al. (2012). In this

research, both oils demonstrated a MIC value range 1.56–
25 %, nonetheless, copaiba oil (OC) showed the best efficiency,
excepting for the higher MIC value observed for P. azotofix-
ans, as well as, in the AOS that showed a MIC of 25 % against

P. azotofixans and P. larvae. The time-response effect of AOS
and OC on P. larvae were determined for up to 48 h of expo-
sure. No viable cells of P. larvae ATCC 9545 were observed

after 24 h treatment with AOS (25 %) and after 48 h treatment
with OC (1.56 %). Besides that, a steep decline in CFU.mL�1

was observed after incubation with AOS and OC oils for 12

and 24 h, respectively.
Subsequently, Vaucher et al. (2015) evaluated the physico-

chemical properties of nanoemulsions of OC and AOS oils
using an oil and an aqueous phase containing the lipophilic

and hydrophilic surfactants Span 80� and Tween 20�, respec-
tively, dispersed in AOS or OC at 10 % and tested its antibac-
terial activity also against Paenibacillus species and showed

that all species tested were susceptible to both nanoemulsions.
The MIC values were lower than 0.39 %, except for P. glu-
conolyticus and P. validus, which showed MIC of 0.78 % for

AOS 10 % and of 6.25 % for OC 10 %, respectively, differ-
ently of control (medium-chain triglyceride 10 %), in which
none of the strains was inhibited. These results demonstrate

that both AOS and OC and their respectively nanoemulsions
presented a high activity against Paenibacillus species, which
may be candidates for the treatment or prevention of Ameri-
can foulbrood in honeybee diseases. In addition, the potential

protective effects of the oils nanoemulsions and the protection
against volatility were also confirmed.

In another research, Bataglion et al. (2014) analyzed the

antibacterial activity in three Amazonian oils, coconut, andir-
oba and castor seed oils. The experiment’s results showed sig-
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nificant but moderate activity only for AOS and solely against
Enterococcus aeruginosa (MIC 0.25 mg.mL�1). According to
the authors, this activity can be a synergetic effect of the pres-

ence of all those compounds present in the oil, wherein FA are
the most abundant. In contrast, Conde et al. (2015) tested the
antimicrobial activity in vitro of the Amazon plants on oral

biofilm microorganisms and concluded that AOS did not
exhibited antibacterial effects, however, was able to inhibited
the microbial adherence in Minimum Inhibitory Concentra-

tion of Adherence (MICA) in concentrations varying between
100 and 500 mg.mL�1.

Araújo-Lima et al. (2018) extracted the oil of C. guianensis
by three different methods (oil 1 was obtained by pressing the

dried seeds at room temperature, oil 2 by autoclaving, drying,
and pressing; oil 3 by Soxhlet extraction at 30–60 �C using pet-
roleum ether) and evaluated their chemical composition, free-

radical scavenging activity, and mutagenic and genotoxic
properties. It was observed that oils presented differential
yields, physicochemical properties, and phenolic contents. In

2,2-Diphenyl-pycril-hydrazyl radical (DPPH), oil 1 showed
the higher scavenging activity compared to oil 2 and 3, which
suggested a significant antioxidant activity. Furthermore, all

oils showed cytotoxicity against the bacteria Salmonella enter-
ica serovar Typhimurium strains TA97, TA98, TA100, TA102,
and TA1535 and to CHO-K1 and RAW264.7 cells. Muta-
genicity was observed in S. typhimurium at noncytotoxic con-

centrations in oil 2 and induced micronuclei in both cell
types, as well as oil 3 that also induced micronucleus forma-
tion. Thus, it was concluded that oil 1 was the safest for use

by not showing mutagenicity or micronucleus induction com-
pared to the other two oils.

4.6.2. Antifungal

Studies on essential oils effects as alternative control to
anthracnose caused by the fungus Colletotrichum gloeospori-
oides in peppers were reported by Sousa et al. (2012). In this

study, a commercial andiroba essential oil (AOE) was tested
in vitro at different concentrations against C. gloeosporioides
and in post-harvest pepper fruits, for which two variables were

chosen: the mycelial growth rate and mycelial growth velocity
index. The ability of AOE to inhibit fungal growth was
concentration-dependent, for instance, as the concentration
increased, greater inhibitions were observed, which differed

from control concentration at 1.0 %. In contrast, Sousa
et al. (2018) evaluated the fungicidal effects of pure AOS and
its association with sublimated iodine (I2) against the growth

and development of fungi that cause brown and white rot
using the toxicity assay in culture medium. The results showed
Table 7 MIC and IC50 values reported by Nascimento et al. (2019

Specie Aspergillus

flavus

Carapa

vasquezzi

MIC 31.2

IC50 6.5

Carapa

guianensis

MIC 125

IC50 71.2

MIC expressed in lL.mL � 1.

IC50, concentration in lL.mL � 1 that inhibits 50 % fungal growth.
that the best growth inhibitions were 83.62 % and 79.10 %
against Trametes versicolor (treatment with 1 % of I2) and Pos-
tia placenta (treatment with 5 % of I2), respectively, during

20 days.
Fungal pathogens cause significant global income losses in

relation to agriculture and the food industry. In this sense,

Nascimento et al. (2019) characterized the lipidomic profiles
of oils obtained from the seeds of two Carapa species, C. guia-
nensis and C. vasquezii and their synergistic implications for

the inhibition on phytopathogenic fungi (Aspergillus flavus,
A. niger and Fusariumoxysporum). The analyzes were carried
out using the inhibition test of fungal growth in liquid medium
and inhibition of conidial germination and the IC50 was also

determined (Table 7). In summary, C. vasquezii oil reveal the
highest inhibitory effect against all strains tested when com-
pared with C. guianensis, that means an 8-fold difference on

inhibition of F. oxysporum and A. flavus and an 2-fold for A.
niger, while the mycelial growth and conidial germination were
inhibited using 125 lL.mL�1 from both oils. Curiously, C. vas-

quezii was the species that had the highest average results for
fungal inhibition and presented the highest concentrations of
FA in its oil composition. These facts, collaborates to the liter-

ature, wherein some FA has been shown an inhibitory effect
on fungal germination and sporulation (Urbanek et al. 2012;
Golebiowski et al. 2014).

Another relevant factor is that the fungal composition of

the cell wall influences in greater or lesser extent the sensitivity
to substances with antifungal potential, for this reason, the
fungal cell wall is important and serves as a defense mecha-

nism. Fungi with lower levels of steroids has been reported
as more sensitive, therefore, increases the fungal fluid on the
cell wall membrane when induced by the inhibitory effects of

AOS (Avis and BéLanger, 2001). In addition, the antifungal
efficiency of FA is associated with increased carbon chain
length, however, the excess length in FA carbon chains reduces

the solubility, making difficult to mix the oil into the fungal
growth medium (Sado-Kamdem et al. 2009; Pohl and
Thibane, 2011).

4.6.3. Antiprotozoal

Regarding the antiprotozoal activity of AOS, some reports
have shown this activity against the pathogenic protozoans
to humans, like the etiological agents of malaria and leishma-

nia, Plasmodium falciparum, P. vivax, P. ovale, and P. malaria
and a several species of Leishmania genus, respectively
(Miranda Junior et al. 2012; Moraes et al. 2018; Oliveira

et al. 2018).
) in C. guianensis and C. vasquezii.

Aspergillus

niger

Fusarium

oxysporum

125 15.6

50.8 4.08

250 250

47.8 19.7
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Fig. 12 Chemical structures for compounds: (35): andiroloide H;

(36): 6a-acetoxyepoxyazadiradione. Source: adapted from Tanaka

et al. 2012.
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The antimalarial activity was reported by Tanaka et al.
(2012), where nine new limonoids, three new gedunin, an
andirobin, three mexicanolides, and two phragmalin-type,

named andirolides HAP were isolated from C. guianensis
flower oil. The antimalarial activity was assessed against the
P. falciparum FCR-3 strain (ATCC 30932, chloroquine-

sensitive) in gedunin-type limonoids, andirolides H (35), 6a-a
cetoxyepoxyazadiradione (36) (Fig. 12), 7-deacetoxy-7-
oxogedunin (18), 6a-acetoxygedunin (19), 6a-hydroxygedunin
(20) and gedunin (22). The best result was obtained with 36,
that is because it bore a furan ring, a,b-unsaturated ketone
on the A ring, as well as in acetoxy group at the C-6 position.

In a previously report by MacKinnon et al. (1997) the con-

jugated enone, the furan ring and the acetoxy group at the C-7
position was presumed to be crucial functional groups for the
antimalarial activity in 22, likewise, 20 also satisfied these req-

uisites exhibiting a lower antimalarial activity, while 19 and 35

showed a more potent activity compare to 22. Thus, the 7a-
acetoxy group was not required for significant in vitro antiplas-

modial activity against P. falciparum FCR-3 strain, nonethe-
less, the low in vitro activity of gedunin derivative 20

(IC50 = 90 lM) was attributed to the presence of a 6a-
hydroxy group. In addition, 18 did not carry an acetoxy group

at the C-6 or C-7 positions, showing better selectivity than 22.
Miranda Junior et al. (2012) also analyzed the antiplas-

modial activity in vitro and in vivo from AOS and its

limonoid-rich fractions (LRFs) against P. falciparum Dd2 (re-
sistant to chloroquine, mefloquine and pirimetamin) and W2
Table 8 Inhibitory effects of AOS and LRFs in P. falciparum W2

Sample Concentration (mg.mL
�1
) W2 inhibition (%)

24 h 48 h

AOS 8.2 100 100

LRFs 3.1 100 100

Quinine 0.016 71 73

Dd2
Inhibition (%) IC50 (mg.mL

�1

AOS 8.2 31 >82

LRFs 3.1 56 2.8

Chloroquine 0.031 10 >1
(resistant to chloroquine and sensitive to mefloquine). As
shown in Table 8, AOS and its LRFs were able to inhibit
the growth of both clones W2 (100 %) and Dd2 (88 %),

between 24 and 72 h. In the acute toxicity test using Swiss
albino mice, the AOS fixed dose was determined (LD50 > 2.
0 g/kg) was nontoxic, which differs from the values obtained

by Costa-Silva et al. (2008), as mentioned above. Therefore,
the authors highlighted that in toxicity bioassays using mice
and rats could be accepted doses>2.0 g/kg and 5.0 g/kg,

respectively. Furthermore, the antimalarial activities were
attributed to limonoids isolated from AOS, 18, 19, 22 and 7-
deacetylgedunin (37), 1,2-dihydro-3b-hydroxy-7-deacetoxy-7-
oxogedunin (38) and andirobin (39) (Fig. 13). Being in conflict

with the results in the Tanaka et al. (2012) in terms of 39 activ-
ity, that could be explained by the manners in which the sam-
ples were tested, LRFs and individually, respectively, however,

39 activity it is support by Pereira et al. (2014) as mentioned
below.

In the research of Pereira et al. (2014) were evaluated the

in vitro and in vivo antimalarial activity against P. falciparum
K1 and P. berghei NK65, respectively, and the cytotoxicity
of limonoids isolated from the residual biomass from C. guia-

nensis RPSM oil production. The in vitro antimalarial assay of
compounds 18, 19, 36, 39 exhibited a moderate activity,
whereas the semi-synthetic derivative 6a-hydroxydeacetylgedu
nin (40) (Fig. 14) obtained from deacetylation of 19 exhibited

the most inhibitory activity, besides 18 exhibited the lower
activity of all limonoids tested. The IC50 values for these com-
pounds ranged from 5.0 to 20.7 lM and none of the were toxic

to the human fibroblasts MRC-5 cell lines (18: IC50 = 47.3 lg.
mL�1, all other were: > 100 lg.mL�1) over a period of 48 h.
In this work, the in vitro anti-plasmodial activity of 40 was

reported for the first time and shown to be greater than the
four natural isolates against the strain P. falciparum K1
(IC50 = 5.0 lM), consisting to the previously generated data

by Tanaka group in which the notion that within this group
of gedunin derivatives, an O-acetyl group at the 6 and/or 7
position is not a required for significant in vitro antiplasmodial
activity against P. falciparum. Another data can be compared

between K1 and FCR-3 strain inhibition for compound 19 that
exhibited an IC50 = 7.0 lM and 2.8 lM, respectively. Finally,
larger quantities of 18 and 19 allowed the in vivo assay adult

female BALB/c mice and the greatest activity was detected
to 19, representing 65.7 % of parasitemia suppression against
P. berghei when compared to controls under administered

orally doses at 100 mg/kg/day.
and Dd2 clones (Miranda Junior et al. 2012).

72 h

100

100

75

) Inhibition (%) IC50 (mg.mL
�1
) Inhibition (%) IC50 (mg/mL

�1
)

71 9.4 88 8.4

64 2.4 82 0.4

35 0.1 60 0.01



Fig. 13 Chemical estructures for compounds: (37): 7-deacetylgedunin; (38): 1,2-dihydro-3b-hydroxy-7-deacetoxy-7-oxogedunin and

(39): andirobin. Source: adapted from Miranda Junior et al. 2012.

Fig. 14 Chemical structure for compound (40): 6a-hydroxy-
deacetylgedunin. Source: adapted from Pereira et al. 2014.
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In order to classify antiplasmodial activity in vitro, Batista

et al. (2009) have used combined criteria: IC50: <1 mM, excel-
lent/potent activity; IC50: 1–20 mM, good activity; IC50: 20–
100 mM, moderate activity; IC50: 100–200 mM, low activity;
Table 9 Antiplasmodial activity efficiency reported by (Miranda Ju

P. falciparum strains Sample EC50 (mol/L) IC5

FCR-3 18 2.5x10-6 –

19 2.8x10-6 –

20 9.0x10-5 –

22 2.5x10-6 –

35 4.0x10-6 –

36 4.5x10-6 –

W2 AOS – 8.2

LRFs – 3.3

Dd2 AOS – 9.4

LRFs – 2.4

K1 18 – –

19 – –

36 – –

39 – –

40 – –
and IC50: > 200 mM, inactive. Based on this, Table 9. shows
the efficiency of antiplasmodial activity herein cited by EC50

and IC50.
Regarding the antileishmanial activity, Moraes et al. (2018)

reported the nanoandi prepared by adding water and Tween
80� as aqueous phase; the organic phase was prepared using

Span 80� and AOS (1 g) against Leishmania infantum and
L. amazonensis. The nanoemulsions were analyzed by direct
observation under optical microscopy and reveal to be toxic

for parasites, mainly by reducing promastigotes of both Leish-
mania species. The data showed that the nanoandi was capable
to kill L. amazonensis (IC50: 260 mg.mL�1) and L. infantum

(IC50: 320 mg.mL�1) promastigotes at 48 h. Furthermore, trea-
ted cells infected by these parasites showed significant reduc-
tion in level infections around 36–89 % to L. infantum and

54–96 % to L. amazonensis between 200 and 300 mg.mL�1

on the macrophage cultures. Ultrastructural changes in oval
cell shape and flagella were observed after 1 h of treatment.
The leishmanicidal activity was also evaluated in vivo on

BALB/c mice treated for 8 weeks with nanoandi and showed
significant beneficial effects on lesion size, parasite burden
and histopathology induced by L. amazonensis, whereas the

group infected with L. infantum was effective in reducing the
nior et al. 2012; Tanaka et al. 2012; Pereira et al. 2014).

0 (mg.mL�1) IC50 mM Authors
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–
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–
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parasite burden around 50 % within livers and spleens and
liver and also to improve histopathological features.

Oliveira et al. (2018) characterized the chemical composi-

tion and tested the antileishmanial activity and the cytotoxicity
AOS and its LRFs extracts on L. amazonensis. The limonoids
were obtained by silica gel column chromatography and yield

six LRFs (LF1-LF6) identified as 7-deacetoxy-7-
hydroxygedunin (23), deacetyldihydrogedunin, deoxygedunin,
andirobin (39), gedunin (22), 11b-hydroxygedunin, 17-

glycolyldeoxygedunin, 6a-acetoxygedunin (19), and 6a,11b-dia
cetoxygedunin. Only three fractions, LF3, LF4, and LF5
exhibited leishmanicidal activity against promastigotes and
amastigotes forms, however, they also showed cytotoxicity to

peritoneal macrophage. LF3 revealed the most consistent
activity against amastigote forms, inducing a reduction in the
percentage of infected cells and the mean amastigotes per

200 cells at 20 mg.mL�1. The LRFs were more effective against
promastigote forms than intracellular amastigote forms and
these activities were assigned by the gedunin-type limonoids,

especially 11b-hydroxygedunin and 6a,11b-diacetoxygedunin
(Fig. 15), which were more concentrated in these fractions.
In contrast, AOS, LF1, LF2, and LF6 exhibited antileishma-

nial activity higher than 500 mg.mL�1 for the promastigote
forms after 72 h of treatment and did not demonstrate
in vitro cytotoxicity, except to LF2.

The trypanocidal activity of a comercical AOE (RF3150)

extracted from AS and its respective nanoemulsion (nanoan-
die) was analyzed in vitro by Baldissera et al. (2013) against
Trypanosoma evansi Steel. After 1, 3 and 6 h of treatment, a

dose-dependent trypanocidal effect could be observed through
the reduction of 66 %, 71 % and 86 % in the number of live
trypomastigotes at AOS concentrations of 0.5 %, 1.0 % and

2.0 %, respectively. The nanoandie was prepared by spota-
neous emulsificantion methoad and is composed by the
AOE, lipophilic surfactant (Span 80�) and acetone; the aque-

ous phase contained thehydrophilic surfactant (Tween 80�)
and distilled water. The nanoandie treatment significantly
reduced the living trypanosomes after 1 h in 94 % and
100 % at the concentration of 0.5 % and 1.0 %, respectively.
Fig. 15 Chemical structure for compounds (41): 11b-hydroxygedunin
et al. 2018.
Therefore, as conventional oil as its nanoemulsion form
showed to have a high activity against T. evansi in vitro, which
suggests a possible alternative treatment for this disease. How-

ever, when the AOE were tested in mice infected with T. evansi,
trypanocidal activity or curative effect were not found
(Baldissera et al. 2014).

A potential activity against microbial agents has been eluci-
dated from C. guianensis oil and its derivatives. The FA com-
position from AOS and AOE and its respective nanoemulsions

exhibit a high and moderate efficiency to inhibit phy-
topathogenic bacterial and fungal strains due their antioxidant
activities, which demonstrate a great alternative to control
these microorganisms, reducing the impact on food and agri-

culture industries. On the other hand, the antiplasmodial activ-
ity is attributed to AOS and AOE and their nanoemulsions,
but mainly by gedunin-type limonoids against the promastig-

otes and amastigotes protozoal forms.

4.7. Insecticidal activity

4.7.1. Ectoparasites

Due to the environmental impacts caused by synthetic chemi-

cal insecticides, several plant products with insecticidal proper-
ties have been used to control parasites, because of the slower
resistance development and its biodegradable characteristics,
which leads to lower environmental impact (Farias et al.

2009; Roma et al. 2014). Ticks are one of ectoparasites with
the most important among arthropods, being obligatory
hematophagous and vectors of biopathogens. Therefore, some

researchers have reported the effect of AOS against many
arthropods because of its compounds that are repellent or
lethal. Rhipicephalus sanguineus Latreille is an urban plague

of great medical-veterinary importance that has the dog as
its main host and can also parasite other mammals, including
humans (Vendramini et al. 2012a; Roma et al. 2013b).

As a first report, Farias et al. (2009) evaluated the acaricide
potential on engorged adult females of R. sanguineus and Ano-
centor nitens Neumann by immersion test using five AOS dilu-
tions (10 %, 25 %, 30 %, 50 %, 100 %). It was possible to
and (42): 6a,11b-diacetoxygedunin. Source: adapted from Oliveira
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observe a mortality and oviposition reduction with infertile
eggs of 100 % in all tested dilutions, showing the potential
effects of AOS extract against these two species. In this same

line, Vendramini et al. (2012a, 2012b) analyzed the action of
different concentrations of AOS (5, 10, and 20 %) on the
female reproductive system of R. sanguineus. The results

showed that there were important structural and physiological
differences in oocytes induced by AOS, as well as the drastic
reductions in proteins, polysaccharides and lipids of these cells

(essential components for embryo viability) compromised
reproductive success. Furthermore, in the highest concentra-
tion (20 %), oviposition was stimulated by the organism’s
defense mechanism in order to ensure the reproductive success

of the species, however, the results suggested that there was no
viability in these eggs due to the changes caused in the oocytes.

Roma et al. (2013a, 2013b) performed studies in order to

analyze the potential toxic effect of the AOS on the central ner-
vous system of R. sanguineus and the results demonstrated that
this natural oil interferes in the synganglion by inducing struc-

tural and enzymatic changes, leading to the consequently
impairment on the transmission of nervous impulses to the dif-
ferent organs of these parasites. Among the changes, damages

represented by empty spaces between the perineurium and the
cortical region were observed even at low concentrations,
showing the feasibility of the oil to cause structural damage
to the nervous tissue. According to these data, it was possible

to observe that neurotoxicity depends on the oil concentration,
as the higher concentration, greater damages are evidenced by
the presence of several cytoplasmic vacuoles in the cortex. Fur-

thermore, no changes have been observed in the genetic mate-
rial of ovary cells exposed to the AOS, as well as permethrin,
however, both causes damage to physiology of the synganglion

through neurotoxic action, which leads to a loss integrity of
the genetic material, resulting in the impairment of the meta-
bolism in another systems of R. sanguineus.

Besides that, Roma et al. (2014, 2015) induced the ultra-
structural changes in the synganglion of R. sanguineus female
ticks by the management of AOS in order to provide scientific
grounds in regard to the creation of more specific and efficient

methods of control. The neurotoxic action of the AOS to the
exposed synganglion of females promoted structural changes
in the irregular and apparently thinner neural lamella, per-

ineurium glial cells presenting large cytoplasmic vacuoles,
decrease in the extensions of glial cells, separation of cortex
cells, which were formerly attached through their membranes,

neural cells presenting irregular plasma membranes, cytoplasm
with autophagic vacuoles, as well as mitochondria with disor-
ganized cristae and in process of degeneration. These effects
confirmed that AOS would probably be able to impair the neu-

ral functions, which suggests that this product has a potential
as an alternative method to be used as control ticks. It is note-
worthy that the use of AOS is not harmful to the environment,

due to its rapid biological degradation compared to the syn-
thetic acaricides, which have a high residual power, remaining
in the environment for a longer period of time.

Volpato et al. (2015) accomplished a study to verify in vitro
influence of the commercial rosemary (STD Comércio e
Exportação Ltda, Brazil) andiroba code (RF3150) and

copaiba essential (RF3350) oils on different stages of the cattle
tick Rhipicephalus microplus at the concentrations of 5 % and
10 %. In regard to AOE an inhibition of 77.5 % at 5 % and
92 % at 10 % in female reproduction was observed, moreover,
AOE (10 %) had an acaricidal activity (100 %) and ovicidal
effects. Based on this, the authors concluded that AOE may
directly affect the oviposition and hatchability of cattle ticks’

due to a decrease in the number of females that have per-
formed oviposition. In addition, many engorged ticks present
an absence in oviposition, which may be due to the death or

injury of the reproductive system.
Barros et al. (2012) studied the in vitro efficacy in four con-

centrations of AOS (25, 50, 75 e 100 %) dispersed in Tween

80� against the cat lice Felicola subrostratus. The analysis per-
sisted in an immersion bath in 50 mL disposable cups contain-
ing 3 mL of the respective solutions, mixed constantly for three
minutes, next the liquid excess was removed and the specimens

were transferred to paper-filter envelopes and mortality rates
were observed for 72 h. The best results reported 100 % mor-
tality at concentrations of 50 and 100 % after the first hour

and for the third hour of the test at concentrations of 10 and
25 %. These results demonstrate the possible use of AOS in
the F. subrostratus control.

4.7.2. Insecticidal and larvicidal effect against urban and
agriculture pests

Silva et al. (2004) evaluated the larvicidal effect on dry-

scratched of AS (0.5–4 g.100 mL�1) against a sylvatic F1 pro-
geny and a laboratory-colonized population of Aedes albopic-
tus Skuse larvae (3rd and 4th instars) for 24 and 48 h. Both

populations showed a high mortality rate after 24 h. The lab-
oratory colony treated with 0.5–4 % of C. guianensis, however,
the higher mortality was observed in the field population trea-

ted with 0.5–2 % of C. guianensis (Table 10). Next, de
Mendonca et al. (2005) evaluated the larvicidal activity of
AOS at 500 mg.mL�1 against Ae. aegypti and the results
showed a mortality of 100 % (LC50 = 57 mg.mL�1) to 4th

instar larvae of this mosquito.
In the followed year, Silva et al. (2006) evaluated the larvi-

cidal activity from AOS at concentrations of 80–489 ppm

against the strains GCZ and Rockefeller of Ae. aegypti It
was observed a dose-dependent mortality caused by AOS to
both strains after 24 and 48 h (Table 10). Furthermore, the

toxic effect of AOS was significantly more sensitive to GCZ
strain larvae in all instars than Rock strain, which requires
approximately double of concentration to kill 90 % of 1st
instars, demonstrating a significant variation in the susceptibil-

ity of larvae to AOS.
Prophiro et al. (2012) evaluated the initial time of larvicidal

activity and the residual effect of AOS onAe. aegypti. The lethal

effect to larvae expo-sure to the oil started between the first 2 and
3 h at 500 mg.L-1; the toxic effect of residual activity remained
with a total efficiency of 100 % in larvae mortality until 12th

day. When sublethal dosage (LC50 = 140 mg.L-1) was used,
the mortality could be observed after 72 h in the larval molt.
In light of this, a recent study reported by Oliveira et al. (2022)

carried out an ethnobotanical study in the Amazonian São
Sebastião de Marinaú riverside community in order to provide
new larvicides against Ae. aegypti Rockefeller strain, thus,
extracts from stem wood and seed hulls of C. guianensis were

obtained by hexane:ethyl acetate:dichloromethane (45:45:10)
and tested at 250 mg.mL�1 on larvae and pupae for 24, 48 and
72 h. C. guianensis seed hulls extract caused a mortality of

100 % (LC50 = 70 lg.mL�1) after 72 h of exposure, however,
the mixture was inactive against pupae. Furthermore, the resid-



Table 10 Mortality observed in larvae of Ae. Albopictus (Silva et al. 2004) and Ae. aegypti strains (Silva et al. 2006).

Species Population Larval

Instar

LC50 (mg.mL
�1
)

24 h 48 h

Ae. albopictus Sylvatic F1 progeny 3rd 0.74 0.68

4th 0.66 0.55

laboratory-colonized 3rd 1.81 –

4th 1.82 –

A. aegypti – Larval

Instar

CGZ strain Rockefeller strain

24 h 48 h 24 h 48 h

1st 36 24 48 30

2nd 40 38 126 102

3rd 48 34 106 78

4th 128 114 234 138
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ual activity of the initialC. guianensis seed hulls extract was also
investigated and achieved 100 % mortality by day 6 (250 lg.
mL�1), decreasing to 62% on day 9 and inactive on day 10, dif-
fering briefly from results obtained by Prophiro et al. (2012).
The authors suggests that these differences may be attributed

to the higher concentration employed and/or the different mos-
quito strains tested. In addition, the increased susceptibility of
larvae to larvicidal compounds is likely due to filter feeding dur-

ing the developmental stages, whereas pupae are less susceptible
to harmful agents, because they do not feed at this stage of devel-
opment (da Silva Costa et al. 2016; Silva et al. 2020).

Jesus et al. (2017) prepared a nanoandi by a Low-Energy/

Solvent-Free method contaning water (90 %), Sorbitan mono-
oleate/polysorbate (5 %) and AOS (5 %) and tested its prelim-
inary residual larvicidal activity against the late 3rd instar/

early 4th instar larvae of Rockefeller strain of Ae. aegypti.
Therefore, 250 mg.mL�1 of AOS were diluted in the optimal
nanoemulsion and then mortality was recorded in three cycles

of 48 h. Each cycle represents the removal of all larvae after
24 h, followed by filtration of the aqueous medium with the
nanoandi left in the beaker for an additional period of 24 h.
Only in the third cycle it was possible to observe a significant

mortality (53.33 ± 15.30 %), while in the first (13.33 ± 11.5
5 %) and in the second cycle (16.6.7 ± 15.30 %) there were
no significant differences in mortality compared to the control

group (3.33 ± 5.77 %). Thus, these results demonstrated an
increase in mortality as a function of time. Furthermore, a
potential bioactive nanoemulsion of AOS in water was

achieved with an ecofriendly approach, which means that these
characteristics may be promising to controlled release system
and for valorization of this Amazon raw material.

In another research, Sarquis et al. (2020) reported the use of
silk fibroin solution (2 %) as a natural surfactant on prepara-
tion of an oil-in-water emulsion mixed with ethanol (24 %)
and bioactive compounds of AOS(5 %) and their derivatives,

free fatty acids (FFA) (5 %) and fatty acid ethyl ester (FAEE)
(5 %) to evalute the activity against the larvae of Ae. aegypti.
The AOS was extracted from Carapa trees in the dry and rainy

seasons, therefore, two groups with two samples were gener-
ated, AOS1 and their derivatives FFA1 and FAEE1 and
AOS2 and their derivatives FFA2 and FAEE2. The most

active emulsion was FFA2 (LC50 = 94.45 and 16.79 lg.
mL�1), followed by FFA1 (LC50 = 212.33 and 129.45 lg.
mL�1) at 24 and 48 h, respectively. The effects of FFA solubi-
lized in DMSO were also evaluated and the LC50 showed to be
higher than those of the respective solution in fibroin. Thus,

the carrying capacity of the fibroin emulsion and its positive
impact on the biological activity were emphasized, suggesting
an increase on the biodistribution and bioavailability of activ-

ity in aqueous medium promoted by biopolymeric matrix of
silk fibroin.

The studies of Santos et al. (2012) and Vaucher et al. (2015),

mentioned above also evaluated the toxicity of AOS against
adults and larvae of honey bees Apis mellifera were also inves-
tigated. The results obtained in the first study showed that
after AOS exposition, an index of about 20 % per day could

be observed in bee mortality until day 4, and the survival rate
was approximately 20 % at the 10th day of the experiment. In
the second study, mortality of 8.33 % of adult worker bees and

26.2 % of larvae was observed after 24 h of treatment with
nanoandi 10 % and these percentage did not increase after
48 h. Thus, nanoandi provoked a low toxicity at these condi-

tions. In this same line, Xavier et al. (2015) evaluated the acute
toxicity and sublethal effects of AOS (10 mL.L-1) against A.
mellifera and the results showed that only AOS demonstrated
no lethality to A. mellifera adult workers, however, an acute

toxicity to larvae was observed.
Anastrepha fraterculu Widemann is a fruit fly species that

causes damage to several fruit plants and losses in fruit pro-

duction that can reach up to 100 % (Freire et al. 2006). In this
sense, Nunes et al. (2015) analyzed the toxic effect of AOS
(2L.100L-1) on the oviposition and mortality in adults of A.

fraterculu by no-choice and free-choice tests in pear fruits. In
the no-choice test an intermediary efficacy on adult mortality
(26 %), whereas in free-choice test, the AOS showed mortality

of 15.9 %. In addition, there was no larval emergence, pupae
and adult development in fruits in both tests treated with AOS.

Recently, Wille et al. (2021) evaluated the mortality and
offspring effects treated with AOS in control of A. fraterculu

using strawberry guava, peach and apple as fruits hosts. A
higher mortality rate was observed on strawberry guava and
apple fruits 35.0 % and 18.4 %, respectively, as well as pre-

vented its complete proliferation in the same fruits, while in
peach fruits treatment, the only effect was observed in the off-
spring, reducing the number of pupae by 68.3 %. Thus, these

results suggest the AOS as an alternative product to control A.
fraterculus, however, further studies are needed to consider the
effectiveness of AOS under field conditions.
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Ambrozin et al. (2006) assayed the insecticidal activities of
five limonoids: 7-deacetoxy-7-oxogedunin (18), 6a-
acetoxygedunin (19), 17b-hydroxyazaradione (31), methylan-

golensate (32), 1,2-dihydro-3b-hydroxy-7-deacetoxy-7-oxoge
dunin (38) towards Atta sexdens rubropilosa. The results
showed that all limonoids tested exhibit moderate insecticidal

actvities, compound 19 showed a significant difference to the
control group in the log-rank test. Regarding termites, Sousa
et al. (2019) evaluated the efficiency of AOS enriched with

1 %, 3 %, and 5 % of I2 against dry-wood termites (Cryptoter-
mes brevis Walkerre). The greater efficiency against termites
was observed in the concentrations of AOS at 3 and 5 % I2,
which provided the total mortality of these pests.

In another study of da Silva Costa et al. (2016) evaluated
the insecticidal activity of AOS against the melonworm
Diaphania hyalinata L. and their toxicity and phytotoxicity

to the predatory ant Paratrechina sp. and to pumpkin plants,
respectively. Through the results, no significant acute toxicity
was observed on D. hyalinata larvae, however, there was an

inhibition in feeding and oviposition. The predatory ant Para-
trechina sp. in contact with AOS showed a mortality of<20 %
and non-phytotoxicity to pumpkin plants was observed.

Sarria et al. (2011) tested the effect of limonoids of 18 and
b-photogedunin (43) (Fig. 16) from arillus of C. guianensis
against the larvae and pupae of armyworm Spodoptera frugi-
perda J. E. Smith. These compounds affected the larval and

pupal development and prolongated the larval phase in 1.4
and 0.6 days at 50.0 mg.kg�1 by 18 and 43, respectevely, when
compared with the 14.9 days using 22 as control and by reduc-

ing the pupal weight in 17.8 and 31.5 mg by 18 and 43, respec-
tevely, compared with the control (272.2 mg). In summary, a
moderate insecticidal activity at 50.0 mg.kg�1 could be

observed, causing a mortality of 33.3 % and 53.3 % in the lar-
val phase by 18 and 43, respectively. In addition, the highest
insecticidal activity against S. frugiperda was presented by 43

and then was suggested for the control of this worm. As men-
tioned before by Silva et al. (2020), susceptible harmful agents
against pupae are less available commercially due non feeding
Fig. 16 Chemical structure for compound (43): b-photogedunin.
Source: adapted from Sarria et al. 2011.
at this stage, however, the results obtained in this study sug-
gested a new source of botanical insecticides from C. guianen-
sis, constituting a promising alternative large scale eco-friendly

larvicidal and pupicidal.
Later, Santos et al. (2016) evaluated the effect of AOS in

the eggs and 3rd instar caterpillars of S. frugiperda after expo-

sition of 24 h. The data obtained showed a significant effi-
ciency on eggs (64.7 % ± 6.4 %) and 3rd instar caterpillars
(97.5 % ± 2.2 %) under the influence of undiluted oils at

200 mL, furthermore, the lethal concentration was established
at 60.84 % on 3rd instar caterpillars of S. frugiperda. In addi-
tion, another study accomplished by Santos et al. (2015) the
insecticidal potential of C. guianensis against the maize weevil

(Sitophilus zeamais Motschulsky) was evaluated. From the
results, the lethal dose was established at 60 % and the mortal-
ity reached 100 % after 24 h.

Klauck et al. (2014) evaluated the insecticidal and repellent
effects in vitro and in vivo of the commercial AOE (RF3150) at
concentrations of 1.0 % and 5.0 % on two species flies, Hae-

matobia irritans L. and Musca domestica L. The insecticidal
efficiency of 67 % was observed to AOE at 5.0 % against
M. domestica after 12 h. In contrast, 100 % efficacy was

observed against H. irritans at both concentrations for up to
4 h. Holstein cows naturally infested by H. irritans were used
to assess the repellency effects of the oil at 5 % and a reduction
of 57.7 % at 24 h could be observed in the cows treated when

compared to control.
In a recent study, of Amorim et al. (2021) analyzed the

effect of the ethanolic extract (1.06 mg.mL�1 and 0.34 mg.

mL�1) from root and stem of C. guianensis, respectively,
in vitro and in vivo on gastrointestinal nematodes of sheep nat-
urally infected in the Western Amazon. Both extracts demon-

strated an anthelmintic activity against Artemia saline Leach
with LC50 = 530 lg.mL�1 and 170 lg.mL�1, respectively.
Extracts of root and stem were orally administered in a single

treatment at the days 1, 2, 3, 4, 15, 16, 17 and 18 in 2 groups of
crossbred sheep at 1.06 mg.mL�1 and 0.34 mg.mL�1, respec-
tively, for 30 days. The blood and feces samples collected at
intervals of 7 and 15 days to assess the parasitic and hemato-

logical profile. From the results it was possible to observe a
reduction in parasitic load of 86 and 59 % in egg count per
gram of feces to the root and stem of andiroba, respectively.

It was also observed a reduction of 70 and 55 % in the 3rd
instar larvae recovered from the sheeps after the treatment
with the root and stem of andiroba, respectively. Thus, the

both extracts of C. guianensis showed an anthelmintic poten-
tial against these nematodes, representing a good alternative
for the control of sheep endoparasitosis.

From these reports discussed here, it is possible to infer that

the greatest and most expressive biological activity of C. guia-
nensis is the biopesticide activity, reaching inhibitory activities
and mortality of up to 100 % in insects, larvae and eggs. The

AOS and AOE and its respective dilutions or nanuemulsions
represent the major applications, leading to a great and poten-
tial mortality rate to several pests that cause notable losses in

agriculture. Only gedunin-type limonoids were used to control
these parasites and exhibited moderate activities, wherein com-
pound 19 displays the most significant activity, whereas 43 is

capable of affect pupal development.

http://mg.kg
http://mg.kg
http://mg.mL
http://mg.mL
http://mg.mL
http://mg.mL
http://mg.mL
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4.8. Repellent effect

Miot et al. (2004) performed a comparative study between the
effectiveness of AOS 15 % and 100 % and DEET 50 % as
repellent for female Aedes sp on forearms of volunteers. From

the results it was possible observe that the median of the first
and third bite was 17.5 s and 40.0 s without any product,
respectively, whereas AOS 15 % and 100 % exhibited 63.0 s
and 97.5 % and 56.0 s and 142,5s to the first and third bite,

respectively. Bites on the volunteers that used DEET 50 %
after 3600 s were not observed. Therefore, the pure andiroba
oil presented discreet repellent effect against bite of Aedes

sp., however was significantly inferior to DEET 50 %.
The in vitro repellent effect in the commercial AOE

(RF3150) at 5 % against Haematobia irritans L. and Chryso-

mya megacephala Fabricius were evaluated by Klauck et al.
(2015). The results demonstrated a 100 % effective repellency
to both species until 240 min, nevertheless, a lower efficiency

of 75 % against C. megacephala was observed when compared
to citronella oil, however, death of flies remained in the com-
partments with AOE.

Machado da Rosa et al. (2013) evaluated the repellent effect

of AOS in vitro at 0.5–2 % associated with 5 % protein
(BioanastrephaTM) on fruit fly A. fraterculus and conclude that
this association significantly reduced the capture potential of

A. fraterculus in the treatments containing 1 and 2 % of
AOS. Furthermore, the authors give attention to the needing
studies for this application in field on leaves and/or fruits.

A least reported of repellent effects on flies was accom-
plished by Zortea et al. (2017), wherein the effect of commer-
cial AOE (RF3150) at 5 % was assessed on Musca domestica
L., as well as the ecotoxicological effects on the environment.

A significant reduction was observed after 2 and 24 h in the
number of flies and at 48 h no difference in this number could
be observed. In the ecotoxicological tests, the presence of the

oil in soil did not inhibit the microbial activity or affect the sur-
vival and reproduction of springtails Folsomia candida Willem.

In another study, Freire et al. (2006) evaluated the effect of

AOS on phorids, a hives’s prague, by monitoring the female
phorids posture in a box containing a pot of 60 mL of AOS
plus pollen. The repellent effect was observed against this pra-

gue by reducing the female oviposition reaching no posture
held in the most repetitions. Furthermore, the repellent effect
was also analyzed on Melipona Compressipes Manaosensis
Fabricius bees and after 3 days the adults and larvae phorids

presence were not observed, highlighting the repellent effect
of AOS.

The repellent effects displayed by C. guianensis were attrib-

uted to pure AOS and AOE and its respective dilutions. In
most of the reports mentioned above, AOS or AOE repre-
sented a significant repellency effect on flies, phorids and Aedes

mosquitoes. However, just a few reports explored this activity,
therefore, further investigations are needed to evaluate these
parameters using other methods applications of the AOS and
AOE, besides their isolated bioactive compounds, as well as

their application in the field.

5. Biotechnological applications

Several biological activities from different vegetative parts of
C. guianensis and its different manipulations methods were dis-
cussed here and proven to be a potential source to biotechno-
logical applications, mainly to pharmaceutical, agriculture and
cosmetic industries. Among the reports in this review, the

nanoemulsions were the main applications tested in C. guia-
nensis to the development of new drugs derived from plants.
Interestingly, through the development of new tools by

nanobiotechnology to natural products have been reported
in the literature, such as the nanoemulsions used for pharma-
ceutical and biomedical aids and vehicles exhibiting a promise

to drug therapy and biotechnology. It is noteworthy that
nanoemulsions have been used to disperse oil extracts and
compounds in aqueous media (Vaucher et al. 2015;
Milhomem-Paixão et al. 2017). Furthermore, some reports in

the literature have been demonstrating the use of C. guianensis
in the formulation of products and new technologies, such as
biomaterials, biodiesel and recovery of fermentable sugars

through waste treatment in the andiroba production chain
(Iha et al. 2014; Stachiw et al. 2016; Gaspar et al. 2017;
Souza et al. 2019; Santos et al. 2020; Silva et al. 2021;

Ferreira et al. 2022).
Nanoprobes synthetized from high quality magnetic

nanoparticles are of great interest to biomedical applications,

such as imaging techniques and cancer therapy, as well as
the ability to control and drive the nanoparticles through
bloodstream by using an external magnetic field to a specific
target (Lu et al. 2007; Gaspar et al. 2017). In this context,

Gaspar et al. (2017) developed a biocompatible magnetic
nanofluid by incorporating superparamagnetism of iron oxide
nanoparticles (SPIONs) associated with C. guianensis oil ben-

efits. The MTT and Propidium iodide assays were used to
assess the biocompatibility in human cells SW480 colon cancer
line and L929 fibroblasts in the best SPIONs (A) and none

effect was observed on cells viability up to 200 lg in iron,
for 24 h incubation. Moreover, SPIONs A were able to inter-
nalize into colon cancer cells within 3 h and to preserve the

superparamagnetic behavior, nonetheless, exhibited a 4-fold
lower saturation magnetization when compared to native
SPIONs.

Emulgels composed by Carbopol 934P and AOS for appli-

cation in the topical propolis delivery were prepared by Santos
et al. (2020) investigated the bioadhesion, drug release profile,
and ex vivo skin pig permeation. The emulsion was composed

by 1.0 % and 8.0 % of C934P and AOS, respectively and the
bioadhesive was 0.0692 ± 0.0051 N. It was possible observe
that this formulation displayed a great bioadhesive properties,

modified (prolonged) propolis release profile, as well as skin
permeation, and retention.

Silva et al. (2021) created a multifunctional wound dressing
through the Poly (e-caprolactone) (PCL)/AOS hybridization

and assessed the thermal, surface area and the biological prop-
erties of this material in order to obtain a more natural and
straightforward treatment. The hybridization showed that

AOS affects some parameters, such as the decreasing
hydrophilicity and porosity in interaction with water, the evap-
oration rate of solvent, besides an increase in the crystals

domains. Triglycerides analysis suggested a higher thermal sta-
bility of this hybrid material due the barrier effect caused by
polymer chains to AOS molecules. No cytotoxicity was

observed under L929 cells on PCL/AOS viability tests, more-
over, exhibited the ability of PCL hybrid film as a matrix for
cell growth. Therefore, the authors highlighted that the
absorption capacity of this material can be suitable for
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biomedical applications, such as wound dressings, which can
be able to assist covering, preventing infection in the wound
healing process.

Next, Ferreira et al. (2022) prepared and analyzed a poly-
meric membrane composed of chitosan, green banana peel
extract and AOS by macroscopic and morphological analyses

and the surface of membranes by swelling and moisture tests,
contact angles, X-ray diffraction (XRD) and Differential scan-
ning calorimetry (DSC). The membranes composed of green

banana peel extract, chitosan and AOS exhibited a superior
percentage of moisture, as well as a higher percentage of swel-
ling in synthesized membranes, demonstrating the inverse pro-
portionality between the swelling and the moisture. The

addition of the plant constituents, such green banana peel
extract and AOS to chitosan membranes caused a decreasing
in the crystallinity, which have characteristics to make up a

biomaterial to treat epithelial lesions, gathering essential prop-
erties, like the absorption capacity and fluid retention, cellular
adhering facilitated by decreased crystallinity and thermal

degradation. However, biological assays were not carried
out, therefore, the ideal concentrations and the effectiveness
of this material in tissue regeneration must be adequately

studied.
Iha et al. (2014) produced a renewable biodiesel by analyz-

ing the physicochemical properties of AOS and despite that
this bio-oil was not completely deoxygenated, a potential pro-

duction for a diesel engines was demonstrated, adding value to
this raw material and promising. Moreover, Stachiw et al.
(2016) also evaluated the potential biodiesel production from

AOS by methyl route and concluded that there is a high poten-
tial for biofuel production, nonetheless, it was possible to
observe a high acidity value (85 %) from this oil.

A recently study reported by Souza et al. (2019) elucidated
the recovery of fermentable sugars through optimization of
alkaline pretreatment from C. guianensis residues that are a

great source of carbohydrates that can be used for production
of organic acids and ethanol. The alkaline pretreatment opti-
mized the production of fermentable sugar and the highest
concentration was obtained at 100 min reaction time, 4 %

(m/v) and 120 �C, which demonstrated the promising produc-
tion of fermentable sugars from this biomass.

The high viability of C. guianensis was testified due its great

benefits in a wide range of bioactivities displayed here, there-
fore, this specie demonstrates the great interest in the advance
and development of novel bioproducts and biotechnologies to

enhance these properties and its applications in order to gener-
ate economically viable and eco-friendly biotechnologies,
which aggregate values at all stages of the cycle production
chain of andiroba tree.
6. Conclusion

It is possible to observe that different vegetative parts of C.

guianensis exhibit a wide range of biological activities of inter-
est to pharmaceutical, medicinal, cosmetological and insectici-
dal applications. These activities are mainly due to fatty acids

and the presence of bioactive compounds, such as limonoids
and a small fraction of phenolic compounds. Gedunin-type
limonoids, such as gedunin and its derivatives or synthesized

from it, represent the class of compounds that show the highest
bioactivities in different applications, in which gedunin exhi-
bits the best activities with the lowest inhibitory concentration.
Most of the studies were carried out in vitro and in vivo tests
using the animal model and reported a broad therapeutic ben-

efit from C. guianensis, which arouses the interest of research-
ers in the evaluation of these properties and enhance them
through biotechnological approaches, such as emulsions and

nanoemulsions, emulgels, polymeric membranes and hybrid
films in wound healing, repellents and bioinsecticides, repre-
senting an alternative and eco-friendly approaches that adds

value to Amazon raw material. It is noteworthy that there is
a lack of studies in the analysis of the therapeutic effects in a
human model, therefore, further studies are necessary to eval-
uate the viability of these properties, as well as investigations

on the bioproducts and biotechnologies generated from the
bioactive fractions of C. guianensis to assess their potential
properties.
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inária e Zootec 61, 877–882. https://doi.org/10.1590/s0102-

09352009000400015.

Ferraris, F.K., Rodrigues, R., da Silva, V.P., et al, 2011. Modulation

of T lymphocyte and eosinophil functions in vitro by natural

tetranortriterpenoids isolated from Carapa guianensis Aublet. Int.

Immunopharmacol. 11, 1–11. https://doi.org/10.1016/j.

intimp.2010.09.010.

Ferreira, E.D.S., Paranhos, S.B., da Paz, S.P.A., et al, 2022. Synthesis

and characterization of natural polymeric membranes composed of

chitosan, green banana peel extract and andiroba oil. Polym 14.

https://doi.org/10.3390/polym14061105.

Finucane, M.M., Stevens, G.A., Cowan, M.J., et al, 2011. Re:

National, regional, and global trends in body-mass index since

1980: Systematic analysis of health examination surveys and

epidemiological studies with 960 country-years and 9.1 million

participants. J. Urol. 186, 1982–1983. https://doi.org/10.1016/j.

juro.2011.07.061.

Firmino, A.V., Vidaurre, G.B., Oliveira, J., et al, 2019. Wood

properties of Carapa guianensis from floodplain and upland forests

in Eastern Amazonia. Brazil. Sci Rep 9, 10641. https://doi.org/

10.1038/s41598-019-46943-w.

Freire, D.C.B., Brito-Filha, C.R.C., Carvalho-Zilse, G.A., 2006.
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Ethnopharmacol. 40, 53–75. https://doi.org/10.1016/0378-8741(93)

90089-N.

Henriques, M., Penido, C., 2014. The therapeutic properties of

Carapa guianensis. Curr. Pharm. Des. 20, 850–856. https://doi.org/

10.2174/13816128113199990048.

Higuchi, K., Miyake, T., Ohmori, S., et al, 2017. Carapanosins A-C

from Seeds of Andiroba (Carapa guianensis, Meliaceae) and Their

Effects on LPS-Activated NO Production. Molecules 22. https://

doi.org/10.3390/molecules22030502.

https://doi.org/10.1155/2018/3246719
https://doi.org/10.1194/jlr.r800057-jlr200
https://doi.org/10.1194/jlr.r800057-jlr200
https://doi.org/10.1128/aem.67.2.956-960.2001
https://doi.org/10.1016/j.exppara.2013.03.035
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0045
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0045
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0045
https://doi.org/10.1590/s0102-695x2012005000047
https://doi.org/10.1016/j.foodres.2014.07.011
https://doi.org/10.3390/molecules14083037
https://doi.org/10.3390/molecules14083037
https://doi.org/10.1124/mol.115.098970
https://doi.org/10.1124/mol.115.098970
https://doi.org/10.1039/c3ay25743f
https://doi.org/10.1039/c3ay25743f
https://doi.org/10.1590/s0102-86502013000600005
https://doi.org/10.1590/s0102-865020180110000007
https://doi.org/10.1590/s0102-865020180110000007
https://doi.org/10.15448/1980-6523.2015.4.17794
https://doi.org/10.15448/1980-6523.2015.4.17794
https://doi.org/10.1177/1534735404270335
https://doi.org/10.1210/er.2008-0024
https://doi.org/10.1210/er.2008-0024
https://doi.org/10.1016/j.jep.2022.115284
https://doi.org/10.1016/j.jep.2022.115284
https://doi.org/10.1016/j.jep.2007.12.016
https://doi.org/10.1016/j.jep.2007.12.016
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0110
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0110
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0110
https://doi.org/10.1016/j.fitote.2005.06.013
https://doi.org/10.1016/j.fitote.2005.06.013
https://doi.org/10.1007/s12161-017-1142-5
https://doi.org/10.1007/s12161-017-1142-5
https://doi.org/10.1016/j.biopha.2013.09.001
https://doi.org/10.1016/j.biopha.2013.09.001
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0135
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0135
http://refhub.elsevier.com/S1878-5352(23)00090-4/h0135
https://doi.org/10.1590/s0102-09352009000400015
https://doi.org/10.1590/s0102-09352009000400015
https://doi.org/10.1016/j.intimp.2010.09.010
https://doi.org/10.1016/j.intimp.2010.09.010
https://doi.org/10.3390/polym14061105
https://doi.org/10.1016/j.juro.2011.07.061
https://doi.org/10.1016/j.juro.2011.07.061
https://doi.org/10.1038/s41598-019-46943-w
https://doi.org/10.1038/s41598-019-46943-w
https://doi.org/10.1590/s0044-59672006000300012
https://doi.org/10.1590/s0044-59672006000300012
https://doi.org/10.1016/j.saa.2016.04.022
https://doi.org/10.1016/j.micres.2013.07.011
https://doi.org/10.1016/0378-8741(93)90089-N
https://doi.org/10.1016/0378-8741(93)90089-N
https://doi.org/10.2174/13816128113199990048
https://doi.org/10.2174/13816128113199990048
https://doi.org/10.3390/molecules22030502
https://doi.org/10.3390/molecules22030502


Biological activities from andiroba (Carapa guianensis Aublet.) 29
Hussni, C.A., Groh, T.M., Alves, A.L.G., et al, 2010. Phenylbuta-

zone effects on experimental wound healing in horses. Brazilian J

Vet Res Anim Sci 47, 262–267. https://doi.org/10.11606/issn.1678-

4456.bjvras.2010.26824.

Iha, O.K., Alves, F.C.S.C., Suarez, P.A.Z., et al, 2014. Potential

application of Terminalia catappa L. and Carapa guianensis oils for

biofuel production: Physical-chemical properties of neat vegetable

oils, their methyl-esters and bio-oils (hydrocarbons). Ind. Crop.

Prod. 52, 95–98. https://doi.org/10.1016/j.indcrop.2013.10.001.

Inoue, T., Nagai, Y., Mitooka, A., et al, 2012. Carapanolides A and

B: unusual 9,10-seco-mexicanolides having a 2R,9S-oxygen bridge

from the seeds of Carapa guianensis. Tetrahedron Lett. 53, 6685–

6688. https://doi.org/10.1016/j.tetlet.2012.09.108.

Inoue, T., Matsui, Y., Kikuchi, T., et al, 2013. Guianolides A and B,

new carbon skeletal limonoids from the seeds of Carapa guianensis.

Org. Lett. 15, 3018–3021. https://doi.org/10.1021/ol400924u.

Inoue, T., Matsui, Y., Kikuchi, T., et al, 2014. Carapanolides C-

I from the seeds of andiroba (Carapa guianensis, Meliaceae).

Fitoterapia 96, 56–64. https://doi.org/10.1016/j.fitote.2014.04.

006.

Inoue, T., Matsui, Y., Kikuchi, T., et al, 2015. Carapanolides M-S

from seeds of andiroba (Carapa guianensis, Meliaceae) and

triglyceride metabolism-promoting activity in high glucose-pre-

treated HepG2 cells. Tetrahedron 71, 2753–2760. https://doi.org/

10.1016/j.tet.2015.03.017.

Inoue, T., Ohmori, S., Kikuchi, T., et al, 2018. Carapanosins D—F

from the seeds of andiroba (Carapa guianensis, Meliaceae) and their

effects on LPS-activated NO production. Molecules 23. https://doi.

org/10.3390/molecules23071778.

Jesus, F.L.M., de Almeida, F.B., Duarte, J.L., et al, 2017. Prepara-

tion of a nanoemulsion with Carapa guianensis Aublet (Meliaceae)

oil by a low-energy/solvent-free method and evaluation of its

preliminary residual larvicidal activity. Evid Based Complement

Altern. Med. 2017, 6756793. https://doi.org/10.1155/2017/6756793.

Kennedy Jr., G.L., Ferenz, R.L., Burgess, B.A., 1986. Estimation of

acute oral toxicity in rats by determination of the approximate

lethal dose rather than the LD50. J. Appl. Toxicol. 6, 145–148.

https://doi.org/10.1002/jat.2550060302.

Kikuchi, T., Akita, K., Koike, H., et al, 2020. Carapanins A-C: new

limonoids from andiroba (Carapa guianensis) fruit oil. Org.

Biomol. Chem. 18, 9268–9274. https://doi.org/10.1039/

d0ob01872d.

Kim, H.S., Noh, S.U., Han, Y.W., et al, 2009. Therapeutic effects of

topical application of ozone on acute cutaneous wound healing. J.

Korean Med. Sci. 24, 368–374. https://doi.org/10.3346/

jkms.2009.24.3.368.

Klauck, V., Pazinato, R., Stefani, L.M., et al, 2014. Insecticidal and

repellent effects of tea tree and andiroba oils on flies associated with

livestock. Med. Vet. Entomol. 28 (Suppl 1), 33–39. https://doi.org/

10.1111/mve.12078.

Klauck, V., Pazinato, R., Radavelli, W.M., et al, 2015. In vitro

repellent effect of tea tree (Melaleuca alternifolia) and andiroba

(Carapa guianensis) oils on Haemotobia irritans and Chrysomya

megacephala flies. Trop. Biomed. 32, 160–166.

Liang, W., He, X., Bi, J., et al, 2021. Role of reactive oxygen species

in tumors based on the ‘‘seed and soil” theory: A complex

interaction (Review). Oncol. Rep. 46. https://doi.org/10.3892/

or.2021.8159.

Londres, M., Schulze, M., Staudhammer, C.L., Kainer, K.A., 2017.

Population Structure and Fruit Production of Carapa guianensis

(Andiroba) in Amazonian Floodplain Forests. Trop Conserv Sci

10. https://doi.org/10.1177/1940082917718835.

Lourenço, J., Ferreira, L., Martins, G., Nascimento, D., 2017.

Produção, biometria de frutos e sementes e extração do óleo de
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pinhão-manso. Floresta 48. https://doi.org/10.5380/rf.v48i2.52280.

Sousa, S., Paes, J.B., Arantes, M.D.C., et al, 2019. Efficiency of

Vegetable Oils in Wood Resistance to Cryptotermes brevis

Termites. Floresta e Ambient 26. https://doi.org/10.1590/2179-

8087.078017.

Sousa, R.M.S., Serra, I.M.R.S., Melo, T.A., 2012. Efeito de óleos
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