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Abstract Unonopsis guatterioides (A.DC.) R.E.Fr., is found mainly in the Pantanal, Cerrado and

Amazon biomes and, some species of this genus are used in folk medicine. The analysis by HPLC-

ESI-MS revealed the presence of alkaloids previously reported for Unonopsis genus, such as asim-

ilobine, anonaine, nornuciferine, glaucine and norglaucine. In contrast, the heliamine, norjuziphine

and anomuricine alkaloids are being reported for the first time in the Unonopsis genus, while this is

the first report of azafluoranthene alkaloid triclisine in the Annonaceae family. These results

showed the promising application of mass spectrometric monitoring of complex extracts in the

search for novel natural products for the food, pharmaceutical, and cosmetic industries, thus sim-

plifying phytochemical analysis. Bioactive analysis based on antioxidant activity indicated that

ethanolic extracts of the peels and pulps of the fruits from U. guatterioides showed low scavenging

activity against the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), with IC50

values > 100 lg*mL�1, using as reference the ascorbic acid (IC50 < 50 lg*mL�1). These results

are in concordance with the chemical profiles, whose major compounds proved to be O-

substituted phenolic derivatives. Furthermore, ethanolic extracts of the peels (UGP-1) and pulps

(UGP-2) of the fruits from U. guatterioides showed weak activity against Staphylococcus pseudinter-

medius, S. aureus and S. epidermidis, with MIC values above 1000 lg*mL�1. The combination of

the ethanolic extract of the pulps of fruits from U. guatterioides and ampicillin resulted in an addi-

tive effect (FICI = 1.0), when tested against S. aureus and a strain of S. epidermidis. These results

suggest that the pulps’ ethanolic extract, when combined with the antibiotic ampicillin, can

strengthen the therapy for S. aureus and S. epidermidis infection. Additionally, no genotoxic activity

of the ethanolic extracts of fruits from U. guatterioides (UGP-1 and UGP-2) was detected at the
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tested concentrations (0.25, 1.25, 2.5 and 5.0 mg*mL�1). The genotoxic property was performed

using the Somatic Mutation and Recombination assay (SMART Test), in vivo, in somatic cells

of Drosophila melanogaster.

� 2023 The Author(s). 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

Tropical fruits constitute an important innovation domain for the

food, pharmaceutical and cosmetic industries, due to their bioactive

properties and market potential (Neri-Numa et al., 2018). Pantanal

and Cerrado biomes present a great diversity of species of small native

fruits, adapted to the tropical climate and resistant to several pests in

the region (Alho et al., 2019; Neri-Numa et al., 2018). However, most

of these fruits have not yet been inserted in the context of Brazilian

agribusiness, either due to the absence of technology for scale produc-

tion or even due to the scarcity of studies regarding their phytochem-

ical, toxicological and nutritional aspects, generating a lack of

knowledge of their potential use and/or application (Vieira et al.,

2006).

Unonopsis guatterioides (A. DC.) R. E. Fries. (syn. U. lindmanii -

Anonnaceae), popularly known as ‘pindaı́va-preta’ or ‘envira-preta’,

is a medium size fruit tree distributed in countries of South America

(Silva et al., 2012a; Yoshida et al., 2013). In Brazil, this plant has been

found mainly in the Pantanal, Cerrado and Amazon biomes

(Kuhlmann, 2018; Silva et al., 2016), produces small fruits c. 1–2 cm

diameter and, in the literature, there are no phytochemical studies

and/or biological properties described for these fruits. Considering

the current upsurge of interest in the measurement of efficacy and

use of natural products for applications in food technology, cosmetic

industry, therapeutic, nutraceutical and medical uses, investigations

focused on the evaluation of biological and chemical profile of native

fruits could expand the knowledge on their potential application in

products and offer recommendations for development areas (Vieira

et al., 2006). In this context, recent advances in technology have

brought a revolution in the way in which secondary metabolites are

viewed and consulted, since techniques such as nuclear magnetic reso-

nance (NMR), gas chromatography-mass spectrometry (GC–MS),

high-performance liquid chromatography combined with mass spec-

trometry (HPLC-MS), allowed the evaluation of large amounts of

chemical information obtained from each species of plant analyzed

(Alcantara et al., 2007; Moco et al., 2006; Verpoorte et al., 2007;

Benamar et al., 2021; Frezza et al., 2022). For example, the method

of electrospray ionization mass spectrometry (ESI-MS) has been used

to screen the Unonopsis alkaloids (Silva et al., 2014), and this method,

along with multivariate analysis [principal components analysis (PCA)

and hierarchical cluster analysis (HCA)], has enabled the chemotaxo-

nomic study of the Unonopsis species that occur in the Brazilian Ama-

zon (Silva et al., 2016). These tools also allow the planning of

phytochemical studies according to a specific interest (Silva et al.,

2016).

Furthermore, although the medicinal properties of some plants are

well known, some of them may contain toxic chemicals that can cause

insidious genotoxicity and may lead to harmful effects on DNA,

increasing the likelihood of mutational somatic events that lead to neo-

plasias. The Somatic Mutation and Recombination Test (SMART)

uses Drosophila melanogaster as a test organism to detect a vast range

of genetic abnormalities, such as mutations, deletions and somatic

recombination caused by natural and synthetic compounds (Olimpio

et al., 2021; Costa et al., 2010). Drosophila has extensive genetic homol-

ogy to mammals, i.e., has 60% of orthologous genes to mammals,

which makes it a suitable model organism for genotoxic investigations

(Staats et al., 2018; Costa et al., 2010). Thus, in vivo tests using D. mel-

anogaster have been vastly explored to reduce the usage of higher ani-

mals in toxicological studies (Senes-Lopes et al., 2018).
Phytochemicals, or plant secondary metabolites, are frequently

investigated as antimicrobials, because they can act alone or in syn-

ergy with antibiotics, as agents that modify resistance for use against

multi-drug bacteria (Duong et al., 2021). The Brazilian native fruits

Euterpe oleraceae (Arecaceae) proved to be potentially active against

Staphylococcus aureus, with Minimal Inhibitory Concentration (MIC)

value of 7.81 mg*mL�1 and biofilm eradication concentration of

250 mg*mL�1. The methanolic extract of the fruits also showed a syn-

ergic effect with commercial antimicrobials gentamicin, chloram-

phenicol and ciprofloxacin against a panel of S. aureus strains

(Dias-Souza et al., 2018). Hidromethanolic extracts of Terminalia

hadleyana (Combretaceae) fruits showed activity against bacteria She-

wanella putrefaciens, S. aureus and methicillin resistant S. aureus

(MRSA) (Zhang et al., 2022). On the other hand, antioxidants are

a theme of great interest to the cosmetic industry due to their tissue

regenerating role and antiaging properties (Shafi et al., 2019; Masaki

et al., 2010). Tropical fruits such as guava, star fruit, and papaya are

widely known for their role in the human diet, and hydroalcoholic

extracts of these fruits showed high antioxidant potential in 2,2-

diphenyl-1-picrylhydrazyl (DPPH) assay (Krings & Berger, 2001),

reinforcing the potential of the native fruits as sources of

antioxidants.

Therefore, this study aimed to investigate the metabolomic profile

of the ethanolic extracts from the fruits of U. guatterioides, and to eval-

uate the biological properties of the extracts for possible future appli-

cations. To assay the in vivo genotoxic effects, the extracts were

evaluated by somatic mutation and recombination test (SMART) in

the somatic cells of D. melanogaster wings, the in vitro antimicro-

bial activity against clinical drug-resistant S. aureus, S. pseudinter-

medius and S. epidermidis was evaluated by checkerboard method,

and the antioxidant potential was assessed by DPPH assay.

2. Experimental

2.1. Materials

The reagents such as 2,2-diphenyl-1-picrylhidrazyl (DPPH),

ascorbic acid, and formic acid were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA). Other reagents used, such
as ethanol and methanol, were provided by Tedia Company

(California, USA). All reagents were used analytical grade.
Moreover, the antibacterial culture mediums and antibiotics
were purchased from Sigma AldrichTM. The clinical bacterial

strains used were: two human pathogens, namely Staphylococ-
cus aureus (resistant to clindamycin, erythromycin and peni-
cillin G) and Staphylococcus epidermidis (A: resistant to
ciprofloxacin, clindamycin, erythromycin, gentamicin, line-

zolid, oxacillin and trimethoprim/sulfamethoxazole and B:
resistant to ciprofloxacin, erythromycin, gentamicin and oxa-
cillin), and one canine pathogen, i.e, Staphylococcus pseudin-

termedius (resistant to amoxicillin + clavulanic acid,
gentamicin, neomycin, azithromycin, cephalexin, cephalothin,
streptomycin, marbofloxacin). The veterinary strain was sup-

plied by the Faculty of Veterinary Medicine and Animal
Science of Universidade Federal de Mato Grosso do Sul,
and the human clinical strains were provided by the Center

http://creativecommons.org/licenses/by-nc-nd/4.0/


Metabolomic profiling and assessment of antimicrobial, antioxidant and genotoxic potential 3
of Clinical Analysis of the University Hospital, Universidade
Federal de Mato Grosso do Sul (Campo Grande, Brazil).

2.2. Samples

Ripe fruits of the Unonopsis guatterioides (A.DC.) R.E.Fr
(Annonaceae) were harvested in July 2021 at Jardim Aero-

porto, located in Campo Grande, MS, Brazil (20�27011.300S
54�40016.000W), and identified by the botanist Dr. Flavio
Macedo Alves (UFMS). After cleaning and sanitization, the

fruits were kept at a temperature of 5� C until used, by a period
of 24 h. The U. guatterioides samples (aerial parts) were depos-
ited in the Herbarium of the Universidade Federal de Mato

Grosso do Sul (UFMS), Campo Grande Campus, under the
code 16548.

2.3. Extract preparation

The extraction procedure was carried out in accordance with
Engelbrecht et al., 2021, with some modifications. The fruits
were subdivided, using stainless steel knives, into three parts:

peel, pulp and seeds. Separately, the pulps and peels (50 g,
each) were homogenized and extracted, at room temperature,
with ethanol (5 days) with the removal of the solvent at each

24 h. Subsequently, the extracts were filtered through a cotton
membrane and concentrated under vacuum at 40 �C, yielding
the ethanolic extract of the peels (UGP-1), 63.0% (w/w) and
pulps (UGP-2), 64.2% (w/w), of the fruits from U. guatteri-

oides. The concentrated extracts were kept at �18 �C in a
light-protected environment.

2.4. HPLC ESI-MS analysis

The spectrometric analysis of the chemical composition of
ethanol extracts were carried out by high-performance liquid

chromatography (HPLC; Shimadzu LC-20 AD), coupled to
a micrOTOF-Q III mass spectrometer (Bruker Daltonics) with
electrospray ionisation source (HPLC-ESI-MS). Separately,

each ethanolic extract (10 mg) was diluted in 10 mL of
MeOH-H2O (1:1) and filtered through PVDF membranes with
a 0.22 lm thickness (Allcrom, Brazil). Then, 4 lL of solution
was injected into a C-18 column [150 mm � 2.0 mm, 5 mm,

PhenomenexTM Luna PFP (2)] and diode array detector
(DAD), coupled to an electrospray ionization mass spectrom-
eter. The gradient system with a mobile phase consisting of

water and methanol (both containing 0.1% formic acid), rang-
ing from 3 to 80% (v/v), totalling 45 min of analysis, with a
flow of 0.2 mL*min�1. Mass spectra in positive ion mode, in

the m/z 120–1200 region, were obtained by high resolution
mass spectrometry (HR-MS). The chemical profile’s con-
stituents were annotated, and molecular formula were pro-

posed (taking only error values 5 ppm into account) through
data analysis using the Compass DataAnalysis 4.2 - Bruker�
software and a database built using the ScifinderTM data plat-
form. Retention times (RT) of the compounds in the chro-

matographic column, [M + H]+ ions and their primary
molecular ions, UV absorption spectra, m/z values, fragmenta-
tion patterns of authentic standards, and data from the litera-

ture were all examined for the purpose of data comparison.
2.5. Antioxidant activity by DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay

The ability of the fruits ethanolic extract to scavenge fee rad-
icals was assessed using DPPH method, according to previous

reports (Wu et al., 2005; Yao et al. 2012; Silva et al., 2017).
Briefly, 30 lL of different extract concentrations (10.0–
100 lg*mL�1) was mixed with -270lL of 0.1 mM DPPH solu-
tion. Both solutions were prepared in methanol. For 1.0 h, the

samples were kept at room temperature in the dark. The
absorbance was then determined at 517 nm with an ELISA
microplate reader. Ascorbic acid was employed as a positive

control at doses of 0.75-100 lg*mL�1 in methanol. As a neg-
ative control, a mixture of 270 lL of 0.1mlM DPPH
methanolic solution and 30 lL of methanol was used. The

tests were performed in triplicate (n = 3). The percentage of
inhibition (A%) was computed to assess the radical scaveng-
ing activity using the following equation: ([A0-Aa]/

A0) � 100. A0 is the absorbance of the negative control sample
and Aa is the absorbance of the examined sample. By using
linear regression, the IC50 was calculated, which is the antiox-
idant concentration that results in a 50% reduction in DPPH

absorbance.

2.6. Antimicrobial assays

The antimicrobial activities of individual ethanolic extracts of
the peels (UGP-1) and pulps (UGP-2) of U. guatterioides
fruits, and combinations between extract UGP-1 and ampi-

cillin (UGP-1 + AMP), extract UGP-2 and ampicillin
(UGP-2 + AMP), were assayed against Staphylococcus aur-
eus, S. pseudintermedius and S. epidermidis, following the
methods described by Jesus et al., 2020.

2.7. Determination of Minimal Inhibitory concentration (MIC)

Antimicrobial activities of the extracts UGP-1, UGP-2 and

ampicillin were determined by broth microdilution method
(Jesus et al., 2020). To achieve a final concentration of 0.78-
100 lg*mL�1 for ampicillin and 62.6 lg*mL�1-

8000 lg*mL�1 for the extracts, with a final volume of
(100 lL) in each well, two-fold dilutions were carried out on
96-well plates prepared with Mueller-Hinton broth (Sigma-

Aldrich). The bacterial inoculum was prepared from overnight
cultures of each bacterial species in Mueller-Hinton agar
(Sigma-Aldrich) diluted in saline solution (0.45%) to a concen-
tration of roughly 108CFU.mL CFU*mL-1 (0.5 in McFarland

scale). Subsequently, each solution was diluted 1/10 in saline
solution (0.45%) and 5 mL (104CFU.mL CFU*mL-1) were
added to each well containing the test samples. All experiments

were performed in triplicate and the microdilution trays were
incubated at 36 �C for 18 h. After this period, 20 lL of an
aqueous solution (0.5%) of triphenyl tetrazolium chloride

(TTC) were added to each well and the trays were incubated
for 2 h at 36 �C. In addition, in those wells where bacterial
growth did occur, TTC turned from colourless to red. The

MIC, which was expressed in mg*mL�1, was determined as
the lowest concentration of each extract or compound at which
no colour change occurred.

http://R.E.Fr
http://CFU.mL
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2.8. Synergy testing

Synergism between ampicillin and ethanolic extract of the
peels (UGP-1 + AMP), ampicillin and ethanolic extract of
the pulps (UGP-2 + AMP), was tested against S. aureus, S.

pseudintermedius and S. epidermidis, using a standard checker-
board microtiter method (Jesus et al., 2020). In 96-well plates
prepared with Mueller-Hinton broth, the extracts UGP-1 and
UGP-2 were submitted to serial two-fold dilutions to achieve

concentrations of 62.6 lg*mL�1 to 8000 lg*mL�1, with a final
volume of 50 lL in each well. Then, each well received 50 lL of
antibiotic solutions in Mueller-Hinton broth, resulting in con-

centrations which varied horizontally, from 100 to
0.05 lg*mL�1. The final concentration values for extracts
UGP-1 and UGP-2 ranged from 31.2 lg*mL�1 to

4000 lg*mL�1. The bacterial inoculums were made as previ-
ously mentioned, and 5 lL were added to each well containing
the test samples. Subsequently, the plates were incubated for

18 h at 36 �C. After TTC was added, the MIC of the combina-
tions was accessed, and the following formulas were used to
calculate the fractional inhibitory concentration (FIC) and
fractional inhibitory concentration index (FICI):

FIC ¼ CombinedMICof extract or antibiotic

=IndividualMICof extract or antibiotic

FICI ¼ FICof extractþ FICof antibiotic

The FICI values were interpreted as: synergic effect, when
FICI � 0.5; additivity effect, when 0.5 < FICI � 1; indifferent
effect as 1 < FICI � 4and antagonist effect as FICI > 4 (Basri

et al., 2014; Ahumada-Santos et al., 2016; Solarte et al., 2017).

2.9. Somatic mutation and recombination test (SMART Test)

This test was developed according to the methodology

described by Guterres et al., 2014 and Olimpio et al., 2021.
The Somatic Mutation and Recombination Test (SMART Test)
was carried out through experimental crossings between the

strains mwh (multiple wing hairs) and flr3 (flare 3) of Droso-
phila melanogaster. Two different crosses were performed with
these strains: standard cross (ST - standard cross) between

‘‘mwh” males and virgin flr3 females and high bioactivation
cross (HB - high bioactivation cross) between ‘‘mwh” males
and virgin females ‘‘flr3”. After 8 h, eggs from each crossover

were collected in culture flasks with an agar-agar basis
(0.04 g*mL�1), biological yeast, and supplemented with sugar.
After 72 h, the larvae that hatched were rinsed with tap water
and collected using a sieve. For chronic feeding, the groups of

larvae from each crossing were transferred to identified vials,
containing an alternative culture medium, consisting of 1.5 g
of industrialized mashed potato flakes (Yoki� Alimentos S.

A., Brazil) and 5 mL of solution containing a final concentra-
tion of 0.625, 1.25, and 2.5 mg*mL�1 of extracts UGP-1 and
UGP-2, respectively, from fruits of U. guatterioides. This

solution was prepared with distilled water and Tween-80�.
A solution containing 3% ethanol, 1% Tween-80TM and
distilled water was used as negative control while,

doxorubicin (DXR) at 0.125 mg*mL�1 was used as positive
control. The assays were conducted in triplicate. Each cross
produced 2 types of progenies, marker-heterozygous (MH)
(mwh+/+flr3) and balancer-heterozygous (BH) (mwh+/
+TM3, BdS) flies. These 2 genotypes’ wings can be separated
thanks to the dominant BdS marker. The hatched flies were

collected and stored in 70% ethanol (v/v). To identify the types
of mutations, the wings were removed, mounted on slides with
Faure’s solution (30 g of Arabic gum, 50 g of chloral hydrate,

20 mL of glycerol and 50 mL of water) and analysed by light
microscopy, with 400x magnification. The wings displayed the
heterozygous marker mwh/flr3 making possible to see different

types of stains on the wings. The frequency and size of spots
were recorded.

2.10. Statistical analysis

For the statistical analysis of the SMART Test, i.e., to evaluate
the frequencies of spots per wing, the Frei and Wrügler et al.,
1988 method was used. The induced effects were distinguished

by the type and size of mutant stains and analysed by a bi-
caudal chi-square test for the proportions, with a significance
level of a = b 0.05, where the statistical diagnosis was positive

(+), negative (-) or inconclusive. The recombinogenic activity
was calculated, based on the clone induction frequencies per
105 cells, as following: mutation frequencies (FM)= frequency

of BH clone flies/frequency of MH clone flies; recombination
frequencies (FR) = 1 - FM. Frequencies of total spots
(FT) = total spots in MH flies (considering mwh and flr3

spots)/No. of flies; mutation = FT � FM; recombina-

tion = FT � FR (Olimpio et al., 2021; Guterres et al., 2014).

3. Results and discussion

Previous phytochemical studies showed that trunk peels,
branches, and leaves from U. guatterioides are rich in apor-
phine and oxoaporphine alkaloids (Guinaudeau et al., 1988;

Silva et al., 2012a), while in the bark of the xylopodium were
identified triterpenes and steroids (Silva et al., 2012b). Studies
investigating leishmanicidal (Silva et al. 2012c), bioherbicidal

(Yoshida et al., 2019) and antimicrobial effects (Brighenti
et al., 2014) of U. guatterioides have also been described. This
work describes the first phytochemical study of the ethanolic

extract of the fruits from U. guatterioides.

3.1. Metabolomic analysis of the extracts

The compounds detected in the ethanolic extract of the peels of

the fruits from U. guatterioides (UGP-1) and the ethanolic
extract of the pulps of fruits from U. guatterioides (UGP-2)
were tentatively characterized analysing various types of infor-

mation such as precise molecular mass, retention time (tr),
absorption wavelengths, MS/MS fragment ions generated in
positive mode, fragmentation patterns of authentic standards,

and comparison with spectral data from the literature. A total
of 41 compounds in extract UGP-1 and in extract UGP-2 were
tentatively identified as indicated in Fig. 1A, Fig. 1B and

Table 1. Moreover, two classes of compounds were character-
ized as major in the peel and pulp of the fruits from U. guat-
terioides: alkaloids and flavonoids. In addition, terpene,
coumarins and amines were also detected in the ethanolic

extract of the pulps (Table 1). The proposals for identication
of the compounds are described below.



Fig. 1 Chromatographic profile obtained by HPLC ESI-MS in positive ion mode. (A) Ethanolic extract of the peels of the fruits from U.

guatterioides. (B) Ethanolic extract of the pulp of the fruits from U. guatterioides (See Table 1 for the analyte identification).
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3.2. Identification of alkaloids

In the mass spectra of the extract of the peels and pulps,

respectively, of fruits from U. guatterioides, diagnostic frag-
mentations related to aporphine alkaloids were observed. Pre-
vious research has demonstrated that the initial losses of

[M + H – 17]+ or [M + H – 31]+ are a key fragmentation
of aporphine alkaloids, supporting the substitution pattern
of the heterocyclic nitrogen (–NH3 or –CH3NH2) (Stévigny
et al., 2004; Silva et al., 2014). Furthermore, subsequent losses

of 32 and 28 Da corresponding to CH3OH and CO, respec-
tively, are observed if hydroxy and methoxy groups are in
adjacent positions on the aromatic ring. Otherwise, fragment
ions arising from the loss of CH3 and OCH3 radicals are

observed in the spectrum. On the other hand, formaldehyde
(CH2O) and CO losses are observed when a methylenedioxy
group is present. In summary, these are the main diagnostic

fragmentations for aporphine alkaloids identification
(Stévigny et al., 2004). Therefore, the peak 24, with
[M + H]+ at m/z 268.1328 and molecular formula

C17H18NO2, was proposed as aporphine alkaloid asimilobine
(Table 1 and Scheme 1). The fragmentation of the molecular
ion at m/z 268.1328 indicated the presence of an aporphine

alkaloid containing an amino group by the initial loss of
NH3 (17 Da). This process resulted in fragment ions at m/z
251.1082 [M + H-17]+ (Scheme 1A). The subsequent losses



Table 1 Characterization of the chemical constituents of the ethanolic extract of the peels and pulp of the fruits from U. guatterioides

by HPLC ESI-MS in positive mode.

Peak UVkmax

(nm)

Metabolite class/

Tentative assignment

Molecular

mass

(m/z)

Molecular

formula

MS/MS[a] (m/z)

fragments

Reference Extract

Peels Pulp

1 281 Alkaloid 399.0881

[M + H]+
C12H19N2O13 219.0272 – + –

2 273 Alkaloid 381.0788

[M + H]+
C12H17N2O12 203.0487 – + –

3 260 Alkaloid 268.1037

[M + H]+
C10H14N5O4 n.d. – – +

4 254 Alkaloid 268.1030

[M + H]+
C9H18NO8 n.d. – + –

5 n.d. Alkaloid 317.0845

[M + Na]+
C12H14N4O5 n.d. – + –

6 n.d. Alkaloid 317.0830

[M + H]+
C8H17N2O11 n.d. – – +

7 n.d. Disaccharide 325.1129

[M + H]+
C12H21O10 n.d. – + –

8 n.d. Alkaloid/

Heliamine/

194.1158

[M + H]+
C11H16NO2 n.d. Pummangura

et al., 1982

– +

9 n.d. Alkaloid 188.0701

[M + Na]+
C9H11NO2 n.d. – + –

10 n.d. Alkaloid 188.0714

[M + H]+
C11H10NO2 n.d. – – +

11 n.d. Coumarin/

Esculetin-O-acetylglucoside

383.0970

[M + H]+
C17H19O10 n.d. – – +

12 n.d Alkaloid 314.1379

[M + Na]+
C16H21NO4 n.d. – + –

13 n.d. Amide/

Moupinamide

314.1386

[M + H]+
C18H20NO4 n.d. Moreira and

Leitão, 2001

– +

14 n.d. Terpene/

Abscisic acid

265.1452

[M + H]+
C15H21O4 n.d. Sousa et al.,

2022

– +

15 280 Alkaloid/

Pallidine

328.1533

[M + H]+
C19H22NO4

n.d.

Leboeuf et al.,

1982

+ –

16 280;

517

Anthocyanin/

Cyanidin-O-rutinoside

595.1648

[M+]

C27H31O15 287.0549 Ling et al.,

2009;

Ivanova et al.,

2010

+ +

17 n.d. Alkaloid 342.1694

[M + Na]+
C18H25NO4 n.d. – + –

18 n.d. Alkaloid/

Norglaucine

342.1726

[M + H]+
C20H24NO4 n.d. Lúcio et al.,

2015

– +

19 n.d. Alkaloid/

Glaucine

356.1825

[M + H]+
C21H26NO4 n.d. Lúcio et al.,

2015

+ –

20 280;

517

Anthocyanin/

Cyanidin 3-O-glucoside or Ideain

449.1056

[M+]

C21H21O11 305.0641 , 287.0536 Ling et al.,

2009;

Ivanova et al.,

2010;

Barman et al.,

2021

+ +

21 n.d. Alkaloid 330.1684

[M + Na]+
C17H25NO4 192.1031 – + –

22 n.d. Alkaloid/

Anomuricine

330.1703

[M + H]+
C19H24NO4 n.d. Lúcio et al.,

2015

– +

6 É.L dos Santos et al.



Table 1 (continued)

Peak UVkmax

(nm)

Metabolite class/

Tentative assignment

Molecular

mass

(m/z)

Molecular

formula

MS/MS
[a]

(m/z)

fragments

Reference Extract

Peels Pulp

23 n.d. Flavonoid/

Quercetin-3-O-b-D-apiofuranosyl-

(1 ? 2)-galactopyranoside

619.1301

[M + Na]+
C27H24N4O12 n.d. Silva et al.,

2019

+ –

24 n.d. Alkaloid/

Asimilobineb
268.1328

[M + H]+
C17H18NO2 251.1082; 219.0839;

190.9968

Lúcio et al.,

2015

+ –

25 n.d. Alkaloid/

Norjuziphine

286.1431

[M + H]+
C17H20NO3 n.d. Lúcio et al.,

2015

+ +

26 n.d. Alkaloid 314.1749

[M + Na]+
C17H25NO3 269.1155; 237.0910;

175.0656

– + –

27 n.d. Alkaloid 342.1699

[M + Na]+
C18H25NO4 297.1109; 282.0879;

265.0856

– + –

28 n.d. Flavonoid /

Quercitrin

449.1070

[M + H]+
C21H21O11 303.0505 285.0432 Andriamadio

et al., 2015

+ +

29 n.d. Flavonoid/

Rutin

633.1394

[M + Na]+
C27H30O16 465.1048; 303.0493 Novaes et al.,

2018

+ –

30 n.d. Alkaloid/

Anonaineb
266.1177

[M + H]+
C17H16NO2 249.0916; 219.0799;

249.0906; 191.0857

Silva et al.,

2012a

+ –

31 n.d. Alkaloid/

Triclisine

264.1022

[M + H]+
C17H14NO2 n.d. Guinaudeau

et al., 1988

+ –

32 n.d. Alkaloid/

Nornuciferine

282.1501

[M + H]+
C18H20NO2 265.1218 Silva et al.,

2012a

+ –

33 n.d. Alkaloid 276.0645

[M + Na]+
C15H11NO3 n.d. – + –

34 350 Flavonoid/

Quercetinb
303.0493

[M + H]+
C15H11O7 285.0475 Novaes et al.,

2018

+ +

35 260;

355

Flavonoid/

Isoquercitrin

465.1035

[M + H]+
C21H21O12 303.0499 Novaes et al.,

2018

+ –

36 n.d. Alkaloid 375.1430

[M + Na]+
C19H20N4O3 228.0662; 198.0975;

159.0750

– + –

37 n.d. Unknown 431.2057

[M + H]+
C24H31O7 177.0084 – – +

38 n.d. Alkaloid 389.1560

[M + H]+
C16H25N2O9 n.d. – + –

39 n.d. Alkaloid 403.1718

[M + H]+
C17H27N2O9 n.d. – + –

40 n.d. Unknown 417.1881

[M + Na]+
C21H30O7 389.1612 – – +

41 n.d. Alkaloid 385.1631

[M + Na]+
C21H22N4O2 n.d. – – +

[1] MS/MS: mass spectrometry/mass spectrometry. Not detected (n.d.). a: Identification confirmed by comparison with authentic standard

previously isolated from the chemical study of the U. guatterioides (Yoshida et al., 2013). b: Identification confirmed by comparison with

authentic standard.
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of CH3OH (32 Da) and CO (28 Da) corresponding to fragment
ions at m/z 219.0839 and 190.9968, respectively, confirmed the

presence of both hydroxyl and methoxyl groups in vicinal loca-
tions on the aromatic ring (Scheme 1A) (Stévigny et al., 2004).
These results are consistent with the aporphine alkaloid asim-

ilobine, which in the genus Unonopsis was identified in U. guat-
terioides (Yoshida et al., 2013, Silva et al., 2012a) and U.
duckei (Silva et al., 2014). Additionally, the peak 30, with

[M + H]+ at m/z 266.1177 was identified as anonaine
(Table 1). In the MS spectrum (Fig. 2A), the fragmentation
at m/z 266.1177 produced a fragment ion at m/z 249.0916
[M + H-17]+, which represents a neutral loss of NH3

(17 Da). The MS2 spectrum (Fig. 2B) showed successive losses

of CH2O (30 Da) and CO (28 Da) which resulted in fragment
ions at m/z 219.0799 from fragment at m/z 249.0906 and frag-
ment ions at m/z 191.0857 from fragment at m/z 219.0799,

respectively, confirming the fragmentation pattern of apor-
phine alkaloids containing a methylenedioxy group
(Scheme 1B) (Stévigny et al., 2004). The aporphine alkaloid

anonaine has already been isolated from U. guatterioides
(Guinaudeau et al., 1988; Silva et al., 2012a, Yoshida et al.,
2013). On the other hand, the loss of NH3 (17 Da) was also



Scheme 1 Proposed fragmentation pathway of aporphine alkaloids. (A) Asimilobine: presence of vicinal hydroxyl and methoxyl groups

at ring A. (B) Anonaine: methylenedioxy bridge at ring A.
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observed for nornuciferine, peak 32, with a molecular ion
[M + H]+ at m/z 282.1501 (Table 1), whose fragment ion at

m/z 265.1218 correspond to [M + H - NH3]
+. In the genus

Unonopsis this compound was previously isolated from U.
Fig. 2 Anonaine tentative identification ESI-MS/MS. (A) Fragmen

spectrum MS2 of the ion at m/z 249.
guatterioides and U. duckei (Silva et al., 2012a; Silva et al.,
2014). Glaucine, peak 19, was tentatively identified as an apor-

phine alkaloid, with [M + H]+ at m/z 356.1825 (Table 1).
Thus, the aporphine alkaloids asimilobine, anonaine, nornu-
tation spectrum MS of the ion at m/z 266. (B) Fragmentation



Scheme 2 Proposed fragmentation mechanism for flavonoids derivatives: rutin, quercitrin, quercetin and isoquercitrin.
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ciferine and glaucine, were found in the ethanolic extract of the
peels of fruits from U. guatterioides (Table 1), while the apor-
phine alkaloid norglaucine was tentatively identified as the

compound detected at m/z 342.1726 [M + H]+ and was
observed in the ethanolic extract of the pulps of fruits from
U. guatterioides (Table 1). In the genus Unonopsis glaucine

and norglaucine were described for the first time in U. duckei
(Silva et al., 2014).

Other subclasses of alkaloids such as the morphinadienone

alkaloid pallidine ([M + H]+ at m/z 328.1533, peak 15) (Silva
et al., 2018), and azafluoranthene alkaloid triclisine
([M + H]+ at m/z 264.1022, peak 31) (Khunnawutmanotham
et al., 2015), were tentatively identified in the ethanolic extract

of the peels of fruits from U. guatterioides. Morphinadienone
alkaloids are rare inAnnonaceae family andpallidine is themain
representative in this family. In the genus Unonopsis pallidine

was previously described in U. floribunda (Silva et al., 2018).
On the other hand, azafluoranthene or indeno[1,2,3-ij]-
isoquinoline belonging to a small group of alkaloids that are

rarely found in nature but has been found in species ofMenisper-
maceae family (Ponnala et al., 2013; Khunnawutmanotham
et al., 2015). However, in this study we report for the first time
the occurrence of triclisine, an azafluoranthene alkaloid, in the

Annonaceae family. In addition, the compound 25 (peak 25)
was proposed as norjuziphine, a benzylisoquinoline alkaloid
(Chen et al., 2001; Lúcio et al., 2015). Based on the main ion

[M + H]+ at m/z 286.1431, the molecular formula was estab-
lished as C17H20NO3 (Table 1). This compound was found in
both ethanolic extract of the peels and pulps of fruits from

U. guatterioides (Table 1). Norjuziphine have been identified in
Polyalthia acuminata, Porcelia macrocarpa and Onychopetalum
amazonicum species of the Annonaceae family (Lúcio et al.,
2015; Lima et al., 2020). The tetrahydroisoquinoline alkaloid
heliamine (peak 8) and tetrahydrobenzylisoquinoline alkaloid

anomuricine (peak 22) were tentatively identified as the com-
pounds detected at [M + H]+ at m/z 194.1158 and [M + H]+

at m/z 330.1703, respectively. Both were found in the ethanolic

extract of the peels of fruits fromU. guatterioides. In the Anno-
naceae family, heliamine has been identified in Duguetia surina-
mensis (Paz et al., 2019) while anomuricine has been found in

Annonamuricata (Lúcio et al., 2015). Thus, this is the first report
of the occurrence of heliamine, norjuziphine and anomuricine in
the genus Unonopsis.

Alkaloids are compounds widely distributed in the plant

kingdom and occur in plants belonging to Annonaceae,
Apocynaceae, Asteraceae, Berberidaceae, Boraginaceae, Bux-
aceae, Celastraceae, Fabaceae, Lauraceae, Liliaceae, Logani-

aceae, Menispermaceae, Papaveraceae, Piperaceae, Poaceae,
Ranunculaceae, Rubiaceae, Rutaceae, Amaryllidaceae, Ery-
throxylaceae, and Solanaceae families (Mondal et al., 2019).

Numerous alkaloids are well-known as effective chemotherapy
drugs, to treat neurological problems, metabolic disorders and
infectious diseases (Faisal et al., 2023).

3.3. Identification of flavonoids

The HPLC-ESI-MS analysis of the ethanolic extract from the
peels of the U. guatterioides fruits allowed the identification of

seven flavonoids derivatives including rutin, quercitrin, querce-
tin, isoquercitrin, quercetin-3-O-b-D-apiofuranosyl-(1 ? 2)-g
alactopyranoside and two anthocyanins. Additionally, the
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analysis of the ethanolic extract of the pulps favoured the iden-
tification of the flavonoids quercitrin, quercetin and quercetin-
3-O-b-D-apiofuranosyl-(1 ? 2)-galactopyranoside (Table 1).

The proposed fragmentations for rutin, quercitrin and iso-
quercitrin are shown in Scheme 2. The peak 29 (Table 1) was
identified as rutin or quercetin-3-O-rutinoside. The molecular

formula of this compound was determined to be C27H30O16,
through of the analysis of its pseudomolecular ion at m/z
633.1394 [M + Na]+. Additionally, the loss of a terminal

rhamnose unit (146 Da) yielded an ion at m/z 465.1048 which
was formed due to cleavage at the glycosidic O-linkage and a
concurrent H-rearrangement. The extra loss of glucose
(162 Da) or the direct loss of the rutinose residue produced

the aglycone ion, quercetin, at m/z 303.0493 (Scheme 2)
(Cuyckens and Claeys, 2004). Furthermore, the quercitrin,
peak 28 (Fig. 1B and Scheme 2), with molecular ion at m/z

449.1070 [M + H]+, showed molecular formula C21H21O11

(Table 1). Additionally, in mass spectrum was observed the
loss of a terminal rhamnose (146 Da) unit which yielded the

fragment ion at m/z 303.0505, indicating ion aglycone querce-
tin in structure. This fragment was also confirmed by the pres-
ence of fragment ion in m/z 285.0432 resulting from loss of a

water molecule (Scheme 2) (Wen-Zhi et al., 2012).
The peak 35 (Fig. 1A) produced molecular ion at m/z

465.1035 [M + H]+ and a fragment ion at m/z 303.0499 indi-
cating to the loss of glucose residue. Consequently, the peak 35

was concluded to be isoquercitrin (Scheme 2). Quercetin was
observed in peels and pulps of the fruits from U. guatterioides
(peak 34) and showed molecular formula C15H11O7 (Table 1).

The occurrence of this substance was also confirmed by pres-
ence of the fragment ion at m/z 285.0475 (Scheme 2). The peak
23, with pseudomolecular ion [M + Na]+ at m/z 619.1301,

was assigned as quercetin-3-O-b-D-apiofuranosyl-(1 ? 2)-gal
actopyranoside, based on its absorption, mass spectra and bib-
liographic reference (Silva et al., 2019).

Moreover, the compounds 16 and 20, both correponding to
peaks with relative higher intensities in U. guatterioides peel0s
chromatogram than pulp0s (Table 1), had its structures tenta-
tively assigned to anthocyanins based on a molecular ion frag-

mentation of 287 m/z, possibly related to a cyanidin aglycone
(Ling et al. 2009), and due its maximum absorbance above
500 nm (Ivanova et al. 2011; Barman et al., 2021) (Fig. 2).

According to literature, anthocyanins of Annonaceae plants
had their pharmacological potential mainly investigated and
attributed for sickle cell disease treatment, being only qualita-

tively reported from Annona, Melodorum, Uvariopsis and
Uvariodendron specimens (Mpiana et al. 2012, Ngbolua et al.
2016, Ngbolua et al. 2017, Konczak & Sakulnarmrata 2022).
The only chemical characterization described for Annonaceae

anthocyanins resulted on cyanidin 3-O-glucoside report on
Uvaria hamiltonii flowers extract (Barman et al. 2021).

These flavonoids have been found in Annonaceae species.

Thus, rutin, quercitrin and isoquercitrin were identified in
Annona muricata L. (Souza et al., 2018; Ramos et al., 2022),
quercetin in Annona crassiflora (Prado et al., 2020; Ramos

et al., 2022) and quercetin-3-O-b-D-apiofuranosyl-(1 ? 2)-ga
lactopyranoside in Annona nutans (Silva et al., 2019). However,
this is the first report of these compounds from the Unonopsis

genus.
Flavonoids are widely distributed in the plant kingdom and

are part of the most relevant and diversified group of phenolic
compounds. Due to their numerous health-promoting quali-
ties, they stick out for having high economic appeal (Ramos
et al., 2022).

3.4. Other compounds

Other compounds were also identified in ethanolic extract
from pulp of the fruits from U. guatterioides (Table 1), such

as the coumarin esculetin-O-acetylglucoside (peak 11), the
amide moupinamide (peak 13) and the terpene abscisic acid
(peak 14), which were tentatively identified as the compounds

detected with [M + H]+ at m/z 383.0970, [M + H]+ at m/z
314.1386 and [M + H]+ at m/z 265.1452, respectively
(Moreira and Leitão, 2001; Sousa et al., 2022). These com-

pounds are being reported for the first time in the Annonaceae
family.

The total ion chromatogram of the ethanolic extract from
the peels has a different chemical profile when compared to

that from pulps (Fig. 1A and Fig. 1B). The ethanolic extract
of the peels of fruits showed greater overall quantities of flavo-
noids (Table 1), which is in agreement with the expected

results, since it is common for a greater accumulation of these
compounds on the surface of the fruits and leaves, as they act
as a protection against UV rays and/or as a defence against

insects (Simmonds et al., 2003). Moreover, the ethanolic
extract from the peels and pulps presented alkaloids as the
major compounds. These results are also in agreement with
the substances found in species of the Annonaceae family

which present a wide variety of chemical constituents
(Ramos et al., 2022), but alkaloids are the major chemical con-
stituents (Lúcio et al., 2015).

3.5. Antimicrobial assays

In this study, the extracts UGP-1 and UGP-2 were tested

against clinical resistant strains of S. pseudintermedius, S. aur-
eus and S. epidermidis.

S. pseudintermedius is an opportunistic pathogen associated

with skin and wound infections in dogs, cats and horses, rarely
causing infection in humans (Robb et al., 2017; Bhooshan
et al., 2020). However, in addition to skin infections, there
have been an increasing number of cases reports of S. pseudin-

termedius infections in humans, most of which have been
related to the intense contact of dogs and tutors (Robb
et al., 2017). On the other hand, S. aureus is an opportunistic

pathogen that colonizes asymptomatically the skin and
mucosa of mammals and birds, which is also frequently
observed in hospital settings (Mehraj et al., 2016). Addition-

ally, S. aureus also has a considerable impact on agriculture
and public health as a major cause of infection in a plethora
of animal hosts (Haag et al., 2019; Szczuka et al., 2022). In this

context, one of the most common bacterial species that is uni-
versally present on human skin and mucous membranes is S.
epidermidis, which is typically recognized as a commensal bac-
terium (Huttenhower et al., 2012). In instance, intravascular

devices, cerebrospinal fluid shunts, intraocular lenses, pros-
thetic joints, and heart valve replacements are among the med-
ical implants that are easily colonized by many strains of S.

epidermidis (Kleinschmidt et al., 2015).
The antimicrobial activities of individual ethanolic extracts

of the peels (UGP-1) and the pulps (UGP-2) of fruits of U.

guatterioides were assessed against clinical S. aureus (resistant



Table 2 Determination of Minimum Inhibitory Concentration (MIC, in mg*mL�1) of antibiotics and ethanolic extract of fruits from

U. guatterioides, Fractional Inhibitory Concentration (FIC) and Fractional Inhibitory Concentration Index (FICI), of antibiotics and

extracts combined, against drug-resistant bacteria.

Pathogens Sample/combination Individual MIC Combined MIC FIC FICI Effect

Staphylococcus pseudintermedius UGP-1 �2000 1000 0.5 – Indifferent

AMP 25 25 1

UGP-1 + AMP – – – 1.5

UGP-2 �2000 1000 0.5 – Indifferent

AMP 25 25 1

UGP-2 + AMP – – – 1.5

Staphylococcus

aureus

UGP-1 2000 1000 0.5 – Indifferent

AMP 1.56 1.56 1

UGP-1 + AMP – – – 1.5

UGP-2 �4000 2000 0.5 – Additive

AMP 1.56 0.78 0.5

UGP-2 + AMP – – – 1

Staphylococcus epidermidis

(A)

UGP-1 1000 500 0.5 – Indifferent

AMP 3.12 3.12 1 –

UGP-1 + AMP – – – 1.5

UGP-2 �2000 1000 0.5 – Additive

AMP 3.12 1.56 0.5 –

UGP-2 + AMP – – – 1

Staphylococcus epidermidis

(B)

UGP-1 1000 125 0.0125 – Indifferent

AMP 1.56 1.56 1 –

UGP-1 + AMP – – – 1.12

UGP-2 �2000 31.25 0.016 – Indifferent

AMP 1.56 1.56 1 –

UGP-2 + AMP – – – 1.16

AMP: ampicillin; (UGP-1): ethanolic extract of the peels of fruits from U. guatterioides; (UGP-2): ethanolic extract of the pulps of fruits fromU.

guatterioides. Synergic effect (FICI � 0.5); additive effect (FICI > 0.5–1); indifferent effect (FICI > 1–4) and antagonist effect (FICI > 4).
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to clindamycin, erythromycin and penicillin G), S. pseudinter-
medius (resistent to amoxicillin, clavulanic acid, gentamicin,

neomycin, azithromycin, cefalexin, cephalothin, streptomycin
and marbofloxacin) and two strains of S. epidermidis (A: resis-
tant to ciprofloxacin, clindamycin, erythromycin, gentamicin,

linezolid, oxacillin and trimethoprim/sulfamethoxazole and
B: resistant to ciprofloxacin, erythromycin, gentamicin and
oxacillin). For plant extracts, Wamba et al. 2018 ranked the

antimicrobial activity as: significant activity if MIC values
are below 100 lg*mL�1, moderate activity if
100 � MICs � 625 lg*mL�1 and weak activity if
MICs > 625 lg*mL�1. Using these criteria, the ethanolic

extract of fruits from U. guatterioides UGP-1 and UGP-2
showed weak activity for all staphylococcal species evaluated,
with MIC values � 1000 lg*mL�1 (Table 2).

On the other hand, the synergism, a positive interaction
between compounds, is a successful approach to combat
antimicrobial resistance (Xu et al., 2018; Silva et al., 2019).

Substances present in plant extracts can work in synergism
with antibiotics potentiating their impact and assisting the host
in fighting against drug-resistant bacteria (Silva et al., 2019a,
2019b; Chassagne et al., 2021). Thus, in this study, combina-

tions between UGP-1 and ampicillin (UGP-1 + AMP),
UGP-2 and ampicillin (UGP-2 + AMP) were also evaluated
for their antibacterial activities (Table 2). According to the

fractional inhibitory concentration index (FICI), two combi-
nations (UGP-1 + AMP) and (UGP-2 + AMP) were indiffer-
ent (no interaction) against S. pseudintermedius with FICI
values of 1.5 each (Table 2). The combination of the ethanolic
extract of the pulps of fruits from U. guatterioides (UGP-2)

and ampicillin resulted in an additive effect (FICI = 1.0),
when tested against S. aureus, reducing the antibiotic MIC
from 1.56 to 0.78 mg*mL�1 (Table 2). This combination also

showed an additive effect when tested against S. epidermidis
(A), reducing the antibiotic MIC from 3.12 to 1.56 mg*mL�1

(Table 2). According to Simões et al. (2009), natural products

can influence in a variety of bacterial cell biochemical targets.
However, the precise mechanism of action and the causes of
phytochemical antibacterial specificity are still mostly
understood.

In general, a positive synergistic combination reduces the
minimum dose necessary to obtain effective antimicrobial
effects. Moreover, it can decrease both the risk of side effects,

toxicity and the costs of treatment (Silva et al., 2019a, 2019b).
The ethanolic extract of the peels of fruits from U. guatteri-
oides (UGP-1) displayed an indifferent interaction with ampi-

cillin, with a FICI value of 1.5 (Table 2). There were no
antagonistic interactions found (Table 2).

Synergistic antimicrobial combinations have great promise
for lowering prospective bacterial resistance, overcoming exist-

ing antibiotic resistance, preventing host toxicity, and boosting
antimicrobial effectiveness (Duong et al., 2021).

It is interesting to notice that the differential chemical pro-

file impacts in the activity of the fruits, once the peels extract
(UGP-2) showed higher activity that the pulps (UGP-1). An
additive effect resulting from the combination of pulp extract



Table 3 Frequency of mutant stains observed on the wings of the descendants of Drosophila melanogaster derived from standard (ST)

crossing and the high bioactivation (HB) crossing, after chronic treatment of larvae with ethanolic extract of the peels (UGP-1) and

ethanolic extract of the pulps (UGP-2) of fruits from U. guatterioides.

Genotypeand

concentration

(mg.mL�1)

Number of flies

(N)

Spots per fly (number of spots) statistical diagnosisa Total spots with

mwh clonesc

(n)
Small single spots

(1–2 cells)b
Large single spots

(>2 cells)b
Twin spots Total spots

ST cross (m = 2) (m = 5) (m = 5) (m = 2)

Negative control 20 0.20 (04) 0.10 (02) 0.05 (01) 0.35 (07) 7

DXR (0.25) 20 0.95 (19)+ 1.90 (38)+ 1.70 (34)+ 4.55 (91)+ 89

1 (1.25) 20 0.20 (04)- 0.00 (00)- 0.00 (00)- 0.20 (04)- 4

1 (2.5) 0.15 (03)- 0.05 (01)- 0.05 (01)- 0.25 (05)- 5

1 (5.0) 20 0.05 (01)- 0.05 (01)- 0.05 (01)- 0.15 (03)- 3

2 (1.25) 20 0.15 (03)- 0.10 (02)- 0.05 (01)- 0.30 (06)- 6

2 (2.5) 20 0.25 (05)- 0.00 (00)- 0.00 (00)- 0.25 (05)- 5

2 (5.0) 20 0.25 (05)- 0.10 (02)- 0.05 (01)- 0.40 (08)- 8

HB cross

Negative control 20 0.30 (06) 0.15 (03) 0.05 (01) 0.50 (10) 10

DXR (0.25) 20 1.30 (26)+ 2.70 (54)+ 2.35 (47)+ 6.35 (127)+ 124

1 (1.25) 20 0.35 (07)- 0.00 (00) 0.00 (00) 0.35 (07) 7

1 (2.5) 20 0.25 (05)- 0.00 (00) 0.10 (02) 0.35 (07) 7

1 (5.0) 20 0.30 (06)- 0.00 (00) 0.00 (00) 0.30 (06) 6

2 (1.25) 20 0.15 (03)- 0.05 (01)- 0.00 (00)- 0.20 (04)- 4

2 (2.5) 20 0.35 (07)- 0.05 (01)- 0.00 (00)- 0.40 (08)- 8

2 (5.0) 20 0.30 (06)- 0.15 (03)- 0.05 (01)- 0.50 (10)- 10

Only marker-trans-heterozygous flies (mwh/flr3) were evaluated. aStatistical diagnosis according to Frei and Würgler (1988): +, positive; w+,

weakly positive; -, negative; i, inconclusive. Multiplication factor for the assessment of significantly negative results (m). Significance levels:

a = b = 0.05 when compared with respective control. b Including rare flr3 single spots. c Considering mwh clones from mwh single and twin

spots.
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(UGP-2) with the antibiotic ampicillin was observed. It is

important to note that in the combination, both extract and
AMP showed a 2-fold reduction in MIC, revealing the poten-
tial use of UGP-2 as an adjuvant in combating bacterial resis-

tance. Promising results against multi-drug resistant bacteria
were observed in the methanolic extracts of Curcuma longa
and Moringa olifera, that was found to contain alkaloids, fla-

vonoids terpenoids, carbohydrates as main constituents, which
may be responsible for therapeutic activity against gram-
positive bacteria Streptococcus aureus, Bacillus subtulis, and

gram-negative Escherichia coli and Proteus vulgari (Thakur
et al., 2022).

3.6. Somatic mutation and recombination test (SMART)

In this study, the genotoxicity of the U. guatterioides fruit
extracts UGP-1 and UGP-2 was evaluated by wing spot test
of D. melanogaster in the descendants from standard (ST)

and high bioactivation (HB) crosses. Data were analysed using
wings with the heterozygous mwh/flr3 marker and the frequen-
cies of spots observed were classified as: twin stains (both sub-

clones mwh and flr3), simple large (two or more stains) and
simple small (one to two stains). All extracts were tested at
concentrations of 1.25, 2.5 and 5.0 mg*mL�1 (Table 3).

With the positive control, doxorubicin (0.25 mg*mL�1), the
frequency in the total of mutant stains was of 4.55 in the
descendants of the ST crossing and 6.35 in the descendants
of the HB crossing, while the negative control showed a fre-

quency in the total of mutant stains of 0.35 and 0.50 in ST
and HB descendants, respectively (Table 3). The results
obtained from the treatment UGP-1 and UGP-2 were com-

pared to the negative control. The frequency of stains between
the doses of UGP-1 and UGP-2 ranged from 0.15 to 0.40 in
the standard (ST) crossing, while the negative control showed

a frequency in the total spots of the mutant of 0.35 in the
descendants of the ST crossing (Table 3). Similarly, the nega-
tive control showed a frequency in the total of mutant stains

of 0.50 in the descendants from high bioactivation (HB) cross-
ing, while the frequency of stains between the doses of the
ethanolic extracts UGP-1 and UGP-2 ranged from 0.20 to

0.50 in the HB crossing (Table 3). Nevertheless, in all groups
treated with extracts UGP-1 and UGP-2 of fruits from U.
guatterioides, the occurrence of mutant stains in individuals
originating from ST and HB crosses did not statistically vary

from the negative control (p � 0.05), indicating which the
extracts showed no genotoxicity at the tested concentrations
(Table 3).

3.7. Antioxidant activity

Natural sources with high antioxidant capacity represent a

vast potential to prevent or minimize the oxidative stress that
causes many chronic diseases (Carvalho et al., 2021; Becker
et al., 2019). Any substance, even at low concentrations, that

substantially slows down or prevents oxidation processes in
living things is considered an antioxidant (Becker et al.,
2019). The antioxidant capacity of ethanolic extracts of the
peels (UGP-1) and pulps (UGP-2) of fruits of U. guatterioides

were investigated using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical. The results in IC50 are shown in Table 4.

http://mg.mL


Table 4 The antioxidant capacity, in IC50, of the extracts of

fruits from U. guatterioides.

Sample IC50 value (lg*mL�1)

UGP-1 > 100

UGP-2 > 100

Ascorbic acida <50

UGP-1: ethanolic extract of the peels of fruits from U. guatteri-

oides; UGP-2: ethanolic extract of the pulps of fruits from U.

guatterioides. Positive controla.
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For DPPH assay, Phongpaichit et al., 2007 classifies the
antioxidant activity of extracts as: strong activity to IC50 val-

ues of 10–50 mg*mL�1, moderate activity to IC50 values rang-
ing from 50 to 100 lg*mL�1, and weak activity for values
above ˃ 100 lg*mL�1. According to Table 4, the ethanolic

extracts of the fruits of U. guatterioides showed weak antioxi-
dant activity, with IC50 > 100 lg*mL�1 when compared to
reference antioxidant (ascorbic acid) with IC50 < 50 lg*mL�1.

These results are in agreement with the chemical profile of the
ethanolic extract of the fruits from U. guatterioides obtained
by HPLC ESI-MS. The ESI-MS fingerprint UGP-1 and
UGP-2 showed the predominance of alkaloids and flavonoids

with O-substituents, which possibly explain the low antioxi-
dant activity of the extracts by the in vitro model DPPH.
The antioxidant capacity of substances is related to their abil-

ity to single electron transfer and/or a radical hydrogen trans-
fer to one molecule to eliminate the unpaired condition of the
other molecule bearing free radical (Dos Santos et al., 2018;

Becker et al., 2019). For this model test, characteristics such
as free hydroxyl groups and an extended conjugation system
enhance the antioxidant potential of compounds. Therefore,
O-methylation and possibly other O-modifications of hydroxyl

group in compounds such as the flavonoids rutin, quercetrin,
isoquercetrin found in the fruits of U. guatterioides (Table 1),
inactive/decreases its own antioxidant activity and of the

extracts (Basile et al., 2005; Dos Santos et al., 2018; Xiao
et al., 2019).

Some typical Brazilian fruits, when testing fresh fruits by

the DPPH method, pointed out promising results for puçá-
preto (Mouriri pusa – Memecylaceae) with EC50 values of
414 g*g-1 DPPH, camu-camu (Myrciaria dubia - Myrtaceae)

with EC50 values of 478 g*g-1 DPPH and acerola (Malpighia
emarginata – Malpighiaceae) with EC50 values of 670 g*g-1

DPPH, indicating an association between antioxidant capacity
and phenol contents, corresponding to 868 mg GAE/100g,

1,176 mg GAE/100g, and 1,063 mg GAE/100g, respectively
(Rufino et al., 2010).

4. Conclusions

A total of 41 compounds were tentatively identified in ethanolic

extracts of the peels and pulps of the fruits from U. guatterioides.

The HPLC-ESI-MS analysis revealed the presence of alkaloids previ-

ously reported for Unonopsis genus, such as asimilobine, anonaine,

nornuciferine, glaucine and norglaucine. In contrast, the heliamine,

norjuziphine and anomuricine alkaloids are being reported for the first

time in the Unonopsis genus, while this is the first report of azafluoran-

thene alkaloid triclisine in the Annonaceae family. These data demon-
strated the potential of monitoring complex extracts by HPLC-ESI-

MS in the search for new natural products that can be used in the food,

pharmaceutical and cosmetic industries, simplifying the phytochemical

analysis. Furthermore, combination of the ethanolic extract of the

pulps of fruits from U. guatterioides and ampicillin resulted in an addi-

tive effect, when tested against S. aureus and S. epidermidis (A). These

results suggest that the pulps’ ethanolic extract, when combined with

the antibiotic ampicillin, can strengthen the therapy for S. aureus

and S. epidermidis (A) infection. Bioactive analysis based on antioxi-

dant activity indicated that ethanolic extracts of the peels and pulps

of the fruits from U. guatterioides showed low scavenging activity

against the free radical (DPPH). These findings are in agreement with

the chemical profiles, whose major compounds, phenolic, do not

proved free hydroxyls to act as antioxidants. Additionally, no geno-

toxic activity of the ethanolic extracts of the peels and pulps of the

fruits from U. guatterioides was detected at the tested concentrations.
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