
� �

�

��������	
	����	��
��	��
���
���������	���������
�

����
�
�	��������
	�
������������
����������
�	��
��������
�

�
�
�
�
�
�
�
�
�

��
�����
��
����	���������
�
�
�
�
�
������ �!�"#$�#��%&'()*�+�,-./0*1�2340-56�789:;7<7=>?@A�89�=ABCAD;AD�
,7A>;72AD�9�>2>E7>?@A�8A�CA;9:=7>E�>:;7AF78>:;9�CAG�BH;A8AD�

IJKB7=AD�%�L"M�N�OP�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

QRSTU��VWX�
YZYY



� �

�
�

������������	
��������������
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
��������������������� !�"�#$%&'!(�)*+'$,-�./012.3.45678�/0�489:8;28;�
#.852.)8;�0�5)5<.5678�/8�:82014.5<�512.8=./5120�:8>�9?28/8;�

@AB9.48;���C�D�E�FG�
��

�
�

HIJI�KLMIJINOKPK�KQ�
MQRMKSK�PI�
TJURMKPVKWXQ�IS�

�YZN[YK�I�HI[NQ\QRYK�PI��\YSINOQJ�PK��NY]IMJYPKPI�

�IPIMK\�PQ�
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Siqueira, Francilia Campos de.
      Arrabidaea chica (Humb. & Bonpl.) Verlot: Identificação de
compostos bioativos e avaliação do potencial antioxidante por
métodos químicos (in vitro) / Francilia Campos de Siqueira. —
2022.
      115 f. : il. color.

      Orientador(a): Profª. Dra. Alessandra Santos Lopes
      Coorientador(a): Prof. Dr. Renan Campos Chisté
      Tese (Doutorado) - Universidade Federal do Pará, Instituto de
Tecnologia, Programa de Pós-Graduação em Ciência e Tecnologia
de Alimentos, Belém, 2022.

      1. Planta Amazônica. 2. Espécies reativas de oxigênio. 3.
Espécies reativas de nitrogênio. 4. Solvente verde. 5.
Cromatografia líquida – espectrometria de massas. I. Título.

CDD 664.8009811

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


� �

������������	
��������������
�
�
�
��������������������� !�"�#$%&'!(�)*+'$,-�./012.3.45678�/0�489:8;28;�
#.852.)8;�0�5)5<.5678�/8�:82014.5<�512.8=./5120�:8>�9?28/8;�

@AB9.48;���C�D�E�FG�
�

�
�
�

5HI'JIKI�*�!�LLLLMLLLLLMLLLLL������4$%N*J,$-�LLLLLLLLLLLLL�
�

�
�

#5145�0=59.15/8>5�
�

�
�
LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
:+$OP!�/+I!�5'*QQI%K+I�;I%,$Q�<$&*Q�

�RSTUVWXYRW�


Z�[�\�[��\��
��

�
�
�

:+$OP!�/+I!�<�J]I��*'*%I�KI�;J'HI�9I+,J%Q�
	T̂_RY��UVTRUY�



Z�[�\�[��\��
��
�
�

`̀`̀`̀`̀LLLLLLLLLLLLLLLLLLLLLLLLLL
L:+$OP!�/+P!4+JQ,JI%*�9I+JI�<*I'�4$Q,I�

	T̂_RY��aVTRUY�


Z�\�[��\��
��

�
�
�

:+$O!�/+�>I�'�1�%*Q�K*�4I+HI'b$�c�%J$+�
�defTUVT�g	T̂_RY��UVTRUY�


Z�[�\�[��\��
��

�
�
�
�

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
:+$O!�/+!�>*%I%�4I�&$Q�4bJQ,h�

�YYRSTUVWXYR�


Z�[�\�[��\��
��

�
�
LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL��
:+$O!�/+!�i�Q,IH$�5+Ijk$�:*+*J+I�

	T̂_RY��UVTRUY�
l

Z�[�\�[��\��
�m�

�
�

`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀`̀�
:+$OP!�/+I!�i*$+�*%%n�>$NbI�K$Q�;I%,$Q�

	T̂_RY��aVTRUY�
���\�[��\��
��

�
�
�

�/+!�iJ'Q$%�4*'Q$�5' �o�*+o�*�4bIpIQ�
cj%J$+�

��defTUVT�g�	T̂_RY�TaVTRUY��
����
��
�
�

�
�
�

qTfr̂g
WRs�
tutt



� �

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�������	���
���	
����	�����	����	�����

�	����	���������������������������	�

����	�	�	�	�����	����������
�	�����	�����

	�����	��������������	�����	
�	���

������������������	� ��!
�����	��

�"�����������	�#������������	��$��

�

%



� �

�

����������	
��



�����������������������������

���������� ��!"#$��%"����������!�����!"�"��& �����''�������'��'��('�)�& �'��#��#�����'����

 �#��������� "*�������'������(� $���+(�"�����,�#$����#&#���-�"�'����.�

��'�!�&'�-�!" "���'���� ���!����/���"#�"�� !�#�����!"#$��"�!��0��#������&#$����1�&������ ��

2345362789:;8<=>:?:>@828:23483A24283>BC�

��!"#$���!����!�����DEFD�GF�H�����%I'��JD�ED�FGKD����LFM�EHN�FGKD�O"#�!�!��"�#P������

'���!�!�&�� "�������!"#$��(�'����-���� �*����

��'�!�&'��"�'��DFQ�RLN�LFGM�EHNO"#�!�!��"�#PS�TN�UV�LEN�	DWDEU�FGKD�����������!���

�����"���,���"�����#�!�#��������.�

���!�&��!����TNRDHD��FX��FED����������'"�����!��#$�"�����!�&�!�"���"#��#�"%��������#��Y

!��'&�����������#Z&" "������'�!��'�Z&�"'��&�#�����#'��&"�"��-"#� "*����''�������C�

���!"#$���!����-" $�����F��DQ[N�L��FX��FED��!"#$��!�"���!��"%�������������''��&"�C�

��!"#$��Z&��"�����"�#��������VEN\D]�G���DRLEDJN[����1&"����(�"������� �������&#"������

'�&'��#'"#�!�#��'��������"�����#-"�#������#'� $�����!"*�����̂��_�̀�!&"����'���"� ������!"!��

,���"�����#�!�#�������������%��_��������"���������"�#��������'������(� $�C�

���!�&�Z&��"�������"�#�������VEN\]��RDR�aF�HUS&!����#����b�!� �����-"''"�#� �����������

"!�#'�!�#����������"����'���!�&�����"�#������#�'������(� $�������#$��"!�#�����!����" $�����

��������"���"#��#�"%�����'���(��#��'��Z&��!�� �%���!�����#'��&"���$�������̀��Z&"��,���"�

����#�!�#����������� ����#-"�#�������'"������!�!"!�������������'-�����Z&��%��_��!�����&C�

���ED]�LEFDRDc]��EdDLDRH��������''"(" "�������b��&������������������'Z&"'����'����'�&��C�

��!"#$���!"��Y"�!�������DJ�FHeN���������������!��#$�"�"'!���"#��#�"%�������"��

"#��#�"�"�#� �����������!&"�����f�&'����������� ������%��_��!�!�&���!"#$�C�

g��NNEL�RDheNL��[�E\�FhNDQ�RHNL�V���NDGL�	iK�G��[�EFNE�Oj�k/,��l��'" P������

k�����!�����kI'Y����&������!�j"_#�"����m��#� ��"������ "!�#��'�nVV��
�opqV�r�� ��

�����&#"����������'�#%� %"!�#������-"''"�#� C�

��'�!�!(��'����(�#����b�!"#��������"�& ���'���'&� �#��'���� �'�������s�'���'&��'�s�'�Z&��

��#��"(&t��!��������!� $�������Z&� "������"�#�t-"��������'�C�



� �

�

������������	
������
�������������������������� ���!"���#���$���%������&�#'��(��%)%�

*+#,�-�'�.�������/��,%���0�1���0�
��
23�2�
3
�2�1���3��0�24
��
23	56�1��0�	��
6
�
	���

3��
������27�8
������1�	
�����0	
23
0�1��28��0�1����
9���:�;���
�������3�	�
�����2<1
����

2�8�	2��:�=�	�
��8�	2���28��	�8����6�3>�?��

@�����/�+�����#)�����0�	�����3��0�24
����	�6
14�����3�26�	�������0�
��2���A�3�BC������

�2<1
�����28
�A
��28��:�D��1��28��2�����8	
��E�����14�	?��

������
������F�G�HI��/�+������-���J�K�#����#%�-����������8	���
28�	�28������8��

1�L�	�8M	
���0�1���0�
��2���A�3�BC�����0�	8�����8	�L�14����0�1���3�26�	������	
�����N��

O��+�P��J�#,����0�1���0�
����3�2��14�����0�1�������28���������3�28	�BC�N�

���������3�1�����0	�Q����	�����Q�23
�2<	
�������F�L�	�8M	
������R�32�1�
������1
��28����

F�HSGI���F�TU������VGT�N�

���F�L�	�8M	
�����W
8��2E8
3��X���2��������0�3
�1�����#%����+�������� #K-��0�
���Y������

��
9����Q�
�Q�2����28�1�0�	��	��1
9�BC�����0�	8�������2<1
����	��1
9�����2��8����8���N�

���1�L�	�8M	
�����M1����������9Z2
��[�TT\]̂VGT��������0�3
�1���.+,���%P%##���0�	�����

�
�0�2
L
1
���������Y���	�2��	��1
9�BC�����1
�Q
1
9�BC�������A8	�8��N�

S���8�����������
	�8�����
2�
	�8���28���3�28	
L�5	���0�	�����A�3�BC�����8��8	�L�14�:�

�



� �

�

�������

�		
��
�
�����
������������������������������ ����!�"�#�������$�%���#�#&&�����'��&����

�&#�����������������������(�&�)� ������'��*+����)&�(����&�,�-(�����������#���(�&�.�(����#�#�

�����#�����&#��((#&������#��#(�#(�)�#���.#($��#�#��#��#(�#(����/���#(�����&#���/���($�%���

(0#�����)/���#(�(�����1&�#(�����������%����#����(�&��(��#(���&��&���&��&�#����#�#2�����.#����

(�(����(���������&�(���)�#�/"��#(,�3�(����(���#$����#��#(�40#������&#���/���(����#��#(�#(�

���/���#(���(��#�5�(�����6�����
��#�����������������%�������������#&�789:;<'<;=>?=>$������

�#���#&����1���#��(�/&)��#,�@(��&�������(��#��#(�#(����/���#(������������#(��#&������(������&����

ABCBADEFGAHCIAJKCBLCMHNEOKCPQBAKRFCKGOBHFGAJKCSBT;ECIOGAKOBABU;��&#���#��#&���#(��&�������(�

��&#���/���(,�-��&���40#�V����������������#2��������W�X�Y	Z$�#��2�&��#�5��&#�����/���#���(�

�#�5�(�����6�����
��#����&����&�*��#��#�#��������������(�%��(�&��������&������(�'![>$���������

�&#��"�&�#��&���#���#��#��&����#2���40#��#&�#2�"\��#�(��"���#�����#&����#�����&�40#;

�����������]̂:_̀�a�bcc�d"?�9e,�-((�(�&�(�����#(��(������&���#��&/2��#��(���#�����.�(��"�&�

���������(�#��#������������#2�����������2�&��#(�����6�����
$�#)���#(��#&��2�&�40#��((�(������#&�

FHGICDDOfSBFDCKgOBDOHhAKGADBihAIgADjSBEOKGICBADklENADBIACGNhCDBgABOmNMnKNOBLopqPBABKNGIOMnKNOB

]r3>e����&���.s�������(�#�/"��������������&,�'����������������#2�����������&\(��2�&��#(����

�#�5�(�����6�����
�#)���#(��#��(#�.����(��������&����(��#��&�����(�]1"��$�����#��������#�?1"���

]btb$�.?.e��#&�����(���#(��#��&��#�&�������s��#��(���&/2��#�]@uv;e$�#���&/2��#����5��&#"\��#�

]7u@ue$�#�1���#�5��#��#&#(#�]7@:�e$�#�&���������&#2����&��#�]@3@@we$�#�#2�"\��#�(��"���#�b@u�

ABICgNECHBkAIOmNHBLoppvPxBpBAmGICGOBgAB�6�����
��&���&��#��#������#�?1"�����&�(���#��#(�
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A B S T R A C T

Arrabidaea chica (Brazilian name=pariri) is a plant species that belongs to the Bignoniaceae family, occurring in
tropical America and widespread in the Amazonian region of Brazil. In this study, the phenolic compound and
carotenoid profiles of A. chica leaves were determined by HPLC-DAD-MS. Scutellarin was identified as the main
phenolic compound (15,147.22 μg/g, dry basis, d.b.) and lutein (204.28 μg/g, d.b.), β-carotene (129.5 μg/g,
d.b.) and α-carotene (79.86 μg/g, d.b.) as the major carotenoids. Moreover, A. chica leaves presented 152.7 μg/g
of ascorbic acid (fresh weight). For the first time, the carotenoid profile and ascorbic acid contents were reported
for A. chica leaves. Regarding the antioxidant capacity, A. chica extract was able to scavenge ABTS radical (2,2′-
azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)), and for the first time, the protective effect against singlet
oxygen (1O2) was reported. The A. chica extract was efficient as ABTS radical scavenger (86.81 μM Trolox/g of
fresh leaves) and inhibited the degradation of tryptophan by 1O2 in a concentration-dependent manner with an
IC50 at 177 μg/mL. Thus, A. chica leaves can be exploited as a promising source of bioactive compounds that may
be useful to human health or food systems against oxidative damage.

1. Introduction

High levels of reactive species in living systems can oxidize bio-
molecules, leading to tissue damage, cell death or the onset of various
chronic-degenerative diseases, such as cancer, diabetes, kidney pro-
blems, hypertension, cardiovascular diseases, and atherosclerosis
(Halliwell, 2012; Katoch, Kaur, Kashyap, Gupta, & Dahiya, 2013). In
food systems, the occurrence of reactive species is also responsible for
the onset of food oxidation reactions (Choe & Min, 2015). Studies have
shown a growing interest in scientific researches on bioactive com-
pounds, such as phenolic compounds, carotenoids and ascorbic acid,
from medicinal and dietary plants that may help to minimize the effects
of oxidative damages both in foods and in vivo (Dziadek, Kopeć, &
Tabaszewska, 2018; Ribeiro et al., 2015; Sharififar, Dehghn-nudeh, &
Mirtajaldini, 2009; Silva, Ferreres, Malva, & Dias, 2005).

Brazilian flora, especially the Amazonian biome, is one of the richest
sources in the world of species with bioactive substances, and among

these species, Arrabidaea chica (Humb. & Bonpl.) B. Verlot, also known
as “crajiru”, “pariri” or “chica”, is a tree plant belonging to the
Bignoniaceae family, widely used in folk medicine as tea to treat gastric
ulcers, anemia, infections, inflammation, herpes, among others
(Mafioleti, da Silva Junior, Colodel, Flach, & de Oliveira, 2013; Zorn
et al., 2001). The hydroethanolic extract of A. chica leaves with high
contents of phenolic compounds (16%) demonstrated low oral, acute
and subchronic toxicities and lack of cytotoxicity in Chinese hamster
ovary cells (CHO-K1) (Mafioleti et al., 2013). Furthermore, A. chica
presents high potential for the prospection of bioactive compounds (Aro
et al., 2013). For example, the presence of flavonoids, anthocyanins,
tannins and phytosterols were already reported in A. chica leaf extracts
cultivated in other localities, distinct from the Amazonia region (Devia
et al., 2002; Siraichi et al., 2013). However, no information was found
in the literature regarding the carotenoid profile and ascorbic acid
contents in this species. Furthermore, the leaves of A. chica were re-
ported to possess anti-inflammatory, antibacterial, antifungal,
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antiparasitic, antitumor, antiulcerogenic and antioxidant activities
(Mafioleti et al., 2013; Ribeiro et al., 2012; Siraichi et al., 2013).

Therefore, the objective of this study was to identify and quantify
the bioactive compounds, by high performance liquid chromatography
coupled to diode array and mass spectrometer detectors (HPLC-DAD-
MS), of A. chica leaves cultivated in the Amazonian region of Brazil. In
addition, the in vitro antioxidant capacity of the A. chica hydrophilic
extract to scavenge ABTS radical (2,2′-azino-bis(3-ethylbenzothiazo-
line-6-sulphonic acid)) and to quench singlet oxygen (1O2) was as-
sessed.

2. Materials and methods

2.1. Chemicals

Scutellarin, apigenin, quercetin, all-E-β-carotene, all-E-lutein, as-
corbic acid, trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-car-
boxylic acid), ABTS (2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulphonic
acid), potassium persulphate, methylene blue (MB), methanol (MeOH),
methyl-tert-butyl ether (MTBE), acetonitrile, sulfuric acid, formic acid
and all other analytical grade salts were purchased from Sigma-Aldrich
(St. Louis, USA). L-Tryptophan was obtained from Fisher Scientific
(Pittsburgh, PA, USA). Ultrapure water was obtained from the Milli-Q
System system (Millipore Corp., Milford, MA, USA). All phenolic com-
pounds and carotenoids standards showed at least 95% of purity de-
gree, as determined by HPLC-DAD.

2.2. Samples

The A. chica leaves were collected from five plants in May 2017
from the Active Germplasm Bank of EMBRAPA (Brazilian Agricultural
Research Corporation) Eastern Amazon Research Center, located in
Belém, Pará State, Brazil (01°26′14.7″ S and 48°26′52.2″ W). For each
plant, 500 g of leaves from the lower, middle and upper parts were
collected to obtain a representative sample. The collected leaves were
divided into two portions: one was used for proximate composition
analysis and the other was freeze-dried using a benchtop lyophilizer
(Liotop, L101, São Paulo, Brazil) and used in the bioactive compounds
determination and antioxidant capacity assays. The freeze-dried leaves
were milled in a knife mill, vacuum packed in plastic bags and stored at
−18 °C until analysis.

2.3. Proximate composition

The contents of ashes, total lipids, moisture and total proteins
(conversion factor of 6.25 from total nitrogen to total protein) were
determined according to AOAC (AOAC (Association of Analytical
Chemists), 2000) and expressed as g/100 g (%). Total carbohydrates
were calculated by difference [Total carbohydrates= 100–(%
moisture+% ashes+% total proteins+% total lipids)]. The total
energetic value (kcal/100 g) was obtained according to the Atwater
conversion factor for vegetables, as follows: total energetic value (kcal/
100 g)= (protein× 2.44 kcal/g)+ (lipid× 8.37 kcal/g)+ (total car-
bohydrate× 3.57 kcal/g) (FAO/WHO, 2003). All the experiments were
carried out in triplicate (n=3).

2.4. Determination of bioactive compounds

2.4.1. Equipments
The identification of phenolic compounds and carotenoids in A.

chica leaf extracts was carried out by a Shimadzu HPLC (Prominence
UFLC model, Kyoto, Japan) consisting of a binary pump (LC-20AD), a
degasser unit (DGU-20A3R), an automatic injector (SIL-20AHT), and an
oven (CTO-20A), connected in series to a DAD detector (SPD-M20A)
and a mass spectrometer with an ion-trap as the m/z analyzer from
Bruker Daltonics (AmaZon speed ETD, Bremen, Germany), equipped

with electrospray (ESI) and atmospheric pressure chemical ionization
(APCI) as the ionization sources for phenolic compounds and car-
otenoids identification, respectively.

The quantification of phenolic compounds, carotenoids and ascorbic
acid was carried out by an Agilent HPLC (Agilent 1260 Infinity model,
Santa Clara, CA, USA) equipped with a quaternary pump (G1311C), an
automatic injector (G7129), an oven (G1316A) and a DAD detector
(G1328C). For all the chromatographic analysis, samples and solvents
were filtered using membranes of 0.22 and 0.45 μm, respectively, both
from Millipore (Billerica, MA, USA).

2.4.2. HPLC-DAD-ESI-MSn analysis of phenolic compounds
The phenolic compounds of A. chica leaves were exhaustively ex-

tracted from about 0.5 g of the freeze-dried leaves with MeOH/water
(8:2, v/v) in a mortar with a pestle (5 min), followed by vacuum fil-
tration and the residue was subjected to the same extraction procedure
for 3 times. The filtered extract was transferred to a 50mL-flask and
filled up with the same extraction solution.

The phenolic compounds were separated on a C18 Synergi Hydro
column (Phenomenex, 4 μm, 250×4.6mm), set at 29 °C. A linear
gradient of water with 0.5% formic acid (solvent A) and acetonitrile
with 0.5% formic acid (solvent B) was used from A:B 99:1 to 50:50 in
50min followed to 1:99 in 5min, keeping the last ratio for another
additional 5min at 0.9 mL/min (Chisté & Mercadante, 2012). The UV-
visible (UV-vis) spectra were obtained between 200 and 600 nm, and
the chromatograms were monitored at 270, 320, 360 and 480 nm. The
column eluate was split to allow only 0.15mL/min to enter the ESI
source. The mass spectra (MS) were acquired after ionization in nega-
tive ion mode, with a scanning range of m/z from 100 to 1000, and the
MS parameters set as described by Chisté and Mercadante (2012). The
phenolic compounds were tentatively identified by combining the fol-
lowing information: elution order, retention time on the C18 column,
UV-vis and mass spectra compared to data available in the literature
(Chandrasekara & Shahidi, 2011; El-hela, Al-amier, & Ibrahim, 2010;
Ribeiro, Chisté, Lima, & Fernandes, 2016; Siraichi et al., 2013;
Surowiec, Szostek, & Trojanowicz, 2007) and authentic standards. The
quantification was carried out by comparison with external analytical
curves of six points (3.12 to 100 μg/mL, in duplicate) for apigenin
[R2=0.99, limit of detection (LOD)=0.17 μg/mL and limit of quan-
tification (LOQ)=0.51 μg/mL], scutellarin [R2=0.99,
LOD=0.14 μg/mL and LOQ=0.41 μg/mL] and scutellarein
[R2=0.98, LOD=0.23 μg/mL and LOQ=0.69 μg/mL]. LOD and LOQ
values were calculated using the parameters (standard deviation and
slope) of the analytical curves (ICH, 2005). The phenolic compound
contents were expressed as μg/g of freeze-dried leaves (dry basis, d.b.),
considering three independent extraction procedures (n=3).

2.4.3. HPLC-DAD-APCI-MS/MS analysis of carotenoids
The carotenoids of freeze-dried A. chica leaves (0.5 g) were ex-

haustively extracted with acetone, followed by liquid-liquid partition to
petroleum ether/diethyl ether (1:1, v/v) by washing with distilled
water, saponified overnight with 10% KOH in methanol (1:1, v/v), re-
partitioned and evaporated under vacuum (T < 38 °C). The dried
carotenoid extract was solubilized in MTBE and filtered prior to HPLC
injection, according to the procedures described by Chisté and
Mercadante (2012).

The carotenoids were separated on a C30 YMC (5 μm,
250mm×4.6mm) column set at 29 °C, using as a mobile phase a
linear gradient of MeOH (solvent A) and MTBE (solvent B), from A:B
95:5 to 70:30 in 30min, followed by 50:50 in 20min at 0.9mL/min.
The UV-vis spectra were recorded between 200 and 600 nm and the
chromatograms were processed at 450 nm. The column eluate was di-
rected to the APCI interface, and the mass spectra were obtained after
APCI in positive ion mode, with a scan interval at m/z from 100 to 800,
with the parameters reported by Chisté and Mercadante (2012). The
carotenoids were tentatively identified based on the following
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combined information: elution order on the C30 column, UV-vis [λmax,
spectral fine structure (%III/II), cis-peak intensity (%AB/AII)] and mass
spectra compared to data available in the literature (De Rosso &
Mercadante, 2007; De Faria, De Rosso, & Mercadante, 2009; Chisté &
Mercadante, 2012; Berto, Ribeiro, de Souza, Fernandes, & Chisté,
2015;). The assignment of Z-isomer of carotenoids was based on the
observation of %III/II decrease and %AB/AII increase (≈7–11%=9Z;
≈45%=13Z and ≈ 56%=15Z carotenoid) as reported by De Rosso
and Mercadante (2007). The carotenoids were quantified by HPLC-DAD
by external five-point analytical curves (3.12–100 μg/mL, in duplicate)
of (all-E)-β-Carotene (R2=0.99, LOD=0.98 μg/mL and
LOQ=2.96 μg/mL) and (all-E)-Lutein (R2=0.98, LOD=0.20 μg/mL
and LOQ=0.62 μg/mL). The NAS-IOM conversion factor was used to
calculate the vitamin A value, considering 12 μg of (all-E)-β-carotene
and 24 μg of (all-E)-α-carotene, (9Z)-β-carotene and (13Z)-β-carotene
corresponding to 1 μg of retinol activity equivalent (RAE). The activity
used was 100% for (all-E)-β-carotene and 50% for (all-E)-α-carotene,
(9Z)-β-carotene and (13Z)-β-carotene (NAS-IOM, 2001). The car-
otenoid contents were expressed as μg/g of freeze-dried leaves (d.b.),
considering three independent extraction procedures (n=3).

2.4.4. HPLC-DAD analysis of ascorbic acid
The ascorbic acid content was determined in both the freeze-dried

leaves of A. chica and the hydromethanolic extract used to assess the
antioxidant capacity. For the A. chica leaves, the ascorbic acid was
extracted from 1 g of the freeze-dried leaves with an aqueous solution of
1% oxalic acid (3 times), followed by centrifugation (3000×g at 4 °C).
The supernatant was transferred to a 50mL flask; the volume was filled
up with the same solution. Both the extracts were filtered prior injec-
tion into the Agilent HPLC-DAD system. The ascorbic acid was sepa-
rated on a C18 Synergi Hydro column (Phenomenex, 4 μm,
250×4.6mm) set at 25 °C, using an aqueous solution of sulfuric acid
(0.001M, pH 2.5) as the mobile phase, in isocratic mode, at 0.7 mL/
min. The chromatogram was processed at 244 nm (Ribeiro et al., 2016).
The identification of ascorbic acid was based on the retention time
(7min), co-elution and UV-vis characteristics compared to the au-
thentic standard (data not shown) analyzed under the same conditions.
The ascorbic acid was quantified using six-point external analytical
curve (1.6–100 μg/mL, in duplicate, R2= 0.99, LOD=0.05 μg/mL and
LOQ=0.16 μg/mL) and the results were expressed as μg/g of fresh
weight leaves (FW), considering three independent extraction proce-
dures (n=3).

2.5. In vitro antioxidant capacity of A. chica extract

The extract used for the antioxidant capacity assays was obtained
according to the same procedure described to the analysis of phenolic
compounds.

2.5.1. Scavenging capacity of ABTS radical
The ABTS radical scavenging assay was carried out according to the

method described by Re et al. (1999), with modifications. The radical
cation (ABTS%+) was generated by the chemical reaction of ABTS
(7mM) with potassium persulfate (145mM) held in the dark during
12–16 h before use. After formation of the ABTS%+, 3mL of this solu-
tion (diluted with methanol to ~0.70 absorbance at 734 nm) was mixed
with an aliquot (30 μL) of the A. chica extract at concentrations ranging
from 0.5 to 10mg/mL or Trolox standard and the absorbance was re-
corded after 6min at 734 nm. The analytical curve of trolox (102 to
2048 μM) was constructed and the results (n= 3) were expressed in μM
of Trolox equivalent (TE)/g of FW leaves.

2.5.2. Quenching of singlet oxygen (1O2)
The ability of A. chica extract to quench 1O2 was determined ac-

cording to the method described by Chisté, Benassi, and Mercadante
(2011), with adaptations. The experiment was conducted by taking an

aliquot (100 μL) of the A. chica extract (50 to 375 μg/mL) or quercetin
standard (positive control, 0.78 to 4.75 μg/mL), which was added to a
solution containing 950 μL of L-tryptophan (TRP) (40 μM) and 950 μL of
MB (10 μM) as the sensitizer, under atmospheric air and at room tem-
perature (25 °C), both solutions prepared in phosphate-buffered saline
(pH 7.2). The blank experiment was performed under the same condi-
tions, replacing 100 μL of the antioxidant by 100 μL of MeOH/water
(8:2, v/v). The 1O2 was generated by direct sensitization of MB by a
75W incandescent bulb, which was used as the excitation source, and
two filters (red and orange colored filters) was placed between the
excitation source and the cuvette containing the reactants to only excite
MB. The reaction was monitored by spectrophotometric measurements
in the range of 200–800 nm during 20min and the absorbance of TRP
was recorded at 219 nm. The kinetic data obtained from the decay of
the absorbance of TRP was fitted to a first-order reaction (Eq. (1)) using
Origin Pro 8 software (OriginLab Corporation, Northampton, MA, USA)
to calculate the rate constants (Eq. (2)). The percentage of protection of
A. chica extract or quercetin against the oxidative damage of 1O2 was
calculated through Eq. (3).

= +∞

−( )Y Y A exp.
x
t1 (1)

=k
t

ln 2
1 (2)

=
−

×

+

Protection against
K K

K
1O2 (%) 100obs

TRP
obs
TRP antioxidant

obs
TRP (3)

where Y is the intensity absorbance of TRP; Y∞ is the intensity absor-
bance of TRP at infinite time; A is pre-exponential factor; k is the
pseudo-first order rate constant; x is the reaction time; t1 is half-life time
(min); Kobs

TRP is the observed pseudo-first order rate constant fitted to
the TRP decay curve (obtained in the blank experiment); and
Kobs

TRP+antioxidant is the observed pseudo-first order rate constant fitted
to the TRP decay curve in the presence of antioxidant.

The in vitro IC50 value (inhibitory concentration to decrease by 50%
the amount of reactive species in the tested media) was calculated from
the curves of percentage of inhibition versus antioxidant concentration
using OriginPro 8 software.

3. Results and discussion

The A. chica leaves presented high moisture (69.95 ± 0.18%),
carbohydrates (22.84 ± 0.25%) and ashes (4.66 ± 0.17%) contents,
while low contents of total protein (1.82 ± 0.05%) and total lipids
(0.73 ± 0.04%) with a total energetic value of 92.07 ± 0.80 kcal/
100 g(FW). This is the first report concerning the proximate composi-
tion of A. chica leaves and these results were lower than those reported
for the Nigerian medicinal plants Chromolina oduratum, Ipomoea aser-
ifolia and Emilia santifolia (Ekpa, 1996), and those found in 40 leaf
cultivars of sweet potatoes (Ipomoea batatas L.) (Sun, Mu, Xi, Zhang, &
Chen, 2014).

Regarding the ascorbic acid content, its value (152.7 ± 13.6 μg/g
FW), reported for the first time in the present study, is within the range
found for spinach (Spinacia oleracea L.) (14.0–460 μg/g FW) at different
stages of growth and post-harvest storage (Bergquist, Gertsson, &
Olsson, 2006), but lower than broccoli (Brassica oleracea L., Italian var.,
Marathon cv.) inflorescences (665–1077 μg/g FW) during harvesting
and storage (Vallejo, Tomás-Barberán, & Garcia-Viguera, 2003).
Therefore, A. chica leaves could be added to food preparations to in-
crease ascorbic acid ingestion in a healthy diet, since ascorbic acid is
considered one of the main antioxidant compounds found in vegetables.
Such compound is important for the regeneration of vitamin E, in-
hibition of nitrosamine formation and in the absorption of inorganic
iron, which may promote an enhancement in the immune system and
protection against diseases related to oxidative stress (Ribeiro et al.,
2016; Ribeiro, De Queiroz, De Queiroz, Campos, & Sant'ana, 2007).

F. Campos de Siqueira, et al. Food Research International 126 (2019) 108597

3



3.1. Phenolic compounds profile of A. chica leaves

Regarding the profile of phenolic compounds of A. chica, as ob-
served in Table 1, the HPLC-DAD-ESI-MSn allowed the assignment of
nine separated phenolic compounds (Fig. 1).

Peaks 1 and 2 were tentatively identified as feruloyl hexose isomers
since both compounds presented deprotonated molecule ([M-H]−) at
m/z 355 with fragments at m/z 337 and an intense fragment at m/z 193
(ferulic acid) in the MS2 spectra, corresponding to a neutral loss of a
water molecule (18 u) and a hexose moiety (162 u), respectively. Such
characteristics were already reported in the literature for this type of
compounds (Chandrasekara & Shahidi, 2011; Ribeiro et al., 2016).
Peak 3 was assigned as feruloyl derivative due to the UV-Vis absorption
at 327 nm (hydroxycinnamic acids) and the presence of [M-H]− at m/z
449, followed by a neutral loss of a feruloyl moiety (176 u) as the most
intense fragment at m/z 273 in the MS2 spectra. The ion at m/z 273 was
further fragmented into the m/z 255, showing the presence of a hy-
droxyl group in the MS3 spectrum. The same fragmentation pattern was
previously reported for the feruloyl derivative compounds found in
Solanum diploconos fruits (Ribeiro et al., 2016). Peaks 4–9 are phenolic
compounds, which belong to the flavone class, as can be observed by
their characteristic UV–vis absorption spectra at the wavelength range
of 334–337 nm. Peak 4 was the major phenolic compound in A. chica
leaves and identified as scutellarin, with [M-H]− at m/z 461 and a
neutral loss of a glucuronyl moiety at m/z 285 ([M-H-176]− in the MS2

spectrum, followed by an intense peak at m/z 267 in the MS3 spectrum,
which corresponds to the elimination of a hydroxyl group. Scutellarin,
identified in this leaf for the first time in the literature, was also

confirmed based on co-elution and comparison with the same MS
fragmentation pattern exhibited by the authentic standard. Considering
that peak 5 showed [M-H]− at m/z 445 and an intense fragment at m/z
269 (MS2 spectra), corresponding to the loss of a glucuronyl unit (176
u), this compound was tentatively assigned as apigenin glucuronide,
according to previous report (Surowiec et al., 2007). Peak 6 was ten-
tatively identified as flavone-glucuronyl derivative as showed a [M-H]−

ion at m/z 493 with an intense MS2 fragment at m/z 317, corresponding
to the loss of a glucuronyl unit, followed by a neutral loss of 18 u at m/z
299 (MS3 spectrum). Peak 7 was identified as scutellarein due to the
presence of a [M-H]− at m/z 285 and a MS2 fragment at m/z 267, which
corresponds to a neutral loss of a hydroxyl group. The identification of
scutellarein was confirmed by co-elution and the same MS fragmenta-
tion characteristics exhibited by the authentic standard and previous
data (Siraichi et al., 2013). Peak 8 exhibited [M-H]− at m/z 459, with
consecutive losses of 176 u (glucuronide moiety) at m/z 283 (MS2

spectrum), and 15 u (methyl group) at m/z 268 (MS3 spectrum), being
identified as methyl apigenin glucuronide (Abubakar et al., 2016; Shi
et al., 2013). Peak 9 was identified as apigenin, with [M-H]− at m/z
269 and fragments at m/z 251 (18 u, OH group) and m/z 225 (44 u,
CO2), typical from this type of compound (Mcnab, Ferreira, Hulme, &
Quye, 2009; Shi et al., 2013); identity was confirmed by comparison
with the authentic standard.

This is the first study in literature reporting the presence of the
feruloyl derivative compounds, scutellarin and methyl apigenin glu-
curonide in A. chica leaves, together with the overall quantification of
phenolic compounds by HPLC-DAD. Scutellarin was the major phenolic
compound and accounted for ≈70% of the sum of the identified

Table 1
Phenolic compounds profile of Arrabidaea chica leaves by HPLC-DAD-ESI-MSn.

Peak Phenolic compounda Concentration (μg/g leaves)b tR (min)c λmax (nm)d [M-H]− (m/z) MS2 (m/z)e MS3 (m/z)e

1 Feruloyl hexose (isomer 1)f 1088.07 ± 236.98 15.7 313 355 337, 212, 193, 151 [355➔193]: 151
2 Feruloyl hexose (isomer 2)f 915.26 ± 217.24 16.7 309 355 337, 212, 193, 151 [355➔ 193]: 161
3 Feruloyl derivativef 857.53 ± 72.65 24.6 273, 327 449 405, 273, 257 [449➔273]: 255, 231
4 Scutellarinf 15,147.22 ± 1660.84 27.7 282, 334 461 285, 178 [461➔285]: 285, 267, 243, 192,169
5 Apigenin glucuronideh 807.83 ± 221.15 30.7 267, 337 445 269, 177 [445➔ 269]: 269, 225
6 Flavone-glucuronyl derivativef 1143.23 ± 209.03 31.0 275, 328 493 445, 431, 317, 273 [493➔ 317]: 299, 273, 259, 185
7 Scutellareing 1379.17 ± 91.57 34.6 282, 337 285 267, 225, 200, 173 [285➔ 267]: 241, 227, 214, 198
8 Methyl apigenin glucuronideh 132.14 ± 12.95 37.6 266, 292, 335 459 283, 178 [459➔283]: 268
9 Apigeninh 49.79 ± 40,80 42.5 267,293, 337 269 251, 225, 201, 183 [269➔225]: nd
Total phenolic (μg/g leaves) 21,520.24 ± 2763.21

aTentative identification based on Uv-visible and mass spectra as well as relative retention time on C18 column and published data. bMean ± standard deviation
(n=3, dry basis). cRetention time on the C18 Synergi Hydro (4 μm) column. dSolvent: gradient of 0.5% formic acid in water and acetonitrile with 0.5% formic acid.
eIn the MS2 and MS3, the most abundant ion is shown in boldface. The peaks were quantified as equivalent of scutellarinf, scutellareing and apigeninh. nd= not
detected.

Fig. 1. HPLC-DAD chromatogram at 320 nm of phenolic compounds of Arrabidaea chica leaf extract. The peak characterization is given in Table 1.
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phenolic compounds. Other studies indicated the presence of two des-
oxyanthocyanidins (carajurin and carajurone) in A. chica leaves culti-
vated in Bogotá (Colombia) (Devia et al., 2002) and Costa Rica (Zorn
et al., 2001). In A. chica leaves cultivated in Southern Brazil, the pre-
sence of isoscutellarein, 6-hydroxyluteolin, hispidulin and luteolin was
reported (Siraichi et al., 2013). None of these compounds was detected
in the present study. This can be attributed to several factors, such as
environmental aspects of plant cultivation, complexity of phenolic
compounds and methods of extraction and analysis (Balasundram,
Sundram, & Samman, 2006; Tomás-Barberán & Espín, 2001).

The total sum of the identified phenolic compounds of A. chica
leaves, measured by HPLC-DAD, in this study, was very high
(21,520 μg/g, Table 1), which accounts for ≈2% of the composition of
the freeze-dried material. According to the literature, A. chica leaf ex-
tract presented 10,200 μg/g (FW leaves) of total phenolic compounds
(expressed as gallic acid equivalent), as spectrophotometrically de-
termined by the Folin-Ciocalteau method (Silva, Souza, Rogez, Rees, &
Larondelle, 2007). Such result is higher than that found in our study
(≈6456 μg/g, FW) probably due to the fact that many compounds in
the extract, e.g. ascorbic acid and reducing sugars, also react with the
Folin-Ciocalteau reagent.

3.2. Carotenoid profile of A. chica leaves

Regarding the profile of carotenoids of A. chica, as observed in
Table 2, the HPLC-DAD-APCI-MS/MS allowed the assignment of ten
separated carotenoids (Fig. 2). The major carotenoids were (all-E)-lu-
tein (peak 5), followed by (all-E)-β-carotene (peak 9) and (all-E)-α-
carotene (peak 8). For the identified peaks, the attribution of the
protonated molecule [M+H]+ was confirmed by means of the ex-
pected MS/MS fragments for both the polyene chain and functional
groups of carotenoids, as well as by the UV-vis spectra. (all-E)-β-Car-
otene (peak 9) and (all-E)-lutein (peak 5) were positively confirmed by
co-elution and comparison with authentic standards.

All the identified xanthophylls had three or two hydroxyl (OH)
groups and, as expected for reverse phase columns, they eluted before
the carotenes. Peaks 1 and 2 were tentatively identified as (13Z)-vio-
laxanthin and (all-E)-violaxanthin, respectively, because the (Z) isomer
presented lower values of λmax, %III/II and high cis peak intensity
(45%) compared to the corresponding (all-E)-isomer. Moreover, both
peaks showed the [M+H]+ at m/z 601 and fragments at m/z 583
[M+H-H2O]+ and m/z 565 [M+H-2H2O]+, due to neutral losses of
two hydroxyl groups, at m/z 509 [M+H-92]+ resulting from the loss
of toluene and at m/z 221, showing the presence of an epoxy group in a
hydroxylated β-ring (Chisté & Mercadante, 2012; Crupi et al., 2013).
(all-E)-luteoxanthin (peak 3) presented λmax at 398, 421 and 448 nm,
high percentage of %III/II (100%), [M+H]+ at m/z 601, and two
consecutive losses of OH groups were observed in the MS/MS spectrum
at m/z 583 and m/z 565. As also observed for peaks 1 and 2, peak 3
presented the characteristic fragment at m/z 221 in the MS/MS spec-
trum.

Peak 4 was assigned as a mixture of (Z)-lutein+ epoxycarotenoids
and showed three protonated molecules: m/z 601, m/z 585 and m/z 551
(in-source ionization). The [M+H]+ at m/z 601 fragmented at m/z
583 [M+H-H2O]+, m/z 565 [M+H– 2H2O]+, m/z 509 [M+H-92]
+ and at m/z 221 in the MS/MS spectrum. The [M+H]+ at m/z 585
showed successive OH losses at m/z 567 and m/z 549, elimination of
toluene from the polyene chain at m/z 493, loss of toluene combined
with an OH (m/z 475 [M+H-H2O-92]+) and a fragment at m/z 221.
The presence of a (Z)-carotenoid in peak 4 was noticed by the presence
of a cis-peak (%AB/AII) at 330 nm in the UV–Visible spectrum, which
was confirmed by the observation of an intense in-source fragment at
m/z 551 in the MS spectrum, which is characteristic of lutein and its
(Z)-isomers ([M+H]+ at m/z 569), as well as the fragments at m/z 533
[M+H– H2O]+ and at m/z 459 [M+H-92] +.

The (all-E)-lutein (peak 5) and (all-E)-zeaxanthin (peak 6) have the Ta
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same chemical formula (C40H56O2) and showed [M+H]+ at m/z 569
and MS/MS fragments at m/z 551 [M+H– H2O]+, m/z 533 [M+H-
2H2O]+ and at m/z 477 [M+H-92]+; however, zeaxanthin has 11
conjugated double bonds (c.d.b.) and two β-rings, while lutein has 10
c.d.b, one β-ring and one ε-ring (De Faria et al., 2009). Both the com-
pounds can be differentiated by the UV-vis spectrum, where lutein
presented λmax values lower than those of zeaxanthin, and MS spec-
trum, which showed an intense fragment at m/z 551 when compared to
the [M+H]+ (m/z 569), in contrast to that observed for zeaxanthin
(De Rosso & Mercadante, 2007).

The carotenes (13Z)-β-carotene (peak 7), (all-E)-α-carotene (peak
8), (all-E)-β-carotene (peak 9) and (9Z)-β-carotene (peak 10) showed
[M+H]+ at m/z 537 and the characteristic fragment at m/z 444 [M-
92]+ from the polyene chain. The (13Z)-β-carotene and (9Z)-β-car-
otene were identified by the presence of the cis-peak at the 338–340 nm
range in their UV-vis spectra (Table 2). In addition, the assignment of
these Z isomers assumes that the cis peak intensity (%AB/AII) increases
and the spectral fine structure (%III/II) decreases as the (Z)-double
bond approaches the center of the molecule (Britton, Liaaen-Jensen, &
Pfander, 2004). The (all-E)-α-carotene has the same chromophore as
lutein and, therefore, their UV-visible absorption spectra were similar.
In addition, (all-E)-α-carotene showed the presence of intense frag-
ments at m/z 481 and m/z 444 in the MS/MS spectrum, corresponding
to the neutral losses of the ε-ring and toluene, respectively. In (all-E)-β-
carotene MS spectrum, the elimination of β-ring with an additional
methylene group, [M+H-137]+ resulted in the formation of the
fragment at m/z 400.

This is the first report concerning the carotenoid profile of A. chica
leaves. Among the identified carotenoids, only β-carotene (and its cis
isomer) and α-carotene were the compounds that contributed to vi-
tamin A activity (15.73 μg RAE/g d.b. leaves). The vitamin A activity of
A. chica leaves was similar to that reported for Allmania nodiflora
(16.05 μg RAE/g dw), and lower than Alternanthera pungens (57.76 μg
RAE/g dw), which are other examples of green leafy vegetables, but
higher than Brassica oleracea (6.41 μg RAE/g dw) and Mentha spicata L.
(12.46 μg RAE/g dw) (Raju, Varakumar, Lakshminarayana,
Parthasarathy, & Baskaran, 2007).

Regarding the lutein content of A. chica leaves, it was about thrice
higher than the leaves of Prunus armeniaca, whose values
(56.7–65.7 μg/g) varied during the maturation period (Zeb, Khadim, &
Ali, 2017) and about twenty to twenty-seven times higher than the
values found for different varieties of Hippophae rhamnoides leaves
(8–11 μg/g) (Pop et al., 2014). In the same study, the contents of
zeaxanthin (5–6 μg/g) were about twice lower that A. chica leaves.
These data are of paramount importance, since high consumption of
dark green leafy vegetables, specifically rich in lutein and zeaxanthin,

are associated with a lower risk of cataract and age-related macular
degeneration (Moeller, Jacques, & Blumberg, 2000). In addition, ac-
cording to the classification of good sources of carotenoids (low:
0–1 μg/g, moderate: 1–5 μg/g, high: 5–20 μg/g, very high>20 μg/g),
as suggested by Britton and Khachik (2009), the freeze-dried A. chica
leaves can be considered as a high source of zeaxanthin and very high of
lutein, β-carotene and α-carotene.

3.3. In vitro antioxidant capacity of A. chica extract

The MeOH/water extract of A. chica leaves was able to scavenge
ABTS radical with values (86.81 ± 1.5 μM TE/g, FW) higher than
those previously reported for A. chica leaves (64 μM TE/g, FW) in an
exploratory study with fifteen selected plants from Amazonian region
(Silva et al., 2007). Although ABTS radical is a stable and non-biolo-
gical reactive species, it is a single electron transfer-based assay used by
many research laboratories for studying antioxidant capacity due to its
operational simplicity. However, when ABTS assay is considered, there
are conflicting results on pure antioxidant compounds, associating their
structure and ability to donate one or two electrons with their
scavenging efficiency (Huang, Ou, & Prior, 2005). As examples, in a
study, scutellarin and scutellarein demonstrated IC50 values at 3.53 and
3.00 μM, respectively (Qian et al., 2011), and in another study, they
exhibited 33.3 μM and 18.3 μM, respectively (Liu, Li, Ouyang, & Chen,
2018).

In this study, the 1O2-quenching ability of A. chica leaf extract was
assessed since 1O2 is a highly reactive oxygen species (ROS) that can be
generated in both physiological and food systems in the presence of
light and photosensitizers. The photosensitization system used in this
study was efficient in the generation of 1O2 with consequent degrada-
tion of tryptophan. The A. chica extract, at all the tested concentrations,
was able to protect tryptophan against the oxidation damage of 1O2 and
this quenching effect was fitted to the first-order reaction with high
values of determination coefficient (R2= 0.99), as shown in Fig. 3a.
This is the first report concerning the quenching ability of A. chica leaf
extract against oxidative damage of 1O2 and a concentration-dependent
effect on 1O2 inhibition was observed for the extract (Fig. 3b) with an
IC50 at 177.2 ± 4.2 μg/mL. The extract of A. chica leaves at 375 μg/mL
exhibited the highest percentage of protection (90.30%) against 1O2,
but lower quenching efficiency than that found for quercetin (positive
control) (IC50= 1.88 ± 0.08 μg/mL). However, when compared to the
literature, the A. chica extract showed higher efficiency as 1O2 quencher
than other leaf plant extracts, such as Terminalia chebula
(IC50= 424.50 μg/mL), Terminalia belerica (IC50= 233.12 μg/mL) and
Emblica officinalis (IC50= 490.42 μg/mL), obtained with MeOH/water
(70:30, v/v) (Hazra, Sarkar, Biswas, & Mandal, 2010), whereas lower

Fig. 2. HPLC-DAD chromatogram at 450 nm of carotenoids of
Arrabidaea chica leaf extract. Peaks: 1) (13Z)-violaxathin; 2)
(all-E)-violaxanthin; 3) (all-E)-luteoxanthin;4) Mix of Z-lu-
tein+ epoxycarotenoids; 5) (all-E)-lutein; 6) (all-E)-zeax-
anthin; 7) (13Z)-β-carotene; 8) (all-E)-α-carotene; 9) (all-E)-β-
Carotene; 10) (9Z)-β-carotene. The peak characterization is
given in Table 2.
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than the ethanolic extract of Vismia cauleflora (IC50= 27 μg/mL), an-
other Amazonian plant (Ribeiro et al., 2015).

The hydromethanolic extract of A. chica leaves exhibited high levels
of phenolic compounds, as well as a high antioxidant capacity in both
the assays. Since ascorbic acid was not detected in this extract and
scutellarin content accounted for ≈70% of the sum of the identified
phenolic compounds, it was suggested that this compound might pre-
sented high contribution to the assessed antioxidant capacity since a
high antioxidant capacity was already reported in the literature for
scutellarin (Hong & Liu, 2004; Liu, Yang, Tang, Liu, & Xu, 2005).

4. Conclusion

A. chica leaves can be seen as a promising source of bioactive
compounds with high antioxidant capacity probably due to their high
contents of phenolic compounds, which may explain the therapeutic
use of these leaves in the folk medicine. For the first time, the presence
of feruloyl derivative compounds, scutellarin, methyl apigenin glucur-
onide and ascorbic acid, and the carotenoid profile of A. chica leaves
were reported, as well as its protective effect against 1O2, which oc-
curred in a concentration-dependent manner.
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Abstract: Arrabidaea chica, a medicinal plant found in the Amazon rainforest, is a promising source
of bioactive compounds which can be used to inhibit oxidative damage in both food and biological
systems. In this study, the in vitro scavenging capacity of characterized extracts of A. chica leaves,
obtained with green solvents of different polarities [water, ethanol, and ethanol/water (1:1, v/v)]
through ultrasound-assisted extraction, was investigated against reactive oxygen (ROS) and nitrogen
(RNS) species, namely superoxide anion radicals (O2

•−), hydrogen peroxide (H2O2), hypochlorous
acid (HOCl), and peroxynitrite anion (ONOO−). The extract obtained with ethanol–water presented
about three times more phenolic compound contents (11.8 mg/g) than ethanol and water extracts
(3.8 and 3.6 mg/g, respectively), with scutellarein being the major compound (6.76 mg/g). All extracts
showed high scavenging efficiency against the tested ROS and RNS, in a concentration-dependent
manner with low IC50 values, and the ethanol–water extract was the most effective one. In addition,
all the extracts were five times more efficient against ROO• than Trolox. Therefore, the extracts from
A. chica leaves exhibited high promising antioxidant potential to be used against oxidative damage in
food and physiological systems.

Keywords: antioxidant capacity; Amazonian plant; reactive oxygen species; reactive nitrogen species;
green solvents; phenolic compounds

1. Introduction

In biological systems, reactive oxygen (ROS) and nitrogen (RNS) species play an
essential role in maintaining the body’s normal physiological condition [1,2]. However,
the overproduction of ROS/RNS, as a result of physiological disorders, combined with
the deficiency of endogenous and exogenous antioxidants in the human body, induces
oxidative and nitrosative stress, damaging basic components for function and cell survival,
which may be related to the occurrence of several chronic degenerative diseases, such as
cardiovascular diseases, diabetes, Alzheimer’s, and cancer [3–5].

In addition to the deleterious effect caused to physiological systems, oxidative re-
actions induced by the presence of ROS and RNS can also be observed in food systems.
The oxidative effects of ROS can occur during food harvesting, storage, and processing,
producing off-flavors as well as changes in color and texture, which adversely affect the
overall quality and food safety due to the degradation of essential fatty acids, amino acids,
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and vitamins, and might promote the formation of toxic and carcinogenic compounds [6–9].
Due to these harmful effects, the inhibition of ROS and RNS in food systems is highly
desirable and, therefore, the use of antioxidants as food additive (natural or artificial) can
be seen as a very efficient strategy to delay oxidative reactions that decrease the shelf life of
processed foods.

Scientific evidences suggest that antioxidants obtained from natural sources, such as
fruits and other vegetables, are efficient replacements to synthetic antioxidants with the
same purpose of preventing the formation of undesirable oxidation products, improving
the quality of food products, consequently improving the life quality of consumers [10–14].
Scientific data, combined with the perception of modern consumers on the need for foods
with natural and healthier ingredients in the formulation, resulted in a growing trend at
the scientific level and in the food industry for the incorporation of natural additives.

In this context, the Amazon is known as one of the richest biomes in the world concern-
ing biodiversity, including several claimed medicinal plants, which present a number of
bioactive molecules in their composition, with promising biological activities [15]. Among
these plants, Arrabidaea chica (Humb. & Bonpl.) B. Verlot (pariri), from the Bignoniaceae
family, is potentially rich in phenolic compounds that has been used to treat various
diseases [16–18]. Some studies have also reported anti-inflammatory, antimicrobial, and
antifungal properties for the leaves of A. chica [15,19].

According to a recent study published by our research group, A. chica leaves were
considered to be promising sources of phenolic compound contents, with feruloyl hexose,
scutellarin, apigenin glucuronide, flavone-glucuronyl derivative, scutellarein, methyl api-
genin glucuronide, and apigenin being tentatively identified, in addition to exhibiting high
quenching abilities against singlet oxygen (1O2) [20], a highly reactive ROS derived from
molecular oxygen.

Other studies also showed that the extract of A. chica leaves has higher antioxidant
capacity when compared to scutellarein and apigenin isolated from the leaf, as evaluated by
DPPH (2,2-diphenyl-1-picrylhydrazyl), β-carotene/linoleic acid, total reactive antioxidant
potential (TRAP), and peroxyl radical (ROO•) assays [21,22]. Furthermore, in an in vitro
cellular study, post-treatment with A. chica in L929 fibroblasts decreased oxidative dam-
age by inhibiting intracellular ROS and mitochondrial superoxide anion radicals (O2

•−)
induced by UV-A and UV-B irradiation [5]. However, to the best of our knowledge, there
are no reports in the literature regarding the direct antioxidant effect of A.chica extracts
against other ROS and RNS commonly found in physiological and food systems, namely
O2
•−, hydrogen peroxide (H2O2), hypochlorous acid (HOCl), and peroxynitrite anion

(ONOO−). Such information may stimulate relevant applicability to extracts obtained
from A. chica leaves to confer antioxidant action in several applications of interest to food,
pharmaceutical, and cosmetic industries.

On the other hand, it should be taken into account that several factors can significantly
affect the phytochemical content and antioxidant capacity of natural extracts, including the
type and polarity of the solvent used [23,24]. In addition, there is a greater appeal for the
use of solvents that favor green chemistry, associated with the use of emergent extraction
techniques, for example, ultrasound-assisted extraction (UAE), which is safer and less
time-consuming, promotes high-efficiency extractions, and can minimize environmental
impacts [25,26].

Therefore, our study investigated the in vitro antioxidant capacity of A. chica extracts,
obtained through UAE technique using three green solvents of different polarities [water,
ethanol and ethanol/water mixture (1:1, v/v)] against the ROS and RNS of food and
physiological relevance, namely O2

•−, H2O2, HOCl, 1O2, ROO•, and ONOO− (in the
presence and absence of NaHCO3 to simulate physiological conditions).
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2. Materials and Methods
2.1. Chemicals

Scutellarin, apigenin, quercetin, L-ascorbic acid, quercetin 6-hydroxy-2,5,7,8
-tetramethylchroman-2-carboxylic acid (trolox), lucigenin, fluorescein Dihydrorodamine
(DHR), phenazine methosulfate (PMS), nitroblue tetrazolium chloride (NBT),
α,α′-Azodiisobutyramidine dihydrochloride (AAPH), dimethyl sulfoxide (DMSO), sodium
hypochlorite solution (NaClO, with 4% available chlorine), β-nicotinamide adenine dinu-
cleotide (NADH), Tris-buffer HCl, methylene blue (MB), hydrogen peroxide (30%), ethanol
(EtOH), methanol (MeOH), acetonitrile, formic acid, methylene blue (MB), sulfuric acid,
formic acid, sodium chloride, tribasic sodium phosphate dodecahydrate, potassium chlo-
ride, sodium nitrite, sodium bicarbonate, monobasic potassium phosphate, and dibasic
sodium phosphate were purchased from Sigma-Aldrich (St. Louis, MO, USA). L-tryptophan
was obtained from Fisher Scientific (Pittsburgh, PA, USA). For all chromatographic analyses,
samples and solvents were filtered using, respectively, 0.22 and 0.45 µm membranes, both
from Millipore (Billerica, MA, USA). Ultrapure water was obtained from the Milli-Q system
(Millipore Corp., Milford, MA, USA).

2.2. Arrabidaea chica Leaves

The leaves of A. chica (≈250 g), collected from five different plants belonging to the
Active Germplasm Bank of EMBRAPA Amazonia Oriental, located in Belém, Pará, Brazil
(01◦26′14.7′′ S and 48◦26′52.2′′ W), were freeze-dried (Liotop, L101, São Paulo, Brazil),
ground in a knife mill, vacuum packed in plastic bags, and stored at −18 ◦C until analysis.

Access to the selected leaves was registered in the Brazilian National System for
the Management of Genetic Heritage and Associated Traditional Knowledge (SisGen
#A89EDD3).

2.3. Extracts of Arrabidaea chica Leaves

Three extracts from the leaves of A. chica were prepared, according to the methodology
described by Chisté et al. [27] with some modifications, using the following green solvents:
water, ethanol, and the ethanol/water mixture (1:1, v/v). The choice for these solvents
considered the permissibility of residues in the extracts after evaporation, in accordance
with Directive 95/45/EC of the Commission of European Communities [28].

The freeze-dried leaves of A. chica (3 g) were subjected to UAE with each green solvent
in an ultrasonic bath (QUIMIS—model 03350, Diadema-SãoPaulo/Brazil) for 5 min at room
temperature (25 ◦C), and fixed ultrasonic frequency at 25 KHz, at a solid/liquid ratio of 1:10
(w/v). After the UAE procedure, the extracts were centrifuged (Heraeus multifuge x 1R
Thermo Electron Led GMBH, Göttingen, Germany) at 11,648× g for 5 min. The extraction
procedure was repeated seven times for each solvent and the supernatants were combined
after vacuum filtration. The extracts containing ethanol in the composition were subjected
to evaporation at reduced pressure in a rotary evaporator (T < 38 ◦C). Water extract and the
remaining water in the ethanol/water extract were frozen and freeze-dried. All the dried
extracts were sealed under N2 flow and stored at −18 ◦C under light-free conditions, until
analysis. The extractions were carried out in triplicate (n = 3).

2.4. HPLC-DAD Determination of Phenolic Compounds in the A. chica Extracts

The phenolic compound compositions of A. Chica extracts were determined by
high-performance liquid chromatography (HPLC), coupled with a diode array detector
(DAD) on an Agilent HPLC (model Agilent 1260 Infinity, Santa Clara, CA, USA) equipped
with a quaternary pump (G1311C), an automatic injector (G7129), an oven (G1316A), and a
DAD detector (G1328C).

The A. chica extracts were analyzed after solubilizing 10 mg of each dried extract in
methanol/water (80:20, v/v) and the phenolic compounds were separated on a C18 Synergi
Hydro column (Phenomenex, Torrance, CA, USA, 4 µm, 250 × 4.6 mm), at a temperature
of 29 ◦C at 0.9 mL/min, with a linear gradient consisting of water–formic acid (99.5:0.5,
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v/v) and acetonitrile/formic acid (99.5:0.5, v/v) [29]. The UV–visible (UV–vis) spectra were
recorded from 200 to 600 nm, and chromatograms were processed at 270, 320, and 360 nm.
The phenolic compounds were identified by combining the following information: elution
order, retention time in the C18 column, comparison with authentic standards analyzed
under the same conditions, and UV–vis spectra compared to the phenolic compounds
previously identified for A. chica leaves by LC-MS in our research group [20]. The phenolic
compounds were quantified using six-point analytical curves (3 to 100 µg/mL in duplicate)
of scutellarin (r2 = 0.99, limit of detection (LOD) = 0.14 µg/mL, and limit of quantification
(LOQ) = 0.41 µg/mL), scutellarein (r2 = 0.98, LOD = 0.23 µg/mL, and LOQ = 0.69 µg/mL),
and apigenin (r2 = 0.99, LOD = 0.17 µg/mL and LOQ = 0.51 µg/mL). The parameters of
the analytical curves (standard deviation and the slope) were used to calculate the LOD
and LOQ values [30]. The phenolic compound contents were expressed as mg/g of dried
extracts (dry basis, d.b.), considering three independent extraction procedures (n = 3).

2.5. In Vitro Scavenging Capacity Determination against ROS and RNS

The ROS and RNS scavenging assays were carried out at 37 ◦C, in a microplate reader
(Synergy HT, BioTek, Winooski, VT, USA) equipped with a thermostat using fluorescence,
absorbance, or chemiluminescence modes of detection. Each antioxidant assay corresponds
to, at least, four individual experiments, in triplicate, using five concentrations (0.03 to
500 µg/mL). The dried extracts of A. chica were dissolved in ethanol/water (1:1, v/v) for
all the assays, and analyzed immediately to avoid the degradation of bioactive compounds.
Quercetin (0.001 to 30 µg/mL) and scutellarein (0.10–500 µg/mL) were used as positive
controls in the O2

•−, HOCl, 1O2 and ONOO− scavenging assays, while scutellarein and
ascorbic acid (15 to 500 µg/mL) were used for H2O2. IC50 values (µg/mL) were calculated
from curves of antioxidant concentrations versus the inhibition percentage using Origin
Pro 8 software (OriginLab Corporation, Northampton, MA, USA). Before carrying out
each assay, additional tests to check interference effects among the A. chica extracts and the
solvents with the used probes or selected wavelengths were carried out and no interference
was observed for the assay conditions.

2.5.1. Superoxide Anion Radical (O2
•−) Scavenging Assay

A. chica extracts were evaluated in relation to their capacity to scavenge O2
•−, us-

ing a non-enzymatic system containing NADH/PMS/O2 [31]. This system is able to pro-
duce O2

•−, which reduces NBT to a purple diformazan. The reaction mixtures in the mi-
croplate wells contained the following reagents at final concentrations (in a final volume of
300 µL): NADH (166 µM), NBT (43.3 µM), PMS (2.7 µM), the extracts dissolved in EtOH/H2O
solution (1:1, v/v), and quercetin dissolved in DMSO. NADH, NBT, and PMS were dissolved
in 19 mM phosphate buffer, pH 7.4. The inhibition percentage of NBT reduction to diformazan,
by the extract/standards, was monitored by spectrophotometry at 560 nm after 10 min of
plate introduction.

2.5.2. Hydrogen Peroxide (H2O2) Scavenging Assay

The scavenging capacity of A.chica extracts against H2O2 was determined by mon-
itoring the inhibition of chemiluminescence resulting from the H2O2-induced oxidation
of lucigenin [31]. The reaction mixtures in the wells contained the following reagents at
final concentrations (in a final volume of 250 µL): 50 mM Tris-HCl buffer (PH 7.4), lu-
cigenin (0.8 mM) dissolved in Tris-HCl buffer, extracts of A. chica, and 1% (w/w) H2O2.
The chemiluminescence signal was detected in the microplate reader after 5 min of plate
introduction. Results were expressed as an inhibition percentage of the H2O2-induced
oxidation of lucigenin.

2.5.3. Hypochlorous Acid (HOCl) Scavenging Assay

The scavenging capacity of A. chica extracts against HOCl was determined by monitor-
ing the inhibition of HOCl-induced oxidation of DHR to rhodamine 123 [31]. HOCl was
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prepared by adjusting a 1% (v/v) NaClO solution to pH 6.2 with H2SO4 10% (v/v, followed
by HOCl quantification by spectrophotometry at 235 nm, using the molar absorption coeffi-
cient of 100 M−1·cm−1 [32]. The reaction mixture was composed of the following reagents
at the indicated final concentrations (final volume of 300 µL): DHR (5 µM), HOCl (5 µM),
and A. chica extracts. The fluorescence signal, at an emission wavelength at 528 ± 20 nm
and excitation at 485 ± 20 nm, was detected in the microplate reader immediately after
plate insertion. Results were expressed as an inhibition percentage of the HOCl-induced
oxidation of DHR.

2.5.4. Peroxynitrite Anion (ONOO−) Scavenging Assay

The scavenging capacity of the A. chica extracts against ONOO− was determined
by monitoring the inhibition of the ONOO−-induced oxidation of DHR to fluorescent
rhodamine 123 [32]. ONOO− was synthesized as described by [32]. The reaction mixture
was composed of the following reagents at the indicated final concentrations (final volume
of 300 µL): DHR (5 µM), extract or standard, and ONOO− (600 nM). The fluorescence signal,
at an emission wavelength at 528 ± 20 nm and excitation at 485 ± 20 nm, was detected
in the microplate reader after a 2 min incubation period. In a set of parallel experiments,
assays were conducted in the presence of 25 mM NaHCO3 to simulate physiological
conditions of CO2 concentration. The results were expressed as an inhibition percentage of
the ONOO−-induced oxidation of DHR.

2.5.5. Peroxyl Radical Scavenging Assay (ROO•) (ORAC)

ROO• was generated by the thermodecomposition of AAPH at 37 ◦C, and the ROO•

scavenging capacity was measured by monitoring the effects of A. chica extract on the
inhibition of fluorescence decay, due to fluorescein oxidation, induced by ROO• [33,34].
The reaction mixtures consisted of the following reagents at the final concentrations (final
volume of 200 µL): fluorescein (61.2 nM), AAPH solution (19.1 mM), and different concen-
trations of A. chica extracts dissolved in 75 mM phosphate buffer (pH 7.4). Trolox was used
as a positive control. The fluorescence signal, at the emission wavelength of 528 nm with
excitation at 485 nm, was monitored every minute until the total decay of fluorescence. The
relative ability to capture ROO• was expressed as the ratio between the slope of the curve
of each extract or positive control and the slope obtained for trolox, as proposed by [34].

2.5.6. Singlet Oxygen (1O2) Quenching Assay

The scavenging capacity of A. chica extracts and positive controls (quercetin and
scutellarein) to inhibit 1O2 was evaluated according to the method described by De Siqueira
et al. [20]. The 1O2 was generated, at room temperature (25 ◦C) and under atmospheric
air, via the direct sensitization of methylene blue (MB) using a 75W incandescent lamp,
used as an excitation source, and two filters (red and orange) were placed between the
excitation source and the cuvette containing the reactants (A. chica extratcs, L-tryptophan,
and MB), to excite MB only. The reaction was monitored by spectrophotometry, in the range
of 200–800 nm, for 20 min, and the absorbance of tryptophan was recorded at 219 nm. The
kinetic data obtained from the tryptophan absorbance decay were fitted to a first-order
reaction to calculate the rate constants. The protection percentage of the A. chica extract, or
the positive controls, against the oxidative damage of 1O2 was calculated through Equation
(1).

Protection (%) =
KTRP

obs − KTRP+antioxidant
obs
KTRP

obs
× 100 (1)

where KTRP
obs is the rate constant for the observed pseudo-first-order reaction fitted to the

TRP decay curve (obtained in the blank experiment) and KTRP+antioxidant
obs is the rate constant

for the observed pseudo-first-order reaction fitted to the decay curve of TRP in the presence
of the antioxidant compound.
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2.6. Statistical Analysis

The IC50 values (mean ± standard deviation) were subjected to ANOVA analysis of
variance and the means were classified by Tukey’s test at the 95% significance level using
Statistica 7.0 software (Statsoft Inc., Tulsa, OK, USA). Analytical curves were plotted by
linear regression (p < 0.05) using Origin 8 Software (OriginLab Corporation, Northampton,
MA, USA).

3. Results and Discussion
3.1. Phenolic Compounds Composition of Arrabidaea chica Extracts

Any modification in the composition of a selected solvent alters its polarity, and
consequently promotes changes in the phenolic compounds’ composition during extraction
procedures [31]. Considering the low toxicity, good extraction yield, safety for human
consumption, and its application in the food industry, ethanol, ethanol/water mixture (1:1,
v/v), and water were used as green solvents. Thus, in addition to the cavitation promoted
by the UAE procedure that facilitates bioactive compound extraction from plant tissues,
the composition of phenolic compounds identified in the extracts of A. chica leaves was the
result of their solubility in each solvent (Table 1).

Table 1. Profile of phenolic compounds from extracts of A. chica determined by HPLC-DAD.

Peak Phenolic Compound * tR
(min) a

λmax
(nm) b

Concentration (mg/g Extract) c

EtOH/H2O H2O EtOH

1 Feruloyl hexose (isomer 1) d 15–16.3 313 0.85 ± 0.03 1.71 ± 0.06 nd
2 Feruloyl hexose (isomer 2) d 16.6–17.5 309 0.49 ± 0.05 1.28 ± 0.03 nd
3 Feruloyl derivative d 24.7 273, 327 nd nd 0.45 ± 0.01
4 Scutellarin e 27.7 282, 334 nd nd 0.67 ± 0.09
5 Flavone glucuronyl derivative d 31.6–32.6 275, 328 2.18 ± 0.36 0.82 ± 0.05 0.88 ± 0.07
6 Scutellarein d 34.6–35.5 282, 337 6.79 ± 0.59 nd 1.51 ± 0.13
7 Apigenin f 42.3–43.3 267,293, 337 1.49 ± 0.09 nd 0.09 ± 0.02

Total sum (mg/g) 11.80 ± 1.13 3.81 ± 0.15 3.62 ± 0.25

* Tentative identification based on the retention time on C18 column, UV–visible spectra and comparison with
the identification previously carried out by our research group for A. chica leaves (De Siqueira et al. 2019 [20]).
a Retention time (tR) on C18 column. b Solvent: gradient of water with 0.5% formic acid and acetonitrile with
0.5% formic acid. c Mean ± standard deviation (n = 3, dry basis). The peaks were quantified as equivalent of
d scutellarein, e scutellarin, and f apigenin. Abbreviations: nd, not detected; EtOH/H2O, ethanol/water (1:1, v/v);
H2O, water; EtOH, ethanol.

HPLC analysis of the freeze-dried extracts of A. chica leaves allowed the separation
and quantification of seven phenolic compounds (Figure 1). However, variations were
observed among the extracts regarding the individual compounds. The highest levels of
phenolic compounds were found in the ethanol/water (1:1, v/v) extract (Table 1), about
three times higher than the extracts obtained with ethanol and water separately.

The mixture of solvents of different polarities, such as ethanol (which has medium
polarity) and water (which is a strong polar solvent), promotes high efficiency in the
extraction of a range of phenolic compounds of different degrees of polarity [35–37].

In addition, mixing water with organic solvents was reported to increase the efficiency
of phenolic compound extraction from dry samples, since it allows the hydration of dry
particles and the swelling of plant tissues, thus favoring the penetration of the organic
solvent into the plant matrix [38] and consequently increasing mass transfer by molecular
diffusion [39]. Furthermore, ethanol breaks the bonds between the sample matrix and
phenolic compounds, which increases the recovery of these compounds [39].
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Unlike the extract of A. chica leaves using methanol/water (8:2, v/v), as previously
published by our research group [20], which showed scutellarin as the major compound, in
the ethanol/water extract (1:1, v/v) (Figure 1), only its aglycone form (scutellarein) was
identified, comprising about 57% of the total area of the phenolic compounds (Table 1).
Both the compounds were found in the extract obtained with ethanol, with scutellarein
found at the highest concentration (41%).

On the other hand, in the extract obtained with water, the flavonoid concentrations
were lower (glucuronyl flavone derivative) or not detected (scutellarin, scutellarein, and
apigenin). However, water extract presented the highest levels of phenolic acids (isomers of
ferulic acid glycosides), confirming the selectivity of water for compounds of high polarity
in the composition of A. chica leaves.

The ethanol–water extract of A. chica leaves showed that the total phenolic compound
contents were ≈10 times lower than that found in the hydromethanolic extract of the same
plant (21.5 mg/g) [20]. By comparing extracts obtained from other vegetables, it showed
lower values than the hydroalcoholic extract of artichoke leaves (Cynara cardunculus)
(73 mg/g), similar to Eryngium foetidum (9.99 mg/g) [40] and higher than extracts ob-
tained from the peel (5.4 mg/g) and pulp (1.8 mg/g) of Antrocaryon amazonicum fruits [41].
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3.2. ROS- and RNS-Scavenging Capacity of the Arrabidaea chica Extracts

A. chica extracts and scutellarein (authentic standard) could scavenge all the ROS
and RNS tested, with IC50 values at low µg/mL ranges (Table 2) and in a concentration-
dependent manner (Figure 2).

Table 2. Scavenging capacity of extracts of A. chica leaves and standard compounds against reactive
oxygen species (ROS) and reactive nitrogen species (RNS).

Extract/
Compound

ROS RNS

IC50 (µg·mL−1) * Ssample/Strolox IC50 (µg·mL−1)

O2•− H2O2 HOCl 1O2 ROO• ONOO−

Absence of
NaHCO3

Presence of
NaHCO3

H2O 204 ± 13 a 198 ± 4 a 127 ± 9 b 271 ± 1 a 5.00 ± <0.01 a 16.5 ± 0.2 b 21 ± 1 b

EtOH/H2O 10 ± 1 c 4.3 ± 0.5 d 2.9 ± 0.3 c 35 ± 6 c 5.00 ± <0.01 a 0.34 ± 0.07 d 11.1 ± 0.7 c

EtOH 196 ± 2 a 210 ± 9 a 166 ± 14 a 143 ± 8 b 5.00 ± <0.01 a 40.3 ± 0.6a 28.3 ± 0.9 a

Positive control
Scutellarein 107 ± 9 b 151 ± 5 b 4.40 ± 0.10 c 7.8 ± 0.2 d 0.15 ± <0.01b 7 ± 0.4c 4.7 ± 0.4 d

Quercetin 12.9 ± 0.5 c - 13 ± 1 c 1.9 ± 0.1 d - 0.01± < 0.01d 0.01 ± <0.01 e

Ascorbic acid - 41 ± 7 c - - - - -
Trolox 1.00

* IC50, inhibitory concentration in vitro to decrease the oxidizing effect of each reactive species by 50%
(mean ± standard deviation) (n = 3, dry basis). Sample = slope for the curve of A. chica. STrolox = slope for
the trolox curve. H2O = water; EtOH/H2O = ethanol–water; EtOH = ethanol. Means at the same column with the
same lowercase superscript letters are statistically equal at 95% significance (Tukey’s test).

In general, the extract obtained with ethanol/water (1:1, v/v), which presented the
highest contents of phenolic compounds, exhibited higher antioxidant efficiency against
all the ROS and RNS tested, with lower IC50 values (Table 2). Interestingly, all the extracts
showed the same scavenging capacity against ROO•, with five times higher values than
trolox (positive control).

In relation to O2
•−, the extract of A. chica obtained with ethanol/water (1:1, v/v) was

significantly more effective than those obtained with ethanol and water, and it showed
higher scavenging capacity than quercetin (positive control) (Table 2), as well as other medic-
inal plants, such as Castanea sativa (13.60 µg/mL) and Quercus robur (11.00 µg/mL) [42],
and was about five times more efficient than the leaves of Vismia cauliflora (medicinal plant
from the Amazon biome) (54.00 µg/mL) [12]. The high efficiency of the ethanol/water
extract (1:1, v/v) may be associated, in addition to the presence of scutellarein (major
compound), to the synergy with other phenolic compounds, given the fact that this extract
was considered a more effective scavenger of O2

•− when compared with scutellarein (about
10 times).

O2
•− can be formed enzymatically and chemically from triplet oxygen (molecular

oxygen, 3O2). This ROS is very important in the reduction of oxygen to generate other
reactive species, such as H2O2, hydroxyl radicals (HO•), and 1O2. In food systems, it can be
generated, in addition to the action of enzymes, such as xanthine oxidase, by ohmic food
processing, gamma irradiation, microwaves, and pulsed electric field, and via the reaction
of 3O2 with the decomposition products of some azo compounds, such as azo dyes [7,43].

In most organisms, O2
•− is converted into H2O2 with the enzyme superoxide dis-

mutase (SOD). Although H2O2 is not a free radical, it has a reactive potential, and in the
presence of metal ions, it produces HO•, which is an oxidizing species with very high
reactivity [44,45]. Likewise, in foods, H2O2 can indirectly impart the loss of quality, since
HO• can act as an initiator of lipid peroxidation [7]. The ethanol/water extract (1:1, v/v) of
A. chica was the most efficient in scavenging H2O2 among the tested extracts, with higher
efficiency than scutellarein and ascorbic acid, both used as positive controls (Table 2). On
the other hand, all the tested extracts also showed high efficiency when compared to other
plant extracts, with IC50 values about 1 to 66 times lower than those of Vismia cauliflora
leaves (289.00 µg/mL) [12] and 2 to 88 times of extracts of Juglans regia (383 µg/mL) [42].
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Figure 2. Concentration-dependent behavior of extracts of Arrabidaea chica leaves against (a) super-
oxide anion radicals (O2•−), (b) hydrogen peroxide (H2O2), (c) hypochlorous acid (HOCl), (d) singlet 
oxygen (1O2), and (e) peroxynitrite anion (ONOO−) in the absence and (f) presence of NaHCO3. Each 
point represents the values obtained by four experiments, at five concentrations, carried out in trip-
licate (mean ± standard deviation). 
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trolox (positive control). 
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Figure 2. Concentration-dependent behavior of extracts of Arrabidaea chica leaves against (a) superox-
ide anion radicals (O2

•−), (b) hydrogen peroxide (H2O2), (c) hypochlorous acid (HOCl), (d) singlet
oxygen (1O2), and (e) peroxynitrite anion (ONOO−) in the absence and (f) presence of NaHCO3.
Each point represents the values obtained by four experiments, at five concentrations, carried out in
triplicate (mean ± standard deviation).

Another important ROS, HOCl, can be generated in the presence of H2O2, produced by
activated neutrophils and monocytes, where the enzyme myeloperoxidase (MPO) catalyzes
the oxidation of chloride ion (Cl−). HOCl is highly harmful and causes oxidation and
chlorination reactions in biological systems [46]. It is considered a potent pro-inflammatory
agent and consequently associated with a number of diseases resulting from chronic
and degenerative inflammation and various types of cancer [47,48]. In this study, the
ethanol/water extract (1:1, v/v) was also the most potent HOCl scavenger, followed by the
water and ethanol extracts, which is even more efficient than the quercetin and scutellarein
(Table 2). Likewise, it showed higher scavenging efficiency than other hydrophilic extracts
of Amazonian fruits, such as Byrsonima crassifolia (10 µg/mL) [49] and Solanum sessiliflorum
(13 µg/mL) [50], and the IC50 value was close to the values reported for extracts of artichoke
(Cynara cardunculus) leaves (3.7 to 4.7 µg/mL) [51].
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Regarding the ability to quench 1O2, a highly reactive ROS that is frequently gen-
erated in both physiological and food systems, the ethanol/water extract (1:1, v/v) of
A. chica, also showed the highest antioxidant capacity, yet was less effective than quercetin
(1.88 µg/mL) and scutellarein (7.84 µg/mL). The ethanol–water extract presented an IC50
value close to the values reported for extracts of Vismia cauliflora leaves (27.00 µg/mL) [12]
and Cynara cardunculus (29.00 µg/mL) [51], and was about seven times more efficient than
Solanum diploconos (269 µg/mL), a native Brazilian fruit [4]. Natural extracts that exhibit
high 1O2-quenching ability are highly desirable, since this ROS, induced by light and in
the presence of photosensitizers such as chlorophyll, phaeophytins, riboflavin, myoglobin
and heavy metals, may react with unsaturated fatty acids via non-radical pathways, as
in photo-oxidation processes, to speed up lipid peroxidation [7,9]. As an example, the
incidence of light on foods, such as beer, milk, and cheese, in the presence of riboflavin and
other photosensitizers, can promote the formation of off-flavors due to the degradation
of lipid and protein molecules [52]. Likewise, in biological organisms, photo-oxidation
also contributes to oxidative damage, such as in skin diseases such as photoaging and
photocarcinogenesis [9]. Thus, the incorporation of extracts with high scavenging capacity
against ROS/RNS in food systems or even in cosmetic formulations is frequently seen as
an effective strategy to delay direct oxidative reactions.

As another very important ROS highly associated with oxidative damages in both
food and biological systems, ROO• are originated in the propagation step during the chain
reactions of lipid peroxidation. The presence of double bonds in unsaturated and polyun-
saturated fatty acids of edible oils and other animal derived products makes them highly
susceptible to oxidative damage, leading to the degradation of essential fatty acids and
fat-soluble vitamins, promoting sensory changes and formation of chemical compounds
with harmful effects on health, which compromises the nutritional quality and safety of
foods [9,53]. Lipid autoxidation is observed in the presence of molecular oxygen and
reactive species, and it involves a chain reaction that includes initiation, propagation, and
termination steps. After initiation, where lipid radicals are formed from lipid molecules,
propagation reactions take place, where the lipid-free radicals quickly react with molecu-
lar oxygen-generating ROO•, which produce hydroperoxides (ROOH) after abstracting
hydrogen from another intact molecule of unsaturated fatty acid [54]. Furthermore, in
the presence of transition metals, such as Fe and Cu, or in light or high temperatures,
ROOH can be decomposed into alkoxyl radicals (RO•), and then form by-products of lipid
oxidation, such as ketones, aldehydes, acids, esters, and other derived compounds (such as
malonaldehyde) [7].

A common practice in the oilseed industries is the addition of synthetic antioxi-
dant compounds, such as butylhydroxytoluene (BHT), butylhydroxyanisole (BHA), tert-
butylhydroquinone (TBHQ), and propyl galatte (PG), to delay or inhibit the oxidative
processes of edible oils [55,56]. However, there is an increasing demand in the food in-
dustry to incorporate antioxidants of natural origin in the processing of food products,
as replacements to the artificial ones, to accomplish the increased world tendency for the
development of healthier products as part of healthy habits. In our study, all the A. chica ex-
tracts presented high potential to be used as a natural alternative to increase the stability of
food systems. All the tested extracts exhibited the same scavenging capacity against ROO•

(Table 2), and they were 5 times more efficient than trolox (positive control) and about 33
times more efficient than scutellarein, which can raise the hypothesis of synergy between
the other phenolic compounds in the extracts. When compared to other plant species, the
A. chica extracts were considered effective scavengers of ROO•, about 26 times more effec-
tive than the extracts of pulp + skin (0.19, Ssample/Strolox) and seeds (0.16, Ssample/Strolox)
of Citharexylum solanaceum [57], and were 16 times more efficient than the hydroalcoholic
extract of artichoke leaves (Cynara cardunculus) (0.31, Ssample/Strolox) [51].

Regarding RNS, ONOO− is a strong oxidizing and nitrosative agent, which can affect
the quality of foods, with O2

•− and nitric oxide (•NO) being precursors. ONOO− can
initiate lipid oxidation in foods, with the formation of free radicals that can lead to the loss
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of essential fatty acids, vitamins, and proteins [58,59]. In biological systems, ONOO− can
also cause nitrosative damage to biomolecules, including DNA, proteins and lipids, and
enzymatic inactivation, among other reactions [45,52]. In the scavenging capacity assays of
ONOO−, it is also important to determine the ability to scavenge ONOO− in the presence
of NaHCO3 as a function of the predominance of the reaction between ONOO− and CO2
under physiological conditions [60].

Regarding the scavenging capacity of A. chica extracts against ONOO−, the ethanol–
water extract also showed higher efficiency than the other extracts, in the presence and
absence of NaHCO3, followed by the water extract (Table 2). The ethanol–water extract
was less efficient than quercetin (positive control), but was more efficient than other
plant extracts, such as the extracts from the whole fruit of Solanum diploconos [4], pre-
senting IC50 about eighty times lower values in the absence of NaHCO3 (27.8 µg/mL) and
twice in the presence of NaHCO3 (27.3 µg/mL). Additionally, the scavenging capacity of
the ethanol–water extract was about seventeen times higher than that of the extracts of
Vismia cauliflora leaves (5.8 µg/mL) in the absence of NaHCO3 [12].

In this study, the A. chica extracts showed high levels of phenolic compounds, and one
of the advantages of using plant extracts as natural antioxidants might be related to the
synergistic effects between the constituents of the extracts. The fact that the ethanol/water
extract (1:1, v/v) of A. chica was as effective as the positive controls against ROS and
RNS highlights the interest in its use as alternative components in food formulations. In
addition, another advantage that lies with the use of natural antioxidants is the replace-
ment of synthetic ones, which express safety concerns due to their suspected carcinogenic
effects [61].

4. Conclusions

This is the first report concerning the ability of A. chica leaf extracts to scavenge
physiologically relevant ROS and RNS, namely HOCl, H2O2, O2

•−, and ONOO−. All
the A. chica extracts and scutellarein were able to scavenge all the reactive species tested in a
concentration-dependent manner. Among the extracts, the one produced with
ethanol–water as green solvent presented the highest content of phenolic compounds,
where scutellarein was the major compound, and exhibited the highest scavenging capacity
against all the ROS and RNS tested.

The antioxidant potential herein investigated may be useful to delay or minimize the
oxidative damages induced by the overproduction of ROS/RNS in both physiological and
food systems.
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