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Abstract - Lavrado refers to the savanna region in Roraima, crucial for biodiversity and water
resource conservation. Comprising diverse vegetation around lakes and streams, often accompanied
by buritizais and Mandacarus. This study focused on the phytochemical prospecting and biological
evaluation of the ethanolic extract of C. jamacaru, collected in this region. The extract was assessed
for antioxidant capacity using DPPH and ABTS methods, and for total phenolic compound content.
The chemical profile was analyzed using the APCI-MS method. Toxicity was evaluated through CL50
analysis in an acute assay with Artemia salina. Phytochemical prospecting revealed the presence of
secondary metabolites: phenols, tannins, alkaloids, flavonoids, sesquiterpenolactones, and other
lactones, saponins, steroids, triterpenoids, flavones, flavonols, chalcones, aurones, and isoflavones.
Antioxidant capacity was 63.8% for DPPH and 92.3% for ABTS. Total phenolic compound values were
102.4 mg GAE 100 g . The ethanolic extract showed no lethality against A. salina at concentrations of
2250, 2000, 1500, 1250, 1000, 500, 250, and 125 pg mL . Antimicrobial activity showed no inhibition

against tested microorganisms at concentrations up to 1 mg mL™".
Keywords: Biodiversity. Antioxidant activity. Toxicity. Antibacterial activity. Mandacaru.

Prospeccao Fitoquimica e Avaliacao da Atividade Bioldgica do Extrato Etandlico
de Cacto Mandacaru no Lavrado de Roraima, Brasil

Resumo - Lavrado refere-se a regido de savanas em Roraima, crucial para a conservagao da biodiversidade e
dos recursos hidricos. Composto por vegetagdes diversas ao redor de lagos e igarapés, frequentemente

acompanhados por buritizais e Mandacarus. Este estudo focou na prospec¢ao fitoquimica e avaliagdo
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bioldgica do extrato etanolico de C. jamacaru, coletado nessa regiao.O extrato foi avaliado quanto a
capacidade antioxidante, determinada pelos métodos de DPPH e ABTS, e quanto ao teor de compostos
tenolicos totais. O perfil quimico foi analisado pelo método APCI-MS. A toxicidade foi avaliada a
partir da analise de CL50 em ensaio agudo com Artemia salina. Na prospeccdo fitoquimica obteve-se
a presenca dos metabolites secundarios: fendis, taninos, alcaloides, flavonoides, sesquiterpenolactonas
e outras lactonas, saponinas, esteroides, triterpenoides, flavonas, flavondis, chalconas, auronas e
isoflavonas. A avalia¢ao da capacidade antioxidante foi de 63,8% para o DPPH e de 92,3% nas anélises
de ABTS. Os valores de compostos fendlicos totais foram de 102,4 mg EAG 100 g *.O extrato etandlico
nao apresentou letalidade frente A. salina nas concentragdes de 2250, 2000, 1500, 1250, 1000, 500,
250 e 125 pgmL . A atividade antimicrobiana ndo apresentou inibigdo nos microrganismos testados

em concentragdes de até 1 mg mL™".

Palavras-chave: Biodiversidade. Atividade antioxidante. Toxicidade. Atividade antibacteriana.

Mandacaru.

Prospecto Fitoquimico y Evaluacion de la Actividad Bioldgica del Extracto Etandlico
del Cactus Mandacaru en el Lavrado de Roraima, Brasil

Resumen - Lavrado se refiere a la region de sabanas en Roraima, crucial para la conservacion de la
biodiversidad ylos recursos hidricos. Compuesto por vegetacion diversa alrededor de lagos e igarapés, a
menudo acompafado por buritizais y Mandacarus. Este estudio se centré en la prospeccion fitoquimica
y la evaluacion biologica del extracto etandlico de C. jamacaru, recolectado en esta region. El extracto
se evalud en cuanto a la capacidad antioxidante, determinada por los métodos de DPPH y ABTS, y en
cuanto al contenido de compuestos fenoélicos totales. El perfil quimico se analizé mediante el método
APCI-MS. La toxicidad se evalud a través del analisis de CL50 en un ensayo agudo con Artemia salina.
En la prospeccion fitoquimica se encontro la presencia de metabolitos secundarios: fenoles, taninos,
alcaloides, flavonoides, sesquiterpenolactonas y otras lactonas, saponinas, esteroides, triterpenoides,
flavonas, flavonoides, chalconas, auronas e isoflavonas. La capacidad antioxidante fue del 63,8% para
el DPPH y del 92,3% en los analisis de ABTS. Los valores de compuestos fenélicos totales fueron de
102,4 mg GAE 100 g . El extracto etanélico no mostrd letalidad frente a A. salina en concentraciones
de 2250, 2000, 1500, 1250, 1000, 500, 250 y 125 pug mL . La actividad antimicrobiana no mostré

inhibicién en los microorganismos probados en concentraciones de hasta 1 mg mL™".
Palabras clave: Biodiversidad. Actividad antioxidante. Toxicidad. Actividad antibacteriana. Mandacaru.

Introduction

Cacti are succulent dicotyledons of a wide range of shapes and sizes, they can be trees, shrubs,
vines, epiphytes or geophytes. Stems (stalks) can be columnar, plump, globular, tuberculate, rib-shaped,
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winged or flattened, though they are usually segmented without leaves and have thorns (Barthlott
and Hunt 1993).

In the Americas, cacti are found from the coastal plains to mountains with an altitude of about
3,000 m. Of the four areas identified as centers of cactus diversity, Brazil ranks third in this ranking. It
is very common to associate the occurrence of cacti with places of extreme droughts; however, certain
cacti inhabit other environments, for example, the shady and humid forests of the Amazon and the
Atlantic Forest. Cacti are present in all major Brazilian biomes: Amazon, Caatinga, Cerrado, Atlantic
Forest, Pampas and Pantanal (Zappi and Taylor 2020).

The state of Roraima is located in the northwest of the northern region of Brazil, with a predominance
of the Amazon Rainforest; however, there is also a huge strip of “lavrado” in the central-eastern part
(Barbosa and Campos 2011). The mandacaru (Cereus jamacaru) is a cactus that is native to Brazil
and can reach up to 10 meters high. It has a woody trunk of about 60 cm in diameter, and many erect
stems that form a compact top (Zara et al. 2012). It is abundant in the northeastern region of Brazil
(Zara et al. 2012), but is also found in the “lavrado” of Roraima (Oliveira 2016; Passos 2019).

C. jamacaru has as its main phytochemical components two amines (tyramine and N-methyltyramine),
in addition to the presence of hordenine and tyrosine. In its cladodes, there is the presence of flavonoids,
tannins, anthraquinone saponins and often 3-sitosterol (Da Silva et al. 2017). This diversity of the
metabolites, which have pharmacological activity, justifies their use as anti-inflammatory, antibacterial,
sympathomimetic drugs and they also have a possible karyotonic activity (Davet et al. 2009; Necchi
etal. 2012).

Cacti of the genera Opuntia and Latifaria are the most studied for the treatment of water, but
these studies are considered recent when compared with other natural coagulants such as Moringa
oleifera (Yin 2010). Natural coagulants, derived from cacti, have also become an alternative for the
removal of organic contaminants in waters, since they are a natural, abundant, biodegradable and
low-cost biomaterial (Rebah 2017).

Thus, this study consists of the phytochemical screening of the ethanolic extract of C. jamacaru
collected in the “lavrado’, in terms of its antioxidant capacity, its toxicity and antimicrobial activity,
with the aim of using the powder of this cactus as a natural coagulant in the treatment of water for
human consumption.

Materials and methods
This study was developed in the laboratories of the Graduate Program in Natural Resources
(PRONAT) of the Federal University of Roraima.

Description of the area of cactus collection

Comprising an area of 230,104 km?, the “lavrado” in Roraima borders Guyana and a part of
Venezuela (Figure 1), with altitudes ranging between 400 and 800 meters in an extensive mountainous
area of Precambrian origin (Miranda and Absy 2000).
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Figure 1. Map of the spatial distribution of the “lavrado” of Roraima and the Boa Vista-Uiramuta highway
where the collections of cacti were carried out.
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For the present study, cacti were collected in the “lavrado” on the verges of the BR 174, RR-202 and
RR-171 highways between Boa Vista nd Uiramuta (Figure 1). Prior to the collection stage, a mapping
of the occurrence of cacti in the studied area was carried out with the help of GPS equipment (Garmin,
etrex 20). Such mapping was a primary factor in determining the species of cactus to be studied.

Considering that the path of the study runs through indigenous lands that require authorization
for collection, it was decided to map the occurrence of cacti in the public domain, respecting the
minimum limit of the verges of the highways. According to Resolution N°. 9, of August 12, 2020,
the domain of the highway is the physical basis on which a highway is based, which consists of the
roadway, verges, hard shoulders, signage and the safety lanes. The limits are defined by an executive
highway project, public utility decrees or expropriation projects. The verge, on the other hand, refers
to the area along the public domain lanes of highways (Brasil 2020). The minimum limit of this strip
is at least five meters according to Brazilian Law No. 13913/2019 (Brasil 2019) (Figure 2).

Figure 2. Illustrative scheme of the domain of highways and verges where the cacti were collected.

Source: Adapted from Empresa Gatcha de Rodovias (2019).
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Preparation of the extract

For the study, about 1,200 g of the aerial part of Cereus jamacaru was used. Thorns from plant
material were removed with a knife, then the cladodes were washed under running water, cut, and
placed on trays. The pieces were dried in an air circulation oven at 37 °C for 3 days, and then ground to
a powder and stored in a dark and hermetically sealed container. The ethanolic extract of the cladodes
of the cactus was prepared using the maceration method. A total of 320 g of powdered cactus was
added to 3.0 liters of absolute ethyl alcohol, and left for 7 days. After this period, the extract was filtered
through analytical filter paper and concentrated under reduced pressure in a rotary evaporator. Then,
the obtained extract was stored and conserved until the completion of the analyses (Martins et al. 2022).

Analysis of the chemical profile using high-resolution mass spectrometry with atmospheric
pressure chemical ionization (APCI-MS)

The ethanolic extract of C. jamacaru was solubilized in HPLC-grade methanol to generate a
stock solution of 1,000 ppm. Aliquots (10 uL) of this solution were transferred to vials containing 1
mL of methanol. Then, 5 puL of the diluted solutions were analyzed by direct insertion in the trap ion
mass spectrometer (LCQ Fleet), which was equipped with an APCI source operating in positive and
negative modes. The analytical parameters used were: discharge current: 5 uA; vaporizer temperature:
320 °C; capillary temperature: 220 °C; sheath gas: 30 psi; aux gas: 10 Arb, mass range, m/z 100-1000.
MS/MS spectra were acquired using helium as the collision gas and energy ranging between 20-30%.

Qualitative classification of secondary metabolites

Phytochemical prospection was performed by adapting the methodology proposed by Matos et al.
(2001). The ethanolic extract was tested for phenols, tannins, phenolic substances, flavones, flavonols,
chalcones, isoflavones, saponins, free steroids, free pentacyclic triterpenoids and alkaloids (Table 1).

Table 1. Chemical tests in ethanol extract.

Component Procedure

Phenols and Tannins 3 mg of ethanol extract was dissolved in 5 mL of distilled water. It was filtered
and transferred to a test tube, adding 1 to 2 drops of 1% FeCls. Any change in
coloration or formation of precipitate was indicative of a positive reaction.

Alkaloids 0.2g of the extract was used and dissolved in 1 mL of methanol. It was then
homogenized and alkalized with 10 mL of 10% calcium carbonate solution.
Next, 25 mL of chloroform was added, and after homogenization, the mixture
was filtered through a separation funnel using paper previously soaked in
chloroform. The filtrate was shaken with 7 mL of 2% HCI. The upper layer
was separated for characterization reactions (precipitation) with Bouchardat,
Mayer, and Dragendorft reagents. A drop of the reagent was placed next to
another acidic solution on a microscope slide, and the result was observed by
visualizing the reaction under ultraviolet light.
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Flavones, Flavonols, Approximately 0.03 g of the ethanol extract was weighed and diluted in 5 mL
Aurones, Chalcones, and of methanol, adding a drop of 10% ferric chloride. After waiting for a few
Isoflavones minutes, the formation of precipitate or change in coloration between green,

brownish-green, greenish-yellow, red-purple, and red indicated a positive test
for flavones, flavonols, aurones, chalcones, aurones, and isoflavones.

Flavonoids Dissolve a few milligrams of the extract in 10 mL of methanol, where the
extract was filtered. Then, add 5 drops of concentrated hydrochloric acid and
magnesium shavings. The appearance of a pink color in the solution indicated
a positive reaction.

Sesquiterpenolactones Dissolve a few milligrams of the extract in 3 mL of methanol. Add 12 drops of

and Other Lactones a 10% alcoholic solution of hydroxylamine hydrochloride and two drops of a
10% methanolic solution of KOH. Gently heat in a water bath for 2 minutes.
Then cool and acidify with 1N HCI solution. Add 1 drop of 1% FeCls. The
appearance of a violet color indicated a positive reaction.

Steroids and Dissolve a few milligrams of the extract in 10 mL of chloroform. Filtration was

Triterpenoids performed over activated charcoal. Then transfer the filtrate to a completely
dry test tube. Add 3 drops of acetic anhydride and shake gently. Add drops of
concentrated H,SO, and shake gently again. If there is a rapid development
of colors, ranging from fleeting blue to persistent green, it indicates a positive
result.

Saponins Dissolve approximately 0.08 g of the ethanol extract in 5 mL of hot water and
vigorously shake for 2 minutes in a closed tube. If the foam layer remained
stable for more than half an hour, the result was considered positive for foamy
saponins.

Sequestering activity of 2,2-diphenyl-1 picrylhydrazyl radical (DPPH)

The antioxidant activity of the C. jamacaru extract was determined using the in vitro
photocolorimetric method performed via free radical scavenging using DPPH (2,2-diphenyl-1-
picrylhydrazyl). The samples were prepared by adding 3.9 mL of DPPH solution (60 pM) in 100 pl
of extract solutions, which were diluted in methanol at uM/mL concentrations, in triplicate. After
the reaction time of 30 minutes, the absorbances of the prepared samples were read on the UV-Vis
spectrophotometer with the wavelength adjusted to 515 nm. As a negative control, a mixture of 3.9
mL of DPPH solution and 100 uL of control solution (Trolox) was used. The antioxidant activity of the
samples was expressed in IC_ (inhibitory concentration), which was defined as the mg mL™" of sample
required to inhibit the formation of DPPH radicals by 50% (Mensor et al. 2001; Sousa et al. 2007).

2,2’-Azino-bis- (3-ethylbenzothiazoline)-6-sulfonic radical (ABTS)

The sequestering activity of the ethanolic extract was determined using the methodology described
by Rhee et al. (2001). The ABTS radical solution (ABTSe+) was prepared by reacting 5 mL of ABTS
solution (7 mmol L") with 88 uL of K.SO, solution (140 mmol L") and allowing the mixture to stand
in the dark (at room temperature) for 12-16 hours before use. For the assay, the ABTS+ solution was
diluted with 5 mmol L PBS buffer solution (pH 7.4) to an absorbance of 0.7 (£0.02) at 734 nm. A
sample of 10 uL (500 mg mL") was mixed with 1 mL of diluted ABTS+ solution and the absorbance (at

Gaia Scientia | ISSN 1981-1268 | Volume 17(4): 19-35



Riss et al. (2024)

734 nm) was measured after 6 min. The percentage decrease in absorbance was calculated compared to
that of the controls. The antioxidant activity value of the extract was compared with the BHT control
(synthetic antioxidant). The result was also expressed in milligrams of equivalent.

Total phenolic contents

The total phenolic content was determined using the Folin-Ciocalteau method, modified by Roesler
et al. (2007), by which an extract was used at a ratio of 1:10 (w/v). The quantification process was
minimized to a total volume scale of 1.0 mL. From this solution, 200 pL of the extract were taken, added
to 800 pL of distilled water, 1 mL of Folin-Ciocalteau reagent and 2 mL of 20% sodium carbonate. The
absorbance (Abs) of the liquid fraction was determined at 760 nm in a spectrophotometer (Biochrom
Libra S12). The result was expressed in gallic acid equivalents (mg GAE.100 g™').

All readings were performed in triplicate and, with the means of the data, the difference in
absorbance between the samples and the control was calculated, with the antioxidant activity (AA)
percentages determined using Equation (1).

Inhibition of activity (%)= (1-B)/A x 100 (1)

Where:

A = Absorbance of control solution.

B = Absorbance of the solution in the presence of the extract.

Toxicity test using Artemia salina

In a round-shaped aquarium that served as an incubator, an artificial saline solution (20 g of sea
salt per 1.0 L of distilled water) was added and exposed to the light of a 40 W lamp with aeration,
and with a pH of between 8 and 9. After 24 hours, the nauplii (10 units) were placed in test tubes
containing the extract of C. jamacaru dissolved in DMSO (dimethylsulfoxide) 1% and supplemented
with 5 mL of artificial seawater. Concentrations of extracts of 2,250, 2,000, 1,500, 1,250, 1,000, 500, 250
and 125 pg.mL" were tested in triplicate. DMSO was used as the positive control, and was prepared
in a similar way to the samples. After 24 hours, the number of dead and living nauplii was counted
and the percentage of mortality calculated (Meyer ef al. 1982).

Determination of antimicrobial activity

Following the Clinical and Laboratory Standards Institute (CLSI, 2009) the determination of
antimicrobial activity and minimum inhibitory concentration (MIC) were performed using the
disc diffusion method. For the bacteria, standard strains (ATCC) were used, with Gram-positive:
Staphylococcus aureus (ATCC25923), Enterococcus faecalis (ATCCO00531), Bacillus cereus (ATCC9634)
and Listeria monocytogenes (ATCC7644), and Gram-negative: Escherichia coli (ATCC10536), Klebsiella
pneumoniae (ATCC700603) and Enteric Salmonella (ATCC13076). For the evaluation of antifungal
activity, a standard strain of the American Type Culture Collection (ATCC), Candida albicans
(ATCC10231), was used. The microorganisms were cultured and maintained in tryptone soy agar
(TSA) and incubated at 37 °C for 24 hours. The density of the microbial suspension was adjusted
to approximately 108 CFU/mL by comparing it with the MacFarland scale (Biomerieux, Italy). This
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suspension was diluted in sterile saline (0.85%) and, subsequently, the microorganisms were made into
a carpet, adding sterile filter paper discs (6 mm @) with an aliquot of 20 pL of the extract in certain
concentrations, ranging from 500 to 100 ug mL-1 (Rabanal et al. 2002; Karaman et al. 2003). For
the disc diffusion test, halos with a diameter > 6 mm were considered inhibitory. The antimicrobials
amoxilin, vancomycin and fluconazole discs were used as the positive control.

Results and discussion

Below we present the results and discussions regarding the phytochemical prospection, chemical
profile and biological activities of the ethanolic extract of C. jamacaru from the “lavrado” in Roraima.

Mapping the occurrence of cacti in the lavrado

The occurrences of cacti were recorded along a route of 290 km, within the five-meter limit of the
verges, on the BR-174, RR-202 and RR-171 highways, totaling 54 points (Figure 3). The mandacaru
(C. jamacaru) proved to be the most abundant in this study area, as its occurrence was recorded at
all points. Only at point 2 of the route were two other species found, namely Melocactus neryi and
Cereus paraensis.

Figure 3. Location of occurrence points of cacti on the verges of the highway between Boa Vista and
Uiramuta, Roraima.

Dam, WG5S 1584
Projection: UTM Zona 20N
[Source: IBGE (H015). EMBRAPA (3018)
Seabe : 1:480.000
Date : 23112020
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Samples of mandacaru cladodes were collected on the banks of the BR-171 in the municipality of
Uiramuta, Roraima, at point 33 of the map at 04°15’32.01” N 60° 30’ 51.12” W. After collection, the plant
material was sent to the herbarium at the Federal University of Roraima in order to obtain botanical
identification and the ethanol extract in the laboratory. Collection Request — SISBIO - Number: 87135

Extract yield
From 320 grams of powdered cladodes of C. jamacaru, we obtained 1,324 grams of ethanolic
extract, which is equal to a yield of approximately 0.41%.

Phytochemical prospection

The metabolites found in the crude ethanolic extract of cladodes were phenols, tannins, alkaloids,
flavonoids, sesquiterpene lactones saponins, steroids, triterpenoids and flavones (Table 2).

Table 2. Results of phytochemical prospecting for secondary metabolites in the ethanolic extract of C.
jamacaru cladodes.

Secondary metabolites Results Secondary metabolites Results
Phenols + Saponins +
Tannins + Steroids +
Alkaloids + Triterpenoids +
Flavonoids + Flavones, lavonols, +
chalcones, aurones and
isoflavones
Sesquiterpene lactones and other +
lactones

(-) Absence; ( + ) Presence

The results obtained in the prospection provide information on the chemical classes that make
up the extracts. However, it is worth mentioning that there are variations in the profile of secondary
metabolites of plant species that have been attributed to biotic and abiotic factors (Hernandez et al.
2022) The presence of tannins and phenolic compounds in the present study corroborate the studies of
Dias, Simao, Verib and Carasek (2013) who detected these two substances in the aqueous methanolic
extract of the peel of manacaru fruits (Cereus fernambucenses), a species belonging to the same family
as C. jamacaru. The results are also similar to the studies conducted by Felker et al. (2005), Davet et al.
(2009) and Medeiros et al. (2019), who detected the presence of tannins, alkaloids, anthraquionones,
phenol and flavonoids in the cladodes of C. jamacaru.

The results of this prospection corroborate the studies of De Almeida et al. (2022), who found
the presence of phenols, flavones, flavonols, xanthones and saponins in the ethanolic extract of C.
jamacaru cladodes. Unlike in the present study, terpenoids were only found in the peel and pulp of
ripe and semi-ripe fruits. The authors also detected tannins in their samples.

Phytochemicals such as flavonoids, tannins and alkaloids have anti-inflammatory properties.
El-Beltagi et al. (2019) attributed this good antibacterial activity to the tannins present in the cactus
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Opuntia ficus-indica. Alkaloids have been reported to be responsible for antibacterial activity in some
plants. This probably explains the reason why plants containing these basic alkaloids and alkaloid salts
have good antibacterial properties (El-beltagi et al. 2019).

Chemical profile

The spectrum of the chemical profile of the ethanolic extract of C. jamacaru obtained by APCI-
MS is represented in Figure 4.

Figure 4. APCI-MS mass spectra of the ethanolic extract of C. jamacaru.
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The possible compounds identified in the positive and negative ionization modes in the fragments
are described in Table 3.

Table 3. Compounds identified in the ethanolic extract of C. jamacaru.

Possible identification m/z MS/MS Reference
Quercetin 301 179; 151 Campelo et al. (2021)
Quercertin hexoside 463 301 Campelo et al. (2021)
Quercetin-3-O-arabinoyl glycoside 595 301 Campelo et al. (2021)
Quercetin di-deoxyhexose 755 446 Campelo et al. (2021)
(Epi) catechin - (Epi) catechin (procyanidin BIV) 577 451; 425; 407, Campelo et al. (2021)
289; 287
Catechin 289 125; 179; 205; Campelo et al. (2021)
231; 245
P-coumaric acid 165 119; 147 Campelo et al. (2021)
Caffeic acid 179 135 Campelo et al. (2021)
Ferulic acid 193 134; 149; 178 Campelo et al. (2021)
Apigenin-6-C-glucoside (isovitexin) 431 269; 341 Campelo et al. (2021)
Taxifolin hexoside 435 285; 303; 399 Campelo et al. (2021)
Naringenin hexoside II 433 271; 313; 415 Campelo et al. (2021)
Kaempferol 3-rutinoside-7-rhamnoside 739 593 Campelo et al. (2021)
Kaempferol-3-O-rutinoside 593 285, 255 Campelo et al. (2021)
Benzoic acid derivative 205 143, 125, 81 Campelo et al. (2021)
Benzoic acid derivative 411 205, 143, 125,81  Campelo et al. (2021)
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Benzoic acid derivative 369 205, 125 Campelo et al. (2021)
Saccharide 371  249,231,175,113 Campelo et al. (2021)
Isorhamnetin-3-O-dirhamnosyl glucoside 769 623,315 Campelo et al. (2021)
Isorhamnetin-3-O-rutinoside 623 315, 300 Campelo et al. (2021)
Oxo-dihydroxy-octadecenoic acid 327 229,211 Campelo et al. (2021)
L-arginine 175 116 Campelo et al. (2021)
3-O-methylquercetin 317 301;274; 273 Campelo et al. (2021)
Sucrose 381 201; 219 Campelo et al. (2021)
Apigenin mono-C-glycosidic 433 361;349; 337; 323 Campelo et al. (2021)
Myricetin-hexose 743 431;611; 743 Campelo et al. (2021)
D-tyramine 137.2 Schwartz et al. (2010)
N-methyltyramine 151 Schwartz et al. (2010)
Hordenine 165.2 Schwartz et al. (2010)
D-tyrosine 181.2 Schwartz et al. (2010)
Oleic acid 282.4 Schwartz et al. (2010)
Acetic acid 60.1 Schwartz et al. (2010)
Camphor 152.2 Schwartz et al. (2010)
Cysteine 121.2 Schwartz et al. (2010)
Geranylacetone 194 Schwartz et al. (2010)

In the class of flavonols, the presence of quercetin glycosylates, kaempferol, myricetin and
isorhamnetin is widely associated with several beneficial health effects, as they present antioxidant,
anticancer, anti-inflammatory, antiviral, cardioprotective, and other properties (Wang et al. 2018).
Phenolic acids, among them caffeic acid, p-coumaric acid and ferulic acid, stand out for being some of
the most studied phenolic compounds in cactus species due to their antioxidant action and potential
to prevent or delay the appearance of symptoms of transmissible diseases (Del Socorro and Camarena
2019).

The main compounds that are produced by cacti and which have nutritional or pharmacological
properties are polyphenols, alkaloids, betalains, terpenes and fatty acids (DAS et al. 2020). Hordenine,
N-methyltyramine and tyrosine are some of the most commonly detected alkaloids in cacti. According
to Vencioneck Dutra et al. (2018), the alkaloids tyramine and N-methyltyramine are compounds
produced by C. jamacaru that are chemical markers of this species. Such compounds were identified
in the present study with an m/z 137.2 and 151, respectively.

Oleic acid is known for its beneficial health effects, and is an unsaturated fatty acid that can
prevent cardiovascular disease (Bakari et al. 2017). Vitamins can be found in both the pulp and skin
of cacti (El-beltagi et al. 2019). Previous studies have indicated that there is a higher concentration of
vitamin C (ascorbic acid) in the fruit of cacti (Opuntia ficus-indica) than that found in common fruits
such as apple, banana or grape. Vitamin C is an important antioxidant and reduces the adverse effects
of reactive oxygen species that cause damage to macromolecules, such as lipids, DNA and proteins,
which are related to cardiovascular disease, cancer and neurodegenerative diseases.
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Antioxidant activity

The values obtained in the radical sequestration methods (DPPH and ABTS) and total phenolic
contents are presented in Table 4.

Table 4 - Antioxidant activity of the ethanolic extract of cladodes from C. jamacaru.

Phenolic Compounds DPPH Radical ABTS Radical

Total (mg GAE 100 g') IC,,(mg mL") (uMTrolox g)

Ethanolic Extract 102.4 + 0.05 69.8 +0.2 1.843,4 + 5,74
Gallic Acid 2,931.04 + 8.8 - -

Ascorbic Acid - 100.2 £ 2.26 1.978,4 + 7,12

BHT - 94.5+34 1.368,7 £ 4,98

(-) Absence
BHT: butylated hydroxytoluene

DPPH and ABTS assays are methods used to measure the antioxidant’s ability to scavenge free
radicals, which are the main factor in biological damage caused by stress. In studies conducted by
Vencioneck Dutra et al. (2018), the hydroalcoholic extract of C. jamacaru was able to inhibit the activity
of DPPH radicals by up to 57.36% and ABTS antioxidant activity by up to 65.76% when compared
to the standards. The results of the present study were even more satisfactory, the ethanolic extract of
the cladodes from C. jamacaru showed antioxidant activity of 92.3% for the ABTS method and 63.8%
for the DPPH method. El-beltagi et al. (2019) attributed the excellent antioxidizing activity of cactus
extract to flavonoids. The authors claim that flavonoids are more efficient antioxidants than vitamins,
since phenolic compounds are able to slow down pro-oxidative effects on proteins, DNA and lipids
via the generation of stable radicals.

A study conducted with the alkaloid tyramine, a compound detected in the extract from C.
jamacaru, showed strong sequestering activity in the DPPH assay, as well as reducing power, reaching
an 86.34% inhibition of the DPPH radical, which may have contributed to the overall antioxidant
activity (Yen and Hsieh 1997). The phenolic levels of the cladodes from C. jamacaru were lower than
the results obtained by Santos-Zea et al. (2011) who found a minimum of 318.1 mg kg™ and 1 g kg™,
and Medina-Torres ef al. (2013) who found 1 g kg in the cladodes of Mexican cacti using methanol
as an extractive vehicle. De Wit et al. (2019) observed that the total phenolic contents are always
higher in the stem and seeds of cacti than in their fruits. In this study, levels of phenolic compounds
in the cladodes were 102.4 + 0.05 mg GAE.100 g'. A possible explanation for obtaining lower levels
is the use of ethanol as an extractive vehicle. Methanol has a higher polarity than ethanol due to its
hydrocarbon chain being smaller than that of ethanol.

Determination of antimicrobial activity (AMA)

There was no inhibition of microbial activity with the C. jamacaru ethanolic extract at the
concentrations tested. Unlike the present study, Davet et al. (2009) demonstrated the antibacterial
potential of the ethanolic extract of mandacaru stems against Streptococcus epidermidis, Staphylococcus
aureus, Pseudomonas aeruginosa and Escherichia coli. The reason why the extract did not show halo
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inhibition can be attributed to the concentration tested. Rabe and Staden (1997) relate the absence or
slight activity in some extracts to the low concentrations of antibacterial compounds in the extracts.

Leyva-Jimenez et al. (2018) tested the 80% ethanol extract of the peel of the fruit of C. jamacaru and
the best inhibition halo obtained was of 10 mm and, of the eight bacteria tested, the extract inhibited
only three. The authors attributed to the inhibition of microbial growth to the presence of certain
flavonoids such as rutin or chrysin. Flavonoids are effective against microbial pathogens, since they
are a phenolic hydroxyl compound; as the number of -OH groups increase in the natural structure of
the compound, toxicity to microorganisms increases (Bardakci ef al. 2019).

Toxicity test

In the toxicity tests, the number of dead nauplii was confirmed by visualization with the aid of a
magnifying glass after 24 hours, and it was found that the nauplii still showed movement.

The toxicity test against A. salina was performed with the ethanolic extract. The bioassay was
performed in triplicate, and live, dead, or paralyzed nauplii were counted, and then mortality was
determined at a concentration between 2,250 pg mL"* and 125 ug mL". Once the mortality count is
determined, toxicity is considered low when the 50% lethal dose (LD,,) is greater than 1,000 pug mL"
and high when the LD,  is less than 1,000 ug.mL" (Meyer et al. 1982). With the determination of the
data, it was observed that the ethanolic extract does not present lethality against A. salina, as there
was no mortality in the lethal dose range.

This result demonstrates that the C. jamacaru extract has no toxicity. Unlike the study by Sanchez
et al. (2016), who evaluated the toxicity of the extract of O. ficus-indica, also a member of the Cactaceae
family and popularly known as the “prickly pear”, and found that a concentration of 100 ug/mL was
able to eliminate about 60% of the microcrustaceans.
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Conclusions

The phytochemical prospecting of C. jamacaru cladodes revealed the presence of various classes
of compounds, including phenols, tannins, alkaloids, flavonoids, sesquiterpene lactones, and saponins.
Significant antioxidant properties were highlighted, especially concerning the ABTS and DPPH
methods. Mass spectrometer analysis confirmed the presence of compounds such as hordenine and
N-methyltyramine, chemical markers of the species, in addition to identifying oleic acid, vitamin C,
and other health-beneficial compounds. Despite the absence of antimicrobial activity at the tested
concentrations, the ethanolic extract demonstrated safety concerning A. salina, indicating promising
potential for use as a source of natural antioxidants in food and pharmaceutical applications.
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