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Abstract
The focus of this study was to evaluate the presence and type of carbohydrates and phenolic molecules inaqueous extract 
(Aq-E) of Alternanthera brasiliana fresh leaves and its antioxidant and antimicrobial activities and cytotoxicity in vitro. The 
amount and types of the carbohydrates were measured by colorimetric and TLC methods. Phenolic compounds was detected 
by colorimetric assay and analysed by HPLC profiles. The antioxidant activity was evaluated by ABTS and Phosphomolyb-
denum methods. Antimicrobial activity was tested by microdilution method using microorganism models and antibiotic as 
positive control, the cytotoxicity in vitro was tested using Artemia salina. The results showed the presence of high amount 
of total sugars and uronic acids. TLC chromatograms showed mainly D-glucose, D-fructose, oligosaccharides and uronic 
acids in the Aq-E and a sugar alcohol in the methanolic extract. The colorimetric determination showed high concentration 
of phenolic compounds, which were visualised on the HPLC profiles, such as chemical markers of the Amaranthaceae fam-
ily and several phenolic acids and flavonoids. The Aq-E demonstrated optimal antioxidant activities. The most important 
results were the excellent antibacterial and bactericidal activities against Mycobacterium megmatis (MIC = 15.6 µg/mL and 
MBC = 1000 µg/mL) and antimicrobial activity against Candida albicans (MIC = 31.2 µg/mL) and low cytotoxicity. Further 
possibilities for this plant extract will be to improve the pharmacological potential for developing new herbal medicines and 
possibly to study its association to allopathic antibiotics for prevention or treatment of infection diseases.

Keywords Alternanthera brasiliana · Amaranthaceae · Carbohydrates · Mycobacterium smegmatis · Candida albicans · 
Antioxidant · Antimicrobial
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Introduction

The scientific novelty of the present work is to show the 
concentration and types of the carbohydrates contained in 
aqueous extract from fresh leaves (Aq-E) of Alternanthera 
brasiliana, together with the phenolic compounds to amplify 
the biological activities of the extract, such as poly and oli-
gosaccharides and uronic acids that also demonstrate anti-
oxidant, antimicrobial and cicatrizing activities (Shevchuk 
et al. 2020; Bayar et al. 2016; Huang et al. 2012; Kanchana 
et al. 2013; Aoyagi et al. 2008). Previous studies (Zaier et al. 
2020; Kumar et al. 2011) only report the nutritional com-
position in percentages of the fibre and carbohydrates of 
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the leaves, not in the leaf extract that contains the soluble 
carbohydrates. The current study intends to demonstrate the 
number of total sugars, reducing sugars, uronic acids and 
phenolics compounds in one fresh leaf of A. brasiliana. In 
addition, the aqueous extract was prepared using a simple 
process considering time and energy costs for industry, since 
most reports used previous leaf drying and powdering to 
prepare the hydroalcoholic or organic solvent extract, some-
times after an incubation period, which may not be feasible 
in industrial applications for further production of medicinal 
formulations. Furthermore, it is not easy to find previous 
reports about the antimicrobial activity of aqueous extract 
of A. brasiliana against Mycobacterium smegmatis.

Brazilian communities use the leaves of Alternanthera 
brasiliana (L.) Kuntze (Amaranthaceae) in folk medicine, 
a branched perennial herb popularly known as “penicillin”, 
“terramycin”, “perpetuate of the bush” and “novalgina”, to 
prepare teas or plasters to treat wounds and infection dis-
eases. Several phytopharmacological activities of A. brasili-
ana extracts have been reported, mainly antioxidant, antimi-
crobial, anti-inflammatory, wound healing, antidematogenic 
and analgesic activities (Coutinho et al. 2018; Trapp et al. 
2015; Pereira et al. 2013; Enechi et al. 2013; Formagio et al. 
2012; Araújo and Onofre 2011; Kumar et al. 2011; Silva 
et al. 2011; Barua et al. 2009). However, the authors have 
been showed that the phenolic compounds, flavonoids and 
terpene derivatives are responsible for these biological activ-
ities, stimulating detailed studies about the amount, structure 
and biological effects of these compounds (Alencar-Filho 
et al. 2020; Hazli et al. 2019; Coutinho et al. 2018; Deladino 
et al. 2017; Trapp et al. 2015). There are several reports 
about the phenolic compounds, flavonoids and antibiotic 
compositions due to the presence of betacyanins, a purple 
pigment (Coutinho et al. 2018; Deladino et al. 2017; Khan 
and Giridhar 2015; Trapp et al. 2015).

However, the extent of climate diversity from the North 
to South of Brazil should be considered, leading to differ-
ent soil compositions and spectral bands of the sunlight 
which can cause alterations in the morphology, biochemi-
cal metabolism and endophytic microorganisms of medicinal 
plants (Hrynkiewicz et al. 2019; Trapp et al. 2015; Macedo 
et al. 2014) and consequently the presence or absence and 
quantity of bioactive molecules in A. brasiliana extracts. 
During the development of the present study, differences 
were observed in the HPLC profiles of the A. brasiliana 
cultivated in the northeast, southeast and south region of 
Brazil (data not shown), clearly demonstrated that each of 
these plants contains different phytomolecules and phar-
macological activities. In this way, HPLC profiles aim to 
show the geographical origin and authenticity of medicinal 
plants and can be used for quality control of the commer-
cial herbal products (Shevchuk et al. 2020; Masondo and 

Makunga 2019; Rodrigues-Amaya 2019; Peschel and Politi 
2015; Zhou et al. 2014).

Depending on the origin of the A. brasiliana, it is pos-
sible for it to present different phytochemical compositions 
in the leaf extract and different antioxidant and antimicrobial 
activities (Coutinho et al. 2018; Deladino et al. 2017; Trapp 
et al. 2015). However, reports about antibacterial activity 
of A. brasiliana extracts against Mycobacterium smegmatis 
have been scarce. This bacterium is used as bacterial model 
to study the effect of herbal extracts against tuberculosis, 
disease of high incidence in developing countries (Tawde 
et al. 2012). The antimycobacterial activity of plant extracts 
belonging to the Amaranthaceae family has previously been 
published, such as Salicornia europaea and Gomphrena 
celosioides (Hrynkiewicz et al. 2019; Omokhua et al. 2018).

In addition to the studies about the pharmacological 
activity of medicinal plants used in traditional folk medi-
cine, it is very important to evaluate the cytotoxicity of these 
herbal extracts for greater safety of use (Coutinho et al. 
2018; Omokhua et al. 2018; Ullah et al. 2013).

Therefore, the objective of this study is to evaluate the 
presence and type of carbohydrates and phenolic molecules 
in the aqueous extract (Aq-E) of Alternanthera brasiliana 
fresh leaves and its antioxidant and antimicrobial activities 
and cytotoxicity in vitro.

Results and discussion

Chemical composition of the aqueous extract (Aq‑E) 
from A. brasiliana leaves

Aq-E is rich in carbohydrates (203.89 ± 20.66  µg/
mg dw), among them only 0.1% are reducing sugars 
(0.228 ± 0.006 µg/mg dw) that represent free mono and 
disaccharides, and 24.27% (49.597 ± 0.398 µg/mg dw) are 
uronic acids. The extract also contains high amount of phe-
nolic compounds (43.85 ± 1.03 µg/mg dw) (Table 1).

However, the question is: what is the amount of these 
compounds in one leaf? since Brazilian communities use dif-
ferent numbers of fresh leaves to prepare the aqueous extract, 
tea or plasters. To answer the question, the mean weight of 
one fresh leaf of A. brasiliana (589.900 ± 0.043 mg) was 
obtained as well as the dry weight (11.86 ± 1.11 mg), result-
ing in 88.14 ± 1.11% of moisture. Based on the fresh leaf 
weight, there is one leaf per 2 mL of Aq-E, allowing the 
calculation that each leaf contains approximately 3.09 mg of 
sugars; 3.46 µg of reducing sugars; 0.75 mg of uronic acids 
and 0.66 mg of phenolic compounds (Table 1).

The carbohydrates detected above were qualitatively iden-
tified by TLC in which were visualized the specific spots of 
glucose, fructose, sucrose, sugar acids (Rf = 0 similar red 
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spot pectin standard) and sugar alcohol (Rf = solvent line) 
compared to standards (Fig. 1a–c).

There is no previous reports about the soluble carbohy-
drates in the leaf extracts of A. brasiliana, meaning the cur-
rent results are a scientific novelty.

However, a previous review by Kumar et  al. (2011) 
reported the nutritional centesimal composition of the edible 
A. brasiliana leaf, showing moisture of 77.4% and carbohy-
drate amount of 11.6% of the leaf, not extract of leaf. The 
moisture of the leaves in the present work was higher than 
that reported by these authors, but the carbohydrate amount 
is not comparable because the total soluble carbohydrates 
in aqueous extract was measured free of the cellulosic resi-
due. Another study reported the amount of carbohydrate in 
the nutritional composition of the wild Amaranthacea halo-
phytes which belong to other genus of this family and has 
been consumed as a gourmet vegetables (Zaier et al. 2020).

The high amount of total sugars and uronic acids in 
the Aq-E can be related to the presence ß-O-glucose, glu-
curonic acid and ß-O-glucuronic acid in acylated beta-
cyanin types, such as betanidin 5-O-(2’-O-(glucuronosyl) 
glucoside or betanidin 6-O-(-glucoside) acylated with 

ferulic, p-coumaric or 3-hydroxy-3-methylglutaric acid 
(Deladino et al. 2017; Khan and Giridhar 2015; Cai et al. 
2005), in which the glycosidic bonds were hydrolysed by 
sulphuric acid used as reagent. The very low amount of 
reducing sugar, which is related to free mono and oligo-
saccharides in the Aq-E, can be explained by the fact that 
most mono and oligosaccharides are linked to betalains 
and flavonoids. Studies about carbohydrate composition 
of the aqueous or hydroalcoholic extracts of A. brasili-
ana leaves are scarce, possibly because this plant attracts 
attention for its green-purple leaves rich in betalain pig-
ments and flavonoids are found in plant extracts as flavo-
noid glycosides (Rodriguez-Amaya 2019; Coutinho et al. 
2018; Deladino et al. 2017). Although the sugar moieties 
are very important to intestinal absorption of these phe-
nolic compounds, they are quickly hydrolysed by bacterial 
enzymes in the intestinal tract, producing flavonoid agly-
cones, non-glycoside betalains and free sugars and uronic 
acids, before their absorption through intestinal mucosa to 
physiological circulation for hepatic metabolism (Morris 
and Zhang 2006). Several reports show that carbohydrates, 
mainly uronic acids, play an important role as antioxidant, 

Table 1  Amount of biomolecules amount in the aqueous extract of Alternanthera brasiliana leaves (295 mg of fresh leaf/mL or 34.98 mg of leaf 
dry weight/mL)

Mean ± SD, n = 3
GAE gallic acid equivalent, GE glucose equivalent, GLUAE glucuronic acid equivalent, BSAE bovine serum albumin equivalent

Biomolecules Aq-E
(µg/mg dw)

Fresh leaves
(µg/mg)

Dry leaves
(µg/mg)

Amount in one fresh leaf
(µg)

Total sugars 203.93 ± 20.66 GE 5.2399 ± 0.5309 44.1902 ± 4.4775 3091.02 ± 225.87
Reducing sugars 0.228 ± 0.006 GE 0.00587 ± 0.0001 0.0495 ± 0.0012 3.46 ± 0.25
Uronic acids 49.597 ± 0.398 GLUAE 1.2744 ± 0.0102 10.7475 ± 0.0865 751.77 ± 54.93
Total phenolic compounds 43.85 ± 1.03 GAE 1.1267 ± 0.0265 9.5018 ± 0.2232 664.64 ± 48.57

Fig. 1  a–c  Thin Layer Chromatography (TLC) profile of aqueous 
(Aq-E) and methanol (met.E) extracts from A. brasiliana leaves. 
The standards used were: a  glucose (Glu); fructose (Fru); galactose 

(Gal); mannose (Man); ribose (Rib). b Lactose (Lac); maltose (Malt); 
sucrose (Suc). c inulin (Inul); pectin (Pec); cellulose (CM-Cel)
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antimicrobial and healing agent (Bayar et al. 2016; Kan-
chana et al. 2013; Huang et al. 2012; Aoyagi et al. 2008). 
Thus, it is possible that their association with phenolic 
compounds could amplify medicinal effect of A. brasiliana 
extracts, justifying the use by Brazilian communities as 
folk medicine.

Despite the total amount of phenolic compounds, 
the Aq-E showed higher values than the concentrations 
reported by Pereira et  al. (2013) for ethanolic crude 
extract (32.7 ± 0.36 mg/g) and the value was twice as 
high as the concentration found by Deladino et al. (2017) 
using acidic acetonitrile:water extract (18.15 ± 0.59 mg 
GAE/g). However, the value was lower than the total phe-
nolic concentration of the water extract of A. Sesillis (red) 
(58.99 ± 1.95 mg GAE/g) reported by Hazli et al. (2019).

HPLC profile of the Aq‑E from A. brasiliana fresh 
leaves

The HPLC profile at 536 nm (Fig. 2a) of the Aq-E pre-
sented specific peaks of the Amaranthaceae chemi-
cal markers amaranthin (RT = 11.535  min), isoama-
ranthin (RT = 12.469 min), betanin (RT = 13.544 min) 
and iresinin I (RT = 17.581 min). In the HPLC profiles 
at 256 nm (Fig. 2b, c), several peaks of phenolic com-
pounds were observed (Fig. 2b), where the highest peak 
at RT = 9.786  min; average peaks at RT = 4.225  min, 
RT = 8.945  min, RT = 9.588  min, RT = 11.776  min, 
RT = 12.358 min and RT = 13.766 min; and lowest peaks 
were detected at RT = 10.962 min and RT = 11.531 min. 
The highest peak of flavonoid (Fig. 2c) was obtained 

Fig. 2  a–d  HPLC profiles of Aq-E from A. brasiliana leaves at 
536  nm (a) and 256  nm (b,  c). The overlay of phenolic compound 
standards (d) using gallic acid (RT = 12.528  min) and tannic acid 
(RT = 27.761  min) as acid phenolic standards and kaempferol 

(RT = 28.857  min), O-methyl-quercetin (RT = 32.944  min), querce-
tin (RT = 32.007  min), rutin (RT = 27.508  min), and cinnamic acid 
(RT = 33.534 min)
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at RT = 30.092 min; average peaks at RT = 22.698 min, 
RT = 27.081 min, RT = 28.240 min, RT = 28.765 min, 
RT = 29.448 min; and the lowest peak at RT = 21.887 min. 
The HPLC profiles at 256 nm of the Aq-E were compared 
to the profile of the standards of phenolic acids and fla-
vonoids in the same assay condition (Fig. 2d). The RT 
values of the peaks of the Aq-E obtained at 536 nm were 
compared to those reported by Cai et al. (2005) to identify 
the respective chemical markers of the Amaranthaceae 
family. These results are also similar to those showed by 
Khan and Giridhar (2015) and Deladino et al. (2017).

In addition, the results of the HPLC analysis can be 
applied to indicate the geographical origin and quality 
control of commercial herbal teas because the differ-
ence of the chemical characteristics due to soil composi-
tion, climate, sunlight, endophytic microorganisms and 
aqueous or organic solvent extract (Hrynkiewicz et al. 
2019; Trapp et al. 2015, Macedo et al.  2014). During 
the development of this study, it was possible to obtain 
different HPLC profiles of the Aq-E obtained from A. 
brasiliana fresh leaves cultivated in different regions of 
Brazil, due to their different of phytochemical composi-
tions. The sample cultivated in the South (Porto Alegre 
– RS) showed the highest amount of the amaranthin com-
pared to the Northeast (Recife – PE) and Southeast (São 
Paulo – SP) samples and the sample from the Southeast 
did not show iresinin, while the Northeast sample pre-
sented the highest peak of this chemical marker (data not 
shown). Recently, the effect of cultivation conditions on 
phytocompound production by the plants was also dem-
onstrated in a report about the LC-MS/MS and GC-MS 
analysis of the ethanolic extract of A. brasiliana leaves 
cultivated in the Northeast semi-arid region of Pernam-
buco (PE) State. The results showed five flavonoids iso-
lated by LC-MS/MS, of which one has an unpublished 
structure, and twenty two compounds isolated from 
GC-MS which belong to several classes of chemical sub-
stances (hydrocarbons; mono, di and triterpenes; vitamin 
and carotenoid derivatives and phytosterols), which are 
also unpublished according to Alencar-Filho et al. (2020). 
These experimental data confirm that according to geo-
graphical origin and cultivation conditions, A. brasiliana 
can contain different phytocompounds giving its extracts 
several biological activities depending on the chemical 
and physical-chemical properties and association/syner-
gism between these substances.

In addition, HPLC profiles have been applied to con-
firm the origin and quality of commercial honey and 
herbal products based on the presence and amount of 
the major compound groups characteristic of flowers 
or plant families (Shevchuk et al. 2020; Masondo and 
Makunga  2019; Peschel and Politi 2015; Zhou et  al. 
2014).

Antioxidant activity of the Aq‑E from A. brasiliana 
fresh leaves

The result of Aq-E, expressed equivalent to TEAC, showed 
significant antioxidant activity of with the 51.31 ± 0.29% 
(1054.66 ± 58.92 µM Trolox) after 6 min, using 30 µL of 
Aq-E or 4651.051 ± 259.837 mM Trolox/g Aq-E (consider-
ing 0.227 mg of lyophilized Aq-E) (Table 2). The inhibition 
percentage was increased to 94.57 ± 0.29% after 120 min 
of reaction.

The antioxidant activity of the Aq-E using ABTS radi-
cal was excellent comparing to the values obtained by 
Hazli et al. (2019) for aqueous extract of A. sesillis leaves 
(0.28 ± 0.04 mmol TE/g) after 6 min of incubation with 3 µL 
extract (1 mg/mL). In addition, Pereira et al. (2013) showed 
low and dose-dependent antioxidant activity using DPPH 
radical of the ethanolic and organic solvent fractions from 
A. brasiliana leaves.

The total antioxidant activity by complexation of phos-
phomolybdenum was 38.60 ± 0.22% TAC after 30 min, uti-
lizing lyophilized Aq-E solution (1 mg/mL), compared to 
acid ascorbic (1 mg/mL) as standard.

The different between the results of antioxidant activi-
ties by phosphomolybdenum complexation and ABTS free 
radical assays may be due to the transference mechanism 
of electrons/hydrogen from antioxidant compounds to each 
oxidant molecule, which varies according to the chemical 
structure and association/synergism between the Aq-E phy-
tomolecules. According to Enechi et al. (2013), the total 
antioxidant activity based on metal complexation or chela-
tion may be due to the antioxidant power of the total phe-
nolic compounds. In addition, flavonoids are be able to pro-
duce complexes with heavy metal ions (Morris and Zhang 
2006). However, it has been showed that other non-phenolics 
and non-flavonoid biomolecules can be used as a potent anti-
oxidant agents, such as high concentration of uronic acid 
obtained by hydrolysis of the hyaluronic acid from bivalve 
mollusks (Amussium pleuronectus) which showed antioxi-
dant activities towards ABTS (71.35% after 2 h), DPPH 

Table 2  Antioxidant activity  (ABTS+) of Aq-E of Alternanthera bra-
siliana leaves

Mean ± SD, n = 3
a TEAC antioxidant activity equivalent to Trolox

Time % Inhibition TEAC (µM Trolox)a

6 min 51.31 ± 2.47 1054.66 ± 58.92
15 min 59.35 ± 0.60 1329.66 ± 103.71
30 min 76.86 ± 3.76 1662.99 ± 89.57
45 min 74.20 ± 4.75 1599.66 ± 113.13
60 min 77.84 ± 5.14 1686.33 ± 122.57
120 min 94.57 ± 0.29 2084.66 ± 7.07



772 A. D. de Araújo et al.

1 3

(54.42%) and hydroxyl radicals (63.42%) compared to ascor-
bic acid as standard (Kanchana et al. 2013). In addition, the 
isolated polysaccharides with the highest content of uronic 
acid showed stronger antioxidant activities against superox-
ide anion, hydroxyl radical, and Ferric-reducing antioxidant 
power (FRAP) in a concentration-dependent manner, obtain-
ing the highest activity using FRAP systems for the richest 
fraction of uronic acid (Huang et al. 2012).

Thus, it is possible to conclude that the high antioxidant 
activity of the Aq-E may be due to the association/syner-
gism of the high concentration of phenolic and non-phenolic 
compounds.

Antimicrobial activity of Aq‑E from A. brasiliana 
fresh leaves

The antimicrobial activity (in vitro) of lyophilized Aq-E 
against 12 microbial strains was qualitatively and quantita-
tively expressed by the MIC, and MBC values. The results 
were compared to standard antibiotics (Amoxicillin, eryth-
romycin, ciprofloxacin and ketoconazole) used as positive 
controls (Table 3).

The most interesting and best results were obtained 
against M. smegmatis (71-UFPEDA) which was sen-
sitive to Aq-E with an MIC of 15.6 µg/mL and MBC of 
1000  µg/mL and C. albicans (1007-UFPEDA) with an 
MIC of 31.2 µg/mL. The Aq-E also showed positive results 
against other microorganisms assayed, with MIC val-
ues for: S. aureus (ATCC 6538) (2000 µg/mL), M. luteus 
(ATTC 2225) (2000 µg/mL), P. aeruginosa (39-UFPEDA) 
(1000 µg/mL), E. faecalis (ATCC 6057) (2000 µg/mL) and 
P. aeruginosa (CI, 736-UFPEDA, wound Secretion-HC) 
(2000 µg/mL). However, the Aq-E did not demonstrate 

antimicrobial activity for B. subtilis (16-UFPEDA), E. coli 
(ATCC 25,922), Serratia sp, (398-UFPEDA) S. aureus (CI, 
731-UFPEDA, wound Secretion-HC, ORSA), E. aerogenes 
(CI, 739-UFPEDA, wound Secretion-HC).

According to Silva et al. (2011), there is a discussion 
about the use of the antibiotic standard (isolated substance) 
to compare the antimicrobial activity of vegetal extracts (a 
complex mixture of phytomolecules), while some research-
ers believe that comparing this activity with commercial 
antibiotics could make it possible to evaluate their antibiotic 
potential increasing their values as future herbal medicine. 
In general, when the vegetal extract shows action at concen-
trations above 1000 mg/mL it has weak antibiotic activity, 
while activity at concentrations lower than 100 mg/mL, can 
be used for further antimicrobial studies and evaluation of 
its antibiotic potential.

The Aq-E of A. brasiliana showed excellent antibiotic 
potential against M. smegmatis (71-UFPEDA) and antimy-
cotic activity against C. albicans (1007-UFPEDA), with 
results better than those obtained by Silva et al. (2011) which 
showed MIC = 1.56 mg/mL for C. albicans, using the ethyl 
acetate fraction of A. brasiliana.

According to Hrynkiewicz et al. (2019), the great vari-
ety of endophytic microbiota increased the tolerance of the 
halophyte Amaranthaceae (S. europaea) to grow in soil with 
high salinity due to morphological and biochemical adap-
tion, producing several bioactive metabolites, and Myco-
bacterium was one of the 37 genera found in this plant. In 
addition, the ethanolic and boiling water extracts of the 
other plant belonging to the Amaranthaceae family (G. celo-
sioides) which is considered an alien invasive plant in South 
Africa, showed antimycobacterial activities (0.625 mg/mL 
and 1.25 mg/mL, respectively) (Omokua et al. 2018).

Table 3  The Minimum Inhibitory Concentration (MIC) and Minimal Bactericidal Concentration (MBC) of Aq-E of Alternanthera brasiliana 
leaves and reference drugs tested for twelve microorganisms

CI clinical isolates, HC Public Clinical Hospital, MIC minimum inhibitory concentration (MIC, µg/ml), MBC minimum bactericidal concentra-
tion (MBC, µg/ml), ND not detect MIC or MBC

Microorganisms A. brasiliana (MIC/MBC)
(µg/mL)

Drugs (MIC/MBC)
(µg/mL)

Staphylococcus aureus (ATCC6538) 2000/ND 3.9/124 (amoxicillin)
Micrococcus luteus (ATTC 2225) 2000/ND 3.9/500 (erythromycin)
Bacillus subtilis (16-UFPEDA) ND/ND 3.9/2000 (erythromycin)
Pseudomonas aeruginosa (39-UFPEDA) 1000/ND 3.9/31.25 (ciprofloxacin)
Mycobacterium smegmatis (71-UFPEDA) 15.6/1000 3.9/250 (Amoxicillin)
Enterococcus faecalis (ATCC6057) 2000/ND 3.9/250 (Amoxicillin)
Escherichia coli (ATCC25922) ND/ND 3.9/7,81 (ciprofloxacin)
Serratia sp (398-UFPEDA) ND/ND 3.9/250 (ciprofloxacin)
Candida albicans (1007-UFPEDA) 31.2/ND 3.9/62.5 (ketoconazole)
Staphylococcus aureus (CI, 731-UFPEDA, wound Secretion-HC, ORSA) ND/ND 7.81/2000 (amoxicillin)
Pseudomonas aeruginosa (CI, 736-UFPEDA, wound Secretion-HC) 2000/ND 15.62/2000 (ciprofloxacin)
Enterobacter aerogenes (CI, 739-UFPEDA, wound Secretion-HC) ND/ND 7.81/125 (ciprofloxacin)
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It has been reported that an antibiotic fraction extracted 
from (A) brasiliana stems, rich in linoleate oxylipins, was 
efficient against endophytic bacteria of the genus Bacillus 
isolated from the same plant. The antibiotic produced by 
these endophytic bacteria may be involved in an ecological 
relationship between this plant and its endophytic microor-
ganisms. The isolated oxylipin fractions inhibited (B) sub-
itilis, M. luteus and S. aureus at an MIC of 50 µg/mL (Trapp 
et al. 2015).

The antimycobacterial activity of the Aq-E is also better 
than those reported by Tawde et al. (2012) in five medicinal 
plants screened among the Indian plants used in traditional 
folk medicine for the treatment of tuberculosis and asthma, 
which inhibited M. tuberculosis growth at concentrations of 
20 mg/mL and 40 mg/mL.

It is possible that the effects of soil composition, climate, 
and sunlight on the endophytic microbiota of the A. brasi-
liana from the Brazilian northeast region may explain our 
findings about the MIC (15.6 µg/mL) and (MBC = 1000 µg/
mL) of Aq-E against M. smegmatis (71-UFPEDA) due to the 
production of antimycobacterium compounds from micro-
bial biochemical metabolism.

The antibacterial activity of the ethanolic extract, rich in 
luteolin, against E. coli, S. aureus and P. aeruginosa was 
detected at concentration higher than 1024 µg/mL, which 
was considered clinically irrelevant by the authors, who 
obtained better results using extract mixed with gentamicin 
(Coutinho et al. 2018). The result of the Aq-E was similar to 
that against P. aeruginosa shown in this report.

Another study using an hydroalcoholic extracts of stem 
and leaves from A. brasiliana, collected in the Southeast 
of Paraná – South Brazil, showed that the extract prepared 
with ethanol 70% of A. brasiliana leaves was capable of 
inhibiting the growth of E. coli (MIC = 33.22 mg/L) and 
MIC = 66.25 mg/mL for S. aureus and P. aeruginosa (Araújo 
and Onofre 2011). The results obtained using Aq-E, MIC of 
2 mg/mL for S. aureus (ATCC6538), 1 mg/mL for P. aer-
uginosa (39-UFPEDA) and 2 mg/mL for P. aeruginosa (CI, 
736-UFPEDA, wound secretion-HC), were excellent com-
pared to those obtained in the above cited report, and also 
better than the results reported by Pereira et al. (2013) that 
showed MIC values of ethanolic extract above 1250 µg/mL 
for all microorganisms tested, mainly against C. albicans.

Based on the previous reports cited here, the result 
obtained with Aq-E, a complex mixture of hydrophilic 
and hydrophobic phytomolecules, against C. albicans 
(MIC = 31.2 µg/mL), suggests further studies on its possible 
use as a potential anticandidal herbal medicine.

The results of the antimicrobial activities of the Aq-E of 
the A. brasiliana fresh leaves show the future possibility of 
this plant to be evaluated as a natural anti-inflammatory, 
alone or conjugated with allopathic antibiotics, in the treat-
ment of infectious diseases.

Cytotoxicity of the Aq‑E from A. brasiliana fresh 
leaves

The results of the cytotoxicity assay against Artemia salina 
(Fig. 3) show the low toxicity of the Aq-E with an  LC50 of 
500 µg/mL, which began to be significant from 250 µg/mL. 
It is relevant to note that at concentrations below 250 µg/mL 
the extract did not show significant toxicity. Low cytotoxic-
ity can be considered an important characteristic to use a 
plant extract for medicinal purposes or for herbal medicine 
formulations.

A previous report (Ullah et al. 2013) showed a moder-
ate cytotoxicity for methanolic extract of A. sessilis leaves 
(19.82 µg/mL) using the same method, which was higher 
than that found for the Aq-E. The ethanolic extract of A. bra-
siliana showed cytotoxicity against D. melanogaster in the 
three multiple concentrations (10, 20 and 40 mg/mL) after 
24 h (Coutinho et al. 2018), which was much higher than 
that found for Aq-E, although detected by different method. 
According to Omokhua et al. (2018) the ethanolic extract of 
G. celosioides (invasive Amaranthaceae) against Artemia 
salina showed some cytotoxicity in the range from 0.75 to 
0.95 mg/mL, which was lower compared to results of the 
Aq-E  (LC50 of 0.50 mg/mL).

Conclusion

The present work showed that the molecular association 
between the great diversity of compounds of the Aq-E of 
A. brasiliana fresh leaves gave the extract optimum anti-
oxidant activity and excellent antimicrobial activity against 
M. smegmatis and C. albicans, with low cytotoxicity. Fur-
ther possibilities for this plant extract will be to improve 
the pharmacological potential for developing new herbal 

Fig. 3  Lethal cytotoxicity assay  (LC50) of Aq-E of A. brasiliana 
against Artemia salina. (*) Results that showed statistically signifi-
cant differences compared to the control
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medicines and possibly to study its association to allopathic 
antibiotics for prevention or treatment of infection diseases.

Experimental section

Plant material

The plant was identified by Dr Marlene Barbosa de Alencar 
(Botanic Department), being catalogued in the herbarium 
of the Federal University of Pernambuco (UFPE) under no. 
21,846.

The sample of A. brasiliana fresh leaves was collected at 
greenhouse of the university in the city of Recife- PE, Brazil, 
which was processed at Laboratory of Immunopathology 
Keizo Asami (LIKA)-UFPE. All the chemical reagents were 
analytical grade.

Preparation of the extracts of A. brasiliana leaves

The aqueous extract (Aq-E) was prepared with 295 g fresh 
leaves (dry weight of 23.54 g) blended with 1 L of double-
distilled water. The mixture was filtered, centrifuged for 
30 min at 11,180 xg and the supernatant (Aq-E) was lyo-
philized (1.0 mL = 7.58 mg freeze-dried powder). The yield 
extraction was 32.20% (w/w). The methanol extract (Me-E) 
was prepared using 25 g of fresh leaves, which were cut in 
small pieces and placed in an Erlenmeyer flask containing 
75 mL of methanol (1 g of fresh leaf : 3 mL of methanol) at 
100 °C under stirring for 20 minutes. The Me-E was filtered 
and dried at 50 °C using a rotary evaporator. The residue was 
dissolved in methanol for further TLC assay.

Chemical composition of the Aq‑E

The amount of total sugars was determined using phenol-
sulphuric method (Dubois et  al. 1956) and glucose as 
standard. Reducing sugars were measured using the DNSA 
method (Miller 1959) and glucose as standard. The carba-
zole-sulphuric method (Bitter and Muir 1962) was used to 

measure the concentration of uronic acids and glucuronic 
acid as the standard.

The amount of total phenolic compounds was determined 
according to the Folin–Ciocalteau method (Bin-Li et al. 
2008), which was expressed in gallic acid equivalent (GAE).

Thin layer chromatography (TLC)

The types of sugar were qualitatively analysed by thin layer 
chromatography (TLC) according to Han and Robyt (1998) 
and Silva et al. (2002). The standard solutions (10 mg/mL) 
were glucose, fructose, galactose, mannose, ribose, sucrose, 
maltose, lactose, starch, inulin, pectin and CM-cellulose.

HPLC analysis of the Aq‑E of A. brasiliana fresh 
leaves

The liquid chromatography profiles were obtained as 
described by Aboy et al. (2012), using the following systems: 
HPLC—Waters Alliance 2695 or 2690 chromatograph using 
PDA detector (UV/VIS Waters 2487) and C18 reversed-
phase column (Luna® Phenomenex, 0.5  µm, 250  mm 
x 4.6  mm,) with a security guard column packed with 
Lichrosorb  RP18 (10 × 4 mm; Merck). Waters Empower soft-
ware was used for equipment control, data acquisition, and 
integration of the spectra obtained at 25 ± 2 °C and recorded 
in a range of 230–600 nm. Samples of Aq-E were injected 
and submitted at different gradient elutions of mobile phase 
formed by: (A) 0.01% (v/v) trifluoracetic acid in ultrapure 
water; (B) 0.08% (v/v) trifluoracetic acid in acetonitrile and 
(C) 100% methanol (Table 4). All solutions were filtered 
through a 0.45 µm membrane (Millipore) before use. The 
optimum parameters to have the best profiles at 256 nm and 
536 nm were obtained using the following solvents at the 
flow rate of 0.7 mL/min: (A) 0.01% (v/v) trifluoracetic acid 
in ultrapure water; (B) 0.08% (v/v) trifluoracetic acid in ace-
tonitrile and (C) 100% methanol according to isocratic gra-
dient: A 100%:B 0%: C 0% (5 min); A 75%:B 15%: C 10% 
(10 min); A 50%:B 25%: C 25% (10 min); A 25%:B 25%: C 
50% (10 min); A 50%:B 0%: C 50% (5 min).

Table 4  HPLC experimental 
conditions used for analysing 
the aqueous extract control 
of Alternanthera brasiliana. 
Mobile phases: (A) 0.01% 
(v/v) trifluoracetic acid in 
ultrapure water; (B) 0.08% 
(v/v) trifluoroacetic acid in 
acetonitrile and (C) 100% 
methanol. HPLC profiles 
were obtained at 25 ± 2 °C 
and recorded in a range of 
210–600 nm

Mobile phase composition Sample
(µL)

Flow rate
(mL/min)

1. 100%A:0%B(10 min); 75%A:25%B(15 min); 50%A:50%B
(15 min); 25%A:75%B(10 min)

10
(50x diluted)

0.5

2. 100%A:0%B(10 min); 75%A:25%B(15 min); 50%A:50%B
(15 min)

10
(10x diluted)

0.7

3. 100%A:75%B (25 min); 50%A:50%B(15 min) 10 0.5
4. 100%A:75%B (25 min); 50%A:50%B(15 min) 20 0.7
5. 100%A:0%B:0%C (5 min); 75%A:15%B:10%C(10 min);
50%A:25%B:25%C(10 min); 25%A:25%B:50%C(10 min); 

50%A:0%B:50%C(5 min)

20 0.7
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Antioxidant activities of the Aq‑E of A. brasiliana 
fresh leaves

ABTS. + assay

According to Re et  al. (1999), the 2,2-azino-bis(3-
ethylbenzothiazoline)-6-sulfonic acid (ABTS) assay is based 
on the generation of chromophore cationic radical obtained 
from the oxidation of ABTS by potassium persulfate. Ali-
quots of Aq-E (30 µL = 0.2274 mg of lyophilized Aq-E) 
were mixed with 3 mL of diluted ABTS.+ solution. The 
absorbance at 734 nm of each sample was read after defined 
time intervals (0, 6, 30, 60, 90, 150, and 180 min). Trolox 
(6-hydroxy-2,5,7,8- tetramethylchroman-2-carboxylic acid) 
was used as standard. The values of oxidative inhibition per-
centage were calculated and plotted as a function of the ref-
erence antioxidant concentration (Trolox) and expressed as 
Trolox equivalent antioxidant capacity (TEAC, µM).

Phosphomolybdenum assay

The total antioxidant capacity (TAC) was evaluated by the 
phosphomolybdenum (P–Mo) method (Prieto et al. 1999). 
Aliquots of 100 µL of the Aq-E solution (1 mg lyophi-
lized Aq-E/mL) were mixed with 1.0 mL of reagent solu-
tion (600 mM sulphuric acid, 28 mM sodium phosphate 
and 4 mM ammonium molybdate). The capped tubes were 
incubated at 90 °C for 90 min. The absorbances at 695 nm 
against a blank (1 mL of reagent and 0.1 mL of the sol-
vent) were recorded. Total antioxidant activity (TAC) was 
expressed in relation to ascorbic acid (100 µL of 1 mg/mL 
solution) and calculated by the following equation:

 where  Ac is the absorbance of the control (without extract), 
 As is the absorbance of the extract and  Aaa is the absorbance 
of ascorbic acid.

Microorganisms for antimicrobial activity

The antimicrobial activity was obtained against the 
following microorganisms: Staphylococcus aureus 
(ATCC6538), Micrococcus luteus (ATTC2225), Bacil-
lus subtilis (16-UFPEDA), Pseudomonas aeruginosa 
(39-UFPEDA), Mycobacterium smegmatis (71-UFPEDA), 
Enterococcus faecalis (ATCC6057), Escherichia coli 
(ATCC25922), Serratia sp (398-UFPEDA), Candida 
albicans (1007-UFPEDA), Staphylococcus aureus (CI, 
731-UFPEDA, wound Secretion-HC, ORSA), Pseudomonas 
aeruginosa (CI, 736-UFPEDA, wound Secretion-HC), 
and Enterobacter aerogenes (CI, 739-UFPEDA, wound 

%TAC = (A
s
− A

c
)∕(A

aa
− A

c
) × 100

Secretion-HC). The microorganisms were provided by the 
Department of Antibiotics of the Federal University of Per-
nambuco – UFPE – Brazil and stored at 4 °C until further 
use.

The microbial inoculum was standardized to  108 cells/
mL, estimated by comparison to the scale tube 0.5 Mac Far-
land (0.05 mL of 1.0% barium chloride dihydrate to 9.95 mL 
in 1% sulphuric acid).

Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC)

The MIC is considered as the lowest concentration of the 
sample capable of inhibiting the visible microbial growth 
according to the Committee for Clinical Laboratory Stand-
ards Institute (CLSI 2002). The MIC was determined by the 
broth microdilution performed in 96-well ELISA plates. The 
aqueous extract was tested in different concentrations from 
2000 up to 3.9 µg/mL obtained from the solution prepared 
with 18 mg of lyophilized Aq-E suspended in 900 µL of 
DMSO (2% w/v). Aliquots from each Aq-E concentration 
were mixed with the microbial broth contained in the well 
plate well and incubated under aerobic conditions at 37 °C 
for 24 h. The MIC values were evaluated after incubating the 
plates with 20 µL of resazurin solution (100 µg/mL) per well 
for 30 min. The MBC, although there is one yeast strain, 
was determined taking samples from the positive MIC, 
which was cultured on the new medium plates at 37 °C for 
24 hours. Before and after the growth period, the turbidity 
of each ELISA plate was read using ELISA Plate Reader 
(BioTek, Mod. ELx808, Germany).

Samples of the powdered forms of Amoxicillin, erythro-
mycin, ciprofloxacin and ketoconazole (Sigma - St. Louis, 
MO, USA) were used as reference antimicrobial drugs at the 
same concentrations as the extract (20 mg/mL).

Cytotoxicity

The cytotoxicity assay  (LC50) was performed according to 
Meyer et al. (1982), using Artemia salina and Aq-E samples 
in concentrations below 1000 µg/mL, which is capable of 
killing 50% of the larvae  (LC50).

Statistical analysis

The experiments were carried out randomly in triplicate or 
quadruplicate, presented as mean ± SD. The results were 
analysed using one-way ANOVA and the Newman–Keuls 
method with p < .05.

.
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