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Abstract
Heliotropium arborescens (Galán de Mera et al. 2022) is a herbaceous plant that contains various biophenolic compounds that exhibit 
antibacterial property and antioxidant activity that could prevent diseases caused by free radicals. The objective was to study the 
biophenolic compounds and metal ions associated with the in vitro antioxidant and antibacterial activity of the ethanolic extract 
of Heliotropium arborescens L. leaves from the Andean region of Ayacucho-Peru. The total polyphenolic content (TPC) was deter-
mined by the Folin-Ciocalteu method; Total flavonoid content (TFC) was determined by spectrophotometry at 510 nm, TFC was 
expressed in mg quercetin/g sample (mg QE/g). Antioxidant activity by three in vitro methods; determination of metals by flame 
atomic absorption spectrophotometry (FAAS) and antibacterial activity by agar diffusion method. The values   obtained from the 
TPC were 306.80±0.05 mg GAE/g, TFC 111.53±0.25 mg QE/g. Antioxidant activity: DPPH IC50 37.55±0.04 µL and 65.64±0.10 µL, at 
0.47 and 0.93 mg/mL extract, respectively; ABTS 0.20±0.01 mM TEAC/g (0.41 mg/mL extract) and 0.47±0.01 (0.82 mg/mL extract); 
FRAP 0.24±0.01 mM TEAC/g (0.94 mg/mL extract) and 0.46±0.02 mM TEAC/g (1.88 mg/mL extract). Correlation relationship 
TFC/DPPH (r=0.9994; R2 0.9989), TFC/ABTS (r = 0.9572; R2 0.9998) and TFC/FRAP (r = 09933; R2 0.9868). Calcium 1.22±0.04, 
copper 0.77±0.05, magnesium 851.7±3.06 and zinc 20.63±1.19 mg/100 g were found in all cases. Antibacterial activity on Bacillus 
subtilis (ATCC 6633) and Staphylococcus aureus (ATCC 25923) with a minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) > 400 μg/mL. It is concluded that the total biophenolic components and metals of the ethanolic 
extract of the leaves of H. arborescens L. show potential antioxidant activity, and moderate antibacterial activity against Bacillus sub-
tilis and Staphylococcus aureus.
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Introduction

The genus Heliotropium (helium in Greek means “sun”, 
tropium comes from the Greek word “tropein” which 
means to turn) belongs to the family Boraginaceae and 
subfamily Heliotropioideae (Fayed et al. 2022; Willocx 
et al. 2022; Ozntamar-Pouloglou et al. 2023; Rueang-
sawang and Chantaranothai 2023), and comprises more 
than 450 species distributed in tropical, subtropical, 
and temperate areas of the world (Rueangsawang and 
Chantaranothai 2023). This genus contains various poly-
phenols such as flavanones (naringenin, 4'-acetyl-5-hy-
droxy-7-methoxyflavanone, 5,3'-dihydroxy-7,4'-dime-
thoxyflavanone, 5,4'-dihydroxy-7-methoxyflavanone, 
7- O-methyleryodictyol); flavonols (quercetin, taxifolin 
or dihydroquercetin, 3-O-methylgalangin), filifolinol 
(3 H-spiro[1-benzofuran-2,1'-cyclohexane]), filifolino-
ic acid, filifolinone, filifolinyl senecionate ester, 4-me-
thoxy-3-[(2)-7'-methyl-3'-hydroxymethyl-2',6'-octadi-
enyl]phenol and 3-oxo-2-arylbenzofuran (Modak et al. 
2009; Modak et al. 2010; Goyal and Sharma 2014; Valdés 
et al. 2018; Fayed 2021). The species Heliotropium arbo-
rescens popularly known as heliotrope, curutmi or ca-
yaraja (Galán de Mera et al. 2022), whose correct name 
is Heliotropium corymbosum Ruiz & Pav., and native to 
Peru (Luebert et al. 2010; Luebert 2020), is distribut-
ed throughout the Andean region of Peru (Ayacucho, 
Arequipa, and Moquegua) and northern Chile (Arica 

and Parinacota Region), between 200 and 3300 meters 
above sea level (Luebert 2020). It is a densely branched 
shrub 100 cm high, with pubescent juvenile branches, 
small blue sessile flowers that emit a pleasant sweet smell 
similar to vanilla with an admixture of caramel (Fayed 
2021); calyx persistent, divided to the base; sepals linear 
to lanceolate, strigose-hairy outside, glabrous inside; co-
rolla infundibuliform, white with a yellow center, turn-
ing blue or violet at maturity; lobes rounded; tube villous 
outside and glabrous inside; stamens included; anthers 
linear with papillose margin; rounded and corded base. 
Ovary glabrous, with nectariferous disc developed at 
the base; style longer than stigmatic column; stigmatic 
column conical and finely papillose on the edges. Dry 
fruits, glabrous and dark brown. Leaves alternate, ses-
sile or petiolate, pubescent, strigose on the adaxial sur-
face, woolly-tomentose on the abaxial surface; elliptical 
blade, with well-marked nerves on both sides, entire 
margin, attenuated base, acute or rarely rounded apex. 
Dichotomously branched terminal inflorescences (Lu-
ebert 2020). Aromatic aldehydes (benzaldehyde, anisic 
aldehyde or 4-anisaldehyde), aromatic ester (benzyl ac-
etate), and 3,4-methylenedioxybenzaldehyde or helio-
tropin (piperonal) have been characterized and isolated 
from the essential oil of Heliotropium arborescens (Fayed 
2021); fatty acids such as linoleic acid (30%), stearic acid 
(22%), palmitic acid (18.3%), oleic acid (12.7%), α-lino-
lenic acid (5.4%), γ-linolenic acid (2.4%) and stearidon-
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ic acid (1.5%); and γ-tocopherol (Velasco and Goffman 
1999).

In several studies, it has been proven that the biophe-
nolic compounds of Heliotropium exhibit cardiotonic, 
antiplatelet, healing, anti-infectious (antiviral, antifungal, 
antibacterial) properties and antioxidant activity (Baroi et 
al. 2022; Ozntamar-Pouloglou et al. 2023). Due to this ac-
tivity, they could reduce inflammatory processes and pre-
vent diseases caused by reactive oxygen species (ROS) and 
reactive nitrogen species (RNS); Among ROS, the super-
oxide anion (O2

•-), hydroperoxyl (HO2
•), hydroxyl (•OH), 

and peroxyl radical (ROO•) have been described; and 
among RNS, nitric oxide (•NO), nitrogen dioxide (NO₂), 
nitrate radical (NO3

-) and peroxynitrite (ONOO-) have 
been reported (Sharma et al. 2009; Noumedem et al. 2013; 
Carvajal 2019; Baroi et al. 2022; Surco-Laos et al. 2022a, 
2022b, 2023); they could also prevent several types of can-
cer that have an environmental component and overex-
pression of genes CYP1A1, CYP2E1, CYP2C19, CYP2D6 
and CYP17 that encode their respective isoenzymes that 
biotransform procarcinogenic agents (benzopyrene, aryl-
amines, N-nitrosamines, and dioxins) into carcinogenic 
metabolites that bind to guanine in DNA (Wongpratate et 
al. 2020; Alvarado et al. 2021; Sung et al. 2021).

Various molecules such as nuclear factor kappa B 
(FN kB) and activating protein 1 (AP-1) can stimulate 
the mitochondrial superoxide dismutase (SOD2) genes, 
overexpressing the synthesis of their respective enzyme, 
forming excess hydrogen peroxide (H2O2); at the same 
time, the enzymatic system that metabolizes H2O2 is in-
activated due to depletion of the NADPH enzymatic 
cofactors that are used in reactions that generate ROS 
(Carvajal 2019). Fig. 1 proposes the conversion process 
of H2O2 into hydroxyl radical (•OH) through the Fenton 
reaction pathway with the participation of the ferrous ion 

(Fe2+) that is converted into ferric ion (Fe3+). •OH, gen-
erates lipid oxidation of the membranes by subtracting a 
hydrogen from the CH2 group of the side chain of a poly-
unsaturated fatty acid (PUFA), generating a lipid carbon 
radical, which reacts with molecular oxygen (O2) to give 
rise to lipid peroxyl radical (LOO.) that undergoes rear-
rangements forming endoperoxides, and subsequently 
malondialdehyde (MDA) and 4-hydroxyl-nonenal (4-
HNA) are synthesized, responsible for the oxidation of 
guanine (8-hydroxyguanosine) in DNA and damage to 
membrane proteins (Avello and Suwalsky 2006; Carva-
jal 2019). Likewise, it is observed that oxidized glutathi-
one (GSSG) is activated into reduced glutathione (GSH) 
by glutathione reductase (GR); GR and aldose reductase 
(AR) use NADPH as an enzymatic cofactor, and at the 
same time this cofactor is oxidized to NADP+; AR partic-
ipates in hyperglycemia by converting excess glucose into 
sorbitol, which is responsible for overhydrating the lens 
of the eye, causing cataract; another percentage of sorbi-
tol is converted into fructose, and in this reaction, NADH 
is produced from the oxidized NAD+, and when NADH 
is formed in excess, superoxide anion (O2

•-) is generated, 
catalyzed by NADH oxidase (Macedo-Márquez 2012; 
Carvajal 2019; Wongpratate et al. 2020; Alvarado et al. 
2021; Surco-Laos et al. 2023).

The SciELO, PubMed-NCBI and ScienceDirect data-
base was searched for published research on the species 
H. arborescens (heliotrope, curutmi or cayaraja), and it is 
evident that studies on this species are scarce, in this sense 
it is justified to carry out studies chemical preliminaries, 
in vitro and preclinical. Therefore, the objective was to 
study the biophenolic compounds and metal ions associ-
ated with the in vitro antioxidant and antibacterial activ-
ity of the ethanolic extract of Heliotropium arborescens L. 
leaves from the Andean region of Ayacucho-Peru.

Figure 1. Fenton reaction pathway with the participation of the ferrous ion (Fe2+), liperoxidation of the inner membrane of the mi-
tochondria and oxidation of the guanine of DNA. Figure made by the authors.
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Materials and methods
Plant materials

The samples were the leaves of the bush Heliotropium ar-
borescens L. “heliotrope, curutmi or cayaraja” that was col-
lected between February and March 2023 in the district 
of Pauza (Geographically located between 15°16'44"S, 
73°20'50"W), altitude 2524 m.a.s.l, province of Paucar del 
Sara Sara, region of Ayacucho, zone of the Peruvian An-
des. The climate is cold to temperate, rainy between De-
cember and March with a rainfall of 575 mm; from May to 
September it is dry and October to November in between; 
the temperature varies between 8 to 22 °C, in the capital 
of the department the average temperature is 17.5 °C (De 
la Cruz-Arango et al. 2020). Agricultural land represents 
3% of the province’s territory, 92% is under irrigation by 
river water, and 8% is dry and depends on the rains; natu-
ral pastures represent 9.53%, being mostly mountainous, 
rugged lands and rugged topography. The sample was 
identified by a botanist from the Herbarium of the Mu-
seum of Natural History of the National University of San 
Marcos, Lima, Peru (certificate No. 103-USM2011).

Extraction and isolation

The H. arborescens L. plants were transported to the In-
strumental Analysis laboratory of the Faculty of Pharma-
cy, Universidad Nacional San Luis Gonzaga de Ica, where 
they were dried under shade for 15 days, then the leaves 
were separated manually, and immediately ground in a 
manual mill (IVYMEN JP SELECTA, YCW-010E, Spain) 
to obtain a fine powder. Subsequently, 500 g of the fine 
powder was weighed (Sartorius model ED224S, Germa-
ny) and placed in an amber glass bottle, 96% ethanol was 
immediately added (sample: solvent 1:3) and to extract 
the bioactive compounds, it was shaken for 30 min daily 
for 15 days; after maceration, the liquid extract was fil-
tered, and the solvent was evaporated in a rotary evap-
orator (Heidolph model LABOROTA 4000, Germany) at 
reduced pressure and 38±2 °C; the semisolid extract was 
placed in an oven (Binder series 05-75803, Germany), ob-
taining a dry extract that was stored in an amber bottle at 
4 °C until analysis (Rojas et al. 2012; Carrasco et al. 2013; 
Merino et al. 2015; Chávez et al. 2021).

Phytochemical study

Through coloring and/or precipitation reactions, poly-
phenol-type secondary metabolites were identified in 
solvents of different polarities. In fraction A, flavonoids, 
phenols and tannins (A1) were identified; a 1% HCl solu-
tion was added to fraction A2, it was stirred, filtered, and 
an insoluble part and an acid solution were obtained; 
the insoluble part was washed with distilled water until 
neutral pH, then dissolved with 5 mL of dichlorometh-
ane, anhydrous sodium sulfate was added and filtered to 

obtain fraction B (with it, triterpenoids and/or steroids 
were identified). Subsequently, the acid solution was fil-
tered, 25% ammonium hydroxide and dichloromethane 
were added to the filtered liquid, generating two phases 
(dichloromethane and aqueous). The dichloromethane 
phase was washed with distilled water, anhydrous sodium 
sulfate was added, filtered and fraction C was obtained 
(triterpenoids and/or steroids were identified); the aque-
ous phase was saturated with 5 g of anhydrous sodium 
sulfate, and a mixture of dichloromethane: ethanol (3:2) 
for extraction, forming an organic and an aqueous phase. 
The organic phase was washed with anhydrous sodium 
sulfate solution and saturated with 1 g of anhydrous sodi-
um sulfate, filtered to obtain fraction D (flavonoids, trit-
erpenoids and/or steroids, and alkaloids were identified); 
the aqueous residue was added to the aqueous phase 
(extraction result dichloromethane: ethanol), generating 
fraction E and with-it flavonoids and leucoanthocyani-
dins and/or catechins were identified (Chávez et al. 2021; 
Surco-Laos et al. 2022b).

Total polyphenol content

A calibration curve of the gallic acid standard (Sigma-Al-
drich) in 70% alcohol was performed in the range of 
1–7.5 µg/mL. 0.1 mL (900 µg/mL) of the ethanolic ex-
tract was reacted with 0.45 mL of Folin-Ciocalteu solu-
tion (Merck, ratio 1 reagent: 2 HPLC grade water), ho-
mogenized and allowed to react for 5 min; after that time, 
0.45 mL of 20% sodium carbonate (Na2CO3) and HPLC 
grade water sufficient quantity for (sqf) 3 mL were added, 
and it was shaken vigorously to homogenize. It was react-
ed for 30 min under protection from light and at labora-
tory temperature. The absorbances of the samples and the 
blank were read in triplicate at a wavelength of 760 nm 
(Spectrophotometer Peak Instrumental, model C-7100, 
USA). The total polyphenolic content was expressed in mg 
of gallic acid (mg GAE)/g of ethanolic extract (Surco-Laos 
et al. 2022a; Surco-Laos et al. 2023).

Determination flavonoids

In a 2 mL tube, 200 μL of the ethanolic extract and 
1000 μL of distilled water were added and gently homog-
enized; then, 75 μL of 5% sodium nitrite (NaNO2) was 
added, mixed, and allowed to react for 5 min. After that 
time, 75 μL of 10% aluminum chloride (AlCl3) was add-
ed, gently homogenized, and allowed to react for 6 min, 
subsequently, 500 μL of 1 M sodium hydroxide (NaOH) 
was added. The mixture was allowed to stand for 5 min. 
A quercetin calibration curve of 50–500 μg/mL was pre-
pared and evaluated simultaneously with the ethanolic 
extract. The absorbances of the samples were read in trip-
licate at a wavelength of 510 nm (Spectrophotometer Peak 
Instrumental, model C-7100, USA). The total flavonoid 
content was expressed in mg of quercetin/g of sample (Ra-
mos-Escudero et al. 2012; Vega et al. 2017).
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Antioxidant assay

DPPH radical scavenging assay
The 100 Mm DPPH (Sigma) solution was prepared in 
80% methanol (Analytical grade, Beaker) and the absor-
bance was established between 0.9–1.1 at a wavelength of 
517 nm (Spectrophotometer Peak Instrumental, model 
C- 7100 USA). Various 3 mL tubes were marked, then 
0.1 mL of each of the dilutions of the ethanolic extract, 
plus 2.9 mL of DPPH solution, were added and homog-
enized. The homogenized mixture (ethanolic extract + 
DPPH) reacted for 30 min protected from light and at 
laboratory temperature; after the reaction time, the ho-
mogenized mixture and the blank (methanol) were mea-
sured in triplicate at a wavelength of 517 nm (Spectro-
photometer Peak Instrumental, model C-7100 USA); the 
inhibition percentage (% Inh) was determined using the 
following formula:

%Inh. = [(blank abs – sample abs) / (blank abs)] × 100

The IC50 was determined from a curve of % inhibition 
vs µL of ethanolic extract (Ramos-Escudero et al. 2012; 
Surco-Laos et al. 2023).

Ferric Reducing Antioxidant Power (FRAP)
3 mL of freshly prepared reagent was added to a quartz 
cuvette and read at a wavelength of 593 nm (Spectropho-
tometer Peak Instrumental, model C-7100, USA). Sub-
sequently, 0.1 mL of each of the ethanolic extracts plus 
1.5 mL of the FRAP solution was added to marked tubes, 
homogenized in a vortex for 30 sec, then it was allowed 
to react for 6 min at laboratory temperature. The study 
sample (ethanolic extract + FRAP solution) was measured 
in triplicate at a wavelength of 593 nm (Spectrophotom-
eter Peak Instrumental, model C-7100, USA). Trolox at a 
concentration of 0.0312–1.0 mM was used as a reference 
standard. The final absorbance was obtained by subtract-
ing the value from the initial absorbance of the FRAP 
solution. A quantification curve of mM of Trolox/g of eth-
anolic extract was carried out. Previously, the FRAP solu-
tion was prepared, 25 mL of acetate buffer (300 mM, pH 
3.6), 2.5 mL of TPTZ solution (2,4,6-tripyridyl-s-triazine) 
10 mM diluted in HCl 40 mM and 2.5 mL of 20 mM fer-
ric chloride (FeCl3.6H2O) solution (Ramos-Escudero et al. 
2012; Surco-Laos et al. 2023).

ABTS radical scavenging activity
ABTS reagent (2,2'-azino-bis-(3-ethyl benzothi-
azolin-6-sulfonate ammonium) was reacted with po-
tassium persulfate (K2S2O8) for 12 h and under the pro-
tection of light. 10 μL of the ethanolic extract and 990 
μL of ABTS•+ radical solution was incorporated into a 
3 mL tube, allowing the reaction to occur at 37 °C for 
4 min. After that time, the homogenized mixture and 
the initial ABTS reagent were measured in triplicate at a 
wavelength of 734 nm (Spectrophotometer Peak Instru-

mental, model C-7100 USA). The results were expressed 
as values   of mM of Trolox equivalent antioxidant capac-
ity (TEAC)/g of dry extract (Trolox equivalent) by con-
structing a Trolox standard curve (Rezanejad et al. 2020; 
Surco-Laos et al. 2022a).

Determination of metals
In a porcelain crucible, 1 g of dry ethanolic extract was 
accurately weighed and immediately calcined on an elec-
tric kitchenette, subsequently, the calcined sample was in-
corporated into the muffle furnace at 500 °C for 4 h until 
gray ashes were obtained. Said ashes were allowed to cool 
to room temperature, then 10 mL of 10% HCl was added, 
brought to a boil, and allowed to cool. The acidified liq-
uid was filtered through Whatman 2 paper into a 25 mL 
volumetric flask, and sufficient distilled water for 25 mL 
was immediately added. For the determination of calcium 
and magnesium, a 1:100 dilution was carried out, adding 
10 mL of 1% lanthanum chloride to the final solution (to 
avoid interferences).

The determination of calcium, copper, magnesium, 
and zinc was carried out by flame atomic absorption spec-
trophotometry (FAAS: Perkin Elmer AA-800 spectropho-
tometer); said equipment was previously calibrated for 
each metal according to the manufacturer’s instructions 
(Sharma et al. 2020; Surco-Laos et al. 2022a).

Antibacterial activity by agar diffusion 
method

The strains Bacillus subtilis (ATCC 6633), Staphylococcus 
aureus (ATCC 25923), Escherichia coli (ATCC 25922) and 
Pseudomona aeruginosa (ATCC 28573) were activated 
in Mueller Hinton Broth (MHB) at 37 °C in a water bath 
with shaking for 24 h.

After activation, each strain was adjusted to a concen-
tration of 108 CFU/mL compared to the standard 0.5 of 
the McFarland scale reading at 580 nm (Spectrophotom-
eter Peak Instrumental, model C-7100, USA). The study 
mixture consisted of 9.95 mL of 1% sulfuric acid (H2SO4) 
and 0.05 mL of 1% BaCl2. The experiment was carried out 
by adding 20 mL of Mueller-Hinton Agar (MHA) to Petri 
dishes and allowing it to melt, then the bacterial cultures 
(1000 µL) were sown, distributing it evenly with a Drigal-
sky spatula. The plates were allowed to dry for 5 min, then 
six 6 mm diameter wells were made using a sterile punch.

50 μL of negative control (50% alcohol) was added to 
each plate, four sample concentrations of the plant extract 
(50, 100, 250 and 500 mg/mL), the concentrations were 
defined by previous tests, and oxacillin (5 µg/mL) was 
used as a positive control. All plates were refrigerated for 
30 min, after which time they were incubated at 37 °C for 
24 h. Antibacterial activity was detected by measuring the 
zone of inhibition (including the diameter of the wells) in 
mm using a calibrated Vernier. Tests were performed in 
triplicate for each strain (CLSI M07 2018; De Zoysa et al. 
2019; Surco et al. 2022b).
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Identification of the minimum inhibitory 
concentration (MIC)

The wells of the microplate were identified as columns 
to carry out the experiment: 200 µL of negative sterility 
control (190 µL MHB + 10 µL DMSO) was added to the 
well of column 1; in the following columns, the extract 
samples were incorporated (50 µL of extract sample at 
concentrations of 500, 250, 100 and 50 mg/mL + 50 µL of 
MHB + 100 µL of bacterial inoculum at a concentration 
of 108 CFU/mL according to the McFarland scale), and 
in the last column 200 µL of positive control (100 µL of 
MHB + 100 µL of inoculum) was incorporated. Oxacillin 
was dissolved with MHB and 200 µL was added to each 
well at concentrations 64, 49, 24.50, 12.25, 6.12, 3.06, 1.53, 
0.76 and 0.38 μg/mL.

A negative sterility control (200 µL of MHB) and a 
positive control (100 µL of MHB and 100 µl of bacterial 
inoculum) were considered. The final volume of all wells 
was 200 μL.

All plates were incubated at 37 °C for 24 h. To eval-
uate bacterial growth (the variation from blue purple to 
pinkish color was observed). The MIC is measured vi-
sually as the lowest extract concentration at which the 
initial blue-purple coloration was maintained (no visible 
growth). All tests were in triplicate and the average of 
three values   was reported as MIC and expressed in μg/mL 
(CLSI M07 2018; Surco et al. 2022b).

Identification of the minimum bactericidal 
concentration (MBC)
The microplate wells that maintained the blue-purple col-
or (indicates no visible growth of the bacteria) were con-
sidered for the identification of MBC. From these wells, 
100 µL of sample was measured and seeded in Petri dishes 
with MHB. 100 µL of bacterial inoculum and oxacillin was 
used as a positive control, and MHB without inoculum 
and without antimicrobial was used as a negative control. 
The plates were incubated at 37 °C for 24 hours. The MBC 
was determined by observing those plates where the etha-
nolic extract sample was able to eliminate bacterial devel-
opment, comparing it with the positive control. The aver-
age of three values   was reported as MBC (Tenorio-Abreu 
et al. 2015; CLSI M07 2018; Surco et al. 2022b).

Results and discussion

Secondary metabolites of the ethanolic extract of Helio-
tropium arborescens L leaves were identified by the color-
ation and precipitation method. The most representative 
being flavonoids, phenols and tannins, triterpenoids and/
or steroids, leucoanthocyanidins and/or catechins, and 
alkaloids (Table 1). There are no reported studies on H. 
arborescens L., but there are publications on other species, 
such as the study by Modak et al. 2002 who indicated the 
presence of flavonoids in H. sinuatum; and recently Singh 
et al. 2017 identified flavonoids in H. subulatum. In the 

present study, the presence of flavonoids has been iden-
tified through different reactions, which have also been 
quantified (Table 2), and could be responsible for the anti-
oxidant and antibacterial activity.

Table 2 reports the total polyphenol content (TPC) and 
total flavonoid content (TFC) evaluated at a concentration 
of 1.12 mg/mL and 1.17 mg/mL of ethanolic extract of H. ar-
borescens L leaves, respectively. TPC was determined in mg 
gallic acid equivalents (mg GAE)/g dry ethanolic extract, 
while TFC was quantified in mg quercetin equivalents (mg 
QE)/g dry ethanolic extract. The potential antioxidant activ-
ity of said ethanolic sample analyzed at two concentrations 
(mg/mL) and by three in vitro methods is also reported.

The reduction capacity of the DPPH radical was deter-
mined by the decrease in absorbance at 515 nm, which in-
dicates that the ethanolic extract has the capacity to capture 
reactive oxygen species (ROS) (Mendoza Isaza et al. 2020), 
and whose mechanism of action is due to the transfer of a 
hydrogen atom from the hydroxyl group of the biophenolic 
compound to DPPH (HAT) to generate a stable compound 
(Andzi Barhe´ and Feuya Tchouya 2016). The percent-
age of inhibition was determined, and with these data the 
concentration at which 50% of the DPPH free radicals are 

Table 1. Presence of secondary metabolites in the ethanolic ex-
tract of Heliotropium arborescens L leaves.

Fractions Secondary metabolites Assay Results Observations
A Flavonoids Shinoda + Red coloring.

Phenols and tannins Ferric chloride + Bluish green.
B Triterpenoids and/or 

steroids
Lieberman 
Burchard 

+ Green coloring.

C Triterpenoids and/or 
steroids

Lieberman 
Burchard

+ Green coloring.

D Flavonoids Shinoda + Red coloring.
Triterpenoids and/or 
steroids

Lieberman 
Burchard 

+ Green coloring.

Alkaloids Dragendorff + Slight orange 
precipitate.

Mayer + White or light-
yellow precipitate.

Hager + Brown precipitate.
E  Flavonoids Shinoda + Red coloring.

Leucoanthocyanidins 
and/or catechins

Rosenheim + Brown coloration.

Table 2. Estimation of the content of total polyphenols, flavo-
noids, and antioxidant activity of the ethanolic extract of Helio-
tropium arborescens L (curutmi) leaves.

Assay Concentration of 
ethanolic extract 

(mg/mL)

Mean±SD 95%CI *Reference 
compounds

TPC (mg GAE/g) 1.12 306.80±0.05 0.0566 Gallic acid
TFC (mg QE/g) 1.17 111.53±0.25 0.2848 Quercetin
DPPH (IC50) µL 0.47 37.55±0.04 0.0397 Trolox

0.93 65.64±0.10 0.1161 Trolox
ABTS (mM TEAC/g) 0.41 0.20±0.01 0.0095 Trolox

0.82 0.47±0.01 0.0099 Trolox
FRAP (mM TEAC/g) 0.94 0.24±0.01 0.0058 Trolox

1.88 0.46±0.02 0.0174 Trolox

TPC: total polyphenol content in mg gallic acid equivalent (mg GAE/g); TFC: total 
flavonoid content in mg quercetin equivalent (mg QE/g); TEAC: mM Trolox equiv-
alent antioxidant capacity/g; 95% CI: 95% confidence interval.
*Calibration curve values.
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Figure 2. Pearson correlation coefficient of total polyphenol content (TPC)/antioxidant activity of DPPH (A), and total flavonoid 
content (TFC)/DPPH (B).

A B

neutralized (IC50) was found; it is observed that the DPPH 
radical scavenging activity of the ethanolic extract of the 
leaves of H. arborescens L at the concentration of 0.93 mg/
mL was higher (65.64±0.10 µL) compared to the extract 
concentration of 0.47 mg/mL. Using the ABTS method, 
the plant ethanolic extract was evaluated at two concentra-
tions, of which the 0.82 mg/mL concentration extinguished 
the ABTS•+ cationic radical (due to discoloration of the 
solution) with a reduction in absorbance at 730 nm. The 
ABTS•+ cationic uptake capacity of the ethanolic extract of 
curutmi leaves was 0.47±0.01 mM TEAC/g of dry sample.

The third method applied to evaluate the antioxidant 
activity of the ethanolic extract of the leaves of H. arbo-
rescens L was FRAP, for this, two concentrations of the 
ethanolic extract were also used, observing that the bioac-
tive compounds at the concentration of 1.88 mg/mL have 
the greater capacity to transfer an electron to the FRAP 
radical (SET) by reducing the ferric ion (Fe3+) to a ferrous 
ion (Fe2+), which is visualized by changing the color of 
the solution to intense blue. It has been determined that a 
high absorbance value is an indication of a strong reduc-
ing power that translates into a high antioxidant capacity 
of the bioactive compounds (Prior et al. 2005). For these 
last two methods, a calibration curve was carried out with 
the Trolox standard, to establish the antioxidant activity as 
Trolox equivalent (mM TEAC/g of dry sample).

In a study carried out by Surco et al. 2022b on the 
ethanolic extract of the leaves of S. nutans Sch. Bip., re-
ported that low IC50 values   indicate high antioxidant 
power, in this case the ethanolic extract of H. arborescens 
L leaves has good antioxidant activity due to a low IC50 
(37.55±0.04 µg/mL), and said activity should be to its 
biophenolic components. Fayed 2021, found that the 
species H. arborescens L. contains aromatic aldehydes 
(benzaldehyde, 4-anisaldehyde or anisic aldehyde), aro-
matic ester (benzyl acetate) and piperonal or heliotropin 
(3,4-methylenedioxybenzaldehyde. In other species of the 
same genus such as H. indicum, aromatic aldehydes have 
been identified such as phenylacetaldehyde, (E)-2-non-
enal and (E, Z)-2-nonadienal; additionally, hexahydro-
farnesylacetone (Ogunbinu et al. 2009). H. stenophyllum 
contains β-epi-bisabolol, α-cedrene epoxide, junenol, 

longiborneol, (E, Z)-geranyl linalool and seline-3,11-di-
en-6-α-ol (Urzúa et al. 2013); and in H. europaeum phy-
tol acetate, cis-linolenic acid methyl ester, phytol, geranyl 
acetone and (E)-β-ionone have been identified (Saeedi 
and Morteza-Semnani 2009). The ethyl acetate, aqueous, 
chloroformic and methanolic extracts of this genus pres-
ent an important antioxidant activity, which is attributed 
to its biophenolic components (Murugesh et al. 2006). In 
another study, it has been reported that biophenolic com-
pounds are responsible for antioxidant activity, and could 
prevent Alzheimer’s disease, atherosclerosis, diabetes, and 
different types of cancer (Ahmad et al. 2014). In this sense, 
the potential antioxidant activity of the ethanolic extract 
of H. arborescens L leaves would be due to its biophenolic 
aromatic compounds, especially flavonoids, as has been 
established in studies of the relationship between total fla-
vonoid content TFC/DPPH, TFC /ABTS and TFC/FRAP.

Fig. 2A shows the relationship of total polyphenolic con-
tent (TPC: mg GAE/g) and DPPH (IC50) at the concentra-
tion of 0.47 mg/mL of ethanolic extract, whose correlation 
is moderate and negative (r = -0.4271) and its coefficient of 
determination (R2 = 0.1824) which indicates a 18.24% rela-
tionship at a linear level of both variables, this indicates that 
when one of the variables increases, the other decreases. 
Fig. 2B describes the relationship between TFC (mg QE/g) 
and DPPH assay (IC50) µL at the concentration of 0.47 mg/
mL of extract, whose correlation is strong and positive (r = 
0.9994; R2 = 0.9989) with a 99.89% relationship at a linear 
level of both variables, that is, by increasing the amount of 
flavonoids, the antioxidant capacity increases.

Fig. 3A details the relationship between TPC (mg 
GAE/g) and ABTS assay (mM TEAC/g) at the concentra-
tion of 0.82 mg/mL of extract, whose correlation is weak 
(r = -0.1147; R2 = 0.0132), not correlation was found at the 
concentration of 0.41 mg/mL of ethanolic extract. Fig. 3B 
shows a strong and positive correlation (r = 0.9572) be-
tween TFC (mg QE/g) and ABTS (mM TEAC/g) at a con-
centration of 0.82 mg/mL, and its coefficient of determi-
nation (R2 = 0.9998) indicates a 99.98% relationship at a 
linear level of both variables.

Fig. 4A indicates the inverse and moderate correlation (r 
= -0.5; R2 = 0.25) of the TPC (mg GAE/g) and the FRAP as-



Alvarado AT et al.: Biophenolic compounds associated with antioxidant and antibacterial activity8

say (mM TEAC/g); additionally, the relationship of TFC (mg 
QE/g)/FRAP (mM TEAC/g) was studied, obtaining a strong 
and positive correlation (r = 0.9933; R2 = 0.9868) (Fig. 4B); 
both studies were carried out at a concentration of 0.9373 
mg/mL of ethanolic extract. These results indicate a strong 
correlation of antioxidant activity with flavonoid content.

Plant biophenolic compounds could sequester or 
form stable complexes of ROS preventing liperoxidation 
(González-Torres et al. 2000); They can stimulate the syn-
thesis and functional activity of the antioxidant enzyme 
system, as proposed in Fig. 5: peroxiredoxin III (PRX III) 
biotransforms H2O2 into water molecules (H2O); Cat-
alase (CAT) converts two molecules of H2O2 into two 
molecules of H2O + O2; Glutathione peroxidase (GPx) 
metabolizes hydrogen peroxide into two H2O molecules. 
This enzyme requires the cofactor selenium, NADPH, 
and reduced glutathione (GSH, which is activated by sul-
fur) (Shetty 2004; Avello and Suwalsky 2006; Ramos-Es-
cudero et al. 2012; Carvajal 2019; Alvarado et al. 2023).

Table 3 describes the concentration of the metals found 
in the ethanolic extract of H. arborescens L, with magne-
sium (Mg) being observed as the main macromineral, 
followed by the micromineral zinc (Zn) and in a lower 
concentration copper (Cu).

In various studies it has been shown that these trace el-
ements or microminerals are enzymatic cofactors, such as 
the study by Shetty 2004 and Surco-Laos et al. 2022a to 
those who indicate that metals in natural products could 

participate in activating enzymatic proteins, such as Cu and 
Zn that activate cytosolic superoxide dismutase (SOD1), 
Mn activates mitochondrial SOD2 and extracellular 
SOD3, maintaining a balance in the synthesis of hydrogen 
peroxide, for its subsequent neutralization. In other stud-
ies, it has been described that Cu, Zn, Se, and Mn are anti-
oxidant metals, and when deficient selenium (Se) activity 
is generated, the prevalence of colorectal cancer increases 
(Sánchez-Valle and Méndez-Sánchez 2013; Surco-Laos et 
al. 2022a). While sulfur (S) deficiency inactivates the pro-
tein glutathione-S-transferase (GST), increasing the activi-
ty of CYP1A1 that biotransforms food procarcinogens into 
carcinogens (Alvarado et al. 2021; Surco-Laos et al. 2022a). 
Meanwhile, magnesium is the macromineral responsible 
for activating the various enzymes of the glycolytic path-
way in a homeostatic state (Surco-Laos et al. 2022a).

The potential antibacterial activity of the ethanol ex-
tract of H. arborescens L. leaves was evaluated at concen-
trations of 5%, 10%, 25% and 50% on strains of Bacillus 

Table 3. Determination of metals from the ethanolic extract of 
H. arborescens L leaves.

Sample Calcium Copper Magnesium Zinc
Mean±SD 
(mg/100 g)

Mean±SD 
(mg/100 g)

Mean±SD 
(mg/100 g)

Mean±SD 
(mg/100 g)

Ethanolic extract 
of H. arborescens L.

1.22±0.04 0.77±0.05 851.7±3.06 20.63±1.19

SD: standard deviation.

Figure 3. Pearson correlation coefficient of total polyphenol content (TPC)/antioxidant activity of ABTS (A), and total flavonoid 
content (TFC)/DPPH (B).

A B

Figure 4. Pearson correlation coefficient of total polyphenol content (TPC)/antioxidant activity of FRAP (A), and total flavonoid 
content (TFC)/DPPH (B).

A B
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Table 4. Percentage, inhibition diameter, minimum inhibitory concentration (MIC) and minimum bactericidal concentration 
(MBC) of the ethanolic extract of H. arborescens L leaves.

Microorganism Type Extract concentration 
(mg/mL)

Extract inhibition MIC MBC Oxacillin*
(%) (Mean±SD) Diameter (Mean±SD mm) (μg/mL) (μg/mL) % Diameter (mm)

Bacillus subtilis ATCC 6633 Gram+ 250 69.76±1.80 69.76±1.80 >400 >400 100 14.33
500 77.86±2.58 77.86±2.58 >400 >400 100 14.33

Staphylococcus aureus ATCC 25923 Gram+ 250 34.92±1.37 34.92±1.37 >400 >400 100 35.33
500 41.53±1.28 41.53±1.28 >400 >400 100 35.33

* Standard antibiotic; SD: standard deviation; MIC: minimum inhibitory concentration; MBC: minimum bactericidal concentration.

Figure 5. Chelation of reactive oxygen species by quercetin from medicinal plants and activation of the antioxidant enzyme system. 
Figure made by the authors.

subtilis, Staphylococcus aureus, Escherichia coli and Pseu-
domona aeruginosa. Antibacterial activity was observed 
against B. subtilis and S. aureus, at concentrations of 
250 mg/mL (25%) and 500 mg/mL (50%), using a volume 
of 50 μL, with minimum inhibitory concentration (MIC) 
and minimal bactericidal concentration (MBC) > 400 μg/
mL. However, no concentration showed activity against E. 
coli and P. aeruginosa. Oxacillin (5 µg/mL) was used as an 
antibacterial positive control (Table 4).

In a study on plants used in Brazilian popular medicine 
for the treatment of infectious diseases Holetz et al. 2002 
indicates that the antimicrobial activity of plant extracts 
is evaluated based on MIC: MIC < 100 μg/mL indicates 
good activity, 100 to 500 μg/mL indicates moderate activi-
ty, 500–1000 μg/mL indicates weak activity, and when it is 
greater than 1000 µg/mL the extract is considered inactive. 
In the present study, the ethanolic extract of H. arborescens 
L. leaves showed moderate antibacterial activity (>400 μg/
mL), being one of the first studies in this species. There are 
studies in other species, such as the study by Osungunna 
and Adedeji 2011 who evaluated the antibacterial activity 
of the methanolic extract of H. indicum leaves (6.25, 12.5, 
25, 50, 100 and 200 mg/mL) against a gram-positive bac-
teria (S. aureus) and four gram-negative bacteria (E. coli, 
P. aeruginosa, P. mirabilis and Klebsiella); activity was ob-

served at MIC of 3 mg/mL against S. aureus and Klebsiella, 
MIC of 10 mg/mL against P. mirabilis and P. aeruginosa, and 
MIC 20 mg/mL against E. Coli. Hussain et al. 2010 evaluat-
ed the antimicrobial activity of H. strigosum, reporting that 
the MIC of 6 and 8 mg/mL exhibited antibacterial activity 
against P. aeruginosa, S. epidermidis, methicillin-resistant 
S. aureus and B. subtillus, but without activity against E. coli 
and K. pneumonia. Rahimifard et al. 2014 reported that the 
aqueous extract of H. bacciferum has greater activity against 
other solvents. Being active against S. enteritidis, S. aureus 
and B. cereus with MIC of 7.81 μg/mL, while P. aeruginosa 
and E. coli are inhibited with MIC of 15.62 μg/mL.

The limitations of the research are that only the ethano-
lic extract of the leaves of H. arborescens L. was studied, and 
not having quantified, isolated, and elucidated the chemical 
structure of the biophenolic compounds responsible for the 
biological activity. Without prejudice to the above, we con-
sider that this study is relevant, because it constitutes solid 
scientific evidence of this plant species, given that no re-
ports of the antioxidant activity of leaf, stem or root extracts 
were found. Therefore, our research group is considering 
continuing to study this plant species in a second stage, 
to isolate the bioactive components, carry out preclinical 
studies in animal models, determine the toxicity of the 
therapeutic dose and evaluate the pharmacological effects.
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Conclusions
Based on the results, it is concluded that the biopheno-
lic components and metals of the ethanolic extract of the 
leaves of H. arborescens L. show potential antioxidant ac-
tivity, and moderate antibacterial activity against Bacillus 
subtilis and Staphylococcus aureus.
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