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ABSTRACT: Plants that contain antioxidant compounds have attracted increasing interest for their vital role in the attenuation of oxidative
damage caused by fiee radicals and in the treatment of various diseases. The present study investigated the [-ecdysone content and the
antioxidant activity of Brazilian ginseng (Pfaffia glomerata) extracts obtained from inflorescences, stems, and roots. The P. glomerata extracts
were tested for antioxidant activity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method, p-carotene bleaching test,
and phosphomolybdenum method. The [-ecdysone content of P. glomerata extracts was measured by high-performance liquid chromatography
(HPLC). The P. glomerata inflorescences showed the strongest DPPH radical scavenging activity and the strongest antioxidant activity in
the f-carotene bleaching assay and phosphomolybdenum test. The roots showed the lowest antioxidant capacity in all of the assays. The
concentration of f-ecdysone in the plant organs followed the following decreasing order: inflorescences > stems > roots. The present study
showed that P. glomerata inflorescence extract had high antioxidant capacity that could be attributed to the presence of f-ecdysone.

Key words: Pfaffia glomerata, f-ecdysone, scavenging activity methods.

Teor de B-ecdisona e capacidade antioxidante em diferentes Orgios de ginseng brasileiro

RESUMO: Plantas que contém compostos antioxidantes tém atraido interesse crescente por seu papel fundamental na atenuagdo de danos
oxidativos causados pelos radicais livres e no tratamento de varias doengas. O presente estudo investigou o conteudo de S-ecdysone e a
atividade antioxidante de extratos de ginseng brasileiro (Pfaffia glomerata) obtidos a partir das inflorescéncias, caules e raizes. Os extratos
de Pfaffia glomerata foram testados para atividade antioxidante usando o método sequestrante do radical 2,2-difenil-1-picrilhidrazil (DPPH),
sistema modelo B-caroteno-linoleato e método de fosfomolibdénio. O conteiido de f-ecdisona dos extratos de P. glomerata foi medido por
cromatografia liquida de alta eficéncia (CLAE). As inflorescéncias de P. glomerata mostraram a maior atividade sequestrante de radical
DPPH e a maior atividade antioxidante no ensaio B-caroteno-linoleato e no teste de fosfomolibdénio. As raizes mostraram a menor capacidade
antioxidante em todos os ensaios. A concentragdo de f-ecdisona nos orgaos da planta seguiu a seguinte ordem decrescente: inflorescéncias >
caules > raizes. Os resultados indicaram uma correlagdo positiva entre conteudo de f-ecdisona e atividade sequestrante de radical DPPH. O
presente estudo mostrou que o extrato das inflorescéncias de P. glomerata teve alta atividade antioxidante que poderia ser atribuida a presenga
de f-ecdisona.

Palavras-chave: Pfaffia glomerata, f-ecdisona, métodos de atividade sequestrante.

INTRODUCTION Pfaffia glomerata (Spreng.) Pedersen
(Amaranthaceae), traditionally known as Brazilian

The plants are considered a major source ginseng, is a Brazilian medicinal plant of great

of natural antioxidants that can produce significant economic interest because of its popularity in Brazil
effects in the treatment of various diseases (SHOKRI and its potential for exportation (NASCIMENTO

et al.,, 2018). The natural antioxidants can protect
the human body from free radicals and retard the
progression of many chronic diseases (ADWAS

et al.,, 2007). It has promising applications in both
phytotherapy and phytomedicine (SALDANHA et
et al., 2019). These natural antioxidants in health al., 2013). The extragt of.Pfaﬁ‘La glomerata Toots
products are being assessed by the food, cosmetics has shown several biological properties, such as
and pharmaceutical industries (KUSUMAWATI & gastroprotective effects (FREITAS et al., 2004),
INDRAYANTO, 2013; FIERASCU et al., 2019). leishmanicidal potential (TULMANN NETO et al.,
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2005), antiinflammatory activity, and analgesic effect
(TULMANN NETO et al., 2004). Moreover, studies
have reported that the extract of Pfaffia glomerata
roots has antioxidant activity (DANIEL et al., 2005;
LEAL et al., 2010; BATISTA et al., 2019).

Several important compounds have been
isolated and identified from roots of P. glomerata, such
as glomeric acid (a triterpenoid) and pfameric acid
(a nortriterpenoid), noroleanane-type triterpenes and
oleanane-type triterpenes, together with ecdysterone
(B-ecdysone), rubrosterone, oleanolic acid, and
B-glucopyranosyl oleanolate (SHIOBARA et al., 1993;
HAN et al., 2018). B-ecdysone (20-hydroxyecdysone)
is a relevant marker compound in the extractive
solution from roots of P. glomerata (ZIMMER et
al., 2006). Previous studies have confirmed the
presence of B-ecdysone in all of the major organs of
P. glomerata, such as roots (FREITAS et al., 2004;
LEAL et al., 2010), stems, and inflorescences (SERRA
et al.,, 2012). B-ecdysone is a secondary metabolite
with biotechnological, pharmacological, medical,
and agrochemical applicability (FELIPE et al., 2019).
Researchers have reported the antioxidant activity of
this compound (DANIEL et al., 2005; LAFONT &
DINAN, 2003; BATISTA et al., 2019). NSIMBA et al.,
(2008) showed that all of the isolated ecdysteroids in
their study, including B-ecdysone, inhibited collagenase
and the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical.

Considering the identification of f-ecdysone
in P glomerata inflorescences, stems, and roots
(SERRA et al., 2012) and the antioxidant activity of B
-ecdysone (DANIEL et al., 2005; NSIMBA et al., 2008),
all of the major organs of P. glomerata appear to be
sources of natural antioxidants. Although considerable
investigations have been performed on the roots of
P glomerata to assess different activities, including
antioxidant activity, scientific information about the
antioxidant properties of other organs of this plant
is still unavailable. This study aimed to evaluate the
antioxidant activity of different organs of P. glomerata
(the inflorescences, stems, and roots) to identify the
plant part that has the highest antioxidant capacity.

MATERIALS AND METHODS

Plant material

Pfaffia glomerata was collected in
Queréncia do Norte, Parand, Brazil. The plant was
collected and identified by Prof. Dra. Maria Salete
Marchioretto. A voucher specimen (PACA 107100)
was deposited at the Herbarium PACA at the

Universidade do Vale do Rio dos Sinos, Rio Grande
do Sul, Brazil. The plant was dried in a circulating-air
oven at 45 °C. The inflorescences, stems, and roots
of the plant were then separated, triturated in a knife
mill, and stored.

Preparation of Pfaffia glomerata extracts

The extracts obtained from the different
organs of P. glomerata were prepared using the
Soxhlet method with ethanol: water (9:1 v/v) as
established by Serra et al. (2012). For the preparation
of each extract, tissue samples of 10 g were used. The
extracts were vacuum filtered with filter paper, and
the organic solvent was removed under vacuum at
40 °C using a rotary evaporator and lyophilized. The
extracts were stored at 4 °C until use.

HPLC analysis of p-ecdysone content

To quantify B-ecdysone in different organs
of P. glomerata, we used the HPLC method that was
developed and validated by SERRA et al. (2012). P
glomerata extracts obtained from the roots, stems,
and inflorescences and standard B-ecdysone were
dissolved in methanol at a concentration of 3000 pg/
ml in triplicate. The analyses were performed using
a Shimadzu LC-10 liquid chromatograph equipped
with a quaternary pump (LC-10 AT), manual
injection valve (Rheodyne), 20 pl loop, degasser
(DGU-14A), thermostatted column compartment
(CTO-10A), ultraviolet/visible spectrum detector
(SPD-10A), and controlled by CLASS VP software.
A Phenomenex ODS (C18) column (5 um, 250.0
x 4.6 mm) maintained at 30 °C was used for the
chromatographic analysis. The separation was
performed in a gradient system using a mixture of
methanol:water as the mobile phase. At time 0-5
min, the methanol:water concentration ranged from
10:90 (v/v) to 70:30 (v/v). At time 5-12 min, the
methanol:water concentration remained at 70:30
(v/v). At time 12-15 min, the methanol:water
concentration ranged from 70:30 (v/v) to 100:0
(v/v). The detection wavelength was 245 nm, and
the flow rate was 1 ml/min, with a run time of 15
min. The sample injection volume was 20 pl. The
retention time for the P-ecdysone standard was
used to identify the corresponding peak in the P.
glomerata extracts. The data used for the statistical
analysis were relative to the quantification of
B-ecdysone calculated based on the value of the
peak area using the following regression equation
described by SERRA et al. (2012): y = 25847x -
218747, where y is the peak area of f-ecdysone, and
x is the concentration of B-ecdysone.
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Antioxidant activity of P. glomerata extracts
DPPH free radical scavenging assay

The free radical scavenging activity of
the extracts of P. glomerata was evaluated according
to the method described by BRAND-WILLIAMS,
CUVELIER & BERSET (1995). A solution of DPPH
(0.87 mM) in methanol was prepared daily before use.
The sample solutions of each extract were prepared
from stock solutions at a concentration of 1000 ng/
ml in methanol. Dilutions were made to obtain
concentrations within the linear range of each extract.
The stock solution of the inflorescence extract was
dissolved in methanol, yielding concentrations of 25,
50, 75, 100, 125, and 150 pg/ml. The stock solution
of the stem extract yielded concentrations of 50, 100,
200, 300, 400, and 500 pg/ml. The stock solution of
the root extract yielded concentrations of 500, 600,
700, 800, 900, and 1000 pg/ml.

An aliquot (3 ml) of sample solution was
mixed thoroughly with 300 pl of DPPH solution
and then left for 30 min at room temperature in
the dark. The absorbance of the resulting solutions
was measured at 517 nm against a blank (3 ml
sample solution and 300 pl methanol) using a
spectrophotometer (Thermo Scientific, Evolution
60). Three replicates were made for each test sample.
A methanolic solution that contained 3 ml methanol
and 300 pl of the DPPH solution was used as a
negative control. The methanolic solution of BHT (1-
25 pg/ml) was used as a positive control. The DPPH
radical scavenging activity (%) was calculated using
the following equation described by SCHERER &
GODOY (2009):

Scavenging activity (%) = [(Abs,— Abs,) / Abs ] x 100
where Abs, is the absorbance of the negative control,
and Abs, is the absorbance in the presence of the test
compound (extract/BHT) at different concentrations.
The scavenging ability of the extracts is expressed
as the IC,; value, which is the concentration of the
sample that is required to scavenge 50% of DPPH free
radicals. The IC, values were calculated using linear
regression plots, in which the ordinate represents the
scavenging activity (%), and the abscissa represents
the concentration of the tested extracts. The plant
extracts were considered active with an IC, < 500
pg/ml (CAMPOS et al., 2003; SANTOS et al., 2010).

The ability of the extracts to scavenge
DPPH radicals at a concentration of 300 pg/ml was
then compared with the synthetic antioxidant BHT
at the same concentration. The plant extracts were
considered to have good antioxidant activity when
the inhibition percentage of DPPH was > 50%, as
described by FAWOLE et al. (2012).

[-carotene linoleate model system

The antioxidant activity of the extracts,
based on the B-carotene-linoleate model system, was
determined according to the method of KUMARAN
& KARUNAKARAN (2006). A solution of
B-carotene was prepared by dissolving 2 mg
B-carotene in 10 ml chloroform. An aliquot (2 ml) of
this solution was transferred to a 100 ml flask. After
chloroform was evaporated at room temperature, 40
pllinoleic acid, 400 pl Tween 80 emulsifier, and 100
ml aerated distilled water were added to the flask
with vigorous shaking. Aliquots (4.8 ml) of this
emulsion were transferred to different test tubes that
contained 0.2 ml of the extracts at a concentration
of 1000 pg/ml. As soon as the emulsion was added
to each tube, zero-time absorbance was measured at
470 nm using a spectrophotometer. The tubes were
placed in a water bath at 50 °C for 2 h. The tubes
were then cooled, and absorbance was recorded.
A blank, devoid of B-carotene, was prepared for
background subtraction. The same procedure was
repeated with the synthetic antioxidant BHT at the
same concentration, which was used as a positive
control. Antioxidant activity (%) was determined in
triplicate for each extract and positive control and
calculated using the following equation:
Antioxidant activity (%) = (B-carotene content after 2
h of assay / initial f-carotene content) x 100

The plant extracts were considered to show
weak, moderate, and strong antioxidant activity when
the inhibition percentage of oxidation was < 50%,
between 50% and 70%, and > 70%, respectively, as
described by MELO et al. (2008).

Phosphomolybdenum method

Thetotal antioxidant capacity of the extracts
was evaluated using the phosphomolybdenum method
according to the procedure described by PRIETO
et al. (1999). An aliquot (0.3 ml) of each sample
solution or ascorbic acid (200 pg/ml) was combined
with 3 ml of reagent solution (0.6 M sulfuric acid,
28 mM sodium phosphate, and 4 mM ammonium
molybdate). A typical blank solution contained 3
ml of the reagent solution and 0.3 ml methanol, the
same solvent used for the sample. All of the tubes
were capped and incubated in a boiling water bath
at 95 °C for 90 min. After the samples were cooled
to room temperature, the absorbance of the solution
of each sample was measured at 695 nm against the
blank using a spectrophotometer. The experiment
was performed in triplicate. The antioxidant capacity
of each extract was calculated based on the relative
antioxidant activity of the extract relative to the

Ciéncia Rural, v.51, n.5, 2021.



4 Souza et al.

ascorbic acid standard using the following equation:
% relative antioxidant activity = [(Abs, — Abs ) /
(Abs, — Abs )] x 100

where Abs, is the absorbance of the extract, Abs is the
absorbance of the blank, and Abs, is the absorbance of
ascorbic acid. The results are expressed as milligrams
of ascorbic acid equivalents (mg AAE/g dry extract).

Statistical analysis

All of the experiments were performed
at least in triplicate, and the results are expressed as
mean =+ standard deviation (SD). The IC, values were
calculated using linear regression analysis. For the
analysis of f-ecdysone and in the antioxidant assays,
the data were compared using analysis of variance
(ANOVA) followed by Tukey’s test. Pearson correlation
analysis was performed to determine the correlation
between [-ecdysone content and the antioxidant
activity of the extracts. The level of significance was
set at 5%, and differences were considered statistically
significant at P < 0.05. The statistical analysis was
performed using GraphPad Prism v. 5.0 software
(GraphPad, San Diego, CA, USA).

RESULTS AND DISCUSSION
HPLC analysis of p-ecdysone content

B-ecdysone is a major phytoecdysteroid
that has been found in species of the genus Pfaffia

(TAREMA et al., 2012). It has received considerable
attention because of'its pharmacological and medicinal
properties. Phytoecdysteroid content, including
B-ecdysone, is generally low in plants (DINAN,
2001), but P. glomerata has a high concentration of
B-ecdysone (FESTUCCI-BUSELLI et al., 2008a).
The present results demonstrated that B-ecdysone is
the major compound in P. glomerata inflorescences,
stems and roots (Figure 1), as has been demonstred
also by FESTUCCI-BUSELLI et al. (2008b) and
SERRA et al. (2012).

Significantdifferences in the concentrations
of B-ecdysone were found in these different organs of
the plant (Table 1). The concentration of B-ecdysone in
inflorescences (91.35 £ 0.65 pg/ml) was significantly
higher than in stems (71.51 + 0.93 pg/ml) and in roots
(48.57 £ 0.32 pg/ml).

These results corroborate the levels of
B-ecdysone in different organs of P. glomeratareported
by SERRA et al. (2012), who also found a higher
B-ecdysone content in inflorescences than in stems
and roots. In another study (FESTUCCI-BUSELLI
et al, 2008b), the analysis of B-ecdysone in P
glomerata germplasm bank accessions demonstrated
that B-ecdysone was constantly detected in flowers,
roots, leaves, and stems, with the highest content in
flowers. Stems had the lowest B-ecdysone content.

Several studies have evaluated the
B-ecdysone content in roots of P. glomerata, being

Figure 1 - HPLC chromatogram of Pfaffia glomerata inflorescence extract. (1) B-ecdysone.
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Table 1 - B-ecdysone content in P. glomerata inflorescences,
stems, and roots.

Extract B-ecdysone (png/ml)
Inflorescences 91.35+0.65°
Stems 71.51 £0.93°
Roots 48.57+0.32°

The data are expressed as the mean + standard deviation of
triplicate measurements. Means with different letters (a-c) in
the same column are significantly different (P < 0.05,
ANOVA).

the roots widely used in Brazilian traditional
medicine (FREITAS et al., 2004; ZIMMER et al.,
2006; FESTUCCI-BUSELLI et al., 2008a LEAL
et al.,, 2010). However, in these previous studies,
the B-ecdysone content in roots was lower than the
content in inflorescences found in the present study.
Moreover, P. glomerata produces a large quantity
of inflorescences during almost all months of the
year (LEITE et al., 2005). Thus, if P. glomerata
inflorescences are a rich source of B-ecdysone and
they are often discarded during plant processing, then
their utilization should be encouraged.

Furthermore, according to FELIPE et
al. (2014), P glomerata inflorescences contain
other important bioactive compounds in addition
to p-ecdysone, such as flavonoid glycosides,
quercetin-3-O-glucoside, kaempferol-3-O-glucoside
and kaempferol-3-O-(6-pcoumaroyl)-glucoside,
oleanane-type triterpenoid saponins such as
ginsenoside Ro and chikusetsusaponin IV, in addition
to oleanonic acid and gluconic acid.

Antioxidant activity of P. glomerata extracts
Antioxidant  activity is  measured
indirectly by determining the inhibition rate of

oxidation processes in the presence of an antioxidant
(ANTOLOVICH et al.,, 2002). Various published
methods are used to measure antioxidant capacity in
vitro, but no single assay is capable of determining
the total antioxidant ability of a studied sample. More
than one method is needed to take into account the
various modes of antioxidants’ actions (ALAM et al.,
2013). Thus, the antioxidant activity of P. glomerata
extracts was evaluated using different assays.

DPPH free radical scavenging activity

The DPPH stable free radical method is
an easy, rapid, and sensitive way to determine the
antioxidant activity of a specific compound or plant
extract (KOLEVA et al., 2002). This assay is based
on the principle that DPPH is able to decolorize in
the presence of free radical scavengers (antioxidants).
The color turns from purple to yellow when the odd
electron of the DPPH radical becomes paired with
hydrogen from an antioxidant to form the reduced
DPPH-H. The degree of discoloration indicates the
scavenging potential of the compounds in terms
of hydrogen donating ability (OLAJUYIGBE;
AFOLAYAN, 2011).

The ability of the P. glomerata extracts
to scavenge DPPH radicals is presented in Table 2.
A lower IC, value indicates a stronger ability of
the extract to act as a DPPH scavenger (TUNG et
al., 2009). The extracts are considered active at an
IC,, < 500 pg/ml (CAMPOS et al., 2003; SANTOS
et al.,, 2010). Thus, P glomerata inflorescences
(120.23 £+ 2.51 pg/ml) had the strongest scavenging
activity, followed by stems (297.54 = 1.94 pg/ml).
The roots (1007.29 £ 3.08 pg/ml) had the weakest
scavenging activity. A significant difference in IC,
values was found between the samples, including
of the positive control BHT (6.86 + 0.45 pg/ml),
which exhibited higher scavenging activity than
the extracts. The degree of the radical scavenging

Table 2 - 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of Pfaffia glomerata extracts.

Extract 1C50 (pg/ml) % inhibition of DPPH at 300 pg/ml
Inflorescences 120.23 £2.51c¢ 91.9 £ 0.40a
Stems 297.54 +1.94b 52.8+1.17b
Roots 1007.29 +3.08a 11.5+0.85¢
BHT" 6.86 = 0.45d 92.2 +0.56a

"Positive control. The data are expressed as the mean + standard deviation of triplicate measurements. Means with different letters (a-d) in

the same column are significantly different (P < 0.05, ANOVA).
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activity of the extracts was dependent on their
concentration, with a considerable increase in activity
as the concentration increased. At a concentration of
300 pg/ml, the inflorescences reached the maximal
scavenging activity (91.9 + 0.40%), suggesting good
DPPH radical scavenging ability, once that inhibition
percentage of DPPH was above 50% (FAWOLE
et al. 2012) and there was no significant difference
compared with the control positive BHT (92.2 =+
0.56%). At the same concentration of 300 pg/ml, the
scavenging activity was significantly lower in the
stems (52.8 + 1.17%) and roots (11.5 + 0.85%). This
can be atributted to the lower B-ecdysone content in
these organs of the plant, as discussed below.

The results presented in tables 1 and 2
show a positive correlation between higher -ecdysone
content in the extracts and stronger DPPH scavenging
activity (r = 0.947, p < 0.01). This conclusion is also
supported by published reports that demonstrated
that B-ecdysone possesses strong DPPH scavenging
ability, with an IC value of 3.8 = 1.6 ug/ml (NSIMBA
et al., 2008), which is higher activity than the well-
known antioxidant compound BHT, which was used
in our study. These researchers also reported that the
antioxidant activity of B-ecdysone could be explained
by the fact that its molecular structure has hydroxyl
groups (hydrogen donor groups) and a methyl group
(electron donor group) to its carbon skeleton. AWAH
et al. (2012) reported a direct correlation between the
degree of hydroxylation of the bioactive compounds
and DPPH radical scavenging activity. Therefore,
the strong DPPH scavenging activity of P. glomerata
inflorescences (Table 2) may be attributed to the high
B-ecdysone content (Table 1), although other antioxidant
compounds may also be present in this part of the plant.

The present study compared the antioxidant
properties of different organs of P. glomerata, namely
the inflorescences, stems and roots. Previous studies
had already reported the antioxidant activity of P.
glomerata roots (DANIEL et al., 2005, LEAL et al.,
2010). DANIEL et al. (2005) demonstrated the free
radical scavenging activity of the butanolic fraction
obtained from the roots, which was able to decrease
thiobarbiturate reactive substances (TBARS) similarly
to a-tocopherol, which was used as a positive control.

[-carotene linoleate model system

The B-carotene bleaching model simulates
the oxidation of membrane lipid components and
measures antioxidant activity toward linoleic
acid (FERREIRA et al., 2006). B-carotene in this
model system undergoes rapid discoloration in
the absence of an antioxidant. This is because of

the coupled oxidation of B-carotene and linoleic
acid, which generates free radicals (KUMARAN;
KARUNAKARAN, 2006). Linoleic acid free radical
reacts withunsaturated -carotene molecules, resulting
in the oxidation of B-carotene and subsequently the
loss of its characteristic orange color. However, the
presence of antioxidants can hinder the extent of
B-carotene bleaching by neutralizing linoleate free
radical and other free radicals formed in the system
(JAYAPRAKASHA et al., 2001).

Table 3 presents the antioxidant
activity of P. glomerata extracts measured by the
B-carotene bleaching assay. In the present study, at a
concentration of 1000 pg/ml, the different organs of
P. glomerata prevented the bleaching of B-carotene
to different degrees. The antioxidant activity of the
inflorescences (50.4 + 1.45%) was significantly
higher than the roots (43.7 + 0.84%), but no
significant difference was found compared with
the stems (47.9 £ 0.91%). Although the antioxidant
potential of different organs of P. glomerata was
significantly lower than BHT (98.1 + 0.55%), the
results indicated that inflorescences and stems have
moderate antioxidant activity, once that the inhibition
of B-carotene bleaching was close to 50% (MELO et
al., 2008). Leal et al. (2010) studied the antioxidant
activity of P. glomerata roots using the B-carotene
bleaching assay and extracts obtained under different
extraction conditions. The extract obtained with
low-pressure solvent extraction showed antioxidant
activity close to 35%, a lower value than the one
found in our study.

Phosphomolybdenum method
The total antioxidant -capacity assay
is a spectroscopic method for the quantitative

Table 3 - Antioxidant activity of extracts of Pfaffia glomerata
in the B-carotene-linoleate system.

Extract Antioxidant activity (%) at 1000 pg/ml
Inflorescences 50.4 +1.45°
Stems 47.9+091°
Roots 43.7 +0.84°
BHT" 98.1 + 0.55

"Positive control. The data are expressed as the mean =+
standard deviation of triplicate measurements. Means with
different letters (a-c) in the same column are significantly
different (P < 0.05, ANOVA).
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determination of antioxidant capacity through the
formation of the phosphomolybdenum complex.
The assay is based on the reduction of Mo (VI)
to Mo (V) by the sample analyte and subsequent
formation of a green phosphate Mo (V) complex at
acidic pH (ALAM et al., 2013). The reducing power
of a compound is associated with electron donating
capacity and serves as an indicator of antioxidant
activity (SIDDHURAJU et al., 2002). The total
antioxidant capacity of P glomerata extracts is
expressed as milligrams of ascorbic acid equivalents
(mg AAE/g dry extract). All of the extracts exhibited
some degree of antioxidant activity, with a significant
difference in the values. The highest antioxidant
capacity was exhibited by the inflorescences (167.8
+ 0.32 mg AAE/g dry extract), followed by the stems
(137.6 £ 0.11 mg AAE/g dry extract) and roots (123.2
+ 0.40 mg AAE/g dry extract).

The antioxidant activity might be attributed
to the presence of B-ecdysone in the different organs
of P. glomerata, since this is the majority compound.
However, other compounds could contribute to
the antioxidant activity evaluated. For example,
the compounds identified in the inflorescences by
FELIPE et al. (2014), such as flavonoid glycosides,
quercetin-3-O-glucoside, kaempferol-3-O-glucoside
and kaempferol-3-O-(6-pcoumaroyl)-glucoside,
have antioxidant activity, as described by ADWAS
et al. (2019), who reports that flavonoids have been
found to play important roles in the non-enzymatic
protection against oxidative stress.

Oxidative stress causes irreversible damage
in cellular macromolecules that leads to initiation of
various diseases such as atherosclerosis, ischemic
heart diseases, liver diseases, diabetes, initiation of
carcinogenesis, and aging (ADWAS et al., 2019). The
antioxidants are important species that possess the
ability to protect the body from damage caused by
free radicals induced oxidative stress (AZAB et al.,
2017). Natural antioxidants inhibit of reactive oxygen
species production and scavenging of free radicals
(AZAB et al., 2017; ADWAS et al., 2019). Thus, as
the P. glomerata inflorescence extract is a source of
antioxidants, it has potential for the prevention of
aging and diseases associated with oxidative stress.

CONCLUSION

The present study demonstrates that
the P. glomerata inflorescences had a higher
content of B-ecdysone and exhibited significant
antioxidant capacity compared with the stems
and roots. B-ecdysone may be responsible for the

antioxidant activity observed for the different
organs of the plant.
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