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INTRODUCTION

The use of plants for the treatment and cure of diseases is 
as old as the human species; popular knowledge makes a 
major contribution to the dissemination of therapeutic virtues 
obtained from the use of these plants (Lubian et al., 2010). 
Many plants with biological potential can be highlighted 
among the various plant families, such as the family 
Asteraceae, which has approximately 1,620 genera and 23,600 
species (Judd et al., 2009), including the genus Bellis and the 
species B. perennis, known as common daisy or English daisy.

Previous studies of fl owers of B. perennis described the 
isolation of acylated oligosaccharides of oleanane-type 
triterpenes (Gudej, 2001), and also the use of B. perennis for 
its expectorant, healing, anti-infl ammatory, antihemorraghic, 
anesthetic, antiparasitic, antifungal, antimicrobial and 
antioxidant properties (Avato et al., 1995; Oberbaum et al., 
2005; Morikawa et al., 2008; Kavalcioğlu et al, 2010; Marques 
et al., 2011). A few authors suggest that the pharmacological 
and biological properties related to Alzheimer ’s disease, 
as well as the neuroprotective effect, inhibitory activity 
of acetylcholinesterase (AChE), antiallergic, antiviral, 
antiproliferative, antimutagenic, and anticarcinogenic eff ects 
(Monteiro et al., 2005; Benavente-Garcia et al., 1997; Elangovan 
et al., 1994; Nkondjock, 2009) can be explained by the presence 
of bioactive compounds present in medicinal plants. Thus 
it may be suggested that fl avonoids may have a modulating 
role in the treatment of neurodegenerative diseases due to 
their phenolic nature, since they can disrupt cellular oxidative 
processes in the central nervous system (CNS).

Among the activities related to the treatment of 
neurodegenerative diseases is increasing the search for new 
inhibitors of acetylcholinesterase activity in extracts and 
compounds isolated from plants, mainly involving medicinal 
plants used in traditional medicine as treatment of various 

pathologies. It is necessary to investigate the eff ects of active 
compounds extracted from plants, as these may provide 
new insights into the clinical treatment of neurodegenerative 
diseases such as Alzheimer’s disease.

A  pigenin-7-O-glucopyranoside (ApG) is a flavonoid 
glycoside isolated from the fl owers of Bellis perennis, although 
its eff ects on the CNS are yet not determined. Therefore, it 
would be important to conduct studies in order to clarify its 
potential antioxidant activity, since the production of free 
radicals and reactive oxygen derivatives is strongly involved 
in many physiological and pathological processes including 
epilepsy, cancer, necrosis, infl ammation and pain (Freitas et al., 
2004; 2005; 2009; Santos et al., 2010).

In the present study we describe the isolation and 
identification of the glycosylated flavonoid apigenin-7-
O-glucopyranoside (ApG) from the fl owers of B. perennis, 
and the evaluation of in vitro antioxidant activity and 
anticholinesterase activity of the isolated substance. The 
chemical structure of the substance isolated was defi ned based 
on the analysis of 1H NMR and ultraviolet spectroscopic data, 
and comparison of data obtained with those reported in the 
literature. We also investigated the antioxidant potential of 
ApG on the removal of the hydroxyl radical (OH•), content of 
nitric oxide (NO) and reactive species with thiobarbituric acid 
(TBARS), as well as evaluation of acetylcholinesterase in vitro. 
If these eff ects are established, it is possible to justify the use of 
this fl avonoid in preclinical and pharmacological models that 
simulate neurodegenerative diseases.

METHODS

Plant material

The studied species, Bellis perennis was collected in October at 
07:00 at the farm site São José, in the city of Pacoti in the region 
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of Baturité, in the state of Ceará, Brazil. The voucher specimen 
is deposited in the Herbarium Graziela Barroso (TEBP) at 
Federal University of Piauí, number TEBP 27,276. Flowers 
were collected manually, then washed in running water 
followed by distilled water.

General experimental procedures

The melting point (m.p.) was determined in a Microchemistry 
Model APF-301 at a heating rate of 2 °C/min and no 
corrections were made in the values obtained. For 
chromatographic analysis a photodiode array system of 
high performance liquid chromatographic detector (HPLC-
DAD) was used, Model 300 Ultimate (Dionex), coupled to a 
diode array detector, to an automatic injector, and to column 
temperature control.

The absorption spectra in the infrared (FTIR) were 
obtained using a Shimadzu IRAffi  nity-1 spectrometer, using 
KBr pellets. The nuclear magnetic resonance spectra of 1H 
(1H NMR) were recorded on a Varian equipment Model 
Gemini 2000, operating at 300 MHz and using residual 
non-deuterated solvent as internal standard, in reference to 
TMS. The ultraviolet spectra (UV) were recorded on Varian 
spectrophotometer Model Cary 50, using spectroscopic grade 
methanol (MeOH) (Tedia Brazil) as solvent.

For adsorption column chromatography (CC) Sigma-
Aldrich® silica gel 60 (60 Å) was used. The column sizes 
(length and diameter) varied according to the amount of 
sample to be chromatographed and the adsorbents. For 
analytical thin layer chromatography (TLC) Sigma-Aldrich® 
silica gel 40 (40 Å) was used. The development of compounds 
was performed by spraying acidic vanillin solution, followed 
by heating or by exposure to iodine vapors. For elution of 
the samples the following solvents PA quality (Synth®) were 
used: hexane, dichloromethane, chloroform, ethyl acetate 
and methanol, pure as well as binary mixtures of increasing 
polarity gradient.

In the procedures of in vitro antioxidant activity and 
acetylcholinesterase inhibitor a Bioespectro SP-220 (2010) 
spectrophotometer was used for absorption spectra in the 
ultraviolet and visible ranges.

Procedure for obtaining extracts and isolating the chemical constituents

Flowers (310 g) were separated from the other parts of the 
plant, dried, statically macerated and subjected to extraction 
with ethanol at room temperature. The ethanolic extract 
obtained remained seven days at rest, stirred twice a day, 
and then was concentrated using a rotary evaporator under 
reduced pressure to obtain an ethanol extract of fl owers (EEF) 
B. perennis (38 g).

The EEF (38.0 g) was adsorbed onto silica gel and subjected 
to chromatographic fractionation with hexane, chloroform, 
ethyl acetate and pure water as eluents, used in order of 
increasing polarity, yielding the respective mass fractions (7.5 
g; 11.5 g; 0.9 g; 4.1 g) after distillation of the solvent under 
reduced pressure. The ethyl acetate fraction was subjected 
to column chromatography on silica gel using pure eluents 
and binary mixtures in a gradient of increasing polarity, 
from which 50 fractions were obtained. After analysis in 
TLC, hexane (100%), hexane:chloroform (8/2, 6/4, 4/6, 2/8), 
chloroform (100%), dichloromethane:chloroform (8/2, 6/4, 

4/6, 2/8), dichloromethane:ethyl acetate (8/2, 6/4, 4/6, 2/8), 
100% ethyl acetate and ethyl acetate:methanol (2/8, 5/5, 9/1), 
methanol (100%) and water were used. The mixtures ethyl 
acetate:methanol (2/8, 5/5, 8/2) were pooled because of their 
similarities; we used fractions 10-12 as ethyl acetate:methanol 
(5/5). Analysis on CCD acetate/methanol (9/1) recovered the 
characteristic pure substance (12 mg), which was identifi ed as 
apigenin 7-O-glucopyranoside by 1H and 13C NMR, FTIR and 
UV.

Evaluation of antioxidant activity in vitro

Scavenging activity against the hydroxyl radical

The formation   of hydroxyl radical (OH•) from the Fenton 
reaction was quantified using oxidative degradation of 
2-deoxyribose (Lopes et al., 1999). The principle of the test 
is to quantify the degradation product of 2-deoxyribose, 
malonaldehyde (MDA) through its condensation with TBA. 
Typical reactions were initiated by the addition of Fe2+ (fi nal 
concentration 6 mmol/l of FeSO4) for solutions containing 
5 mmol/l 2-deoxyribose, 100 mmol/l H2O2 and 20 mmol/l 
phosphate buff er (pH 7.4). To measure the ApG antioxidant 
activity against the hydroxyl radical, diff erent concentrations 
of ApG (0.9; 1.8; 3.6; 5.4 and 7.2 μg/ml) were added to the 
system before addition of Fe2+. Reactions were performed 
for 15 min at room temperature and stopped by addition of 
phosphoric acid at 4% (v/v) followed by TBA (1% w/v in 50 
mmol/l NaOH). Solutions were heated in a water bath for 
15 min at 95 °C, and then cooled to room temperature. The 
absorbance was measured at 532 nm and the results were 
expressed as equivalents of MDA formed by Fe2+ and H2O2. 
Trolox was used as a standard drug (positive standard); 
the control received only 0.05% Tween 80 dissolved in 0.9% 
saline and complete degradation of MDA and production of 
hydroxyl radical.

Assays of reactive species with thiobarbituric acid (TBARS)

TBARS assays we  re used to quantify lipidic peroxidation 
(Esterbauer et al., 1990) and to measure the antioxidant 
capacity of ApG as a substrate, in a medium rich in lipids 
(Guimarães et al., 2010). Briefly, the adopted lipid-rich 
substrate to be used was homogenized egg yolk (1% w/v) in 
50 mmol /L phosphate buff er (pH 7.4). A volume of 0.5 ml of 
homogenate was sonicated and homogenized with 0.1 ml of 
ApG at diff erent concentrations (0.9; 1.8; 3.6, 5.4 and 7.2 μg/
ml). Lipid peroxidation was induced by adding 0.1 ml AAPH 
(2,2 ‘-azobis [2metilpropionamidina] diidrocloride) (0.12 M). 
Control received only the control solution (0.05% Tween 80 
dissolved in 0.9% saline). Reactions were performed for 30 min 
at 37 °C. After cooling, the samples (0.5 ml) were centrifuged 
in 0.5 ml trichloroacetic acid (15%) at 1,200 g for 10 min. 
An aliquot of 0.5 ml of supernatant was mixed with 0.5 ml 
thiobarbituric acid (TBA) (0.67%) and heated at 95 °C for 30 
min. After cooling, absorbances of the samples were measured 
using a spectrophotometer at 532 nm. Results were expressed 
as percentage of TBARS formed from AAPH only (induced 
control). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid), a water-soluble derivative of vitamin E 
(alpha-tocopherol), an antioxidant substance used in biological 
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or biochemical applications to reduce oxidative stress or 
damages (Lucio et al., 2009), was used as a standard drug.

To evaluate the antioxidant activity of ApG, two other 
methodologies were adopted which rely on the ability of a 
substance to sequester free radicals, by direct interaction with 
molecules of a reactive substance by converting free radicals 
into less reactive and therefore more stable species (Hoelzl et 
al., 2005).

Scavenging activity against nitric oxide (NO)

Nitric oxide (NO  ) was generated from the decomposition of 
sodium nitroprusside (SNP, Na2([Fe(CN)5NO]·2H2O) in 20 
mmol/l phosphate buff er (pH 7.4). Once generated, the NO 
interacts with oxygen and as a result nitrite is generated (Basu 
et al., 2006).

The reaction mixture (1 ml) containing 10 mmol/l SNP in 
phosphate buff er and ApG in diff erent concentrations (0.9; 
1.8; 3.6; 5.4 and 7.2 μg/ml) were incubated at 37 °C for 1 h. 
An aliquot of 0.5 ml was taken and homogenized with 0.5 
ml Griess reagent. The absorbance of the chromophore was 
measured at 540 nm. The percentage of inhibition of the nitric 
oxide generated was measured by comparing the absorbance 
values of the negative control (only 10 mmol/l of SNP and 
control solution) and test preparations. Results were expressed 
as percentage of SNP only.

In vitro determination of activity of the enzyme acetylcholinesterase

The inhibitory effect  of  the substance on isolated 
acetylcholinesterase activity in vitro was evaluated as 
described by Ellman and collaborators (1961) with some 
modifi cations as detailed by Moyo et al. (2010). An NMR 
spectrometer Varian Cary was used to quantify inhibition 
activity. Initially, 100 μL of the sample (concentrations of 
0.0125%, 0.00652%, 0.003125% and 0.001563% in 50 mmol/l 
Tris-HCl, pH 8 buff er solution and 10% methanol) were mixed 
with 100 μL of AChE (0.22 U/ml in 50 mmol/l Tris-HCl buff er, 
pH 8, 0.1% BSA) and 200 μL of buff er (50 mmol/l Tris-HCl, pH 
8, 0.1% BSA). The mixture was incubated for 5 min at 30 °C. 
Then 500 μL of dithiobisnitrobenzoic acid (DTNB) (3 mmol/l 
Tris-HCl, pH 8, 0.1 mol/l NaCl, 0.02 mol/l MgCl2) and 100 ml 
of acetylthiocholine iodide (ATCI) (4 mmol/l in water) were 
added.

The blank was studied by sample replacement by 100 μL 
buff er (50 mmol/l Tris-HCl, pH 8, 0.1% BSA). The reaction 
was monitored for 5 min at 412 nm. The assay is based on 
spectrophotometric measurement of the increase of the yellow 
color produced from thiocholine when it reacts with the ion 
dithiobisnitrobenzoate. The drug rivastigmine (Exelon®) 
was used as a standard, and the buff er (0.1% methanol in 50 
mmol/l Tris-HCl, pH 8, 10%) was used as negative control. 
The percentage of inhibition of the isolated substance and 
of rivastigmine was calculated according to the following 
equation:

The mean inhibitory concentration values (IC50) were 
obtained by a Log-Probit plot.

Statistical Analysis

The results were expressed as mean ± standard error of mean 
(SEM). To evaluate the signifi cance of diff erences between 
means, we used analysis of variance (One-way ANOVA) 
followed by a post hoc test. Diff erences between means were 
considered signifi cant when the value obtained for “p” was 
less than 0.05 (p<0.05). All statistical analysis was performed 
using the statistical program Graph-PadPrism© 5.01 (Graph 
Pad Software, San Diego, CA, USA).

RESULTS

Isolation of the constituents of the ethanol extracts of fl owers (EEF) of 
Bellis perennis

The literature reveals that the chemical constituents of B. 
perennis (Asteraceae) include saponins, triterpenes, several 
anthocyanins, flavonoids and polyacetylenes (Li et al., 
2004; Morikawa et al., 2010; Masayuki et al., 2010). In the 
fractionation of the leaves, the following yields were obtained: 
hexane (57%) chloroform (19%), ethyl acetate (0.3%) and 
water (10.85%). The fraction of ethyl acetate:methanol/water 
(F-10/12) in the ratio 9:1 after lyophilization yielded 12 mg 
(yield=3.5%) of a dark yellow viscous liquid, which showed 
the characteristics of a pure substance in TLC.

Characterization and identifi cation of structural substance of fl avonoid 
isolated from the fl owers of Bellis perennis

The sample was purifi ed by HPLC-DAD and then analyzed 
using FTIR, UV, 1H NMR, 13C NMR, and DEPT 135 NMR 
spectra with addition of shift reagents; these showed that the 
fraction consists of a fl avone apigenin-labeled glycosylated 
7-O-glucopyranoside (1), a yellow solid with m.p. 238 °C 
(with decomposition). In the FTIR spectrum only stretch 
signals of OH, C = O and CO of alcohols and phenols were 
recorded. However, analysis of the data obtained in the 1H 
NMR spectrum (Table I) showed that the fraction consisted of 
a fl avonoid. The presence of two doublets at 7.87 ppm and 6.93 
ppm, 2H integrating for each is indicative of the presence of 
the B 1,4 di-substituted ring.

The resonances occurred between δ 6.4 and 6.8, especially 
the doublets at δ 6.48 and 6.81 with J = 2.1 Hz, which are 
characteristic of the ring hydrogens in 5, 7- O-substituted 
fl avones. In the region of δ 3.0 to 4.2 the presence of several 
multiplets was verified, indicating the presence of oxy-
hydrogen methynics and oxy-methylene glycosidic units. It 
can be concluded that the sugar is linked to fl avonoid, due 
to the signal in the anomeric hydrogen δ 5.2, characteristic of 
the beta confi guration of sugars. Analysis of the NMR data of 
the 13C fraction (Table 1) confi rms the information obtained 
from the above data. The DEPT-135 spectrum allowed the 
identifi cation of the multiplicity of each carbon and hence 
identifi ed the osidic unit substance as glucose.

The position of the fl avone glucose can be obtained by 
comparing the UV spectra of the substance and reagent 
addition displacement. Addition of a solution of AlCl3 resulted 
in bathochromic shifting I and II band absorption. This shift 
was not decomposed by the addition of HCl, suggesting 
the presence of an OH group at C-5 and/or C-3 (Fig. 1.1). 
The addition of NaOMe solution caused bathochromic 



COSTA MARQUES ET AL. Biol Res 46, 2013, 231-238234

TABLE I

NMR data of the fraction 10 [300 MHz (H) / 75 MHz (13C), 
MeOH-d4, δ (ppm)].

Position δH (m, J in Hz) δC

2 - 162.9

3 6.65 (s) 117.5

4 - 184.1

5 - 164.8

6 6.48 (d, 2.1) 101.2

7 - 166.0

8 6.81 (d, 2.1) 96.0

9 - 165.4

10 - 107.1

1’ - 123.0

2’, 6’ 7.87 (d, 8.7) 129.6

3’, 5’ 6.93 (d, 8.7) 117.0

4’ - 158.9

1” 5.07 (d, 7.8) 10.,6

2” 3.75 - 3.4 (m) 74.7

3”  3.75 - 3.4 (m) 77.8

4”  3.75 - 3.4 (m) 71.3

5”  3.75 - .,4 (m) 78.4

6” 3.9 - 3.5 62.5

displacement of 56 nm in band I absorption without a decrease 
in intensity over time, suggesting the presence of a free OH at 
C-4’ (Fig. 1.2). The addition of sodium acetate solution did not 
cause bathochromic displacement in Band II (268 nm), thereby 
suggesting the presence of sugar C-7 (Fig. 1.3).

In previous studies with B. perennis several flavonoid 
glycosides were isolated such as rutin, isoramentina 
3-O-glicopiranosídeo (Yoshikawa et al., 2008), isorhamnetina 
3-O-β-D-(6’’-acetyl) galactopyranoside and kaempferol-3-
O-β-D-glicopyranosideo (Gudej, 2001), including apigenin 
7-O-glucopyranoside (1) (Fig. 2).

Apigenin-7-O-glucopyranoside (1) (C21H20O10)
Isolated apigenin was obtained as a yellow amorphous 

solid, soluble in ethyl acetate/methanol with a retention factor 
of Rf = 0.5 (ethyl acetate:methanol 1/1) and melting point 238 
°C; Molecular Weight: 432.38. Ultra-Violet: lmax (MeOH) nm: 
268, 334; + NaOMe: 267, 390, +: AlCl3 276, 299, 344, 384; 1H and 
13C NMR (Table 1), according to the literature (Morikawa et al., 
2008).

Determination of in vitro antioxidant activity

The antioxidant activity of ApG was investigated, since there 
is evidence suggesting that in stressful situations there is a 
decrease in brain metabolism of free radicals (neutralization of 
radicals, becoming more stable and less aggressive). Hence, the 
brain has a specifi c pathway to metabolize free radicals (Gaté 
et al., 1999; Mandelker, 2008) which infl uences the process of 

Figure 1. The UV spectra of APG in MeOH, with addition of AlCl3 
and HCl. MeOH: 268 nm, 334 nm; AlCl3: 276 nm, 299 nm, 344 
nm, 384 nm (1), with addition of NaOMe. MeOH: 268 nm, 334 
nm; NaOMe: 267 nm, 390 nm (2) and with addition of NaOMe. 
MeOH: 268 nm, 334 nm; NaOMe: 267 nm, 390 nm (3).

Figure 2. Chemical structure of apigenin 7-O-glucopyranoside 
isolated from ethanolic extract of fl owers of B. perennis.



235COSTA MARQUES ET AL. Biol Res 46, 2013, 231-238

lipid peroxidation (Basu et al., 2006), the content of nitric oxide 
(Oliveira et al., 2007; Ferreira et al., 2009) and the production of 
TBARS (Serafi ni et al., 2011).

At the tested concentrations, ApG was able to remove 
the OH• radical signifi cantly, by 68.2, 73.5, 76.45, 77.11 and 
77.68% compared to the reaction system at concentrations of 
0.9, 1.8, 3.,; 5.4 and 7.2 μg/ml, respectively, with 50% inhibitory 
concentration (IC50) equal to 0.43 μg/ml, 95% confidence 
limits 0.27 and 0.66 μg/ml (r2 = 0.97). Likewise, Trolox used as 
positive standard at a concentration of 0.45 mmol/l inhibited 
the production of t he hydroxyl radical by 70.51% (p<0.05) 
compared to the reaction medium (Fig. 3).

The TBARS method is used to quantify lipid peroxidation, 
which is a cell membrane damage caused by oxidative stress. 
AAPH, a water-soluble azo compound, is used as free radical 

generator. Its decomposition produces molecular nitrogen and 
a carbonyl radical, which in turn react with thiobarbituric acid, 
resulting in the formation of TBARS (Zin et al., 2002; Fitó et al., 
2007; Halliwell et al., 2007). The results show that in all tested 
concentrations (0.9, 1.8, 3.6, 5.4 and 7.2 μg/ml) ApG caused a 
signifi cant decrease in TBARS production with respect to the 
AAPH group, with inhibition of 64, 66, 67.8, 70 and 73.43%, 
respectively. Trolox (standard drug) also reduced the observed 
parameter, presenting 55.8% [p<0.001] inhibition (Fig. 4), this 
ApG method showed IC50 equal to 1.62 μg/ml, 95% confi dence 
limits 1.13 and 2.35 μg/ml (r2 = 0.94), therefore it demonstrated 
that ApG can exert antioxidant potential with protective eff ect 
for lipid biomolecules (Serafi ni et al., 2011).

Another methodology employed was the assay for removal 
of nitric oxide content. The method is based on the production 
of nitrite ions (NO2

–) from the decomposition of sodium 
nitroprusside in aqueous solution. The NO interacts with 
oxygen to produce NO2

–, which can be measured by Griess 
reaction (Basu et al., 2006), according to:

SNP à 2 NO + O2 à 2 NO2
–

Nitric oxide has strong oxidizing power, reacting with 
various biological molecules, which leads to cell damage 
where substances with NO-sequestrant action compete with 
oxygen, leading to reduced production of nitrite, showing the 
antioxidant activity (Zin et al., 2002; Fitó et al., 2007; Halliwell 
et al., 2007; Ahmadi et al., 2011; Serafi ni et al., 2011)

The post hoc test of means indicated a signifi cant decrease 
of 46 and 34% of nitrite content in vitro in concentrations 0.9 
and 1.8 μg/ml [p<0.01], compared to SNP, and 53, 59 and 72% 
at concentrations of 3.6, 5.4 and 7.2 μg/ml, respectively. Trolox 
produced a signifi cant decrease of 66.35% [p<0.001] (Fig. 5), 
with IC50 of 6.97 μg/ml, 95% confi dence limits 4.1 and 10.9 μg/
ml (r2=0.81).

Figure 3. Effect of apigenin 7-O-glucopyranoside in cleaning 
OH in vitro. Hydroxyl radical scavenging was quantifi ed using 
2-deoxyribose oxidative degradation in vitro, which produces 
malondialdehyde by condensation with 2-thiobarbituric acid 
(TBA). The system is MDA production from 2-deoxyribose 
degradation and FeSO4 with H2O2 alone, the control was 0.05% 
Tween 80 dissolved in 0.9% saline solution. Other groups denote 
MDA production of H2O2 and FeSO4 in the presence of different 
concentrations of apigenin 7-O-glucopyranoside (0.9 - 1.8 - 3.6 
to 5.4 and 7.2 µg /ml). Values represent mean ± S.E.M. (n=5), 
experiments in duplicate, *p<0.001 versus control and **p<0.001 
versus system (ANOVA and post hoc test).

Figure 4. Effects of apigenin 7-O-glucopyranoside on assays of 
reactive species with thiobarbituric acid in vitro. Lipid extracted from 
egg yolk was subjected to oxidative damage by incubation with 
AAPH and the ability of different concentrations of apigenin-7-O-
glucopyranoside to prevent the formation of TBARS was analyzed. 
Control means basal lipid peroxidation with control alone (0.05% 
Tween 80 dissolved in 0.9% saline solution); AAPH group alone 
is considered 100% oxidative damage. Values represent mean ± 
SEM (n=5), experiments in duplicate, *p<0.001 versus control and 
**p<0.001 versus APPH (ANOVA and post hoc test).

Figure 5. Activity of apigenin 7-O-glucopyranoside in the removal 
of oxide nitric. Means for controlling the production of NO basal 
control (0.05% Tween 80 dissolved in 0.9% saline) in the absence 
of a source of NO generator (without SNP); SNP group refl ects 
production of nitrite by sodium nitroprusside alone, considered 
100% of production of NO. The effect of different concentrations 
of SNP against ApG was determined by the Griess method. 
Values represent mean ± SEM (n = 5), experiments in duplicate. 
*p<0.001 versus control and **p<0.001 versus SNP (ANOVA and 
post hoc test).
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Determination of in vitro anticholinesterase activity of ApG

In vitro studies indicated that there was 92.02% inhibition 
of AChE activity when Neostigmine (Exelon®) was used as 
positive control at a concentration of 0.1%. Isolated ApG 
at concentrations of 0.1, 0.05, 0.0125 and 0.00625% showed 
inhibition of 76.86, 54.78, 49.46 and 47.87% in the activity of 
AChE, respectively. The 50% inhibitory concentration (IC50) 
was also determined, which corresponded to 1.91 μmol/l, 
with 95% confi dence intervals of 0.53 and 3.42 μmol/l (r2 = 
0.8332).

DISCUSSION

Based on the procedures used in vitro, it was shown that 
ApG was able to reduce the production of free radicals and 
this activity can be attributed to its structural feature, since 
ApG is a fl avonoid glycoside; phenols and polyphenols exert 
their eff ects through diverse protection mechanisms, such as 
the blockage that may interfere with or suppress the activity 
of enzymes involved in the generation of reactive species of 
oxygen and free radicals, chelating transition metals to inactive 
species (Wong et al., 2006) Its antioxidant properties can be 
related to the hydroxyl group (OH) present in the molecule. 
ApG, the fl avonoids and isofl avonoids are probably electron 
donors; they have a β ring conjugated chemical structures 
rich in hydroxyl groups, which have potential antioxidant 
actions by reacting with and inactivating superoxide anions, 
oxygen lipid peroxide radicals and/or stabilizing free radicals 
involved in the oxidative process by hydrogenation or 
complexing with oxidant species (Birt et al., 2001, Wong et al., 
2006), according to:

Flavonoid (OH) + R• à Flavonoid (O•) + RH

A widely used methodology to evaluate the antioxidant 
activity of a substance is based on the capability of removing 
free radicals formed in less reactive species (Hoelzl et al., 
2005). The ability of a substance to remove the hydroxyl 
radical is directly related to its antioxidant activity. In this 
method, the OH• is generated by the Fenton reaction. In the 
presence of the hydroxyl radical, the deoxyribose is degraded 
to malonaldehyde and quantifi ed (Páya et al., 1992; Huang 
et al., 2005; Serafi ni et al., 2011). This study demonstrated 
that ApG produced signifi cant removal of OH•, displaying 
a considerable antioxidant activity, which may be capable of 
inhibiting cell damage caused by this radical. Trolox (standard) 
also signifi cantly reduced the amount of the radical. However, 
this method has a drawback because many antioxidants also 
have the property of chelating metals. Thus, it is impossible to 
distinguish whether the action of the substance was to remove 
the OH• radical or simply a chelating eff ect (Huang et al., 
2005).

ApG exhibited significant activity in the removal of 
hydroxyl radical OH• present in the reaction medium, 
suggesting that this eff ect may be due to antioxidant activity. 
Thus the data suggest a possible capacity of cellular protection 
against damage to protein biomolecules in vivo that needs to be 
investigated further. Our compound has antioxidant properties 
similar to uguenenprenol and 7-O- methylaromadenrin against 
removal of the hydroxyl radical in vitro. On the other hand, 
compounds 11a and the elemodiol furoquinoline skimmianine 

alkaloids demonstrated lower antioxidant capacity at all 
concentrations tested in vitro (Kiplimo et al., 2012).

ApG significantly decreased the production of nitrite, 
again demonstrating its antioxidant properties against 
damage caused by free radicals; therefore it is possible that 
ApG produces a more stable interaction with specifi c types of 
lipids. In a system rich in lipids such as a lipid TBARS assay, 
with lower affi  nity for hydrophilic portions of amphipathic 
lipids, they are more susceptible to damage caused by radicals, 
allowing the start of the chain reaction of lipid peroxidation 
(Guimarães et al., 2010).

These results suggest that the protection against chain 
reactions of lipid peroxidation, observed in the TBARS 
assay, is probably due to interaction of components of ApG 
with hydroxyl radicals which are derived reactive oxygen 
species (ROS), instead of NO2

– which is a derived reactive 
nitrogen species (RNS). Although ApG has shown an eff ect 
in the removal of NO2

– at certain concentrations, some of its 
components will likely increase production of NO2

– when 
present in higher concentrations or cancel this eff ect against 
NO2

– at lower concentrations of ApG. Compared to other 
studies (Park et al., 2006 and Yi et al., 2008), the compound 
evaluated presents a better eff ect against the formation of 
ERNS.

In assay with various substances for in vitro determination 
of acetylcholinesterase activity, the values were evaluated for 
the 50% inhibitory concentration (IC50) of two pure fl avonoids 
mentioned in the literature as inhibitors of AChE, quercetin 
(Orhana et al., 2007; Khan et al., 2009) and macluraxanthone 
(Khan et al., 2009) that inhibited the enzyme with IC50 values 
of 353.86 and 8.47 μmol/l, representing a 76.2% inhibitory 
eff ect against AChE.

ApG showed an IC50 value of 1.91 μmol/l, a value that 
is close to the range of IC50 values found in the literature for 
galanthamine (0.39 to 1.5 μmol/l), a substance of natural 
origin used for the treatment of Alzheimer’s disease (Hillhouse 
et al., 2004; Kisslinget al., 2005; Adsersen et al., 2006).

Several studies have demonstrated a possible action 
of fl avonoids as antioxidants, and it is established that the 
mechanism of action is based on the modulation of important 
intracellular signal pathways for cell function. Furthermore, a 
glicidic portion of the molecule is required for AChE inhibition 
(Fan et al., 2008). Its low toxicity and high accessibility have 
proven to be the most favorable path in obtaining biologically 
active compounds to prevent and treat damage caused by 
oxidative stress (Gomes et al., 2008). The enzyme inhibited 
by these compounds can be unstable, and its regeneration 
is relatively fast compared to other compounds, so that 
the compound can enhance cholinergic stimulation more 
eff ectively.

Given the results, this study will contribute to future 
investigations on bioactive molecules such as apigenin 
7-O-glucopyranoside, originated from a natural compound 
that has shown promising results in in vitro antioxidant tests 
that need to be explored in vivo, to justify its possible use in 
pharmacological tests that simulate disease for its antioxidant 
properties observed in vitro. More studies are necessary to 
elucidate the possible mechanisms of antioxidant action, 
which could be used, after further research, to formulate 
pharmaceutical products for the prevention and/or treatment 
of Alzheimer’s pathology, associated with reduced cerebral 
neurotransmitters, especially acetylcholine.
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