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RESUMO: “Avalição da atividade antimicrobiana, antioxidante e fototóxica dos extratos e 
compostos isolados de Stachytarpheta cayennensis (Rich.) Vahl, Verbenaceae”. Stachytarpheta 
cayennensis (Rich.) Vahl, Verbenaceae, é uma planta utilizada na medicina popular brasileira 
contra úlceras e lesões de pele. Internamente é usada contra inflamações, febre, doenças renais 
e aterosclerose. Essa planta foi estudada com o objetivo de identificar os compostos bioativos 
majoritários que possam justificar seu uso terapêutico contra lesões de pele e arteriosclerose. A 
atividade antioxidante do extrato bruto etanólico, partições e os compostos majoritários isolados 
das raízes de S. cayennesis foi avaliada através de testes in vivo e in vitro. In vitro a atividade 
antioxidante foi avaliada pelo teste fotocolorimétrico do radical 2,2-difenil-1-picrilidrazil (DPPH•). 
In vivo, Saccharomyces cerevisiae, um modelo de célula eucariótica, foi utilizado tanto para avaliar 
a fototoxicidade quanto a capacidade antioxidante contra as espécies reativas de oxigênio (EROS) 
menadiona e peróxido de hidrogênio. O extrato, partições e os dois compostos majoritários isolados, 
verbascosídeo e ácido betulínico foram capazes de aumentar a sobrevivência e diminuir a peroxidação 
lipídica de S. cerevisiae contra EROS. Verbascosídeo apresentou atividade antimicrobiana moderada 
contra Streptococcus pyogenes, S.epidermidis e Staphylococcus aureus. O extrato etanólico e as 
partições testadas não apresentaram fototoxicidade, indicando que S. cayennensis é uma planta 
segura para o tratamento de lesões de pele e como possível ingrediente em cosméticos.

Unitermos: Stachytarpheta cayennensis, antioxidante, antimicrobial, fototoxicidade, arilpropanoide 
glicosilado, ácido betulínico.

ABSTRACT: Stachytarpheta cayennensis (Rich.) Vahl, Verbenaceae, plant extract, is a 
Brazilian medicinal plant externally used in folk medicine for purulent ulcers, skin lesions 
and internally for inflammations, fever, renal disorders and atherosclerosis. S. cayennesis was 
studied to identify potential bioactive compounds that may justify their therapeutic use against 
skin lesions and atherosclerosis. The antioxidant, antimicrobial and phototoxicity capacities of 
the crude ethanolic extract, fractions and isolated compounds from roots of S. cayennesis were 
evaluated through in vivo and in vitro tests. Strains of Saccharomyces cerevisiae, an eukaryotic 
cell model, were used to assess both the phototoxicity and the capacity to protect against the 
lethal oxidative stress caused by menadione and hydrogen peroxide. The extract, fractions 
and the two major isolated compounds, verbascoside and betulinic acid, of S. cayennensis 
were able to increase the tolerance and decrease the lipid peroxidation of S. cerevisiae to 
reactive oxygen species (ROS). The antioxidant activity was also evaluated by scavenging 
of 2,2-diphenyl-1-picrylhydrazyl (DPPH•). Verbascoside exhibited a moderate antimicrobial 
activity against Streptococcus pyogenes, S.epidermidis and Staphylococcus aureus. Neither 
the ethanolic extract nor fractions showed phototoxicity, indicating that the S. cayennensis 
extract is safe for use in the treatment of skin lesions and as an active cosmetic ingredient. 
 
Keywords: Stachytarpheta cayennensis, antioxidant, antimicrobial, phototoxicity, arylpropanoid 
glycosides, betulinic acid.
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Evaluation of antimicrobial, antioxidant and phototoxic activities of extracts and isolated compounds from Stachytarpheta cayennensis (Rich.) 

INTRODUCTION

 Natural compounds from medicinal plants 
have aroused much attention, and increasing 
efforts have been made to search for plant-derived 
antioxidants and antimicrobial agents (Belinha et al., 
2008; Mothana & Lindequist, 2005). On the other 
hand, photosensitization caused by medicinal plants 
used in folk medicine, has been involved with a number 
of clinical skin syndromes, like dermatitis (Freitas et 
al., 2000; Montoya et al., 2005). The disturbances in 
the regulation of free radical  and reactive oxygen 
species (ROS) processes in the organism is among the 
factors leading to several pathologies such as diabetes, 
Alzheimer, atherosclerosis, inflammatory disorders, 
myocardial infarction, cancer, and many others diseases 
(Amaral et al., 2009; Belinha et al., 2008; Parejo et al., 
2003; Prior 2004).
 Stachytarpheta cayennensis (Rich.) Vahl, 
Verbenaceae, is an herbaceous plant, popularly known 
as “gervão-roxo”. Its leaves and roots are used in folk 
medicine in Brazil and other countries encompassing 
the Amazon rainforest to treat inflammation, varicose 
ulcers, fever, hepatic and renal disorders, hypertension 
and diabetes (Penido et al., 2006; Schapoval et al., 
1998). Recently the anti-inflammatory, antinociceptive, 
gastroprotective and Leishmanicidal properties of 
ethanolic extracts were assessed (Moreira et al., 2007; 
Penido et al., 2006; Schapoval et al., 1998). 
 In the present work, the antimicrobial, 
antioxidant and photoxicity properties of S. 
cayennensis were investigated, despite its important 
ethnopharmacological uses against skin lesions, 
abscesses and atherosclerosis (De Souza, 2004). The 
crude ethanolic extract, ethyl acetate and chloroform 
fractions and the two major isolated compounds 
from these fractions, verbascoside and betulinic 
acid, of S. cayennensis were evaluated for its 
capacity to protect Saccharomyces cerevisiae cells, 
an eukaryotic cell model, against the lethal oxidative 
stress caused by menadione (superoxide radical 
generator) and hydrogen peroxide. S. cerevisiae was 
also used to evaluate the phototoxic effect of crude 
ethanolic extract and fractions. The 2.2-diphenil-
1-picryl-hydrazyl-hydrate (DPPH•) free-radical 
assay was used as a complementary method for 
evaluation of antioxidant activity of S. cayennensis. 
The well-established antibacterial properties of 
several phenolics compounds of medicinal plants 
(Jimenez & Riguera 1994; Didry et al., 1999) and 
the ethnopharmacological use of S. cayennesis 
prompted us to evaluate the antimicrobial activity 
of the ethanolic extract, fractions and the two major 
arylpropanoid glycosides of S. cayenensis against 
several strains of both Gram-positive and Gram-
negative bacteria.

MATERIAL AND METHODS

Reagents

Collection and Extraction of Plant Material

 Roots of Stachytarpheta cayennensis (Rich.) 
Vahl, Verbenaceae, were collected at Conceição 
lake, Florianópolis, Santa Catarina, Brazil. Botanical 
identification was done by Inês M. Oliveira da Silva from 
the Department of Botany at Universidade Federal Rural 
do Rio de Janeiro where a voucher specimen is deposited 
(RBR 5979). The air-dried and powdered roots (367.8 
g) were placed in a Soxhlet apparatus and exhaustively 
extracted with n-hexane followed by ethanol, yielding 
5 g and 48 g of crude hexane and ethanol extracts, 
respectively. High-speed counter-current chromatography 
(HSCCC) was applied to the preparative separation of 
the compounds verbascoside (300 mg, isoverbascoside 
(17 mg) and martynoside (54 mg) from the ethyl acetate 
fraction and is described elsewhere (Leitão et al., 
2005). Betulinic acid (45.0 mg) was obtained from the 
chloroform fraction.
 Menadione,1,1-diphenyl-2-picrylhydrazyl 
(DPPH), vanillin, 8-methoxypsoralen (8-MOP) and 
quercetin were obtained from Sigma Chemicals and 
H2O2 was purchased from Merck. Media components 
were obtained from Difco. All organic solutions used 
for HSCCC were of analytical grade and purchased from 
Tedia Brazil.

Selection of two-phase solvent system by the tube 
partitioning test

 A small quantity of the chloroform fraction of the 
roots of S. cayennensis was dissolved in a series of test 
tubes containing the solvent systems CH2Cl2:EtOH:H2O 
(1:1:1, 1.5:1:1, 2:1:1 v/v) and n-hexane: CH2Cl2:EtOH:H2O 
(1:0.5:1:1, 1:1:1:1, 1:2:1:1 v/v). The test tubes were 
shaken and the compounds allowed to partition between 
the two phases. Equal aliquots of each phase were spotted 
beside each other separately on silica gel TLC plates and 
developed with the solvent system CHCl3:EtOAc 3:2. The 
results were visualized under UV light and by spraying 
with vanillin-sulfuric acid (1%) solution followed by 
heating. The gradient solvent gradient system was defined 
as hexane:CH2Cl2:EtOH:H2O (1:1:1:1, 1:2:1:1 v/v).

High-Speed Countercurrent Chromatography 
(HSCCC) separation procedure

 The sample was prepared by dissolving 400 mg 
of the chloroform fraction from S. cayennesis in 2.5 mL 
of each phase of the solvent system and loaded into an 
injection valve (Rheodyne model 5010 A) equipped with 
a 5 mL loop. A P.C Inc counter-current chromatograph 
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equipped with a multi-layer coil equilibrated by a 
counterweight was used. The 80 mL coil was initially 
filled with the stationary upper phase of the solvent 
system. Then, rotation started (850 rpm) and the lower 
mobile phase was pumped into the coil in the head to 
tail (H→T) direction at a flow rate of 2.0 mL/min until 
hydrodynamic equilibrium was achieved. Under these 
conditions, the retention of the stationary phase (SF) in 
the coil was 82.5 % (Vm=14.0 mL). CCC rotation was 
interrupted in tube 60 and the coil content (organic 
and aqueous phases) was collected (“wash-off”), 
giving a total of seventy fractions, of 5.0 mL each. All 
fractions obtained by CCC were analyzed by TLC using 
dichloromethane: acetone:methanol (2:1:0.5) as eluent. 
The major compound, betulinic acid, was obtained in 
fractions (FC 38-40) and identified by 1H and 13C NMR 
spectroscopy and the data compared with those from the 
literature (Mahato, 1994).

Phototoxicity analysis

 Phototoxic activity of the extracts was 
evaluated in a microbiological assay employing a wild 
strain of S. cerevisiae carried out under previously 
described conditions (Freitas et al., 2000). To evaluate 
phototoxic activity the crude ethanolic extract from S. 
cayennensis as well as its chloroform, ethyl acetate and 
butanol fractions were suspended in ethanol to a final 
concentration of 50 mg/mL. As positive control, the 
standard synthetic drug 8-methoxypsoralen (8-MOP) 
was employed, while ethanol was used as negative 
control of the assays. Afterwards, 10 µL of samples, as 
well as positive and negative controls were applied in 
Whatman nº 1 sterile paper filter discs (6 mm diameter), 
which were fixed on the culture plates. Control plates 
with test samples were kept in the dark. Culture plates 
were observed after 24 h for the presence of a clear 
zone of growth inhibition around the samples. The 
appearance of a clear zone around the sample discs 
after irradiation (UVA radiation 300-390 nm) indicated 
growth inhibition and was consequently suggestive of 
phototoxic activity. This should be absent in culture 
plates maintained in the dark. Assays were made in 
triplicate for each sample under analysis.

Antimicrobial assay and bacterial strains 

 The following microorganisms were employed 
for determination of antimicrobial activity: Escherichia 
coli ATCC 25922 (American Type Culture Collection, 
Rockville, MD), Pseudomonas aeruginosa (ATCC 
15422), Staphylococcus aureus (ATCCC 25923), 
Staphylococcus aureus MRSA (9393) Streptococcus 
pyogenes (ATCC 75194), S .epidermidis (557H9), S. 
saprophyticus (O-015), Salmonella typhi (ATCC 6534), 
Shigella sonnei, E. faecalis (ATCC 6569), S. pneumoniae 

(5128), B. subtlilis (ATCC 19659), E. coli (ATCC 25922) 
and Groups A (75-301), B (90-356), C (75-302), D (75-
335) and G (08-119). All of the bacterial cultures were 
grown in nutrient broth at 36 °C for 24 h and maintained 
in nutritive agar at 4 °C until use. 

Agar diffusion method and estimation of Minimal 
Inhibitory Concentrations (MIC) 

 The study was carried out against several Gram-
positive and Gram-negative bacteria using the agar 
diffusion method to determine the antimicrobial activity 
described by Ellen et al. (1994). Negative controls were 
done using paper discs loaded with 20 µL of the solvents. 
Positive control was Cloranfenicol at 30 µg/mL using 
only the agar diffusion method and expressed in inhibition 
zones (mm): (S. pyogenes=32 mm; S. aureus=25 mm; S. 
epidermidis=23 mm). Cotton swabs charged with each 
bacterial suspension (106 CFU/mL) were inoculated 
on plates and the bacteria were spread evenly over the 
surface of the agar medium. Wells of 6 mm diameter 
were aseptically cut, poured into sterile Petri Plates (15 
cm diameter), inoculated with microbial cell suspension 
and were impregnated with 20 µL of extract, fractions 
or solutions and isolated compound (equivalent to 5 mg/
disc of the dried extract) and after evaporation, the wells 
were placed on the surface of the inoculated agar plates. 
The plates were incubated at 36 °C for 24 h and examined 
for indicator strain growth inhibition. The diameters of 
the inhibition zones were measured in millimeters. A 
positive result was defined as a zone of 9 mm or more 
in diameter of inhibited growth of bacterial strain and 
indicated the presence of antimicrobial activity (Mothana 
& Lindequist, 2005). The estimations were carried out in 
liquid media which contained the most active fraction. 
Serial two-fold dilutions of fractions were prepared in 
broth. Cultures containing only sterile physiological 
Tris buffer (pH 7.3, 0.05 M), which did not influence 
bacterial growth, were used as controls. To each test tube 
an equal volume of the adjusted inoculum was added. 
After incubation at 36 °C for 24 h the MIC was read. 
The minimal inhibitory concentration (MIC) was defined 
as the lowest concentration of a fraction which was able 
to completely inhibit the growth of each bacterial strain 
(Schoenknecht et al., 1985). 

DPPH antioxidant analysis

 The antioxidant activity of the extract, fractions 
and isolated compounds from S. cayennensis were 
measured by the 2,2-diphenyl-1-picryl-hydrazyl-hydrate 
(DPPH) radical scavenging photometric assay according 
previously published papers (Parejo et al., 2003; Silva et 
al., 2009). Positive controls were prepared with standard 
solutions of Ginkgo biloba and quercetin which are 
known by its free radical scavenging property (Silva et 
al., 2009; Zhou & Sadik, 2008). 
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In vivo antioxidant analysis

 This experiment was carried out by the 
method of Steels et al. (1994), Pereira et al. (2003) and 
Silva et al. (2009). The S. cerevisiae wild type strain 
BY4741 (MATa; his3; leu2; met15; ura3) used in the 
in vivo antioxidant assays was acquired from Euroscarf, 
Frankfurt, Germany. Cells were directly exposed to 2 
mM hydrogen peroxide or 20 mM menadione for 1 h at 
28 °C/160 rpm, or previously treated with 0.1 mg/mL of 
extracts (crude, ethyl acetate or chloroform extracts) or 10 
µg/mL of two major isolated compounds (verbascoside 
and betulinic acid, respectively) for 1 h at 28 °C/160 
rpm before being stressed. To choose the doses used in 
the adaptive treatments, cells were exposed to increased 
concentrations of plant extract/isolated compounds and 
then spotted adjacently on YPD agar plates incorporating 
peroxide or menadione. The concentration chosen was 
the lowest that could improve cell growth compared 
to control exposed to stress without being treated with 
plant extracts/isolated compounds. Cell viability was 
analyzed by plating, in triplicate, on solid YPD medium, 
after proper dilution. Positive controls were those using 
the standard solutions of Ginkgo biloba and quercetin 
(Silva et al., 2009, Zhou & Sadik, 2008). The results 
were expressed as a ratio between lipid oxidation level of 
stressed cells and non-stressed cells.

Statistical Analysis

 Data were expressed as mean values±SD of 
at least three independent experiments. Values were 
compared by the Student's t-test. The latter denotes 
homogeneity between experimental groups at p<0.05.

RESULTS AND DISCUSSION

Phototoxic assay

 It is necessary to analyze the phototoxicity of 
medicinal plants used for topical treatments (Wilhelm 
et al., 2001). One of the ethnopharmacological uses of 
S. cayennesis is to treat sore skin wounds applied as a 
plaster for abscesses (De Souza, 2004). The relatively 
scarce amount of published data regarding screening 
of phototoxic activity of plant extracts employed as 
infusions and cosmetics, led us to investigate the effect 
of an ethanolic extract from S. cayennensis as well as 
chloroformic, ethyl acetate and butanolic fractions 
obtained from it. Neither the ethanol extract from S. 
cayennensis nor its fractions inhibited of S. cerevisiae 
growth after irradiation under ultraviolet light and in 
the dark. Data is, therefore, suggestive of the absence of 
phototoxic activity for S. cayennensis or at least for its 
major components. Verbascoside, for example, has been 
shown by Avila Acevedo et al. (2005) to provide chemical 

defense against UV radiation by guinea pig bioassays. 
On the other hand, irradiation of culture plates containing 
the positive control 8-methoxypsoralen (8-MOP) led to 
a 23 mm diameter inhibition. Similar inhibition has also 
been observed for ethanol extracts from Ruta graveolens 
e Citrus spp in previous studies (Ramos et al., 2005).  
Therefore, we can conclude that the S. cayennenis are 
safe for topical therapies.

Protection against antibacterial damage

 The ethanol extract of S. cayennesis showed 
activity by agar diffusion method only against S. 
pyogenes (20 mm) and the hexane extract (12 mm). 
Among all extracts of S. cayennensis and fractions, 
only the ethyl acetate fraction (EAF) from the ethanol 
extract, showed activity by agar diffusion method 
against the B. subtillis (10 mm), S. saprophyticus (11 
mm), S. epidermidis (16 mm), S. aureus (15 mm), and 
S. pyogenes (25 mm). Butanol fraction showed activity 
only against the S. aureus (10 mm) and S. pyogenes 
(22 mm). The DPPH• antioxidant and antimicrobial 
activities of butanol fraction could be connected to the 
presence of the same arylpropanoid glycosides isolated 
from the EAF fraction, as noted in the chromatographic 
profile (De Souza 2004). Thus, the EAF fraction was 
subjected to a chromatographic purification by high-
speed countercurrent chromatography (HSCCC) to give 
the verbascoside, isoverbascoside and martynoside. 
However, only the two major arylpropanoid glycosides 
verbascoside and martynoside were subject of 
antimicrobial assays. The combinations of phenols 
compounds often exert additive or positive synergistic 
action against the growth of microorganisms (Aliotta 
et al., 1992; Williamson, 2001). In this respect, we 
believe that the mixture of verbascoside, martynoside 
and isoverbascoside of the EAF fraction shows greater 
antibacterial inhibition when compared to other 
fractions of S. cayennensis. On the other hand, only 
the S. pyogenes was more sensitive to the EAF using 
the agar diffusion method and as minimum inhibitory 
concentrations (MIC) (25 mm; 80 µg/mL). All to 
others fractions were not actives even at the highest 
concentration used by MIC (1000 µg/mL). Moderate 
antibacterial efficacies were shown by verbascoside (20 
mm; 62 µg/mL) and martynoside (22 mm; 40 µg/mL) 
against S. pyogenes. Martynoside was not tested to the 
others microorganisms. Moderate antibacterial activity 
against S. aureus was shown also by verbascoside 
(13 mm; 63 µg/mL) and S. epidermidis (20 mm; 32 
µg/mL) and its observed antimicrobial activity is in 
agreement with literature data (Rigano et al., 2007). 
The antimicrobial results suggest that the arylpropanoid 
glycosides isolated may provide a useful application in 
medicine, because in certain immuno-compromised 
patients S. epidermidis, S. aureus and S. pyogenes can 
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be a prominent source of morbidity and mortality. These 
microorganisms are the cause of many important human 
diseases from superficial skin infections (Bowden et al., 
2002, Berner et al., 2000). 

In vivo and in vitro antioxidant assay of S. 
cayennensis

 All arylpropanoid glycoside compounds isolated 
from ethyl acetate fraction (EAF) showed outstanding 
DPPH• scavenger activities with antioxidant capacity 
(Table 1) when compared to the Ginkgo biloba extract and 
quercetin, which were used as standards due to their well-
established antioxidant activity (Silva et al., 2009; Zhou 
& Sadik, 2008). Therefore, the DPPH• radical scavenging 
activity of the studied compounds and fractions may be 
attributed to the presence of phenolic hydroxyl group 
when compared to the chloroform fraction which does 
not contain such compounds. The antioxidant capacity 
of phenolic compounds, bearing two or four phenolic 
hydroxyl groups in the structure have been recognized to 
function both as electron and hydrogen donors (Van Acker 
et al., 1993). Thus, the number of phenolic hydroxyl groups 
may play an important role in their scavenging activity 
(Roginsky et al., 1996). The results from the DPPH• 
experiments (Table 1) thus confirm that both H• donating 
ability and the antioxidant activity are more pronounced 
in the verbascoside (10.10±0.24) having the free phenolic 
OH groups compared to the martynoside. However, it is 
likely that the methoxy substitution may introduce steric 
hindrance, resulting in significant reduction in the rate 
constant with DPPH• radicals as observed in methoxylated 
compounds like martynoside (23.33±2.50).

Table 1.  Evaluation of the antioxidant capacity of 
Stachytarpheta cayennensis (Rich.) Vahl, Verbenaceae 
extracts and the isolated compounds against DPPH by radical 
scavenging activity was expressed as IC50 (R2≥0.97) and 
compared to standard Ginkgo biloba extract and quercetin. 
All fractions and isolated compounds from ethanolic extract, 
except for G. biloba (GBE) and quercetin (Q), as described in 
material and methods. Values are mean±SD of at least three  
independent experiments and statistically different (p<0,05).

Extracts, fractions and isolated compounds from  
S. caynnensis IC50 (μg/mL)

Ethanolic extract 62.21±1.82

Chloroform fraction 59.51±1.81

Ethyl acetate fraction 15.16±0.72

Butanolic fraction 34.84±2.25

Verbascoside 10.10±0.24

Isoverbascoside 11.40±1.13

Martynoside 23.33±2.50

G. biloba extract  
Quercetin 

26.60±0.00 
65.00±0.00

 

 Characterizing antioxidant solely on the basis of 
ability to scavenge free radicals is inadequate. Thus, we 
also evaluated the antioxidant activity of S. cayennensis 
extract, fractions and our two major isolated compounds, 
verbascoside and betulinic acid, using the yeast S. 
cerevisiae. S. cerevisiae was chosen as a model due to the 
availability of the complete genomic sequence and the 
apparent similarity of the defense mechanisms in yeast 
and human cells (Foury 1997). 
 S. cereviseae cells growing exponentially on 
glucose are very sensitive to an oxidative stress, because 
under these conditions they only ferment and do not 
oxidize glucose (Pereira et al., 2003). However, the use 
of antioxidants can help protect against oxidative stress, 
increasing cellular tolerance (Dai et al., 2006). We tested 
different methods of stimulating oxidative stress: by 
use of hydrogen peroxide (H2O2) or menadione. Both 
menadione and H2O2 can generate the hydroxyl radical 
(HO•), the most toxic reactive oxygen species (ROS) 
(Roginsky et al., 1996; Belinha et al., 2007). Menadione 
can also cause an oxidative stress by forming a complex 
with glutathione, the main antioxidant thiol (Steels et al., 
1994). 
 According to Figure 1A, the crude ethanol 
in extract (CEE), ethyl acetate fraction (EAF) and 
chloroform fraction (CF) fractions of S. cayennensis 
resulted in a 2-fold increase in the cellular survival 
against oxidative stress by superoxide (O2

-) induced by 
menadione. The celular survival was comparable to the 
increase observed when the cells were treated with G. 
biloba extract. Verbascoside presented a 7-fold increase 
of cellular viability in comparison to the cells stressed 
by menadione, while betulinic acid showed an 11-fold 
increase in cell viability. Both results are more significant 
than the ones presented by the quercetin standard (Figure 
1A). When hydrogen peroxide (H2O2) was used as inductor 
of oxidative stress, it was observed that the extracts and 
fractions of S. cayennensis showed similar increases of 
cellular survival to the one verified in the stress induced 
by menadione. Verbascoside exhibited a 9-fold increase 
of cellular viability, while betulinic acid showed a similar 
effect compared to the standard compound quercetin 
(4-fold) (Figure 1B). It is generally considered that the 
peroxidation inhibition of an antioxidant may be due to 
the free radical scavenging activity. The CEE and the 
EAF samples reduced lipid peroxidation levels in the 
menadione induced stress (Figure 2A). This reduction can 
be related to the increase of cellular survival observed in 
treatment with those samples, according to Figure 1A. 
The CF remained at the same levels as those of the no 
treated cells, indicating that its mechanism to increase 
the antioxidant activity through cellular tolerance is 
not motivated by the lipid peroxidation levels decrease 
(Figure 2A). Betulinic acid isolated from the CF fraction 
was able to decrease the lipid peroxidation to similar 
levels as those of verbascoside. These results suggest 
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that the increase of cellular survival observed with both 
isolated compounds can be related to the reduction of 
lipid peroxidation in the stress by menadione (Figures 
1A and 2A). On the other hand, betulinic acid presented 
an increase of cellular viability greater than the one 
presented by verbascoside, which may indicate that other 
modes of action may be involved. 
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Figure 1. Effect of plant extracts and isolated compounds on 
cell viability after stress with 20mM menadione (A) and 2 
mM hydrogen peroxide (B). GBE: Ginkgo biloba; CEE: crude 
ethanol extract; EAF: ethyl acetate fraction; CF: chloroform 
fraction; Q: quercetin; V: verbascoside; BA: betulinic acid. 
Values are mean±SD of at least three independent experiments 
and statistically different (treated cells vs. non-treated cells; 
p<0.05).

 According to Figure 2B, the EAF fraction 
showed an improved decrease of the lipid peroxidation 
levels in the stress induced by H2O2 in comparison 
with the CEE extract and CF fraction. This reduction 
associated to the increase of cellular viability (Figure 1B) 
may indicate possible positive synergistic effects caused 
by other arylpropanoid glycosides isolated from this 
fraction (Williamson, 2001). The results obtained from 
the present study confirmed the significant antioxidant 
effect of verbascoside and of betulinic acid from S. 
cayennensis using an in vivo assay, suggesting that the 
roots of this plant is a potential source of antioxidants.
 In conclusion, the coexisting presence in S. 
cayennensis of anti-inflammatory, anti-ulcerogenic 
(Penido et al., 2004), antinociceptive (Schapoval et al., 
1998), leishmanicidal (Moreira et al., 2007), antibacterial 
and antioxidant properties, without phototoxicity, suggest 
that this plant may provide a useful co-adjuvant strategy 
for use in folk medicine. Betulinic acid was first identified 
at the Stachytarpheta genus. 
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Figure 2. Effect of plant extracts and isolated compounds on 
lipid peroxidation after stress with 20 mM menadione (A) and 
2 mM hydrogen peroxide (B). NT: not treated; GB: Ginkgo 
biloba; CEE: crude ethanol extract; EAF: ethyl acetate fraction; 
CF: chloroform fraction; Q: quercetin; V: verbascoside; BA: 
betulinic acid. Values are mean±SD of at least three independent 
experiments and statistically different (treated cells vs. non-
treated cells; p<0.05).
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