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effect, flavonoids have been demonstrated to have 
important antimicrobial and antiplatelet aggregation  
properties.[9-11] The principal compounds isolated 
from these species are: quercetin and quercitrin 
(3-rhamnosylquercetin).[12,13] The glycosylated flavonoid 
quercitrin has been reported as one of the main 
components in the aerial parts of Solidago chilensis.[14] 
Other compounds have been isolated from the Solidago 
species, such as, sesquiterpenes, labdane diterpenes, 
saponins, chlorogenic acid and caffeic acid.[13,15-18] Some 
of the mentioned compounds have antimicrobial and/ or 
antiplatelet aggregation activities.[19-28]

In the present study we undertook to evaluate the 
potential antimicrobial effects against micro-organisms 
implicated in infectious diseases, as well as the platelet 
anti-aggregation activity of the aqueous extract and its 
derived fractions obtained from Solidago chilensis Meyen 
rhizomes.

MATERIALS AND METHODS

Plant Material
The rhizomes of Solidago chilensis Meyen were collected 
in Caibi, Santa Catarina State, Brazil. They were 
collected in March 2005, and were identified by the 
botanist Prof. Dr. Daniel Falkenberg of the Department 
of Botany at the Federal University of Santa Catarina, 

INTRODUCTION

Solidago species have been used in folk medicine for 
the treatment of various inflammatory and infectious 
processes.[1] Studies using in-vitro and in-vivo models 
have demonstrated that plants of this genus have 
important antimicrobial, analgesic, antineoplasic and 
antioxidant effects.[2-5]

In South America, the most abundant species is 
Solidago chilensis Meyen sinonimia Solidago microglossa 
(Asteraceae) and it is widely used in the popular 
medicine of several countries of this continent. In 
Brazilian popular medicine, it is recommended as a 
diuretic, analgesic and anti-inflammatory to treat burns 
and rheumatic disease, among other conditions.[6] There 
are few pharmacological studies demonstrating the 
biological activity of this species, although one study 
reports antimicrobial activity.[2]

Furthermore, in the case of Solidago chilensis Meyen, 
despite its wide utilization and presence in the Brazilian 
Pharmacopoeia, the pharmacological and chemical 
investigations are rather scarce.[7]

From the chemical point of view, flavonoids and their 
derived compounds have been isolated from the 
Solidago species.[8] Besides their anti-inflammatory 
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Florianópolis, SC, Brazil, where the voucher specimen was 
conserved under reference number FLOR34674.

Preparation of the Extract and its Derived Fractions, and 
Isolated Procedures for Compounds
Solidago chilensis Meyen rhizome was air-dried at 
room temperature for seven days. Subsequently, the 
powdered rhizome was filtered and concentrated with a 
rotaevaporator to obtain the aqueous extract (AE). AE was 
extracted using hot water at 90°C (plant : solvent, 1 : 10, w/v) 
under infusion for 10 minutes, yielding 12%. Thereafter, 
the extract was filtered and an aliquot was lyophilized 
(Edward® E-C Micromodulyo Freeze-Dryer, USA). Part of 
the aqueous extract of the rhizome was partitioned three 
times with 50 mL of n-butanol, resulting in the butanolic 
fraction (yield 12.9%) and aqueous residual fraction (yield 
87.1%). These fractions were evaporated under reduced 
pressure at a temperature below 50°C, yielding dry 
residues, considered as the butanolic (BuOH) and aqueous 
residual (AR) fractions.

In accordance with results obtained in the  in-vivo studies 
from the BuOH fraction of Solidago chilensis, some 
compounds were isolated.

The chemical composition of the BuOH fraction was 
analyzed by TLC. For TLC analysis, the following conditions 
were used: aluminum sheets coated with silica gel F254 
(Merck), as adsorbent, toluene : chloroform : acetone (40 : 25 : 
35 v/v/v) and ethyl acetate : isopropanol : H2O : methanol : 
acetic acid (80 : 20 : 20 : 10 : 2 v/v/v/v/v) as the mobile 
phases and diphenylboryloxyethylamine (1%) in methanol 
(NP Reagent A) and anisaldehyde sulphuric acid as color 
reagents. The spots were observed under UV light at 254 
and 366 nm. The caffeic and chlorogenic (5-o-caffeoylquinic) 
acids were used as authentic samples in the TLC analysis. 
Finally, to confirm the identification of these compounds 
HPLC analysis was carried out on Shimadzu (SCL-10A, 
LC-10AD model and SPD-10AV, UV detector) instrument. 
The presence of caffeic and chlorogenic acids in the BuOH 
fraction was compared with the reference substances.

Antimicrobial Assay
Micro-organisms and media
Tests were performed against the following micro-organisms: 
Staphylococcus aureus (ATCC 25922), Escherichia coli (ATCC 
25923) and Pseudomonas aeruginosa (ATCC 27853), acquired 
from the American Type Culture Collection (ATCC).

The identification of strains was confirmed by the use of 
biochemical profiles according to the recommendations of 
the Manual of Clinical Microbiology.[29] All organisms were 
maintained in brain-heart infusion (BHI medium) containing 
30% (v/v) glycerol at 20°C. Before testing, the suspensions 

were transferred to trypticase soy broth, supplemented with 
5% sheep blood (Difco) and aerobically grown overnight at 
35°C. The inocula were prepared by adjusting the turbidity 
of the suspension to match the 0.5 McFarland standards on 
saline solution (0.9 %).

Minimal inhibitory concentration
The broth microdilution method was used to determine 
the minimal inhibitory concentration (MIC) of the Solidago 
chilensis rhizome aqueous extract and its derived fractions 
against the test micro-organisms as recommended by the 
National Committee for Clinical Laboratory Standards 
(NCCLS).[30] This test was performed on sterile 96-well 
microplates. The aqueous extract and its derived fractions 
were carefully prepared and transferred to each microplate 
well, in order to obtain a twofold serial dilution of the 
original extract (from 1 : 2 to 1 : 256 starting from the 
concentration of 50 mg/mL).

The inocula (10 µL), containing 5 × 105 CFU/mL of each 
micro-organism were added to each well. Bacterial solution 
was made in sterile water with absorbance from 0.08 to 0.10 
within 620 nm (ELISA Plate Reader - Organon Tecknica, 
Roseland, New Jersey, USA). A number of wells were 
reserved in each plate as negative control (no inoculum 
added), positive control (no extract added) and reference 
drug control (inoculum with gentamicin from 100 to 
0.1 μg/mL).[31] Plates were aerobically incubated at 35°C. 
After incubation for 18-24 hours, the bacterial growth 
was evaluated by addition of a methanol solution (5 mg/
mL) of 2,3,5 triphenyltetrazolium chloride (TTC; Vetec),  
which was used to detect bacterial growth by a color change 
to red.

Antiplatelet Aggregation Assay
Isolation of platelets
The preparation of human platelets was performed as 
described previously.[32] In brief, nine parts of blood 
collected by venipuncture were drawn into one part of 
3.8% trisodium citrate. Platelet-rich plasma (PRP) was 
prepared by centrifugation at 400 × g, for 6 minutes, at 
22°C. Platelets were adjusted to 3.0 × 108 cells/mL with 
sterile saline.

Measurement of platelet aggregation
The platelet aggregation (PA) was determined by the 
turbidimetric method using a Chronolog aggregometer. [33] 
Aliquots of 400 µL of a human platelet suspension were 
transferred into a small cuvette and stirred at a constant 
speed of 180 × g at 37°C. The platelets were pre-incubated 
with the aqueous extract, different fractions of Solidago 
chilensis or vehicle (sterile saline) for 5 minutes at 37°C, 
before the addition of adenosine diphosphate (ADP-6 µM). 
The extent of aggregation (%) was recorded continually for 
5 minutes after addition of the agonist.
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Chemicals
The following drugs and reagents were used: glycerol 
and methanol (Synth, Diadema, SP, Brazil), trypticase soy 
broth (Oxoid, Basingstoke, UK), sheep blood (Newprov, 
Pinhais, PR, Brazil), adenosine diphosphate - ADP (Sigma, 
USA) and citrate (Fluka, Switzerland). Other reagents used 
were of analytical grade and were obtained from different 
commercial sources.

Data Analysis
Results are expressed as mean ± standard error of the 
mean (S.E.M.). Statistical evaluation by Student’s t-test 
was performed when only two value sets were compared, 
and one-way ANOVA followed by Dunnett´s test was 
used when the data involved three or more groups. The 
computer software used was GraphPad Prism 3.0. Data were 
considered significant if the P value was P < 0.05.

RESULTS

Antimicrobial Effect
The aqueous extract (AE) of Solidago chilensis rhizome 
and its derived fractions demonstrated important 
antimicrobial activity against the following bacteria: 
Pseudomonas  aeruginosa (ATCC 27853) with MIC values 
(AE: 3.1 mg/mL, BuOH: 12.5 mg/mL and AR: 6.2 mg/mL) 
[Table 1]. These  extracts also inhibited the Escherichia 
coli (ATCC 25923) growth with an MIC value of 6.2 mg/
mL for AE, BuOH and AR, and the Gram-positive 
bacterium Staphylococcus aureus (ATCC 25922) with 
MIC values (AE: 6.2 mg/mL, BuOH: 3.1 mg/mL and AR: 
6.2 mg/mL). As expected, gentamicin (40-0.31 μg/mL) 
demonstrated an important antimicrobial activity with 
MIC values of 0.62, 1.25 and 0.62 μg/mL for Pseudomonas 
aeruginosa, Escherichia  coli and Staphylococcus aureus, 

respectively [Table 1].

Antiplatelet Effect
Regarding platelet aggregation induced by ADP, it was 
found that the aqueous extract (AE) of Solidago chilensis 
Meyen and its derived fractions was effective in inhibiting 
the platelet aggregation stimulated by ADP (6 μM) (% of 
inhibition AE: 400 μg/mL: 45.0±4.0%, P = 0.00075, BuOH: 50-
400 μg/mL: 29.6±3.1 to 13.8±2.6%, P = 0.0004 and P = 0.0002, 
and AR: 400 μg/mL: 41.7±4.2%, P = 0.00063) [Tables 2-4].

DISCUSSION

Plants exhibit a wide range of biological effects. Furthermore, 
there are few reports in the literature elucidating the 
pharmacological activity of Solidago chilensis Meyen.

In this study we have demonstrated that Solidago chilensis 
Meyen has important an antimicrobial activity against both 
Gram-positive and Gram-negative micro-organisms that 
may be indicative of the presence of a broad spectrum of 
antibiotic compounds. In this study, the aqueous extract 
of Solidago chilensis Meyen was two-fold more effective 
in inhibiting the growth of Pseudomonas aeruginosa in 
comparison with the aqueous residual (AR) and four-fold 
in comparison with butanolic fraction (BuOH). However, 
the aqueous extract and its derived fractions (BuOH and 
AR) inhibited the growth of Escherichia coli at the same 
concentrations. Despite this, the butanolic fraction (BuOH) 
was two-fold more effective in inhibiting the growth of 
Staphylococcus aureus than AE and the aqueous residual 
fraction (AR).

Our results are in accordance with those of other studies that 
have demonstrated the antimicrobial effect of the Solidago 

Table 1: Antimicrobial activitiy of Solidago chilensis Meyen and its derived fractions
Compounds P. aeruginosa (ATCC 27853) 

(MIC – mg/mL)
E. coli (ATCC 25923)

(MIC – mg/mL)
S. aureus (ATCC 25922)

(MIC – mg/mL)

AE 3.1 6.2 6.2
BuOH 12.5 6.2 3.1
AR 6.2 6.2 6.2
Gentamicina 0.62 1.25 0.62
The data represent the MIC values (mg/mL) of aqueous extract (AE), butanolic (BuOH) and aqueous residual (AR) fractions isolated from Solidago chilensis Meyen rhizomes; 
a = Reference drug (µg/mL) for NCCLS/CLSI strain 

Table 2: Effect of aqueous extract of Solidago chilensis 
Meyen on the platelet aggregation induced by ADP-6  
µM

C AE 400 µg/mL AE 200 µg/mL AE 50 µg/mL

Mean 69.7 45.0* 67.3 66.2
SEM 1.7 4.0 1.1 1.4
n 10 5 5 3
The values represent the percentage of inhibition of aqueous extract (AE) isolated 
from Solidago chilensis Meyen rhizomes; C = control of platelet aggregation induced 
by ADP (6 µM); *P = 0.00075

Table 3: Effect of butanolic fraction of Solidago chilensis 
Meyen on the platelet aggregation induced by ADP-6 µM

C BuOH  
400 µg/mL

BuOH  
200 µg/mL

BuOH  
50 µg/mL

Mean 69.7 13.8** 17.6** 29.6*
SEM 1.7 2.6 1.4 3.1
n 10 5 5 5
The values represent the percentage of inhibition of butanolic fraction (BuOH) isolated 
from Solidago chilensis Meyen rhizomes. C = control of platelet aggregation induced 
by ADP (6 µM); *P = 0.0004; **P = 0.0002
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species.[1] Other studies have demonstrated that flavonoids, 
sesquiterpenes and labdane diterpenes and saponins 
have important antimicrobial activity.[10,21,24,27] There are 
rare studies that demonstrate the antimicrobial effect of 
chlorogenic acid and caffeic acid compounds, except those 
from Almeida et al. (2006) and Campos et al. (2003), who 
have shown that these phenolic compounds presented an 
important antimicrobial activity against Gram-negative and 
Gram-positive bacteria.[20,34] Campos et al. (2003), had also 
mentioned that the antimicrobial effect of chlorogenic acids 
may be due to their polar propenoic side chain.[34]

Our results also provided evidence that the aqueous 
extract of Solidago chilensis Meyen and its derived fractions 
(BuOH and AR) have an important antiplatelet property 
on account of the fact that they inhibit the ADP-induced 
aggregation platelets in human blood. These results 
are in accordance with those of the other studies which 
demonstrated that the flavonoid compounds isolated 
from many plants, including the Solidago species, inhibit 
platelet aggregation.[11] Nonetheless, it was shown that 
diterpenes have the antiplatelet activity of inhibiting 
cytosolic calcium mobilization in in-vitro studies.[25] Similar 
results demonstrated that diterpenoids isolated from 
Andrographis paniculata significantly inhibited thrombin-
induced platelet aggregation in a dose- and time-dependent 
manner.[22] Other studies have also demonstrated that 
saponins are effective in inhibiting platelet aggregation 
induced by ADP or cyclopiazonic acid (CPA) by blocking 
the receptor-dependent Ca2+ channels, inhibiting the Ca2+ 
influx of human platelets, and/or inhibiting the production 
of leukotriene B4 (LTB4).[19]

In the case of Solidago chilensis Meyen, we have isolated some 
compounds identified as chlorogenic acid and caffeic acid 
from the BuOH fraction. Other in-vitro studies have shown 
that caffeic acid derivatives are significantly effective in 
inhibiting shear-platelet activation, besides inhibiting the 
platelet aggregation induced by collagen, arachidonic acid 
and ADP.[26,28] Moreover, studies have demonstrated that 
caffeic acid derivatives significantly and in a concentration-
dependent manner, inhibit COX-1 activity of the lung 
homogenate of saline- or LPS-treated rats.[33] Moreover, it 
has also been shown that these compounds are effective 

in inhibiting COX-1 enzyme activity, which suppresses 
the expression of platelet activation.[35] Some of these 
antimicrobial and anti-aggregation platelet activities 
presented here may be attributed to these compounds, but 
further analysis needs to be carried out in order to clarify 
what other compounds are involved in these effects.

Our data support the interesting antimicrobial activity of 
Solidago chilensis Meyen aqueous extract and its derived 
fractions. The results may be indicative of the presence of a 
broad spectrum of antibiotic compounds in these fractions. 
Furthermore, the antiplatelet effect of Solidago chilensis has 
also been demonstrated.

Solidago chilensis Meyen may prove to be a valuable choice 
for studies targeted towards the development of new 
antimicrobial and antiplatelet agents.
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