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Abstract: Pfaffi a glomerata (Spreng.) Pedersen, Amaranthaceae, is widely distributed in 
Brazil. Roots are considered as the world’s greatest supplier and β-ecdysone is the most 
important compound extracted from roots of Pfaffi a glomerata. So, the aim this study 
was analyze the presence of β-ecdysone in the infl orescences and stems and compared 
with the content from roots of Pfaffi a glomerata and determine the best extractive 
method of β-ecdysone this plant. The crude extracts were obtained by Soxhlet method, 
refl ux, maceration, percolation and turbolyse. Compound extracts were quantifi ed by 
High Performance Liquid Chromatography (HPLC). The analysis were carried out a 
Phenomenex Column C18, 5 µm, 250x4,6mm, maintened at 30 oC, gradient system using 
as mobile phase a mixture of methanol and water, fl ow rate 1,0 mL and detection at 245 
nm. Results showed Soxhlet method with ethanol:water (90:10 v/v) presented the higher  
concentration of β-ecdysone in P. glomerata and infl orescences showed higher amount of 
this active substance (3,06%), compared with stems (2,37%) and roots (1,63%), showing 
that the infl orescences and plant stems may also be used as a rich source of β-ecdysone.
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Introduction

 Species of the genus Pfaffia, Amaranthaceae, 
are marketed in Brazil as substitutes for Panax spp. 
Because of the similar morphology of their roots to 
those of ginseng, these species are popularly known 
as “Brazilian ginseng”, and are used as a tonic, and to 
treat gastric disturbances and rheumatism (Oliveira et 
al., 1998). 
 The genus Pfaffia comprises about ninety 
species distributed through Central and South America, 
twenty-seven of which are known from Brazil 
(Taniguchi et al., 1997), is considered as the world’s 
greatest supplier of P. glomerata roots. 
 The Pfaffia glomerata (Spreng.) Pedersen 
roots extracts possess activity gastro-protector (Otofuji, 
2005), anti-inflamatory, analgesic (Neto et al., 2005), 
antioxidant (Souza et al, 2005), anti-hiperglicemic 
(Sanches et al., 2001), tonic, aphrodisiac (Marques et 
al., 2004, Freitas et al., 2004), antireumathics (Nicoloso 
et al., 1999), antitumoral and antidiabetics properties, 
and also as food supplement, among other indications 
(Montanari Junior, 2005). It also aids the protection and 
disturbances in the gastric mucous membrane (Freitas 
et al., 2004), purification of the blood and the hormonal 
and sexual functions regulation (Guerreiro, 2006).
 Among active ingredients contained in this 
plant, the steroid β-ecdysone is the most important 

compound extracted from roots (Gomes et al., 2010).
 A study of the seasonal variation of β-ecdysone 
contents, using different cessions of Pfaffia glomerata 
collected along the Paraná, Ivaí, and Paranapanema 
rivers suggested that twelve months after planting is the 
most appropriate time to harvest Pfaffia roots (Correa 
Junior et al., 2008).
 Shiobara et al. (1993), identified glomeric 
acid (triterpenoid) and pfameric acid (nortriterpenoid), 
β-ecdysone, rubrosterone, oleanolic acid and 
β-glucopyranosyl oleanolate in Pfaffia glomerata 
(Spreng.) Pederson. A recent study, confirmed the 
presence of significant amounts of β-ecdysone in theis 
roots of this plant (Freitas et al., 2004). According to 
Cortez et al. (1998), β-ecdysone is the most important 
steroid employed in cosmetic formulations.
 This compound acts by increasing cellular 
cohesion, regulating and normalizing keratinocyte 
differentiation; it lends the skin a smoother and 
smoother appearance and restores the protective and 
water-barrier functions of skin, preventing excessive 
water loss and forming an effective hydractant (Cortez 
et al., 1998)
 The aim of present study was evaluate the 
presence and quantification of β-ecdysone in differents 
parts of Pfaffia glomerata and determine the best 
method to extract β-ecdysone from P. glomerata.
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Materials and Methods

Plant material

 Pfaffia glomerata (Spreng.) Pedersen, 
Amaranthaceae, was collected on Querência do Norte-
Paraná, Brazil, in April 2010. The plant was collected 
and identified by Prof. Dra. Maria Salete Marchioretto. 
A voucher specimen (PACA 107100) is deposited at the 
Herbarium PACA - Universidade do Vale do Rio dos 
Sinos-RS, Brazil. The plant was dried in a circulating 
air stove, at 45 ºC, triturated in a knife mill (Usi-ram®) 
and stoked. 

Crude extracts

 Crude extract were obtained from five methods 
of extraction: maceration (Neto et al., 2005) percolation 
(Farmacopéia Brasileira, 1988) turbolyse (De-Paris et 
al., 2000) reflux (Gosmann et al., 2003) and Soxhlet 
method (Flores et al., 2009) using three different mixture 
of solvents, ethanol:water (90:10 v/v), (80:20 v/v) and 
(50:50 v/v). For the preparation of extracts, used 10 g 
of P. glomerata triturated and the extract was filtered, 
the organic solvent was removed under “vacuum” 
and lyophilized. The results represented the average 
of three determinations. The data were compared by 
ANOVA followed Tukey’s test (α=0.05). Stems and 
inflorescences of the plant were also extracted for 
detection of the presence of β-ecdysone in these parts.

HPLC analysis

 Reagents and chemicals

 Methanol (HPLC grade from Merck) and 
ultrapure water (Milli-Q system, Millipore) were used 
for the mobile phase preparation. Methanol (HPLC 
grade from Merck) was used for samples preparation 
β-ecdysone (Chromadex®) was purchased commercially 
used as a standard.

 Sample preparation

 To obtain the stock solutions, β-ecdysone was 
prepared in methanol at a concentration of 1000 μg/mL. 
Also, the roots, stems, and inflorescences of P. glomerata 
crude extracts were prepared in methanol at a concentration 
of 3000 μg/mL. The solutions were filtered through a 0.45 
mm membrane filter (Millipore) for further analysis.

 Instrumentation and chromatographic 
conditions

 The analyses were carried out using a 

Shimadzu LC-10 liquid chromatograph equipped 
with quaternary pump (LC-10 AT), manual injection 
valve (Rheodyne), loop 20 μL, degasser (DGU-14A), 
thermostatted column compartment (CTO-10A), and 
a detector UV/vis (SPD-10A), controlled by CLASS 
VP Software. A Phenomenex ODS (C18) columm, 
5 µm, 250,0x4,6 mm, maintained at 30 oC was used 
in the chromatographic analysis. The separation was 
carried out in a gradient system, using as mobile phase 
a mixture of methanol:water. In time from 0 to 5 min, 
methanol: water concentration ranged from 10:90 (v/v) 
to 70:30 (v/v). In time from 5 to 12 min the concentration 
methanol:water remained at 70:30 (v/v), and at the time 
of 12 to 15 min the concentration of methanol:water 
ranged from 70:30 (v/v) to 100% of methanol. The 
detection wavelength was 245 nm and flow rate of 1 
mL/min, getting a run of 15 min. The conditions were 
previously tested and optimized. The sample injection 
volume was 20 μL. Three determinations were carried 
out for each sample. The statistical analyses of the data 
were performed by Statistic 6.0 Software (Statsoft Inc., 
Tulsa, OK, USA).

Validation 

 After optimization of the chromatographic 
conditions established, the method was validated 
following the guidelines of the International Conference 
on Harmonization of Technical Requirements for the 
Registration of Pharmaceuticals for Human Use (ICH, 
1996) checking linearity, precision, accuracy, limit of 
quantification and limit of detection.

Linearity

 The linearity of the calibration curve for the 
β-ecdysone was established by the external standard 
method, based on five concentrations: 31.25, 62.5, 125, 
250 and 500 µg/mL. Three determinations were carried 
out for each solution. The calibration curves were 
obtained by plotting the peak area of the β-ecdysone 
versus the concentration of the standard solutions. The 
statistical parameters of the calibration curve as slope, 
intercept, and correlation coefficient were calculated 
by linear regression analysis. 

Precision 

 The repeatability of the method was evaluated 
for intra-day while the intermediate precision was 
determined for inter-days (on two non-consecutive 
days). The standard solutions were analyzed at three 
concentrations (31.25, 125 and 500 µg/mL). Three 
determinations were carried out for each solution. 
The relative standard deviation (R.S.D.%) within the 
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measurements of the concentrations of β-ecdysone 
was used to evaluate the repeatability and intermediate 
precision.

Accuracy

 In order to evaluate the accuracy of this method, a 
recovery test was performed by adding standard solutions 
of β-ecdysone at the three concentration levels (31.25, 125 
and 500 µg/mL) to crude extract of P. glomerata roots 
(3000 µg/mL) with a known content of this compound. 
Three determinations were carried out for each solution. 
The recovery was calculated as a percentage by subtracting 
the values obtained for the control matrix preparation from 
those samples that were prepared with the added standards, 
divided by the amount added and then multiplied by 100.

Limit of detection and quantification

 The Limit of Detection (LOD) and the Limit 
of Quantification (LOQ) were determined from the 
calibration curve of the standard β-ecdysone. The LOD 
and LOQ were measured based on a signal-to-noise 
ratio at about 3 and 10, respectively.

Results and Discussion

Validation 

 Quantification of β-ecdysone was performed 
using the HPLC and a method with methanol and water, 
a solvent lower cost, different of Zimmer et al. (2006) 
which used acetonitrile and water in the mobile phase. 
 Results obtained in validation demonstrated an 
excellent linear relationship between the corresponding 
peak areas and the concentration of β-ecdysone in the 
range 31.25-500 µg/mL was achieved, as confirmed by 
the correlation coefficient of 0.9992. The validating 
parameters of the calibration curve, including the 
linearity range, slope, intercepts, and correlation 
coefficients obtained by linear regression analysis are 

described in Table 1.

Table 1. Linearity parameters for the calibration curve of 
β-ecdysone.

Compound Linearity range 
(µg/mL) Slope (a) Intercept (b) (r2)

β-ecdysone 31.25-500 25847 218747 0.9992
r2, determination coefficient. 

 The precision’s method was evaluated in terms 
of repeatability and intermediate precision and showed 
RSD values lower than 2.2%, whereas the accuracy, 
evaluated with recovery test by adding of β-ecdysone 
in known amounts to the crude extract of Pfaffia 
glomerata, showed a medium recovery of 97.28% with 
RSD below 4.27% for all analyzed concentrations, 
confirming the accuracy of the method.
 The Limit of Detection is defined as the 
smallest quantity of β-ecdysone that is detectable in a 
sample, but not necessarily quantified under the stated 
experimental conditions; it was 1.88 µg/mL. The Limit 
of Quantification is defined as the smallest quantity 
of compound in a sample that is quantifiable with 
acceptable precision and accuracy; this limit was 6.28 
µg/mL.

Analysis of roots

 Evaluation of chemical markers in herbal 
extracts allows the assessment of the quality of 
the material produced (Figueiredo et al., 2004). 
Quantification of β-ecdysone in HPLC is necessary to 
assess its presence in the extracts of roots of P. glomerata 
obtained through different types of extractive methods. 
The results are shown in Table 2.
 The Soxhlet method proved to be best suited 
for the extraction of β-ecdysone from roots of P. 
glomerata. These heat-extraction methods assisted in 
the extraction, since, according to Daffre et al. (1975), 
the increased temperature increases the solubility 
of active substances, although the process is limited 

Table 2. Quantification of β-ecdysone (%) on HPLC according to the method and the extraction liquid with the results 
expressed as means and standard errors. Means expressed as % of dry extract.

Extraction 
methods

Extraction iiquid

Ethanol:water 90:10 (v/v) Ethanol:water 80:20 (v/v) Ethanol:water 50:50 (v/v) Average

Maceration 1.00+0.18¬Ca 0.62+0.18Cb 0.54+0.18Cc 0.72+0.10

Turbolysis 0.67+0.18Da 0.55+0.18Db 0.56+0.18Cb 0.60+0.10

Percolation 0.65+0.18Da 0.61+0.18Ca 0.50+0.18Cb 0.59+0.10

Reflux 1.27+0.18Ba 0.94+0.18Bb 0.68+0.18Bc 0.96+0.10

Soxhlet 1.63+0.18Aa 1.22+0.18Ab 0.84+0.18Ac 1.23+0.10

Average 0.98+0.08 0.79+0.08 0.63+0.08 0.82+0.05
Means followed by same capital letters in column do not differ statistically (Tukey, p>0.05). Means followed by same small letters in row 
are not statistically different (Tukey, p>0.05).
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to thermostable substances. According to Vigo et al 
(2004), β-ecdysone is heat-resistant. Analysis of the 
extraction liquid revealed a statistical difference among 
the three concentrations, indicating that although the 
extractor ethanol:water 90:10 (v/v) gave a lower total 
yield of extract (data not shown), it resulted in a higher 
concentration of β-ecdysone. According to Celeghini et 
al (2007), the main objective of preparing an extraction 
solution is the production of larger quantities of the 
active substance of a drug. 
 Therefore, the Soxhlet method proved to 
be the most suitable for extracting β-ecdysone from 
roots of P. glomerata. This method, combined with the 
ethanol:water 90:10 (v/v) extraction liquid, yielded the 
highest concentration of β-ecdysone: 1.63% of the dry 
extract. This concentration of β-ecdysone is higher than 
that reported by Marques et al (2004), who carried out 
a psychopharmacological evaluation in rodents, and 
extracted P. glomerata with methanol using Soxhlet 
extraction for 4 h; this extract was standardized at 1.07% 
β-ecdysone. Another study by Marques et al (2002), used 
a standardized extract obtained by turbolysis and organic 
solvents in 0.96% β-ecdysone in dry extract. These values 
are lower than those obtained in the present study. 
 The proposed Soxhlet technique using 
ethanol:water 90:10 (v/v) as extractor is interesting 
because it uses and re-uses a small amount of solvent, 
allowing exhaustive extraction of the drug in a relatively 
short time. Furthermore, the method uses an extraction 
liquid that is viable, easily accessible and recommended 
by the Brazilian Pharmacopoeia for the production of 
extracts from herbs. The use of heat in the process is 
essential, because it considerably increases the extraction 
of the active substance, as shown in the results. 

Analysis of stems and inflorescences

 Once the best conditions for extraction 
of β-ecdysone were defined, Soxhlet method and 
ethanol:water 90:10 (v/v), inflorescences and stems 
of the plant was extracted and used for comparison 
and determination of the chromatographic profile and 
quantification of chemical markers (Figure 1). In the 
analysis of extracts from stems and inflorescences, the 
substance identified as β-ecdysone, with a retention 
time of 9.3 min, appeared as a major component in all 
extracts obtained from P. glomerata (Figure 1).
 The assay of these extracts showed that 
β-ecdysone was not only present in large quantities, 
but in greater concentrations in the inflorescences 
and stems of P. glomerata than in the roots (Table 3). 
This result is consistent with those of Festucci-Buselli 
et al (2008), who cultivated different accessions 
of P. glomerata in vitro and examined the content 
of β-ecdysone in methanolic extract obtained from 

maceration of different parts of the plant (roots, stems, 
flowers and leaves). Plants grown in vitro, produced 
β-ecdysone which was found in all parts, with the 
highest concentration observed in the flowers.

Figure 1. Chromatograms obtained by HPLC. Conditions: mobile 
phase: In time from 0 to 5 min, methanol: water concentration 
ranged from 10:90 (v/v) to 70:30 (v/v). In time from 5 to 12 min 
the concentration methanol:water remained at 70:30 (v/v), and 
at the time of 12 to 15 min the concentration of methanol:water 
ranged from 70:30 (v/v) to 100%  of methanol. Flow: 1 mL/min, 
detection at 245 nm and oven temperature 30 °C. (A) extract from 
inflorescences of Pfaffia glomerata 3000 μg/mL, (B) extract of 
the stems of P. glomerata 3000 μg/mL, (C) the root extracts of P. 
glomerata 3000 μg/mL, (D) standard of the β-ecdysone 250 μg/
mL. Extracts obtained by extraction in Soxhlet extractor liquid 
ethanol:water 90:10 (v/v).
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Table 3. Results are expressed as mean and standard errors for 
yield of the extract and quantification of β-ecdysone HPLC in 
roots, stems and inflorescences of Pfaffia glomerata. Means 
expressed as % of dry extract.

Part used Extract yield (%) β-ecdysone content (%)
Roots 24.2+0.48 1.63+0.21
Stems 11.0+0.48 2.37+0.21
Inflorescences 13.7+0.48 3.06+0.21

 
 The plants analyzed in this study, grown 
naturally in soil, also had a higher concentration of 
β-ecdysone in the inflorescences (3.06% of the dry 
extract), followed by stems (2.37%) and roots (1.63%) 
(Table 3).
 Thus, the best method for extraction the P. 
glomerata was Soxhlet method with ethanol:water 
(90:10 v/v). The quantification of β-ecdysone in 
differents parts of plant showed that as roots, the 
stems and mainly the inflorescences can be used 
in the extraction of β-ecdysone, since this showed 
higher content this active substance when compared 
with others parts of plant. Currently, only the roots 
of P. glomerata are used for commercial extraction of 
β-ecdysone. However, in view of the continuing use of 
this substance by the pharmaceutical cosmetic industry, 
the presence of large quantities of β-ecdysone in the 
inflorescences opens the prospect of new sources of the 
active substance. In addition to the roots, the stems and 
mainly the inflorescences of this plant can be used, thus 
allowing more efficient utilization of the plant to obtain 
larger quantities of this chemical marker β-ecdysone.
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