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ABSTRACT

The linearity, stability, accuracy and inter-day precisions of the assay method were evaluated in methanolic aerial-part
extracts of Paepalanthus giganteus and Syngontnhus nitens from the Eriocaulaceae family. Their small capitulae hinder
morphological analysis, and thus complicate taxonomic studies of these species, which present anti-ulcer, antimutagenic
and antioxidant activities. Taxonomic studies of these plants revealed that the Paepalanthus genus presents flavonols and
naphthopyranones while the Syngontnhus genus has flavone and xanthone as majority compounds. The prepared samples
were analyzed quantitatively by High Performance Liquid Chromatography with PDA detection for the presence of
quercetin, luteolin, 3,6-dimethoxy-1,5,7-tri-hydroxyxanthone and paepalantine. The substances were recovered from
these samples at rates from 98.01% to 99.99%. The coefficient of variation in the quantitative analysis of the sample com-
pounds was under 5%. The linearity of the method was determined by linear regression. The analysis of the samples
spiked with known amounts of analyte demonstrated that the response was proportional to the concentrations of the sam-
ples with respective determination coefficients of r* = 0.9999 (luteolin and 3,6-dimethoxy-1,5,7-tri-hydroxyxanthone)
and r* = 0.9998 (quercetin and paepalantine) for the linear range of the analytical calibration curves of the samples. The
detection  limits  were  0.07  pg-mL’ for  quercetin  and  luteolin, 0.06 pgmL’ for
3,6-dimethoxy-1,5,7-tri-hydroxyxanthone and 0.10 pg-mL™" for paepalantine. The quantification limits were 0.23
pg-mL™" for quercetin and luteolin, 0.20 pg'mL™" for 3,6-dimethoxy-1,5,7-tri-hydroxyxanthone and 0.33 pg-mL™" for
pacpalantine by LC. The method was considered sen- sitive for quantification of the quercetin, luteolin,
3,6-dimethoxy-1,5,7-tri-hydroxyxanthone and paepalantine in plant samples.
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1. Introduction Syngonanthus nitens (Bong.) Ruhland is a grass-like
species of Eriocaulaceae [3], a pantropical, predomin-
antly herbaceous monocotyledonous family that comp-
rises around 1100 species in 11 genera [1,2]. The plants
are clonal, and fertile rosettes can annually produce from
1 to 10 scapes (flower stalks or stems), with each scape
bearing a capitulum flower [4]. The flower stems of S
nitens are bright and assume a beautiful golden color
when dried, acquiring a phenomenal aesthetic similarity
to spun gold, hence their common name “capim do-
urado” (golden grass). This grass-like species occurs th-
roughout the Brazilian Cerrado, in areas of intermediate
“Corresponding author. humidity within the humid grasslands [4].

Eriocaulaceae is an unusual monocotyledonous plant fa-
mily that shares with the Asteraceae the presence of a ca-
pitula in the inflorescence, a fact that accounts for the
phrase “the Compositae of the monocotyledons”, which
has been employed to emphasize this morphological con-
vergence [1,2].

Our interest in naphthopyranones and xanthones has
now led us to investigate the methanolic extract from the
capitula and scape of two species, Paepalanthus gigan-
teus and Syngonanthus nitens.
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The chemical studies performed by Pacifico [5] identi-
fied significant differences between capitulae and the
scapes of S. nitens. Xanthones and flavones were identi-
fied in the capitulae, while the scapes presented mostly
flavones. This study also served to establish taxonomic
relationships between the genera Leiothrix and Syngo-
nanthus.

Paepalanthus giganteus Sano is a species belonging to
the family Eriocaulaceae, genus Paepalanthus. It consti-
tutes the largest genus in the family, comprising about
450 species [6]. This genus has as its main feature great
morphological variability [7], which hampers morpho-
logical classification.

The present work includes the first known chemical
investigation of the species P. giganteus. The LC-PDA
profile of the methanolic extract showed UV spectra
typical of flavonols and naphthopyranones (Table 1,
Figures 1(a) and 1(b)).

Given the difficulty of obtaining sufficient mass of po-
lar extracts for the purification of compounds due to the
smallness of the capitulae in the species Eriocaulaceae,
new methodologies must be sought to simplify its chemi-
cal study. Therefore, the present study aims to evaluate
the sensitivity, linearity, accuracy and inter-day precision
of flavonoids, xanthones and naphthopyranones in met-
hanol extracts of capitulac and scapes from S nitens and
P. giganteus, two member species of Eriocaulaceae.

2. Materials and Methods
2.1. Reagents

Spectroscopy grade acetonitrile and methanol were pur-
chased from Merck (Darmstadt, a collection in our labora-
tory. Stock mixtures of these standards were constituted
from individual solutions, dissolved in methanol and then
used as external standards. Standards of quercetin and lute-
olin were purchased from Sigma Aldrich. Standards of the
3,6-dimethoxy-1,5,7-tri-hydroxyxanthone and paepalantine
were obtained from a collection purified by chromatogram-
phy in our laboratory and revealed a purity of 98.5%. These
stock mixtures were used as external standards.

2.2. Plant Material

Capitulae and scapes of S. nitens and P. giganteus were
collected, respectively, in December 2009 in Jalapdo city,
Tocantins state, and February, 2010 at Serra do Cipo,
Minas Gerais state, Brazil, and authenticated by Profes-
sor Dr. Paulo Takeo Sano of the Sdo Paulo University
(USP), Sao Paulo state, Brazil. Voucher specimens of S
nitens (SPF 189975) and P. giganteus (3736 SPF) were
deposited at the Herbarium of the IB-USP.

2.3. Extraction

Dried and powdered capitulae (416 g) of S. nitens and
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Table 1. Compounds identified in methanolic extracts from S.
nitensand P. giganteus.

Specie name 1 2 3 4
S nitens(c) X X
S nitens(e) X
P. giganteus (c) X X
P. giganteus (e) X

X: presence; c: capitulae: e: scape; Luteolin (1); Quercetin (2); 3,6-dimethoxy-1,
5,7-trihydroxyxantone (3); Paepalantine (4)

(256 g) of P. giganteus and scapes (176.7 g) of P. gigan-
teusand (410 g) of S nitens were separately and success-
sively extracted for one week, at room temperature, with
methanol. The crude methanolic extracts were obtained
after filtration and evaporated to dryness in a vacuum at a
temperature no greater than 40°C; the respective masses
and recuperation rates obtained from S. nitens were: 11.8
g from capitulae (2.87%), and 16.0 g from scapes (3.90%)
while those from P. giganteus were: 15.0 g from capitu-
lae (5.86%), and 6.81 g from scapes (3.85%).

2.4. Clean Up of Extracts

In the clean-up step of the methanolic extracts, a small
mass (1 mg) of sample for each 10 mg of the C-18 re-
versed-phase was applied to the SPE cartridges. In C-18,
the cartridge had been previously activated with methanol
(4 mL) and then environed with water (5 mL). The mate-
rial to be applied in support of SPE had been previously
dissolved in approximately 0.5 mL of methanol with the
aid of ultrasound and 2 mL of H,O was added into the
solution. The elution in C-18 followed the general order
(methanol/water, 5:95 v/v, methanol/water, 1:1 v/v, and
methanol); however, adjustments were made during the
optimizations. All the fractions were injected into the
LC-PDA and the fractions with the highest number of
peaks are represented in Figures 1(a) and 1(b).

2.5. Preparation of Standards for Analysis
by LC-PDA

The samples of standards (quercetin, luteolin, 3.6-dime-
thoxy-1,5,7-trihydroxyxanthone and paepalantine (0.1 g))
were dissolved in 3 mL of methanol, separately, filtered
through a 0.45 um Millex filter and the resulting solu-
tions were diluted separately in methanol in a volumetric
flask (5 mL each) for analysis by LC-PDA.

2.6. Fingerprint of the Methanolic Extract of the
Capitulae and Scapes from P. giganteus by
LC-PDA

The chromatographic profiles of methanolic extracts of
the capitulae and scapes from P. giganteus were obtained
in a LC-(Jasco ®) equipped with a photodiode array de-
tector (PDA), utilizing a C-18 reversed-phase column,
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Phenomenex ® Luna (2) (250 x 4.6 mm id, 5 mm). The
mobile phase composition was: water acidified with 0.1
% TFA, pH 2.5 (eluent A) and methanol with 0.1% TFA,
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pH 5.5 (eluent B). The gradient program was as follows:
5% - 100% B (55 min) and flow rate 1.0 mL-min’
monitored at A = 200 - 400 nm.
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Figure 1. (a) Fingerprint by LC-PDA of the methanolic extract from P. giganteus capitulae. For chromatographic conditions,
see the experimental section; (b) Fingerprint by LC-PDA of the methanolic extract from P. giganteus scapes. For chroma-
tographic conditions, see the experimental section.
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2.7. Preparation of Methanolic Extracts for
Quantification by LC-PDA

Samples of capitulac from P. giganteus (1 g) and S nit-
ens (1 g) and scapes S nitens (1 g) and P. giganteus (1 g)
were separately extracted with 8 mL of methanol for 60
min in ultrasound, filtered with a 0.45 um Millex filter
after which the solutions were diluted with methanol in a
volumetric flask (10 mL) for LC analysis. The validation
procedure was performed according to the International
Conference on Harmonization Guidlines (Validation of
Analytical Procedures, Text on Validation of Analytical
Procedures Q2A and Q2B) [8].

2.8. LC-PDA Analysis of Standards and
Methanolic Extracts of Capitulae and
Scapes from S. nitens and P. giganteus

The methanolic extracts obtained from the samples were
analyzed on an analytical LC (Varian 210) system with a
ternary solvent delivery system equipped with an auto-
sampler, a photodiode array detector (PDA) and the
software Star WS (Workstation), which was used to
measure the peak areas of the chromatogram. The LC
column was a C-18 (25 cm X 4.6 mm; particle size, 5 um)
(Luna, Phenomenex, Torrance, CA, USA), with a small
pre-column (2.5 cm X 3 mm) containing the same pack-
ing, used to protect the analytical column. The flow rate
of 1.0 mL/min and injected volume of 10 puL were used
for each analysis. All chromatographic analyses were
performed at 22°C. Elution was carried out using the
following solvent-gradient program for standards (que-
rcetin and paepalantine) and capitulae and scapes from S
nitens: water:acetonitrile (85:15, v/v) taking 40 minutes
to reach 45% water and 55% acetonitrile, then returning
in exactly 5 minutes to the initial conditions (Figures 2(a)
and (b)). For the standards (luteolin and 3,6-dimethoxy-
1,5,7-trihydroxyxanthone) and capitulae and scapes from
P. giganteus: water: acetonitrile (80:20, v:v) taking 60
minutes to reach 100% acetonitrile, returning after 5
minutes to the initial conditions (Figures 3(a) and (b)).

2.9. Method Validation

2.9.1. Determination of the Detection and
Quantification Limits

The detection limits were determined by injecting (n = 5)
solutions of quercetin, luteolin, 3,6-dimethoxy-1,5,7-tri-
hydroxyxanthone and paepalantine of known concentra-
tion (10 pL each) and then decreasing the concentrations
of the samples until detection of a peak with a signal
/noise ratio of 3. The corresponding concentration was
considered the minimal detectable concentration. The qu-
antification limits were determined by performing the
same methodology and thus, the quantification limit was
defined as the chromatographic peak having a signal/
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noise ratio of 10.

2.9.2. Extraction Recovery

The extraction efficiency (recovery) was determined by
analyzing aliquots of each sample spiked with the stan-
dards corresponding to low, medium and high concentra-
tions. The spiked samples were submitted to the same
procedure as described in Section 2.7.

2.9.3. Linearity

The content estimation of the quercetin (0.20 - 40.00
pg-mL™), luteolin (0.23 - 40.00 pg-mL™"), paepalantine
(0.20 - 40.00 pg-mL™") and 3,6-dimethoxy-1,5,7-trihyd-
roxyxanthone (0.20 - 40.00 pg-mL ") in the samples was
performed by external calibration. The compounds in the
study were dissolved separately in spectroscopy grade
methanol in order to obtain stock solutions, which were
appropriately diluted for each of the substances. Aliquots
of 10 uL dilutions for each standard were analyzed via
LC with each determination being carried out five times.
For each standard, the corresponding chromatogram was
obtained and a graph was constructed from the mean of
the chromatogram areas plotted against the concentration
of each substance. A linear least-square regression of the
peak areas as a function of the concentrations was per-
formed to determine the correlation coefficients. The eq-
uation parameters (slope and intercept) of each standard
curve were used to obtain the concentration values for
the samples. Specimens with an analytic concentration
exceeding the analytical curve were re-assayed upon ap-
propriate dilution of the samples.

2.9.4. Accuracy and Precision

The accuracy of the assayed method was evaluated by
performing replicate analyses against an analytical cali-
bration curve and calculating the mean percentage dif-
ferences between the theoretical values and the measured
values. The accuracy values in the inter-day variation
studies using LC at low, medium and high concentrations
of quercetin, luteolin, paepalantine and 3,6-dimethoxy-1,
5,7-trihydroxyxanthone were evaluated in extracts A-D.
Method precision, expressed as the percentage of the
coefficient of variation (CV) of the replicate measure-
ments, was tested for inter-day repeatability via LC. The
inter-day variability of the method was determined from
three different analyses (n = 5) of each sample with an
addition of known amounts of analyte at low, medium
and high concentrations.

2.9.5. Stability Study

The stability of the working standard solutions was tested
at 22°C (working temperature), 4°C and —20°C (storage
temperatures). The stability of quercetin, luteolin, paepa-
lantine and 3,6-dimethoxy-1,5,7-trihydroxyxanthone in the
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Figure 2. (a). LC-PDA of methanolic extract from S. nitens capitulae. For chromatographic conditions, see the experimental
section; (b) LC-PDA of methanolic extract from S. nitensscapes. For chromatographic conditions, see the experimental section.
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Figure 3. (a) LC-PDA of methanolic extract from P. giganteus capitulae. For chromatographic conditions, see the experimen-
tal section. (b) LC-PDA of methanolic extract from P. giganteus scapes. For chromatographic conditions, see the experimen-
tal section.
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samples was evaluated during all the storage steps (i.e., at
room temperature, at 4°C and at —20°C). Spiked samples
were analyzed against the analytical calibration curves
immediately after preparation (reference values) and after
storage. Stability was defined as being less than 2% loss
of the initial drug concentration in the stated time.

3. Results and Discussion

Earlier studies by our group have demonstrated promising
antiulcer activity of S nitens. Studies of capitulae and sc-
apes of S. nitens [5] showed a high content of polar subst-
ances. The authors used the technique of high-speed coun-
tercurrent chromatography (HSCCC) for the study, thus
yielding impure fractions in which some flavonoids and
xanthones were identified. The complexity of the extracts
comprised the phytochemical study of this material using
traditional techniques of isolation, time and solvent con-
sumption. The many other chromatographic techniques
used to isolate the substances included gel permeation
(GPC) using Sephadex LH-20 which was not efficient in
the separation of secondary metabolites. Factors such as
the strong adsorption of substances and the necessity of
using large amounts of solvents for the elution of metabo-
lites with subsequent steps for the regeneration of support
led us to establish a new research strategy.

To assess P. giganteus, we are starting from its phyto-
chemical studies; however, the paucity of material col-
lected has also resulted in a lower amount of extract,
which sometimes hinders the purification of substances
for further identification. Thus, we opted to develop a
methodology based on analysis by LC-PDA in an at-
tempt to enable direct identification of major secondary
metabolites using co-injection of authentic standards and
/or substances previously isolated and characterized in
species of the genus.

3.1. Identification of the Compounds with
LC-PDA

Identification of the compounds with the aid of PDA de-
tector scanning in the spectral range of 200 - 600 nm re-
vealed two classes of compounds in the methanolic ex-
tracts of capitulae and scapes of P. giganteus (Figures 1(a)
and (b)). Flavonols and naphthopyranones were easily

Quercetin =R = OH
Luteolin =R= H

3,6-Dimethoxy-1,5,7-thryhydroxyxanthone

identified based on their absorption spectra in the UV
region. Flavonols exhibited bands around 260 nm and 346
nm [9]. The naphthopyranones showed maximum inten-
sity of absorption bands in the region of 273 nm and a
weak band at 325 nm [10], (Figures 1(a) and (b)).

Some of the secondary metabolites found in methanol
extracts of capitulaec and scapes from S nitens (Figures
2(a) and (b)) and P. giganteus (Figures 3(a) and (b))
could be identified unambiguously by performing co-in-
jection experiments in which aliquots of the extracts and
standards were mixed and diluted to a known volume, and
analyzed through LC by more than one elution method
(gradient and/or isocratic). Thus, the peaks of the chrom-
atograms in Figures 2(a), 2(b), 3(a), 3(b) with retention
times tr (13.47; 24.22; 27.79 and 39. 04 min) were identif-
ied as luteolin, quercetin, 3,6-dimethoxy-1,5,7-trihydrox-
yxanthone and paepalantine, respectively (Tables 1 and 2,
Figure 4). The relative standard deviation for the reten-
tion times of replicated injections (n = 5) were less than
5%, thereby demonstrating good repeatability.

3.2. Method Validation

3.2.1. Linearity

Calibration curves were determined by linear regression
using LC (Table 3). The linearity for compounds 1-4 was
assessed at 5 concentration ranges, respectively, for
quercetin (0.20 - 40.00 pg-mL™), luteolin (0.23 - 40.00
pg-mL ™), paepalantine (0.20 - 40.00 pg-mL™") and 3,6-
dimethoxy-1,5,7-trihydroxyxanthone  (0.20 -  40.00
pg-mL™) (Table 3). The average standard errors for the
peak areas of replicated injections (n = 5) were less than
1%, thus showing good repeatability of the calibration
curve. The respective coefficients of determination were
1” = 0.9998 for quercetin and paepalantine and r* = 0.9999
for Iuteolin and 3,6-dimethoxy-1,5,7-trihydroxyxanthone.

Table 2. Retention times of the standard samples.

tr£ SD RSD%
Luteolin (1) 13.47+0.62 4.60
Quercetin (2) 2422 +0.51 2.11

3,6-dimethoxy-1,5,7-trihydroxyxantone (3) 27.79 + 0.97 3.49

39.04 £0.51 1.31

Retention times (minutes)

Paepalantine (4)

tr: retention time; SD: standard deviations; RSD: Relative standard deviation

OH OH O

O OH
HO.
CH;0 Y OCHj CH;0 Z >,
OH

OCH;

Paepalantine

Figure 4. Structure of compounds identified.
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Table 3. Regression data of the analytical calibration curves
for quantitative determination of the substances by LC.

Parameters 1 2 3 4
LR pg'mL™"' 023-40.00 0.23-40.00 0.20-40.00 0.33 - 40.00
B 6.2675 x 10° 16.4581 x 10° 6.0897 x 10° 5.9975 x 10°
RSDS 4.67 3.78 4.98 4.99
A 0.0732 x 10° —2.0901 x 10° 0.0539 x 10° 0.0830 x 10°
RSDI 478 3.92 4.59 434
e 0.9999 0.9998 0.9999 0.9998
LOD 0.07 0.07 0.06 0.10
LOQ 0.23 0.23 0.20 0.33
N 15 15 15 15

LR: linear range; b: slope; a: intercept; RSDS: Relative standard deviation
of the slope; RSDI: Relative standard deviation of the intercept; r*: determi-
nation coefficient; n: number of samples. Linear regression, formula: y = a +
bx, where y = ratio of peak areas; x = concentration (ug-mL'); a = intercept
and b = slope. Luteolin (1); Quercetin (2); 3,6-dimethoxy-1,5,7- trihy-
droyxantone (3); Paepalantine (4).

The analytical procedure was verified from the linearity
of the assayed method as expressed by the correlation
coefficient obtained, which was evaluated by analyzing
each sample (extracts A-D) spiked with a known amount
of the analyte at low, medium and high concentrations,
which showed that the response was proportional to the
concentrations of the samples; the respective coefficients
of determination were 1> = 0.9994 for quercetin and pa-
epalantine and 1* = 0.9996 for luteolin and 3,6-dimethoxy-
1,5,7-trihydroxyxanthone.

3.2.2. Detection Limit

The detection limits were 0.07 pg-mL ™" for quercetin and
luteolin, 0.06 pg-mL™"' for 3,6-dimethoxy-1,5,7-trihyd-
roxyxanthone and 0.10 ug-mL"" for paepalantine (Table
3) based on the signal-to-noise ratio (S\N) for 3.

3.2.3. Quantification Limit

The quantitation limit was defined as the lowest concentra-
tion level that provided a peak area with a signal-to-noise
ratio higher than 10, a precision (% CV) within £5% and
accuracy (% recovery) between 98% and 100%. The quan-
tification limits by LC were 0.23 pg-mL™" for quercetin and
luteolin and 0.20 pg-rnL’l for 3,6-dimethoxy-1,5,7-tri-and
hydroxyxanthones 0.33 pg-mL™" for paepalantine. The re-
sults suggest that substances in plants at these concentra-
tions can be estimated accurately.

3.2.4. Extraction Recovery
The efficiency of each analytical procedure was evalu-
ated by calculating the recovery values.

Recovery (98.01% - 99.99%) results show that the pr-
ocedure utilized to extract the substances of interest was
efficient with relative standard deviation lower than +5%
(Table 4), thus ensuring good recovery of these subst-
ances in plants.

Copyright © 2012 SciRes.

Table 4. Recovery of the (1) and (3) in methanolic extracts
of S. nitens and (2) and (4) in methanolic extracts of P. gi-
ganteus (n = 5).

(1) (%) (Mean + SD)
Conc. add (pg-mL™") A B
1 98.31+1.26 99.80+0.91
20 98.99 £ 0.75 99.99 £ 0.87
40 99.73 £0.97 99.93 £0.97
(2) (%) (Mean + SD)
Conc. add (pg-mL ™) C D
1 98.67+ 1.15 98.99 + 0.81
20 98.89 £ 0.67 98.94 +1.01
40 99.69 +0.89 99.31£0.90
(3) (%) (Mean * SD)
Conc. add (ug'mL™) A B
1 99.39+1.02
20 99.96 £0.70
40 99.91£0.53
(4) (%) (Mean * SD)
Conc. add (pg-mL™) C D
1 98.37+£0.63 98.66 £ 0.92
20 98.03 £ 0.51 98.76 £ 0.91
40 98.01 £0.49 99.02 £ 0.86

Conc: concentration; SD: standard deviation. A: methanolic extract of S.
nitens scapes; B: methanolic extract of S nitens capitulae; C: methanolic
extract of P. giganteus capitulae; D: methanolic extract of P. giganteus
scapes.

3.2.5. Stability

The identification of quercetin, luteolin, paepalantin and
3,6-dimethoxy-1,5,7-trihydroxyxanthone and the samples
(methanolic extracts of capitulae and scapes of the species
studied) was performed by comparing their retention times
with authentic standards through adding standard solutions
to the samples analyzed by LC and by comparing its UV-
Vis spectrum [9,10]. There were no alterations detected in
the working solutions prepared (quercetin, luteolin, 3,6-
dimethoxy-1,5,7-trihydroxyxanthone and paepalantine) af-
ter 24 hours at 22°C, two months at 4°C and four months
of storage at —20°C. Therefore, this validated method for
the determination of the flavonoids, xanthones and naph-
thopyranones can be considered adequate to indicate the
stability of the solutions.

3.2.6. Accuracy and Precision

As to the precision of the assay, inter-day coefficients of
variation were lower than +5%. The international accep-
tance criteria (CV for precision better than 15% and re-
covery values) were met [11]. The inter-day variability of
the method tested was determined at low, medium and
high concentrations. The results are presented in Table 5.
These data indicate that the method was reproducible on
three different days.

3.3. Contents in S. nitens and P. giganteus

The contents of substances were described in Table 6.
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Table 5. Inter-day accuracy and precision of the LC method
for determining the substances (1 - 4) in samples (n = 5 for
each sample).

1 2
C add. ng‘ﬁllzdf Ac  CV S;ﬁ;ﬁdf Ac  CV
pg-mL! (M = SD) (%) (%) (M + SD) (%) (%)

1 1.03£0.05 3.00 42385
20 19.51£0.53 245 2.72
40 39.32+091 1.70 231

1.01 £0.04 1.00  3.96
20.02+047 010 235
39.51+0.85 1.23 2.15

3 4
C add. S;‘;‘Eﬁ Ac  CV S;‘;‘Eﬁ Ac  CV
v N O CO B v S ORI O

1 1.03£0.04 3.00 4.85
20 19.51+£0.53 245 2.72
40 393+£091 1.70 231

1.01+£0.04 1.00  3.96
20.02+047 010 235
39.51+£0.85 1.23 2.15

C: concentration; CV: coefficient of variation; Ac: Accuracy; S.D.: standard
deviations. Luteolin (1); Quercetin (2); 3,6-dimethoxy-1,5,7-trihydroxyx-
antone (3); Paepalantine (4).

Table 6. Contents in pg/100 mg of extract A-D (mean + SD)
of the substances (1 - 4) employing the LC method.

Samples 1 2 3 4
A 458+1.3 - 254+ 1.7 -
B 350+2.5 - - -
C - 335+24 - 455+33
D - 391+ 1.1 - 431+1.4

Conc: concentration; SD: standard deviation. A: methanolic extract of S
nitens scapes, B: methanolic extract of S nitens capitulae, C: methanolic
extract of P.giganteus capitulae, D: methanolic extract of P. giganteus
scapes. Luteolin (1), Quercetin (2), 3,6-dimethoxy-1,5,7-trihydroxyxanthone
(3), Paepalantine (4).

Quercetin and paepalantine were quantified in methano-
lic extracts of capitulae and scapes of P. giganteus. Lute-
olin is present in methanolic extract of both the capitulae
and scapes from S nitens while 3,6-dimethoxy-1,5,7-
trihydroxyxantone is present only in methanolic extract
of the capitulae from S nitens. The results from this
method indicate that a variation coefficient of lower than
5% is adequate.

4. Conclusion

The implementation of the proposed work has demon-
strated savings in time when compared to the classical
phytochemical study. This factor avoids the performance
of strenuous tasks that result in repeated substance isola-
tion. The work also contributed to reducing the waste
load generated by the use of organic solvents during the
stages of preparation of extracts and chromatographic
separation. This approach requires little organic solvent,
which is easily discarded after the preparation steps. As
an added benefit, small quantities of plant material are
needed, which are indispensable in the study of Eriocau-
laceae due to low mass preparation of the extracts pre-

Copyright © 2012 SciRes.

sented. The recent literature does not report the presence
of these substances in P. giganteus while for S. nitens the
3,6-dimethoxy-1,5,7-trihydroxyxanthone and luteolin have
been identified by Pacifico [5]. On the other hand, fla-
vonols and derivatives of paepalantine have been widely
identified in the Paepalanthus genus [10,12]. Therefore,
both species, when measured by LC-PDA, differ as to the
existence of some flavonoids such as quercetin in extracts
of P. giganteus and luteolin in S nitens. Although the ca-
pitulae and scapes present similar profiles, the concentra-
tions of these substances differ between the capitulae and
scapes. Finally, we hope that our approach can contribute
to the study of other plant species by providing a rapid and
important strategy for the recognition of the chemical
composition among Eriocaulaceae species. In addition, new
parameters can be evaluated, especially when considering
the occurrence of other classes of substances found in veg-
etable matrices, thus opening up new perspectives for fu-
ture studies.
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