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Maceration and supercritical fluid extraction were used to prepare extracts from parts of plants (Holostylis reniformis) collected in 
two different regions of Brazil. 1H NMR, HPLC-DAD-ESI/MS, HPLC-DAD, GC-MS, and chemometric techniques were used to 
analyse lignans in the extracts and showed that yields of SFE-CO2 were less than or equal to those of hexane maceration extracts. 
These analyses, in conjunction with the concentrations of aliphatic hydrocarbons, fatty acids and their methyl and ethyl derivatives 
in the extracts, also allowed the chemical composition of parts and provenance of the plant to be differentiated.
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INTRODUCTION

Holostylis reniformis Duch. (Aristolochiaceae) is widely 
distributed in Brazil and has been used in traditional Brazilian 
medicine as an antirheumatic, stomachic, and depurative.1 Extracts 
from this species have been shown to exhibit antimalarial activity 
and to contain high concentrations of 8-8’ linked lignans without 
9,9’-oxygenation that showed antiplasmodial activity.2 Moreover, 
biosynthetic studies have shown that isoeugenol is a biosynthetic 
intermediate for these 2,7’ lignans (aryltetralone lignans) and 7,7’ 
epoxylignans (furan lignans).3,4

Our previous studies on H. reniformis determined that reverse-
-phase HPLC-DAD4-6 provided the most suitable conditions for 
obtaining chromatographic profiles of non-polar extracts from the 
roots (hexane, chloroform, and acetone), which contained aryltetra-
lone lignans and 7,7’ epoxylignans. Under these conditions, at least 
10 different lignans were well characterized.

To achieve the goal of obtaining clean extracts rich in lignans 
from this species, supercritical fluid extraction (SFE) was used, since 
SFE is known to be a rapid, selective and a convenient method for 
sample preparation prior to the analysis of compounds in natural 
product matrices.7 The most used supercritical solvent is pure or 
modified CO2 because of its critical parameters, especially the critical 
temperature which allows extraction at mild temperatures, decreasing 
the tendency to degrade thermal sensitive compounds. Moreover, 
supercritical fluid extraction with carbon dioxide (SFE-CO2) has 
been used to extract components that present low to medium polarity 
from solid and liquid pharmaceutical matrices due to its safety as 
an alternative to the conventional liquid extraction of lignans, such 
as those of Schisandra chinensis, Schisandra sphenanthera, and 
Forsythia koreana. In addition, the on-line coupling of SFE with 
supercritical fluid chromatography (SFC) was previously used for 
the extraction and separation of neolignans such as magnolol and 

honokiol in Magnoliae cortex.8

To contribute to advances in pharmacological tests of these 
extracts and lignans, which are needed in substantial amounts, this 
report describes a comparative study on two methods for obtaining 
extracts rich in aryltetralone lignans from H. reniformis, and compares 
the intraspecific chemical variability of this species collected in two 
different regions of Brazil (Minas Gerais State (MG) and Maranhão 
State (MA)).

RESULTS AND DISCUSSION

Extractions

Extracts of dried roots, leaves, and stems from plants collected in 
Imperatriz (MA) and Ituiutaba (MG) were prepared by supercritical 
fluid extraction (SFE-CO2) and by a classical method using macera-
tion (extraction with hexane, acetone, and ethanol, successively) at 
room temperature. With these two methods, extraction and concen-
tration were completed within 120 min and 8 days, respectively. 
Opletal et al. and Lojková et al.9 observed that the conditions for 
supercritical fluid extraction at pressures above 20 MPa and tem-
peratures of 40–80 °C had little effect on the SFE lignan yields. 
However, the matrix type, including the part of the plant, greatly 
influenced the composition of lignans in extracts obtained by SFE.7,10 

Thus, the experimental conditions established for SFE-CO2 from 
roots, stems, and leaves (20.0 g each) of H. reniformis were CO2 at 
50 °C, 27 MPa, and 50 min. Since the amount of raw material was 
limited and different from that used by the previous SFE studies 
available in the literature,11,12 the extractions were conducted at high 
pressure, relatively high temperature and a high CO2 flow rate in 
order to achieve the largest extraction yield in the shortest time. The 
extracts obtained were then examined with regard to extraction yield 
(Table 1) and composition. The yields of SFE-CO2 (E-7 to E-12) 
were less than or equal to those of the hexane maceration extracts 
(E-1 to E-6) and their chemical composition similar, as evidenced 
by the following analyses.
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Qualitative and semi-quantitative analyses of aryltetralone 
lignans 

Qualitative and semi-quantitative analyses of aryltetralone lignans 
in the root and stem extracts were performed by using 1H NMR, 
HPLC-DAD-ESI/MS, HPLC-DAD, HPLC-DAD-CD, and GC-MS 
techniques. To optimize the experimental conditions (HPLC, ESI-MS, 
and GC parameters) and quantification, (-)-8’-epi-aristoligone (1) and 
(-)-aristotetralone (2), previously isolated from H. reniformis, were 
used as standard references (Figure 1). 

1H NMR analysis
1H NMR spectra of aryltetralone lignans from H. reniformis are 

very characteristic. They showed hydrogen signals at d 0.6-1.2 (CH3), 
3.6-3.9 (OCH3), 2.0-2.8 (CH), 5.8-6.0 (CH2O2), 6.3-7.0 (Ar-H), 
and ~7.5 (H-6). As an example, Figure 1S (supplementary material) 

shows the typical spectra of extracts containing lignan 1 at a high 
concentration. None of the characteristic signals corresponding to 
lignan hydrogens were observed in the 1H NMR spectra of extracts 
from the plant leaves, or in the ethanol extracts from the roots.

HPLC analysis
Based on an analysis of non-polar extracts (SFE-CO2, hexane, 

and acetone) under the optimal conditions previously determined 
for extracts from the roots of H. reniformis,4,6 11 different lignans 
were well-characterized by comparing their retention times, CD, UV 
absorptions, and mass spectra: (-)-8’-epi-aristoligone (1), (-)-aris-
totetralone (2), (-)-4’-O-methylenshicine (3), (-)-aristoligone (4), 
(-)-8’-epi-aristotetralone (5), cagayanone A (6), 8,8’-epi-aristoligone 
(7), cagayanone B (8), (-)-8-epi-holostylone (9), (-)-holostyligone 
(10), and calopiptin (12). In addition, basic structures were suggested 
for two aryltetralone (13 and 14) and two furan lignans (15 and 16) 
on the basis of their mass spectra (Table 1S, Figures 1 and 2S). The 
mass spectra of aryltetralone lignans showed characteristic ions cor-
responding to the molecular ions and protonated molecular ions seen 
with EI and ESI, respectively. Key ions, which may have arisen from 
retro Diels–Alder rearrangements involving the A and B rings and 
naphthol formation, were observed by GC-MS and HPLC-DAD-ESI/
MS, respectively (for further details, see supplementary material, 
Table 1S, Figures 2S and 3S). 

Relative and semi-quantitative analyses by HPLC
A relative quantitative analysis by HPLC-DAD-ESI/MS was also 

performed to compare the compositions of the root and stem extracts. 
The peak areas of compounds that showed retention times (tR) between 
6.1 and 33.3 min in the chromatograms were transformed into per-
centages. This analysis (Table 1S) showed that acetone and ethanol 
extracts of stems+roots from MA contain a significant amount of 3, 
and most of the samples from MA contain higher concentrations of 
2 than 1. As seen in Table 1S, plant provenance can be clearly seen 
by this analysis.

A semi-quantitative analysis (HPLC-DAD) was performed by 
the external standard method for extracts that showed well-resolved 
peaks with the same retention times as 1 and/or 2 (Figure 4S). Higher 
concentration of 1 was also determined in the extracts from MG and 
of 2 in those from MA (Table 2).

GC-MS analysis
The composition of the crude extracts was also established us-

ing GC-MS analyses by comparing the linear retention index (I) of 
the compounds with those of standard samples and with data in the 
literature, as well as by analysing their mass spectra, where seven 
lignans were characterized (1-4, 7, 11, and 12, Table 3). In addition 
to ethyl oleate, ethyl palmitate, methyl esters of 9-ocatadecenoic 

Table 1. Extraction yields and provenance of H. reniformis

Plant material Extract (%)

Provenance Dry plant part
Maceration (100 g)

SFE-CO2
 (20 g)

hexane acetone ethanol

MG Roots E-1 (3.70) E-13 (3.72) E-19 (5.92) E-7 (3.71)

MG Stems E-2 (0.36) E-14 (0.83) E-20 (2.13) E-8 (0.36)

MG Leaves E-3 (4.42) E-15 (2.94) E-21 (7.69) E-9 (1.32)

MA Roots E-4 (2.92) E-16 (2.52) E-22 (6.20) E-10 (1.31)

MA Stems+roots E-5 (1.37) E-17 (1.07) E-23 (3.60) E-11 (0.89)

MA Leaves E-6 (4.38) E-18 (4.57) E-24 (3.41) E-12 (1.63)

Figure 1. Chemical structures of compounds 1–16
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and 9,12-ocatadecadienoic acids, seven aliphatic hydrocarbons 
(pentacosane, hexacosane, heptacosane, octacosane, nonacosane, 
triacontane, and hentriacontane), two fatty acids (palmitic and oleic 
acids) and their methyl esters were also identified by co-injection 
of authentic samples from Aldrich® (Table 3). As observed by 1H 
NMR and HPLC analyses, the extracts of leaves showed a significant 

concentration of aliphatic esters and hydrocarbons, but not of lignans 
(data not shown). 

Statistical analyses
An agglomerative hierarchical cluster analysis (HCA) and princi-

pal component analysis (PCA) were individually applied to datasets of 
normalized chromatograms obtained by GC-MS of the soluble hexane 
solutions of extracts. These analyses allowed the drawing of similarity 
plots of the corresponding extracts to the principal components to 
obtain information about the characteristic peaks, which are the most 
discriminating for the samples observed on the plots (Figures 2, 3, 
and 5S). In addition, HCA (Figure 2) showed three distinct groups, 
two of which were only from roots and a group that contained stems. 
Moreover, the PCA results were consistent with these three groups and 
allowed stem extracts to be differentiated from stems+roots extracts 
(Figure 3, Table 2S). Positive score signals for PC1 corresponded 
to those extracts of stems and roots from MA, which were highly 
influenced by octacosane (variable 21), whereas negative values 
were influenced by 12 (variable 17) (Figure 5S). In addition, the 
hydrocarbons nonacosane, triacontane, and hentriacontane (variables 
22-24) characterized extracts of stems from MG while ethyl oleate 
(variable 9) characterized SFE-CO2 extract of stems+roots from MA 
(E-11). This ester and methyl fatty esters were previously isolated 
from Aristolochia grandiflora and Aristolochia longa.13

Thus, the chemical compositions of the different parts of the 
plants are significantly dissimilar. In general, SFE-CO2 and hexane 
extracts from the same plant part have very similar compositions, as 
evidenced in Figures 2 and 3.

To compare the compositions of the root and stem extracts, the 

Table 2. Calculated concentrations (%) of lignans 1 and 2 in the extracts by 
linear regression

Extracts Standards
Concen-
tration a Extracts Standards

Concen-
tration a

E-1 1 23.51 E-10 1 Nc

2 11.37 2 11.74

E-2 1 4.42 E-11 1 Nc

2 1.89 b 2 2.16

E-4 1 nc E-13 1 10.11

2 14.91 2 5.04

E-5 1 nc E-14 1 1.30 b

2 16.50 2 0.58 c

E-7 1 19.84 E-16 1 Nc

2 7.97 2 5.60

E-8 1 5.86

2 2.53

a Concentration expressed as g/100 g of extract; b Values calculated below 
LOD; c Values calculated below LOQ; nc: not calculated.

Table 3. Composition of extracts determined by GC-MS a

I (seg) a Variable Compounds (%)
Extracts b

E-1 E-2 E-4 E-5 E-7 E-8 E-10 E-11 E-13 E-14 E-16

1651 1 Davanol 2.33  2.96  

1659 2 Bulnesol   42.85

1912 3 Palmitic acid, methyl ester  11.76

1950 4 Palmitic acid  21.99 5.59  8.86

1980 5 Palmitic acid, ethyl ester  5.88 1.96

2076 6 9,12-Octadecadienoic acid, methyl 
ester 

 2.94

2084 7 9-Octadecenoic acid, methyl ester  9.31

2124 8 Oleic acid  15.98 2.45 44.31

2152 9 Oleic acid, ethyl ester   17.73

2500 10 Pentacosane  0.98  

2600 11 Hexacosane 4.19 1.64  

2651 12 Hydrocarbon (hexacosane type)  3.61  7.14

2692 13 11  1.64 5.88

2700 14 Heptacosane 10.48 7.89  8.92

2709 15 3 7.01  5.92 2.96 4.41

2713 16 1 44.43 7.69 5.88  45.92 18.41 18.62  57.14 8.92  

2721 17 12 4.67 9.79 11.76 19.99 5.92 1.64 4.41 8.86

2748 18 4 14.03 4.93 11.76 3.89 13.33 6.24 8.82 14.28

2751 19 7  5.18  

2766 20 2 27.48 18.88 64.7 37.98 20.73 12.16 17.15 20.26   85.71

2800 21 Octacosane 18.18 13.81  30.35

2900 22 Nonacosane 16.78 11.84  28.57

3012 23 Triacontane 9.79 8.22  16.07

3148 24 Hentriacontane  3.89  

3349 25 Sitosterol  12.25
a I: Linear retention index; b composition expressed as a percentage; for extract codes, see Table 1.
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peak areas of the compounds, which showed retention times (tR) 
between 6.1 and 33.3 min, were transformed into percentages. Similar 
HCA and PCA analyses using 14 extracts from the two provenances, 
and the peak area (%) for 41 compounds (characteristics) in HPLC 
chromatograms, were performed (Table 1S). They also indicated that 
supercritical and hexane extracts from the same plant parts and plant 
provenance were very similar. In addition, as expected, these analyses 
showed dissimilarities between these extracts and those obtained from 
acetone and ethanol extraction (Figures 4 and 5, Table 3S). Lignan 
3 contributes significantly to PC1, PC2, and PC3 positive values, 
whereas lignans 1 and 2 contribute to PC3 positive and negative 
values, respectively (Figure 6S).

As seen in Tables 1S and 3, SFE-CO2 can be successfully applied 
for the extraction of lignans from plants with different provenances 

and also from different plant parts. In addition, the richest extracts 
in aryltetralone lignans are from the roots. Maceration with hexane 
was more efficient in the extraction of lignans 1 and 2 from roots but 
supercritical fluid extraction was more efficient in their extraction 
from stems. Although the analyses by GC and HPLC took into account 
the compound percentages in the extract samples, the concentrations 
of the compounds in the extracts (Tables 1S, 2 and 3) should not be 
compared without considering the different conditions of analysis, 
sample preparations, and techniques. However, chemometric analyses 
showed that both GC-MS and HPLC-DAD-ESI/MS were reliable 
techniques for comparing plant part compositions and for discrimi-
nating the plant provenance, since PC1 and PC2 accounted for ca. 
74% and 79% of the information, respectively. Furthermore, SFE-CO2 
extraction protocol optimization may improve both the extraction 
yield and lignan purity in the obtained extracts.

Figure 2. Dendrogram constructed based on an agglomerative hierarchical 
clustering analysis (HCA) of hexane solutions of extracts of H. reniformis 
with different provenances by GC-MS (for extract numbering, see Table 1)

Figure 3. Principal component analysis (PCA) of chemical constituents of 
hexane solutions of extracts from stems and roots of H. reniformis by GC-
-MS. The principal components (PC1 and PC2) account for ca. 73.6% of the 
information (for extract numbering, see Table 1)

Figure 4. Dendrogram constructed based on an agglomerative hierarchical 
clustering analysis (HCA) of extracts of H. reniformis of different provenances 
by HPLC-DAD-ESI/MS and HPLC-DAD (for extract numbering, see Table 1)

Figure 5. Principal component analysis (PCA) of chemical constituents of 
extracts from stems and roots of H. reniformis by HPLC-DAD-ESI/MS and 
HPLC-DAD. The principal components (PC1 and PC2) account for ca. 79.0% 
of the information (for extract numbering, see Table 1)
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EXPERIMENTAL

Standard compounds

Aldrich kits containing 24 standard hydrocarbons/C5–C30, 
straight-chain alkanes (Aldrich 29,850-6), 19 fatty acids/C6-C24, 
straight-chain (Aldrich 29,851-4), and fatty acid methyl esters/C6–C24 
straight-chain (Aldrich 29,851-4) were used as standard compounds 
for GC-MS analyses. Natural compounds isolated and identified by 
spectroscopic methods (mainly by MS, 1H and 13C NMR) from H. 
reniformis and other Aristolochia species were also used as standards: 
bulnesol, lignans: (-)-8’-epi-aristoligone (1), (-)-aristotetralone (2), 
(-)-4’-O-methylenshicine (3), (-)-aristoligone (4), (-)-8’-epi-aristot-
etralone (5), cagayanone A (6), 8,8’-epi-aristoligone (7), cagayanone 
B (8), (-)-8-epi-holostylone (9), holostyligone (10), galbacin (11), 
and calopiptin (12) (Figure 1).6, 14-18

Plant materials

The plant materials were collected in Ituiutaba, MG, Brazil, and 
Imperatriz, MA, Brazil, in February 2008 and 2010, respectively, 
when the vines were in the blooming stage. The distance between 
these two collecting regions is about 1510 km.19 The plants were 
identified as Holostylis reniformis Duch. by Dr. Vinícius C. Souza and 
Dr. Lindolpho Cappellari Jr. Voucher specimens (ESA 88282/2008 
and ESA 110744/2010) were deposited at the herbarium of the Escola 
Superior de Agricultura, Luiz de Queiroz (ESALQ), Piracicaba, SP, 
Brazil. The materials were separated according to the plant parts 
and dried (~ 45 °C). As separation of roots from the stems is time-
consuming, samples from plants of MA were also obtained without 
these part plant separations to provide information about extract 
compositions for further plant collections.

Maceration extraction

Ground plant materials (roots, stems, roots+stems, and leaves, 
100.0 g each) from plants collected in MA and MG were individu-
ally subjected to maceration extraction with hexane, acetone, and 
ethanol, successively, as previously described (4 × ~200 mL, 2 days, 
and shaken manually every 12 h for 2 min for each extraction).4,5 The 
solvents were then eliminated under reduced pressure in a fume hood 
to give 18 extracts (E-1 to E-6 and E-13 to E-24, Table 1). 

Supercritical fluid extraction

Similarly, ground plant materials (roots, stems, roots+stems, and 
leaves, 20 g each) were individually subjected to supercritical fluid 
extraction by using the extraction system previously described,11 with 
slight modifications. Briefly, a column (2.0 × 25.0 cm) filled with 20.0 
g of the plant material was coupled to a supercritical extraction unit. 
The extraction system was operated with a static period of 5 min and, 
the procedure was then conducted using CO2 at 50 °C and 27 MPa for 
50 min and a flow rate of 40 L/min. The extracts were collected in a 
filtering flask cooled in an ice bath. After extraction, the pressure of 
the system was reduced, and the tubing located after the extraction 
column was washed with ethanol (10 mL) to recover residual matter 
deposited in this area. The solvent was eliminated in a fume hood 
to produce 6 extracts (E-7 to E-12, Table 1). Each combination of 
extraction and concentration was thus completed within 120 min.

1H NMR analyses

1H NMR experiments were performed on a Varian INOVA 500 

spectrometer (11.7 T) at 500 MHz (1H) using deuterated solvents 
(CDCl3 and DMSO-d6) (P 99.9% D) and residual solvent as an internal 
standard for 1H NMR. d values are reported relative to TMS. Samples 
(30 mg each) were filtered through cotton wool, dissolved in 1.0 
mL of deuterated solvent (CDCl3 or DMSO-d6), and then subjected 
to 1H NMR experiments (field: 11.7 T, temperature: 28 °C, pulse: 
45°, relax. delay: 0.904 sec, width: 7489.9 Hz; acq. time: 4.096 sec, 
repetitions: 16, FT size: 65536, total time: 80 sec). The compounds 
were identified by dereplication analyses of 1H NMR spectra of the 
crude extracts and by comparing 1H NMR data with those reported 
in the literature and/or with the authentic samples.2-6,15,18

Preparation of samples and standard solutions of extracts 
and their analyses by HPLC-DAD, HPLC-DAD-CD, and 
HPLC-DAD-ESI/MS

Extracts and standard lignans (1 mg/mL MeOH) were filtered 
through a PVDF 0.45 µm membrane and subjected to qualitative 
(HPLC-DAD-ESI/MS, HPLC-DAD, and HPLC-DAD-CD) and 
semi-quantitative (HPLC-DAD) analyses.

HPLC analyses were performed using a Shimadzu liquid 
chromatograph (SPD-10 Avp) equipped with UV–vis and 341-LC 
polarimeter detectors, and chromatograms were acquired at 336 and 
254 nm using a Jasco LC-NetII/ADC equipped with photodiode 
array (MD-2018 Plus) and CD (2095 Plus) detectors (range of 200 
to 420 nm). All HPLC conditions used in this work were identical: 
the samples were injected by an automatic injector; the injection 
volume was 20 µL and the elution time was 60 min; the columns 
were RP-18 (Varian, C18, with a particle size of 5 µm, 250 × 4.6 
mm); the mobile phase used was MeOH:H2O (7:3; v/v). HPLC-
DAD-CD were used for determination of the Cotton effect signal 
characteristic of aryltetralone lignans at 310 nm.15 Mass spectra 
(ESI-MS) were obtained on an LCQ Fleet–Thermo Scientific, in 
positive ionisation mode (20V) recorded over a mass range of m/z 
150-1050, and flow injection into the electrospray source was used 
for HPLC-DAD-ESI/MS. 

GC-MS analyses 

Except for E-17 to E-24, which showed very low solubility in 
hexane, the composition of the hexane solutions of the crude extracts 
was established by GC-MS analyses. These analyses were perfor-
med on a Shimadzu GCMS-QP5050A system in EI mode (70 eV) 
equipped with an automatic split/splitless injector (220 °C), at a split 
ratio of 1/10, using a VF-1MS fused-silica capillary column (30 m 
× 0.25 mm i.d.; film thickness: 0.25 µm). The oven temperature was 
programmed from 60 °C (5 min) to 280 °C at a rate of 4 °C/min and 
held at this temperature for 10 min. Helium was used as a carrier 
gas at a flow rate of 0.8 mL/min. The injection volume was 2 µL. 
Portions (0.5 mg) of each extract were dissolved with the GC-grade 
n-hexane (1 mL), filtered through a PVDF 0.45 µm membrane, and 
analysed by GC–MS (Table 3). Retention indices for all compounds 
were determined according to the equation proposed by van den Dool 
and Kratz,20 using n-alkanes as standards. Adjusted retention times 
(RRt) for each peak were determined by subtracting the retention time 
of helium from the retention time of each peak. Components were 
identified based on a comparison of their mass spectra with those 
held on the NIST/EPA/NIH Mass Spectral Database (NIST08), Mass 
Spectrometry Data Centre, and those described by Adams, as well as 
by comparing their I values with those of n-alkanes, fatty acids and 
acid methyl esters from Aldrich®, and with data in the literature.21 
The extracts were co-injected with several compounds that had been 
previously isolated from H. Reniformis.2-6,15,18
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Statistical analysis

Relative quantitative analysis of data obtained from GC-MS and 
HPLC-DAD-ESI/MS

Agglomerative hierarchical cluster analyses (HCA) and principal 
component analysis (PCA) were used as statistical methods to suggest 
the structure of the set and to analyse the variables in relation to the 
characteristics being studied. 

GC-MS statistical analysis
Overall, 25 characteristics (chemical compounds identified by 

GC-MS) were analysed in 11 extracts by HCA and PCA (Tables 
3 and 2S, Figures 2, 3, and 5S) by using the Pirouette® version 
3.11 program.22 The chemical compositions were determined from 
the chromatographic profiles of 5 (6) extracts from parts of plants 
collected in MA (MG). To reduce scattering effects and to compare 
samples, the chromatograms were normalized by reducing the areas 
under each chromatogram to a value of 1.23 Plots defined by PC1 
(score 1), PC2 (score 2), and PC3 (score 3) for the 25 characteristics 
were obtained for chromatographic data using Pirouette® version 
3.11.22 The results were obtained using an original data matrix X (25 
by 11) with 25 variables, 11 samples, 3 optimal factors, 1st derivative, 
with Euclidian distance as a measure of similarity. The variances of 
PC1 (165.6950), PC2 (67.1209), and PC3 (17.9317) accounted for 
64.48%, 26.12%, and 6.98%, respectively, of the total PCA variance.

HPLC-DAD-MS statistical analysis
Analogously, plots defined by PC1 (score 1), PC2 (score 2), and 

PC3 (score 3) for 41 characteristics (tR determined by HPLC-DAD-
ESI/MS and HPLC-DAD, Tables 1S and 3S, Figures 5 and 6S) and 
14 samples (7 (7) extracts from parts of plants collected in MA (MG)) 
were obtained for HPLC data. In these cases, the variances of PC1 
(9432.7588), PC2 (4662.0273), and PC3 (2356.6843) accounted for 
52.88%, 26.14%, and 13.24%, respectively, of the total PCA variance. 
As described above, HCA was also performed for these 14 extracts 
and 41 compounds (Figure 4).

Evaluation of linearity and limits of detection and 
quantification for the HPLC-DAD method

The peak areas of the compounds were transformed into percen-
tages to compare the compositions of the root and stem extracts. The 
contents of individual compounds were measured semi-quantitatively 
from linear regressions using 1 and 2, which were expressed as g/100 
g extract (Table 2). This measuring was not performed in some ex-
tracts from MA due to the presence of a co-eluted compound, or in 
acetone and ethanol extracts that did not show peaks with tR in the 
selected range. The calibration curves were constructed by plotting 
peak areas of 1 and 2 against corresponding concentrations in tripli-
cate (1: 0.005, 0.100, 0.200, 0.300, 0.450, 0.600, and 0.800 mg/mL;  
2: 0.044, 0.078, 0.098, 0.132, and 0.176 mg/mL). Both calibration 
curves showed good linearity with correlation coefficients (1: 
r2 = 0.9999, 2: r2 = 0.9994). The linear regression equations were y = 
-1800.40818 + 1.76912 × 107 x for 1 and y = 17518.5208 + 1.38655 × 
107 x for 2, where y is the peak area and x is the concentration of lignan  
(mg/mL), and r < 0.0001. The limits of detection (LOD, 1: 0.0121 
mg/mL, 2: 6.769 × 10-3 mg/mL) and of quantification (LOQ, 1: 0.0367 
mg/mL, 2: 0.0205 mg/mL) were estimated from the calibration curves 
(Figure 4S).24

CONCLUSIONS

As a result of these analyses we can infer that the amount of 

aryltetralone lignans in extracts from the leaves, and in ethanol 
extracts from roots and stems is not significant. However, the hexa-
ne and the supercritical extracts from roots have similar chemical 
compositions. Although the SFE-CO2 extraction resulted in lower 
or equal yields, it is a faster and cleaner procedure than maceration 
extraction for the recovery of lignans. In addition, HCA and PCA 
showed intraspecific variability between plants collected from diffe-
rent regions of Brazil located a considerable distance from each other, 
while both GC-MS and HPLC-DAD-ESI/MS are reliable techniques 
for comparing plant part compositions.

SUPPLEMENTARY MATERIAL

Tables 1S–3S and Figures 1S–6S are available at http://quimica-
nova.sbq.org.br, in PDF format, with free access.
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Table 1S. Composition of extracts determined by HPLC-DAD and HPLC-DAD-ESI/MS a

Variable b Lignan 
[M+H]+

m/z
tR 

(min)

Extracts (%)

E-1 E-2 E-4 E-5 E-7 E-8 E-10 E-11 E-13 E-14 E-16 E-17 E-20 E-23

4 6.75 0.00 1.59 4.42 0.00 5.05 0.00 0.00 0.00 5.67 3.03 9.91 9.14 0.00 6.10

6 7.47 0.00 0.00 1.82 0.00 0.00 0.00 2.29 0.00 0.00 0.00 7.28 0.00 0.00 0.00

7 7.78 0.00 0.00 0.00 6.82 0.00 0.00 0.00 0.00 0.00 1.07 0.00 0.00 0.00 0.00

8 13 341 7.94 2.87 0.00 6.24 0.00 3.36 0.00 6.69 5.73 4.67 0.00 0.00 0.00 0.00 0.00

10 8.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.58 0.00 7.36 8.40 7.10

11 10 357 8.54 2.73 5.05 3.59 10.30 2.95 7.01 6.00 4.02 1.77 0.00 6.95 0.00 0.00 0.00

12 8.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.77 55.60 0.00 13.79 53.57 14.24

13 8.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.39 0.00 0.00 0.00

14 9 357 9.09 3.91 3.45 7.07 8.32 5.74 3.64 6.89 7.66 0.00 0.00 7.67 0.00 0.00 0.00

18 11.03 0.00 0.00 0.00 5.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

19 1 371 11.06 37.12 39.37 13.10 6.25 33.34 39.18 8.39 12.22 32.04 9.31 7.23 0.00 14.71 0.00

21 4 371 12.72 12.66 14.84 10.56 13.27 11.67 13.54 11.56 9.76 11.28 3.06 8.39 0.00 4.94 0.00

26 15.26 0.00 0.00 4.60 0.00 0.00 5.26 2.98 2.89 0.00 8.09 8.94 1.47 0.00 0.00

27 15.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.75 0.00 0.00 0.00 0.00 0.00

28 7 371 15.98 13.27 0.00 4.70 0.00 11.89 11.73 4.44 2.59 5.60 1.42 3.29 0.00 2.22 0.00

29 3 355 16.66 0.00 14.28 3.53 6.27 0.00 1.70 2.89 2.67 1.59 8.36 1.89 58.72 11.66 71.08

30 18.73 3.21 0.00 0.00 0.00 0.00 0.00 0.00 18.79 2.25 0.00 0.00 0.00 0.00 0.00

32 5 355 18.82 0.00 1.14 4.79 0.00 1.99 0.00 2.82 0.00 0.00 0.00 1.54 0.00 0.00 0.00

33 2 355 20.88 13.46 14.39 20.57 38.22 11.28 13.63 18.79 25.84 12.47 3.44 15.69 3.10 2.41 0.00

36 8 339 23.49 0.00 0.00 1.83 0.00 0.00 0.00 2.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00

37 12 357 27.95 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

38 6 339 31.23 0.00 1.03 1.94 0.00 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00

39 16 357 31.24 0.00 0.00 1.42 0.00 0.00 0.00 1.86 1.62 0.00 0.00 0.00 0.00 0.00 0.00

40 15 373 33.25 0.00 0.00 1.38 0.00 0.00 0.00 1.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00

41 14 339 33.29 0.00 1.16 0.00 0.00 0.00 0.00 1.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
a tR: Retention times; composition expressed as a percentage in the range of 6.18 to 33.29 min; for extract codes, see Table 1. b Selected variables: lignans and compounds whose 
concentrations were at least 5.0% in one of the analysed extracts.
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Table 2S. Scores for three principal components (PCs) for the dataset of 
hexane solutions of extracts from stems and roots of H. reniformis by GC-MS

Samples a Factor 1 Factor 2 Factor 3

E-1 -0.613641 -23.172598 2.023694

E-2 -4.602954 20.126415 14.383844

E-4 39.004322 -11.543629 6.696213

E-5 22.525829 10.712484 -16.207546

E-7 -16.784327 -21.461687 0.604645

E-8 -14.503395 12.219756 9.707336

E-10 -6.719095 -1.204995 -2.461890

E-11 8.812049 25.054316 -38.985374

E-13 -50.409611 -29.680290 -9.987580

E-14 -24.718164 35.679787 21.992687

E-16 58.008984 -16.729565 12.233972

a For extract codes, see Table 1.

Table 3S. Scores for three principal components (PCs) for the dataset of 
hexane solutions of extracts from stems and roots of H. reniformis by HPLC-
-DAD-ESI/MS

Samples a Factor 1 Factor 2 Factor 3

E-1 -22.968166- -0.334571 14.723046

E-2 -12.124438 7.029879 17.934275

E-4 -12.556252 6.110610 -9.507031

E-5 -13.031762 11.809308 -23.040548

E-7 -20.528162 0.110139 12.207561

E-8 -22.504902 0.219117 15.972814

E-10 -11.484458 6.135619 -13.343925

E-11 -14.695626 6.966284 -14.297139

E-13 -14.316376 -6.299582 10.262061

E-14 23.812603 -41.885036 -6.918268

E-16 -9.725595 5.473227 -13.969701

E-17 48.379227 19.463631 2.646794

E-20 23.453072 -39.314293 -0.090531

E-23 58.290833 24.515673 7.420588

a For extract codes, see Table 1.

Figure 1S. Representative 1H NMR spectra of root extracts of H. reniformis (collected in MG): (a) hexane, (b) SFE-CO2, and of standards 1 and 2 (CDCl3, 500 MHz)
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Figure 2S. Representative total ion current (TIC) of hexane (a) and SFE-CO2 (b) extracts from the roots of H. reniformis from plants collected in MA, and 
SFE-CO2 (c) from plants collected in MG. Peaks corresponding to the identified lignans are shown (20 V, positive mode, C18, 150 × 3.9 mm, UV detection at 
254 nm, and flow rate: 0.8 ml min-1)

Figure 3S. Key ions obtained by GC-MS and ESI-MS of 2, 3, and 5
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Figure 4S. Linearity of response (m AU) for 1 and 2 standards with HPLC-
-DAD method. Concentrations of solutions used in the calibration curve: 
(a) Concentrations of 1: 0.005, 0.1, 0.2; 0.3, 0.45, 0.6, and 0.8 mg/mL; (b) 
Concentrations of 2: 0.044, 0.078, 0.098, 0.132, and 0.176 mg/mL

Figure 5S. Loading plot of principal components (PC1, PC2, and PC3) ob-
tained for hexane solutions of extracts from stems and roots of H. reniformis 
by GC-MS (for variable code, see Table 3)

Figure 6S. Loading plot of principal components (PC1, PC2, and PC3) ob-
tained for hexane solutions of extracts from stems and roots of H. reniformis 
by HPLC-DAD-ESI/MS and HPLC-DAD (for variable code, see Table 1S)


