Levista
Virtual de
Quimica

2 Universidade do Estado do Rio de Janeiro,
Instituto de Biologia, Pds-graduagdo em
Biologia Vegetal, Maracana, CEP 20550-013,
Rio de Janeiro-RJ, Brasil.

b Fundagdo Oswaldo Cruz, Laboratério de
Produtos Naturais, Farmanguinhos, Rua
Sizenando Nabuco 100, Manguinhos, CEP
21041-250, Rio de Janeiro-RJ, Brasil.

*E-mail: davysonmoreira @ hotmail.com
Recebido: 22 de Margo de 2021
Aceito: 22 de Margo de 2021

Publicado online: 6 de outubro de 2021

Rev. Virtual Quim., 2021, 13 (5), 1165-1172
©2021 Sociedade Brasileira de Quimica

Article

https://dx.doi.org/10.21577/1984-6835.20210062

Development and Validation of an Analytical Method to
Quantify Bioactive Neolignhans of Piper rivinoides Kunth
Extracts

Desenvolvimento e Validacdo de Método Analitico para Quantificacdo de
Neolignanas Bioativas em Extratos de Piper rivinoides Kunt.

Jéssica Sales Felisberto,®® André Mesquita Marques,® Davyson de Lima Moreira,>>*

Piper rivinoides Kunth (Piperaceae) is a native species from Brazil and is registered from North to
South. Investigations about the chemistry of P. rivinoides indicate the presence of bioactive benzofuran
neolignans eupomatenoid-5 (EUP-5), eupomatenoid-6 (EUP-6) and conocarpan (CNC) in its extract.
Therefore, the extract of P. rivinoides Kunth, rich in neolignans, has the potential to become a
phytotherapeutic product. A newly High-performance Liquid Chromatography coupled to Diode-Array
Detector (HPLC-DAD) method for simultaneous determination and quantification of EUP-5, EUP-6
and CNC was developed and validated in this work. A modified-silica based column C-18 (250 mm x 4.6
mm, 5 um) with mobile phase composed by acetonitrile and ultrapure water (80:20 v/v) was used, along
with temperature of 50 °C, flow rate at 1 mL/min, injection volume of 20 pL and total analysis time of
8 min. The method was validated, showing to be selective and linear for the concentration ranges 3.125
- 100 pg/mL; 3.125 — 75 ug/mL and 1 — 20 pg/mL for EUP-5, EUP-6 and CNC, respectively; precise
(CV <2.0%); exact (CV <5.0%); robust (CV <3.0%), with recovery values close to 100% and limits of
quantification and detection that vary in the range of 50 - 100 ng/mL and 25 - 37.5 ng/mL. The method
developed and validated is unprecedented and will contribute to adequate phytochemical analysis, as
well as to the establishment of quality control parameters for extracts of P. rivinoides.
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1. Introduction

LEINT3 EEINT3

Piper rivinoides Kunth (Piperaceae) popularly known as “aperta-rudo”, “murta”, “rudo”
ou “betis branco” is a native species from Brazil, registered from North to South.! This species is
described as a glabrous, ciophile shrub, with a height between 3-6 m and a well-lignified stem;
shiny, ovate, and symmetrically based leaves; inflorescences and infructescence of the erect
spike, showy and trigonal nature that is used as food for several animals.?> Ethnobotanical studies
for P. rivinoides in Brazil describe its liturgical name “Ewé Boyi Funfun” and application of
this plant for purification bath in Brazilian religious rituals originating from African matrices.
The members of the respective religions also make medicinal uses of P. rivinoides for the
treatment of wounds, ulcers, hemorrhages and for oral problems.*¢

Studies on the chemistry of the secondary metabolism of P. rivinoides describe that
the plant is rich in essential oils and compounds derived from the shikimic acid pathway.” !’
Investigations on biological activities of special metabolites synthesized by P. rivinoides
point out their pharmacological potential against Micobacterium tuberculosis, Leishmania
amazonensis,® Candida albicans,"® antinociceptive action,'' and cytotoxic effect against oral
squamous cell carcinoma.'?

In an investigation on the composition of the crude extract of P. rivinoides,’ it was possible
to isolate and identify bioactive benzofuran neolignans (Figure 1), as well as demonstrated
the potential of these compounds against strains of Candida albicans and L. amazonensis.
Literature records also showed the bioactive potential of benzofuran neolignans such as
eupomatenoid-5 (anti-tuberculosis,'*!* antioxidant," leishmanicide,'®!” anticarcinogenic,'®
trypanocide.'*?°); eupomatenoid-6 (larvicide,? antibacterial,? antifungal. 2*-°); and conocarpan
(anti-tuberculosis,'® antibacterial,* antinociceptive.*).
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Therefore, it is clear that the extract of P. rivinoides
has great potential to be a source of future phytotherapeutic
product based on neolignans. In order to contribute to the
quality control process, it is mandatory to demonstrate
the quality and authenticity of bioactive compounds by
comparability, traceability, and reliability of analytical data?’.
Thus, this work aimed to develop and validate a method
by HPLC-DAD to simultaneously quantify the bioactive
neolignans eupomatenoid-5 (EUP-5), eupomatenoid-6
(EUP-6) and conocarpan (CNC) in the crude extract of P.
rivinoides. In addition, for demonstration of the efficiency
of the method, three distinct samples of P. rivinoides extract
collected in the Tijuca Forest were quantified.

2. Experimental Procedure

2.1. Materials
2.1.1. Plant material

Fresh leaves of Piper rivinoides Kunth were
collected in January, April and July 2019 at Tijuca National
Park, Rio de Janeiro/RJ (SISBIO n. 57296-1). The botanical
identification was carried out by Dr. Elsie Franklin Guimaraes
of the Botanical Garden Research Institute of Rio de Janeiro
(IPJBRIJ), and voucher samples were deposited at the
Herbarium of the State University of Rio de Janeiro (HRJ)
under registration number 13404. The collected leaves were
dried in an oven equipped with eight 1000 W lamps (~ 40 °C)
for 24 h at HRJ. After drying, the leaves were grounded in a
knife mill. After processing, the dried and grounded leaves were
stored in a freezer at -18 °C until the moment of extraction.

2.1.2. Reagents
The solvents used for the extraction were ethanol and

methanol analytical grade (Tedia, Brazil®) and ultrapure water
MiliQ (Millipore, Sao Paulo, Brazil) obtained in the laboratory.

For chromatographic analyzes, acetonitrile used was HPLC
grade, Ethanol, and Methanol purchased were analytical
grade, all from Tedia, Brazil. For evaluation of robustness
the acetonitrile used was the Merck® brand. The purified
water used was from a Milli-Q system (Millipore, Sdo
Paulo, Brazil) and the glacial acetic acid was purchased from
Sigma-Aldrich, Brazil. Each pure and isolated neolignane,
previously described, with purity >98%, HPLC grade, was
stored as stock solutions (400.00 pg/mL) in amber vials,
under refrigeration (0-5 °C).°

2.1.3. Equipment

The development and validation of the analytical
method were performed in HPLC-DAD (Shimadzu, Nexera
XR®), equipped with binary pump LC-20AD, automatic
injector (SIL-20AF), oven CTO-20A, detection system
by DAD-UV-VIS APD-20MA, degasser (DGU20A) and
controller (CBM-20A). The chromatographic data were
analyzed using Shimadzu LabSolutions® software. The
ultrasonic bath used was the Unique (USC1400) (Unique,
Brazil) with 2.8 L x 40 kHz x 120 W.

2.2 Methods
2.2.1. Chromatographic parameters

Ascentis C-18 column (250 mm x 4.6 mm i.d., 5
um particle size, Supelco, Brazil) was used. The mobile
phase was composed by acetonitrile and ultrapure water
80:20 (v/v), degassed in an ultrasound bath before use. The
analyzes were performed at a temperature of 50 °C with a
constant mobile phase flow rate at 1 mL/min and standard
and sample injection volume of 20 uL. The analyzes were
performed in triplicate, in a total time of 8§ min and in
the highest UV absorption of each compound. The three
neolignans were identified in the extracts by co-injection,
as well as retention time and UV spectrum comparison.

Figure 1. Structural representation of benzofuran neolignans eupomatenoid-5 (1), eupomatenoid-6 (2) and conocarpan (3) from Piper rivinoides Kunth
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2.2.2. Extract preparation

The dried and grounded leaves (2g) were submitted
to extraction with a solution (10 mL) composed of
ethanol and ultrapure water 9: 1 (v/v) and submitted to an
ultrasonic bath for accelerated extraction.®* The condition
for extracting the plant material were temperature of 22
°C, frequency of 40 kHz and power of 120 W for 15 min.
The extract was filtered on qualitative filter paper (Merck
Millipore, Brazil) and the filtrate was collected and then left
to air dried flow for solvent evaporation in a chapel. After
evaporation until constant weight, the resulting dry extract
was weighed and stored under refrigeration (0-5 °C) until
the moment of analysis.

2.2.3. Sample preparation

All HPLC-DAD analyses were done with a
solution of 10.00 mg/mL of crude hydroalcoholic extract
in methanol. Solubilization was done in ultrasonic bath
(Unique USC1400, Brazil) for 10 min. The diluted extract
was filtered with a 0.45 pm filter (Sigma-Aldrich®, Brazil)
and subjected to HPLC-DAD analysis.

2.2.4 Parameters determination for method validation

Validation procedures were performed according to
analytical guidelines, including selectivity, linearity, precision,
accuracy, recovery, limit of quantification (LOQ), limit of
detection (LOD) and robustness. >

Individual calibration curves were done due to the
differences in concentration for each benzofuran neolignan
in the P. rivinoides extracts. Thus, the values were set to
EUP-5 as 3.12; 6.25; 12.50; 25.00; 50.00; and 100.00 mg/
mL; EUP-6 3.12; 6.25; 12.50; 25.00; 50.00; and 75.00 mg/
mL and CNC 1.00; 2.00; 4.00; 8.00; 10.00; and 20.00 pg/
mL. Work solutions (WS) were obtained by serial dilutions
from the SS. Linearity was verified by three calibration
curves obtained in three different days for each neolignan.
Then, the correlation coefficient r or the determination
coefficient r* was calculated, which are parameters that
allow an estimate of the quality of the obtained curve.
The differences between the experimental values and the
theoretical values estimated by fitting a linear model to the
calibration data were used to determine homoscedasticity.

Precision was assessed at two levels, repeatability
(intra-day) and intermediate precision (inter-day), on three
consecutive days, for solutions in the minimum, average and
maximum concentration of the analytical curve, with three
replicates each. The solutions were analyzed and then, the
relative standard variation (RSD) was calculated (values
above 5% were not accepted). -

Accuracy was assessed at six different concentration
levels for each neolignan and determined by comparing the
corresponding experimental and theoretical concentrations,
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that is, concentrations derived from the analytical curve,
with values less than 85% and greater than 115% not being
accepted. 2%

Recovery of the extraction procedure was evaluated
at two concentration levels for each neolignan from WS:
2.00 and 10.00 mg/mL for CNC; 6.25 and 50.00 mg/mL
for EUP-5 and EUP-6. Standard samples of the crude
hydroalcoholic extracts spiked with neolignans solutions
were subsequently extracted. The recovery calculation was
performed according to the area of the extracted and non-
extracted pattern.

Robustness was determined for the lowest and
highest concentrations of the analytical curve, using WS,
being 3.12 and 100.00 pg/mL for EUP-5; 3.12 and 75.00
mg/mL for EUP-6 and 1.00 and 20.00 mg/mL for the CNC.
Robustness was based on the influence of five analytical
parameters (flow of the mobile phase, oven temperature,
concentration of acetonitrile in the mobile phase, UV
wavelength and acetonitrile trademark) and their respective
variations.

LOD and LOQ were obtained by evaluating the
signal-to-noise ratio (3:1 and 10:1, respectively) of known
concentrations and by successive serial dilutions applied to
a SS of 400.00 pg/mL of each neolignan.

2.2.5 Statistical analysis

The results are noted as mean + standard deviation
(M = SD). The data to compare intra-day and inter-day
precision were processed using the Tukey test (ANOVA)
with 5% significance level (p < 0.05) (STATISTICA
software version 10; StartSoft Inc., Tulsa, USA).

3. Results and Discussion

The analytical methodology was validated in
accordance with the recommendations of the Analytical
Methods Validation Guide DOQ-CGCRE-008/2016 from
Brazilian National Institute of Metrology, Quality and
Technology (INMETRO) and in accordance with The
International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use (ICH).

In the development of an adequate chromatographic
condition for the separation of the three benzofuran
neolignans by HPLC-DAD, it was sought to use simpler
and reproducible conditions that could be performed
quickly, with lower cost and greater efficiency. We
used acetonitrile/acidified ultrapure water in different
combination and different pH values of the aqueous
solution; different flow rate and temperature to obtain
better resolution. Best conditions were achieved as
mentioned in Method, 2.2.2 Chromatographic parameters.
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The developed method is quite advantageous, since the
total analysis time is 8 min and by this mean, there is less
expense of solvents and greater time optimization, which
makes it possible to carry out many analyzes in a single day.
Retention times (Rt) were registered at 6.80 min for EUP-
5; 6.03 min for EUP-6 and 4.60 min for CNC. The highest
UV absorption for EUP-5, EUP-6 and CNC neolignans
was registered at 256, 256 and 264 nm, respectively. The
identification of each neolignan in the chromatogram of
the crude extract was possible by co-injection, comparing
the Rt and UV spectrum obtained in the chromatogram of
pure compounds.

3.1. Selectivity and linearity

The choice of the mobile phase was adequate
for separation of the signals with great resolution (>
3.0), signal symmetry (~ 1) and retention factor (> 2.7),
demonstrating the complete separation between the
neolignans even in the presence of other components of
the crude extract, suggesting the selectivity of the method
proposed in this work: eupomatenoid-5 (ResolutionEupS’Eup6
= 3.02; ResolutionEup}CNC = 4.03; signal symmetry 1.0;
retention factor = 4.79); eupomatenoid-6 (ResolutionEup&
one = 3.32; signal symmetry 1.1; retention factor = 3.00);
conocarpan (signal symmetry 1.3; retention factor =2.71).
The absence of interference in the detection window of
the three neolignans confirms the selectivity of the method
(Figures 2-A and 2-B).

Linearity was demonstrated from three analytical
curves of six concentrations, obtained on three different days
for each pure neolignan solution. In this case, when the slopes
of the three curves are equal or remarkably close and the
ratio between the two angular coefficients approaches to 1, it
means that the dispersion of the set of experimental points is
smaller. Therefore, the lower the uncertainty of the regression
coefficients, the method is linear. Figure 3 shows the results
obtained in the linearity study of the method for the sample
of P. rivinoides benzofuran neolignans. The analytical
curves for EUP-5, EUP-6 and CNC showed positive linear
correlation, with =10.999; 0.9998 and 0.9990, respectively.
Residual analysis showed a homoscedastic distribution.
The formulas obtained by linear regression and used to
quantify the three neolignans in the extracts of P. rivinoides
are: Eupomatenoid-5 (Concentration = (ABS — 26539
620) / 94138 = 147); Eupomatenoid-6 (Concentration
(ABS — 28702 + 1049) / 170551 + 204), and Conocarpan
(Concentration = (ABS — 17341 £493) /67752 £ 52); where
concentration = mg/mL and ABS = absorbance in mAU.

I+

3.2. Precision

The results obtained in the evaluation of the method
precision (repeatability) and intermediate precision are
shown in table 1. The observed RSD were below the limit
of 15% (INMETRO, 2016). Still, there was no variation
between the intra-day average when compared with the inter-
day average (p < 0.05). Therefore, the method developed is
precise (INMETRO, 2016).°3°

Figure 2. A - Chromatograms overlap of the blank sample (ultrapure water, blue); sample with pure compounds (pink) and crude extract of Piper rivinoides
(black); B - Chromatograms amplification (Rt 4.5 — 7.2 min) of the Blank (water, blue) sample, sample with pure compounds (pink) and crude extract of Piper
rivinoides (black); 1 = CNC, 2 = EUP-6, 3 = EUP-5. The signal shift is compatible with variations that can occur between different chromatographic runs
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3.3. Accuracy

than 115% for all concentration levels, therefore within legal
The results obtained in the accuracy assessment specifications.*
were also satisfactory. It is possible to observe that the
variations are, therefore, within the limits allowed by the
validation regulation (85 - 115%), as well as values of RSD
were less than 5.0%. The results are shown in table 2. Thus,

the developed method can be considered accurate.?*

3.5. Robustness

The robustness evaluation made it possible to
affirm, based on the coefficient of variation data between the
analyzes performed, that the changes applied in the analytical
method had little influence on the average of the areas of
both concentrations tested for the three analyzed neolignans.
Therefore, the developed method is robust. The effects of the
conditions of the tested parameters to assess the robustness
of the neolignan analysis method are shown in table 4.

3.4. Recovery

Neolignan recovery was evaluated at two concentration
levels (low and high) for each neolignan. The data are shown
in table 3. Recovery rates were greater than 80% and less

Day 1y=94024x- 26928
R=099%9

Day 1y=170540x- 27545
R?=0,9999

Day 1y=67788+ 17063
R=09%9

2

: Doy 2y -8 6866 £
§ R=0099% 5 Day 2y = 170761x- 28969 HE ,
0000 LI ‘ R=09999 H

Day 2y= 67777+ 17050
R=09%9

Day 3y= 94246 21648

Day 3y =676921+ 17911
y R=09% 20 ’ e

Day 3y=170566x- 29593 v
R?=09999 00000

Concentaghh gL Concentragho (i)

Concentrago uginl)

Figure 3. Analytical curves of the developed method for (a) eupomatenoid-5 in the concentration range 3.12 — 100.00 pg/mL; (b) eupomatenoid-6 in the
concentration range of 3.12—75.00 pg/mL; (¢) conocarpan in the concentration range of 1.00 —20.00 ug/mL, with the respective determination coefficients
(n = 3). *Error bars can not be shown due to low RSD

Table 1. Results obtained in the analysis of the precision of the new analytical method for quantification of bioactive neolignans eupomatenoid-5,
eupomatenoid-6 and conocarpan in crude extract of Piper rivinoides Kunth.

Eupomatenoid-5 Eupomatenoid-6 Conocarpan
uggllnL (mI:;IU) RSD % (mlxlU) RSD % ugEl]nL (mI:;IU) RSD % (ml\z;[U) RSD % uggr]nL (ml\f/&lU) RSD % (ml\z;IU) RSD %
Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day
312 290089 053 286448 030 312 522244 0.12 526425 0.09 1.00 75562 0.08 75205  0.11
2500 2397283 045 2331330 0.59 2500 4235408 0.40 4217754 0.10 800 572206 0.16 570656  1.03
100.00 9459740 021 9423086 0.18 75.00 12892719 025 12818793 0.11 20.00 1356808 038 1357430 044

[ 1= concentration; M (mAU) mean of absorbance (n=3); RSD% = relative standard deviation.

Table 2. Results of the evaluation of the accuracy of the new analysis method for quantification of bioactive neolignans eupomatenoid-5, eupomatenoid-6
and conocarpan in crude extract of Piper rivinoides Kunth.

Eupomatenoid-5 Eupomatenoid-6 Conocarpan
[]lilgt;lrlnﬁilal []cuagl;:llleited Apg% A% []lilgolnnllilrjm H?;Kwd Apg% A% [];ilg()/nr;l:al []c;lglzlrlllited Apg% A%
100.00 99.71 -0.29 99.7 75.00 74.99 -0.01 99.90 20.00 19.78 -1.10 98.90
50.00 48.85 -2.29 97.7 50.00 49.27 -145 98.50 10.00 10.35 344 103.40
25.00 2445 222 97.7 25.00 24.56 -1.75 98.20 8.00 8.17 2.08 102.00
12.50 11.96 -4.30 95.7 1250 12.16 -2.68 97.30 4.00 4.00 -0.10 99.90
6.25 5.82 -6.87 93.1 6.25 6.02 -3.75 96.20 2.00 1.92 -4.20 95.80
3.12 275 -12.00 88.9 3.12 292 -6.61 93.30 1.00 0.86 -13.59 86.40

[ ] = concentration; M (mAU) mean of absorbance (n = 3); A% = difference in percentage; A pg% = difference in concentration; [ ] calculated pg/ mL =
concentration calculated from the analytical curve formula described in table 2

Vol. 13, No. 5, 2021
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3.6. Limit of quantification (LOQ) and detection (LOD)

The LOQ and LOD determined for EUP-5, EUP-6
and CNC neolignans were 50.00 ng/mL, 50.00 ng/mL and
100.00 ng/mL; 25.00 ng/mL, 25.00 ng/mL and 37.50 ng/
mL, respectively. These data demonstrate that the sensitivity
of the method is adequate for the proposed objective and
are compatible with a UV detector that can quantify up to
the nanogram scale (107).

All chromatographic parameters obtained for each
of the signals corresponding to the three neolignans were
considered satisfactory, showing that the chromatographic
conditions selected for the analytical method in this work
are suitable for quantification of bioactive compounds in the
crude hydroethanolic extract of P. rivnioides.

Quantification

With the analytical curves for each neolignan,
and applying the formulas obtained by linear regression,
the percentage content of each compound in the crude
hydroalcoholic extracts was calculated. The results of
HPLC-DAD quantification of neolignans EUP-5, EUP-6
and CNC in P. rivinoides samples are shown in Table 5.

The EUP-5 content in the hydroalcoholic extract from leaves
of P. rivinoides was the highest (3.39 — 3.87%), followed
by EUP-6 (0.76 - 1.39%) and CNC (0.10 — 0. 27%). It is
interesting to note that the percentage content of EUP-5 did
not change in the months, that represent summer (January),
autumn (April) and winter (July) from South hemisphere.
Different results was obtained for EUP-6 and CNC. A
seasonal study should be done to achieve better collection time
to obtain these three bioactive neolignans in great amounts.

A previous study described the development and
validation of a method to quantify conocarpan, EUP-5 and
EUP-6 in Piper regnellis hydroalcoholic extract. ! The
method consists of an analysis with a total time of 25 min,
in an isocratic elution system, in a mobile phase composed
of acetonitrile and acidified water (60:40 v/v). However,
data regarding the validation of the EUP-5 and EUP-6 were
not described. Thus, the method developed and validated
in this work is much more efficient because it presented
the validation parameters for three bioactive neolignans, in
addition to the shorter analysis time. Another advantage of
the newly developed and validated method is the LOD (<
25 ng/mL) and LOQ (< 50 ng/mL), which allow analyzing
samples with low concentrations of neolignans, in contrast to
the previously published method, which showed limits in the
range of mg/mL, therefore about 1,000 times less sensitive. *!

Table 3. Results obtained in the recovery analysis of the new analytical method for the quantification of bioactive neolignans eupomatenoid-5, eupomatenoid-6

and conocarpan in crude hydroethanolic extract of P. rivinoides Kunth.

Neolignan [ ] ng/mL M (mAU) Recovery (%) RSD (%)
6.25 2944139 104.10 1.20
Eupomatenoid-5
50.00 6913714 93.10 0.30
6.25 3723795 89.20 1.40
Eupomatenoid-6
50.00 11797018 100.50 2.20
2.00 292829 88.20 1.90
Conocarpan
10.00 975336 109.20 0.40

[ 1= concentration; M (mAU) mean of absorbance (n=3); RSD% = relative standard deviation

Table 4. Results of the robustness test and its effects on the absorbance of eupomatenoid-5, eupomatenoid-6 and conocarpan caused by the variation of

the conditions of the analytical method.

Eupomatenoid-5 Eupomatenoid-6 Conocarpan
Parameters  []3.12 pg/ mL [1100.00 pg/ mL [13.12 pg/ mL [175.00 pg/ mL [11.00 pg/mL [120.00 pg/mL
MmAU RSD% MmAU RSD% MmAU RSD% MmAU RSD% MmAU RSD% MmAU RSD%

Nominal 288583 0.04 9454758  0.17 522297 0.37 12855605 022 75625 045 1352663 0.15
var A 284993 1.31 9426219  0.15 528043 041 12889256 0.84 75712 0.34 1362517 0.64
var B 277769 192 9454922 0.13 521014 0.22 12926261 0.13 75561 043 1361942 0.09
var C 273727 0.11 9448722  0.49 523886 0.49 12904317  0.11 75830 0.18 1367896 0.75
var D 283819 0.64 9416997  0.21 522050 0.10 12917169  0.17 75897 0.25 1370097 0.08
var E 270448 1.99 9465719  0.18 521488 0.04 12943338  0.26 75787 0.76 1367719 0.69
Mean 279890 252 9444556  0.20 523130 0.50 12905991 0.24 75735 0.17 1363806 0.46

Nominal condition: flow rate at 1.0 mL/min; oven temperature at 50 °C; acetonitrile (Tedia Brazil®) in the mobile phase by 80%; wavelength at 256nm (EUP-5
and EUP-6), 264nm (CNC); Variations — A: 0.8 mL/min flow rate; B: oven temperature at 48 °C; C: acetonitrile in the mobile phase 78%; D: Wavelength
258nm (EUP-5 and EUP-6) 266nm (CNC); E: acetonitrile Merck brand; M = mAU = mean of absorbance (n=3); RSD% = relative standard deviation.
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Table 5. Quantification of eupomatenoid-5, eupomatenoid-6 and conocarpan by HPLC-DAD in Piper rivinoides samples.

Sample Eupometenoid-5 Eupomatenoid-6 Conocarpan
Content™* (ug/mL) % (wiw) Content (ug/mL) % (Wiw) Content (ug/mL) % (Wiw)
January 383.63 £3.25 3.80 76.25+1.16 0.76 10.12+0.17 0.10
April 386.73 £3.68 3.87 138.63 + 1.64 1.39 13.86 +3.58 0.14
July 339.56 +£0.73 339 109.20 +0.28 1.09 27.63+0.24 0.27
4. Conclusions 8. Bernuci, K; Iwanaga, C; Fernandez-Andrade, C.; Lorenzetti, F.

The new developed and validated analytical
method using HPLC-DAD in isocratic mode allowed the
simultaneous detection and quantification of bioactive
benzofuran neolignans EUP-5, EUP-6 and CNC in crude
extracts of P. rivinoides. The validation of the method
demonstrated its reliability by selectivity, linearity,
precision, accuracy, recovery and robustness. The method
proved to be reproducible, fast, and economical. Thus, the
results obtained in this study contribute to set the parameters
for the quality control of P. rivinoides extracts.
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