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Levels of phenylpropanoids and iridoids in
extracts and infusions of Verbena minutiflora

KELLY C.N. SOARES, KARLOS EDUARDO PIANOSKI, DAIANE FINGER,
CHRISTIANE S. MACHADO, SUELI P. QUINAIA & YOHANDRA R. TORRES

Abstract: Herein we report for the first time the levels of phenylpropanoids and
iridoids in extracts and infusions of V. minutiflora consumed in Brazil to treat urinary
and infectious disorders. An in house validation study demonstrated good accuracy
and precision to determine the bioactive compounds in V. minutiflora by HPLC-DAD.
Phenylpropanoids varied in the extracts (leaves 139.70 to 221.20 mg g, flowers 106.43 to
22722 mg g, stems 4218 to 56.48 mg g"). Verbascoside occurred in higher concentration
in extracts of leaves (87.66 - 13616) mg g" and flowers (5812 - 148.96) mg ¢" than in
stems (19.24 - 24.62) mg g”. Iridoids in extracts were as follows: leaves (46.60 - 54.79) mg
g, flowers (55.88 - 93.87) mg g" and stems (40.05 to 61.74) mg g. High levels of iridoids
(314.70 - 41510) pg mL', phenylpropanoids (1996.39 - 267413) ug mL" and verbascoside
(1029.38 - 1456.42 pg mL") in infusions support the popular consume of V. minutiflora.

Key words: medicinal plants, Verbenaceae, Gervao, analytical validation, Verbascoside,

Hastatoside.

INTRODUCTION

Medicinal plants are used since ancient times
and continue to attract worldwide attention
because of their benefic effects on human health
(Pan et al. 2015). However, the efficacy and safety
of many species are not well established and
researches about the chemical, pharmacological
and toxicological properties of medicinal plants
are essential to ensure their quality (Souza-
Moreira et al. 2008).

The Verbenaceae family includes about 100
genera and 250 species distributed around the
globe, in temperate, tropical, and subtropical
areas. Among them, representative species of
Verbena are popularly used for the treatment
of fever, diarrhea, gastrointestinal disorders and
some sexually transmitted diseases. Further
indications are: diuretic, expectorant, anti-
rheumatic, anti-inflammatory, antibacterial,

antifungal, analgesic, antinociceptive,
neuroprotective effects and antioxidant (Souza
et al. 2005, El-Hela et al. 2010, Schonbichler et
al. 2013, Hernandez et al. 2000, Casanova et al.
2008, Calvo et al. 1998, Deepak & Handa 2000,
Speroni et al. 2007, Calvo 2006, Rehecho et al.
2011, Braga et al. 2012, Lai et al. 2006, Bilia et al.
2008). Verbena officinalis L. is a typic species
of Verbena and its main classes of metabolites
are phenylpropanoids (verbascoside,
isoverbascoside and B-OH-verbascoside),
iridoids (hastatoside and verbenalin) and
flavonoids (luteolin and apigenin) (Figure 1) (EL-
Hela et al. 2010, Schonbichler et al. 2013, Bilia et
al. 2008, Castro-Gamboa & Castro 2004).
Verbena minutiflora occurs in southern
Brazil and is popularly known as “gervao”.
The species is often used in folk medicine
as infusions for the treatment of infections
and urinary disorders. However, there is a
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lack of scientific studies about the chemical
composition or pharmacological activity of V.
minutiflora. In previous work, we reported the
presence of verbascoside, isoverbascoside and
hastatoside in ethanol extracts and infusions
of aerial parts (leaves, flowers, and stems) of V.
minutiflora (Figure 1) (Soares et al. 2015). Since
the pharmacological activity of Verbena is mostly
associated with the presence of verbascoside
and its derivatives, in this research we aimed
to determine the levels of phenylpropanoids
and iridoids in extracts and infusions of V.
minutiflora. The plant material was collected
during four consecutive years to verify the
quantitative variability of these metabolites.
Additionally, an in house validation study was
performed according to international and
national guidelines for foods and beverages to
ensure the reliability of the quantitative results
(ANVISA 2003, AOAC 2012). This is the first study
about the quantitative composition of specific
bioactive compounds in V. minutiflora.
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Figure 1. Main
compounds found
in Verbena species.
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MATERIALS AND METHODS

Plant material, extracts and infusions

V. minutiflora (cadastro SisGen n° A9406D5)
was collected in Guarapuava, Parana state,
southern Brazil (25 23'08.57 “S, 51 ° 26'50 63. “W;
altitude 1115 m). The species was identified and
classified by Osmar Ribas Santos, curator of
the Museu Botanico Municipal in Curitiba/PR/
BR. A voucher specimen was deposited in the
referred herbarium under No. 359683. Samples
were collected at the same location for four
consecutive years from 2009 to 2012 and always
in November (spring) when the plant has many
flowers and leaves (Soares et al. 2015).

The extracts and infusions of V. minutiflora
were prepared as described in Soares et al. (2015).
The aerial parts of the plant (leaves, flowers and
stems), collected in 2009, 2010, 2011 and 2012
were dried at room temperature and separately
macerated in ethanol (plant material/ethanol
1:20 w/v) under stirring at room temperature.
Dried ethanolic extracts of leaves, flowers and
stems were obtained after solvent evaporation.
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The infusions of V. minutiflora were prepared
with 10 g of leaves and 200 mL of boiling water.
The capped mixture was maintained for 20
minutes, then cooled and filtered.

HPLC-DAD analyses

Extracts and infusions were analyzed by
HPLC (Waters 600 Controller) with UV diode
array detection (Waters 2996) (HPLC-DAD).
Chromatography was performed on a Waters XT
Terra MS C18 column (250 mm x 46 mm, 5 pm)
maintained at 26 ° C and with pre-column at
the same stationary phase. The mobile phase
flow rate was 0.8 mL min™ and consisted of an
aqueous formic acid solution at pH 3.2 (solvent
A) and acetonitrile (solvent B). The linear
gradient was performed according to Bilia et al.
(2008). The elution started with 87% of solvent A
and a linear gradient was carried out until 85%
of solvent A in 10 min. After this, a second linear
gradient was stablished up to 25% of solvent A
in 20 minutes. This mobile phase composition
was held for 6 minutes and then the percentage
of solvent A was gradually decreased to 5% in 2
minutes and remained unchanged for 2 minutes
(total chromatographic running time of 30
minutes). Afterward, the initial elution condition
was established in one minute and maintained
by 10 minutes for column equilibration before
subsequent injection. The UV-VIS spectra for
chromatographic peaks were recorded between
220 and 500 nm and the chromatograms were
monitored at 240, 330 and 350 nm according
to previous reports by Bilia et al. (2008). Each
sample was injected in triplicate.

Validation study

Verbascoside 86.87% HWI Analytik GMBH
Solutions Pharma (Germany) was used as an
analytical standard representative of the class
of phenylpropanoids while geniposide 98%
(Sigma-Aldrich) was used for iridoids. Three
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samples of V. minutiflora, leaves 2010, flowers
2011 and stems 2012 were randomly selected
to evaluate all validation parameters. Stock
solutions of verbascoside and geniposide
were made in methanol at 500 pg mL". For all
validation steps and subsequent application
of the chromatographic method to determine
phenylpropanoids, methanolic solutions of
extracts of leaves, flowers and stems of V.
minutiflora were made at concentrations 2.300,
2.200 and 6.200 pg mL", respectively. On the
other hand, to determine iridoids, methanolic
solutions of extracts of leaves, flowers and stems
of V. minutiflora were made at concentrations
8.200, 8100 and 6100 pg mL", respectively.

Selectivity

The selectivity of the HPLC-DAD method was
assessed by comparison of retention times
and UV-DAD spectra of analytical standards
verbascoside and geniposide with the
chromatographic peaks assignedtoverbascoside
and its structurally related derivatives and
to iridoids in all samples of aerial parts of V.
minutiflora.

Linearity

To assess the linearity of the method, an
analytical curve was built in the concentration
range of 40 to 200 pug mL"' for verbascoside
and of 50 to 500 pg mL" for geniposide. Each
analytical curve was made with seven levels of
concentration, each concentration in triplicate.

A linear regression at 95% confidence level
was adjusted to the experimental data (peak
area and concentration). The linearity of the
model was assessed by applying an analysis
of variance and a lack-of-fit test (F ) at 95%
confidence level.
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Limit of Detection (LOD) and Limit of
Quantification (LOQ)

The limits of detection and quantification
were calculated from parameters of the linear
equation: LOD = (3 x SD)/m and LOQ = (10 x
SD)/m, where SD is the standard deviation of
intercept of the analytical curve and m is the
slope of the analytical curve (Araujo 2009).

Precision

The precision was estimated for repeatability
and the intermediate precision. To this, samples
of leaves 2010, flowers 2011, and stems 2012 were
prepared in triplicate. The repeatability was
evaluated by injecting each sample in different
periods of a single day (intra-day precision).
Intermediate precision was studied by injection
of each sample during five consecutive
days (inter-day precision). Relative standard
deviations RSD (%) were calculated as estimates
of intermediate precision and repeatability.

Accuracy

The accuracy of the HPLC-DAD method was
assessed by recovery tests. Extracts of leaves
2010, flowers 2011 and stems 2012 were spiked by
the addition of standards in three concentration
levels: verbascoside (50, 120 and 180 pg mL") and
geniposide (80, 200 and 400 pg mL"). Recovery
rates were used as accuracy estimates and were
calculated by the equation Recovery (%) = [(C,
- C,)/C] x 100 where C, is the concentration of
analyte in the fortified sample, measured by the
HPLC-DAD method, C, is the concentration of the
analyte in the unfortified sample, and C, is the
concentration of analyte added to the sample.

Statistical analyses

All statistical analyses were conducted at
the 95% confidence level using the statistical
software Minitab version 16.2.2.

LEVELS OF PHENYLPROPANOIDS AND IRIDOIDS IN GERVAO

RESULTS AND DISCUSSION

Validation of the HPLC-DAD method to
determine Verbascoside and its derivatives
and iridoids in extracts and infusions of
Verbena minutiflora

Firstly, in the present study we carried out an
in house validation to determine verbascoside
and other phenylpropanoids and also iridoids
in extracts and infusions of aerial parts of
V. minutiflora. Validation parameters such
as selectivity, linearity, Limit Of Detection
(LOD), Limit Of Quantification (LOQ), precision
and accuracy were checked according to the
recommendations of ANVISA (2003) and AOAC
(2012).

The selectivity of the HPLC-DAD method
to determine verbascoside in V. minutiflora
samples was confirmed by comparing retention
times and UV-DAD absorption profile for both
verbascoside standard and peak assigned
to verbascoside in samples. Under the
chromatographic conditions set, verbascoside
had a retention time of 201 min and showed
two absorption bands centered at 330 and
227 nm (Figure 2). All samples showed minor
chromatographic peaks with close retention
time and similar UV-DAD absorption profile to
verbascoside. These chromatographic peaks
were assigned to phenylpropanoid derivatives
of verbascoside, which were previously observed
by LC-ESI-MS/MS (similar fragmentation
pattern as verbascoside) and are commonly
reported in Verbena plants (Bilia et al. 2008).
Thus, the HPLC-DAD method can be considered
selective for quantitation of verbascoside and
its analogues phenylpropanoids. Furthermore,
the analytical method allowed differentiating
among verbascoside analogues, making it
possible to determine the verbascoside content
and the total content of phenylpropanoids in V.
minutiflora samples.
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Figure 2. Chromatograms at 330 nm and UV-DAD spectra for peak at 20.1 minutes: (a) Verbascoside standard at
500.0 ug mL" and Extracts of (b) Leaves 2010 (c) Flowers 2011 (d) Stems 2012 of Verbena minutiflora.

An Acad Bras Cienc (2020) 92(3) 20181116 51|13



KELLY C.N. SOARES et al.

LEVELS OF PHENYLPROPANOIDS AND IRIDOIDS IN GERVAO

Table L. Linear regression parameters for quantitation of Verbascoside (phenylpropanoids) and Geniposide

(iridoids) by HPLC-DAD.

Verbascoside

Regression Lack-of-fit r R?
—— p-value F of p-value 0.996 99.2
2518.5 0.000 0.30 0.902
Linear regression coefficients + SE ohserved p-value
Intercept: 199443 + 58062 343 0.003
Slope: 20936 + 417 5018 0.000
Geniposide
Regression Lack-of-fit r R?
egression p-value F o p-value 0.998 99.6
3998.4 0.000 516 0.008
Linear regression coefficients + SE ohserved p-value
Intercept: 278769 + 63734 4.37 0.000
Slope: 13415 + 212 63.23 0.000

The selectivity of the method was also
evaluated for the class of iridoids. Although
Geniposide does not occur in the samples of
V. minutiflora under investigation, we have
previously identified the iridoid hastatoside as
a bioactive compound of these samples of V.
minutiflora (Soares et al. 2015) and Geniposide
and hastatoside are structurally related. Under
the analytical chromatographic conditions
established, these compounds showed the same
retention time at 9.8 min. Additionally, both
compounds have identical UV-DAD absorption
profile with absorption maximum at 240 nm
(Figure 3). In view of these facts, geniposide
iridoid was considered an appropriate
standard to determine iridoids in V. minutiflora.
Consequently, the proposed chromatographic
method showed adequate selectivity for
iridoids analysis in the investigated samples
and the content of iridoids may be reported as
geniposide equivalents.

Linearity was evaluated on a calibration
curve built with methanolic standard solutions
of verbascoside in the range of 40 to 200 pg mL"
andstandard solutions of geniposide inthe range
of 50 to 500 pg mL". To evaluate the suitability
of the linear model, an analysis of variance
and a lack-of-fit test (F ) were performed. The
results (Table 1) indicate that the linear model
is appropriate to establish the relationship
between the area of the chromatographic peak
of verbascoside and its concentration, and
between the area of the chromatographic peak
of geniposide and iridoid concentration. Values
for Fswerenot significant at the 95% confidence
level (p > 0.05). This fact is also highlighted by
the Fvalues of the regressions which were highly
significant (p = 0.000) at the same confidence
level.

The analytical calibration curve was
linear for verbascoside in the range of
concentrations studied and may be represented

An Acad Bras Cienc (2020) 92(3) 20181116 6 | 13
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Figure 3. Chromatograms at 240 nm and UV-DAD spectra for peak at 9.8 minutes: (a) Geniposide standard at 500.0
pg mL" and Extracts of (b) Leaves 2010 (c) Flowers 2011 (d) Stems 2012 of Verbena minutiflora.
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Table II. Precision (Repeatability and Intermediate precision, i) and accuracy tests (Recovery percentage, Rec%) for
quantitation of verbascoside, phenylpropanoids and iridoids (as geniposide equivalent) in aerial parts of Verbena

minutiflora.
Precision*
Samples Repeatability
Verbascoside Leaves
2010 2.71 9.55
Flowers Leaves
20M 179 6.05 2010
Stems
2012 112 441
Total ]
. eaves
Phenylpropanoids 2010 2.55 7.99
Flowers | o | 4, Flowers
20M ’ ’ 2011
Stems
2012 0.57 5.48
Iridoids Leaves
2010 411 4.69
Flowers Stems
20N 3.36 4.39 2012
Stems
2012 4.58 4.87
by the equation: A, . . = “199443 + 20936

x verbascoside concentration. The analytical
calibration curve for geniposide was also linear
over the concentration range studied and can
be represented by the equation: A . . =
278769 + 13415 x geniposide concentration.

The determination coefficients (R?) showed
that the linear regression explained 99.2% and
99.6% of the data variation for verbascoside
and geniposide, respectively. Then, only 0.8%
(verbascoside) and 0.4% (geniposide) refer

An Acad Bras Cienc (2020) 92(3)

Accuracy

Verbascoside Geniposide

Concentration Concentration

Rec% Rec%

pg mL" ) pg mL” )
50 10714 80 88.91
120 84.96 200 92.23
180 75.73 400 102.74
50 102.23 80 76.07
120 75.74 200 10611
180 76.74 400 112.89
50 8118 80 90.51
120 7793 200 103.86
180 114.22 400 114.33

to residues or random errors. The observed
correlation coefficients (r) of 0.996 and 0.998 for
verbascoside and geniposide, respectively are
within the recommended limits (r > 0.99) by the
national regulatory agency ANVISA (2003) and by
AOAC (2012).

To evaluate if the proposed method would
make it possible to determine verbascoside
and iridoids at the concentrations that these
bioactive compounds usually occur in Verbena
samples, limits of detection and quantification

€20181116 8|13
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of Verbena minutiflora.
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were estimated through parameters of the
analytical curves. The LOD and LOQ values to
determine verbascoside and/or its analogues
were 4.09 and 13.65 pg mL", respectively,
showing that the method is suitable for the
determination of phenylpropanoids in V.
minutiflora in concentrations of ppm. The LOD
and LOQ for geniposide were 14.25 and 47.50
pg mL', respectively. It is worth mentioning
that these relatively high values for iridoids are
related to the wide concentration range used to
calibrate iridoids in this study (50 to 500 pg mL
"). LOD and LOQ calculated by curve parameters
tend to be smaller when the analytical curve is
set for low concentrations. This is because the
slope of the curve depends upon the working
concentration range and usually it is higher at
lower concentrations.

Nevertheless, the HPLC-DAD method
developed is suitable for determining
verbascoside and its derivatives and iridoid
compounds in V. minutiflora in amounts of
parts per million, that are the levels at which
these compounds occur in Verbena samples
as previously reported by other authors
(Schonbichler et al. 2013).

Precision study results for leaves 2010,
flowers 2011 and stems 2012 to determine the
verbascoside, phenylpropanoids and iridoids in
V. minutiflora are shown in table II.

For the repeatability and intermediate
precision RSD values below 15% are acceptable
according to ANVISA (2003). Thus, the proposed
method showed adequate precision to
determine phenylpropanoids and iridoids.

The accuracy of the method was evaluated
by performing the standard addition recovery
tests at three levels of concentration (Table ).
Recovery rates varied from 75.73% to 114.22% for
verbascoside and 76.07 to 114.33% for geniposide
and were within the acceptable range of 60 -
115% according to the guidelines of AOAC (2012)

An Acad Bras Cienc (2020) 92(3) 20181116 9| 13



KELLY C.N. SOARES et al.

and to previous reports (Brito et al. 2003).
These results indicate that the proposed HPLD-
DAD method has adequate accuracy for the
quantitation of verbascoside and iridoids in the
investigated samples.

Application of the validated method for the
quantification of Verbascoside and analogues
phenylpropanoids and iridoids in the aerial
parts of Verbena minutiflora

After in house validation, the HPLC-DAD method
was applied to all samples of extracts of leaves,
flowers, and stems and to the infusions of aerial
parts of V. minutiflora. Phenylpropanoid and
iridoid contents were determined in triplicate
using the same chromatographic conditions as
those employed for the validation study. The
results in Figure 4 are expressed as milligrams
of the secondary metabolites per gram of dried
extract.

All ethanolic extracts showed high levels
of phenylpropanoids and iridoids. There was
high variability in verbascoside and total
phenylpropanoid contents for the different
aerial parts. Higher levels of these bioactive
compounds were extracted from leaves and
flowers. Infusions were also highly concentrated
in the bioactive compounds investigated: levels
of iridoids varied from 314.70 to 41510 pg ml”,
of phenylpropanids from 1996.39 to 267413 ug
mL" and of verbascoside from 1029.38 to 1456.42
ug mL". We reported previously that infusions
made from aerial parts of V. minutiflora had
a remarkable antioxidant activity (Soares et
al. 2015) which may now be related to their
high levels of phenylpropanoids and iridoid
glycosides.

The simultaneous determination of four
bioactive compounds (aucubin, hastatoside,
verbenalin and verbascoside) in the methanolic
extract of Verbena officinalis L. showed that
verbascoside levels ranged between (1.32 - 10.99)

LEVELS OF PHENYLPROPANOIDS AND IRIDOIDS IN GERVAO

mg g" and the iridoids hastatoside levels ranged
between (2.84 - 7.21) mg ¢"and verbenalin levels
ranged between (1.21-5.01) mg g” (Liu et al. 2012).

Phenylpropanoids protect plants against
infections, ultraviolet radiation, and herbivores
(Chenetal.2002). Additionally, phenylpropanoids
have been reported to possess antioxidant, anti-
inflammatory and antitumor activities (Chen et
al. 2002, Sa et al. 2014). For example, researches
on the effect of isoverbascoside in cell line
proliferation and differentiation of the tumor
cells MGC 803 (human gastric cancer) showed
that isoverbascoside inhibited proliferation
of these cells (Chen et al. 2002). Furthermore,
several biological activities have been reported
for verbascoside such as anti-inflammatory,
antimicrobial, antitumor, hepatoprotective and
antioxidant (Deepak & Handa 2000, Carrillo-
Ocampo et al. 2013, Avila et al. 1999, Funes et
al. 2009, 2010, Xie et al. 2012, Alipieva et al.
2014). Then, the high levels of verbascoside in
extracts and infusions of V. minutiflora may be
the cause of the potent antioxidant activity that
we reported previously for this plant (Soares et
al. 2015).

Iridoid glycosides are a large group
of naturally occurring monoterpenoids
(cyclopentapyran monoterpenoids) which are
widespread in Apocynaceae, Scrophulariaceae,
Verbenaceae, Lamiaceae, Loganiaceae and
Rubiaceae (Tiwari et al. 2008, Viljoen et al. 2012).
In vitro and in vivo pharmacological studies
revealed that iridoids have neuroprotective
activity, anti-inflammatory, immunomodulatory,
hepatoprotective, cardioprotective, anti-cancer,
antioxidant, antimicrobial, hypoglycemic,
antispasmodic, and purgative properties (Tundis
et al. 2008, Viljoen et al. 2012). It has been
reported that the iridoid geniposide isolated
from plants of the Rubiaceae showed potent
anti-inflammatory activity, demonstrating
significant inhibition of the inflammatory
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mediator interleukin-2 (IL-2) (Chen et al. 2009,
Viljoen et al. 2012). Other studies reported that
the ethanolic extract of Gardenia jasminoides J.
Ellis (Rubiaceae), which contained geniposide,
can reduce the risk of gastritis by reversing
gastric lesions in rats and also inhibited paw
edema in rats induced by carrageenan (Koo et
al. 2006, Lee et al. 2009, Viljoen et al. 2012).

Two new iridoids, 3- (5- (methoxycarbonyl)
-2-0x0-2H-pyran-3-yl) butanoic (verbeofflin 1)
and 7-hidroxidehidrohastatosideo were isolated
from the aerial parts of Verbena officinalis L.,
along with three known iridoids verbenalin,
34-dihidroverbenalin and hastatoside (Shu et
al. 2014). The iridoids brasoside and verbraside
were isolated from the aerial parts of Verbena
brasiliensis Vell. (Verbenaceae), which is native
to South America (Ono et al. 2006).

Iridoids like verbenalin and hastatoside
are commonly isolated from species of Verbena
and are considered as chemical markers to
target constituents for quality control of these
medicinal plants (Shu et al. 2014).

CONCLUSIONS

This is the first report about the levels of
individual active ingredients in Verbena
minutiflora collected in southern Brazil. We
showed that extracts and infusions of aerial
parts of V. minutiflora are rich in iridoids and
phenylpropanids, particularly in verbascoside
and its analogues. These facts support the
popularly consume of infusions of V. minutiflora.
To accomplish the quantification of these
metabolites, we first carried out an in house
validation study of an HPLC-DAD method. It was
possible to verify that the proposed HPLC-DAD
method met the recommendations of national
and international regulatory agencies and
showed adequate selectivity, accuracy, precision,

LEVELS OF PHENYLPROPANOIDS AND IRIDOIDS IN GERVAO

and linearity to determine the phenylpropanoid
verbascoside and derivatives, and iridoids,
as geniposide equivalent. In addition, the
obtained detection and quantification
limits demonstrated that the technique was
appropriate to determine the main metabolites
of V. minutiflora that occur in concentrations of
parts per million. Consequently, the analytical
method is suitable for the quality control of V.
minutiflora.

As phenylpropanoids and iridoids were
determined in V. minutiflora collected during
four consecutive years, the data herein reported
may guide studies to establish a quality standard
for this plant. Verbena minutiflora has wide
ethnopharmacological use and therefore strong
appeal to become a phytotherapic and here
we demonstrated that the plant is an excellent
source of bioactive compounds.

Acknowlegments

The authors thank Financiadora de Estudos e Projetos
(FINEP, 01.05.0781.00, BIOTECQ/UNICENTRO) for financial
support to postgraduate programs. Additionally, to
Coordenagao de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) for scholarships [Grant 001], and
Faculdade Guairaca for supplying analytical standards
of verbascoside and geniposide.

REFERENCES

ALIPIEVA K, KORKINA L, ORHAN IE & GEORGIEV MI. 2014.
Verbascoside - A review of its occurrence, (bio)synthesis
and pharmacological significance. Biotechnol Adv 32(6):
1065-1076.

ANVISA - AGENCIA NACIONAL DE VIGILANCIA SANITARIA. 2003.
Resolucao — RE n° 899, de 29 de maio de 2003. Acceso
em Julho 2013. Disponivel em http://portal.anvisa.gov.
br/documents/10181/2718376/RE_899_2003_COMP.pdf/
ffefdc6b-3ad1-4d0f-9af2-3625422e6f4b. Acessado em 19
de julho de 2013.

AOAC - ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS. 2012.
Official methods of analysis of AOAC international.
Appendix F - Guidelines for standard method
performance requirements, 19" ed., 17 p.

An Acad Bras Cienc (2020) 92(3) 20181116 11|13



KELLY C.N. SOARES et al.

ARAUJO P. 2009. Key aspects of analytical method
validation and linearity evaluation. J Chromatogr B
877(23): 2224-2234.

AVILA )G, DE LIVERANT JG, MARTINEZ A, MARTINEZ G, MUNOZ JL,
ARCINIEGAS A & ROMO DE VIVAR A. 1999. Mode of action of
Buddleja cordata verbascoside against Staphylococcus
aureus. ) Ethnopharmacol 66(1): 75-78.

BILIA AR, GIOMI M, INNOCENTI M, GALLORI S & VINCIERI FF.
2008. HPLC-DAD-ESI-MS analysis of the constituents of
aqueous preparations of Verbena and lemon verbena
and evaluation of the antioxidant activity. J Pharm
Biomed Anal 46(3): 463-470.

BRAGA VF, MENDES GC, OLIVEIRA RTR, SOARES CQG, RESENDE CF,
PINTO LC, DE SANTANA R, VICCINI LF, RAPOSO NRB & PEIXOTO
PHP. 2012. Micropropagation, antinociceptive and
antioxidant activities of extracts of Verbena litoralis
Kunth (Verbenaceae). An Acad Bras Cienc 84: 139-147.

BRITO NM, DE AMARANTE JUNIOR OP, POLESE L & RIBEIRO ML.
2003. Validacao de meétodos analiticos: Estratégia e
discussao. Pesticidas: R Ecotoxicol e Meio Ambiente 13:
129-146.

CALVO MI. 2006. Anti-inflammatory and analgesic activity
of the topical preparation of Verbena officinalis L. )
Ethnopharmacol 107(3): 380-382.

CALVO MI, VILALTA N, SAN JULIAN A & FERNANDEZ M. 1998.
Anti-inflammatory activity of leaf extract of Verbena
officinalis L. Phytomedicine 5(6): 465-467.

CARRILLO-OCAMPO D, BAZALDUA-GOMEZ S, BONILLA-BARBOSA
JR, ABURTO-AMAR R & RODRIGUEZ-LOPEZ V. 2013. Anti-
Inflammatory activity of iridoids and verbascoside
isolated from Castilleja tenuiflora. Molecules 18(10):
12109-12118.

CASANOVA E, GARCIA-MINA JM & CALVO MI. 2008. Antioxidant
and antifungal activity of Verbena officinalis L. leaves.
Plant Foods Hum Nutr 63(3): 93-97.

CASTRO-GAMBOA | & CASTRO 0. 2004. Iridoids from
the aerial parts of Verbena littoralis (Verbenaceae).
Phytochemistry 65(16): 2369-2372.

CHEN RC, SU JH, YANG SM, LI J, WANG TJ & ZHOU H. 2002.
Effect of isoverbascoside, a phenylpropanoid glycoside
antioxidant, on proliferation and differentiation of
human gastric cancer cell. Acta Pharmacol Sin 23(11):
997-1001.

CHEN QC, ZHANG WY, YOUN U, KIM H, LEE I, JUNG H, NA M, MIN B &
BAE K. 2009. Iridoid glycosides from Gardeniae fructus for
treatment of ankle sprain. Phytochemistry 70(6): 779-784.

LEVELS OF PHENYLPROPANOIDS AND IRIDOIDS IN GERVAO

DEEPAK M & HANDA SS. 2000. Antiinflammatory activity and
chemical composition of extracts of Verbena officinalis.
Phytother Res 14(6): 463-465.

EL-HELA AA, AL-AMIER HA & IBRAHIM TA. 2010. Comparative
study of the flavonoids of some Verbena species
cultivated in Egypt by using high-performance liquid
chromatography coupled with ultraviolet spectroscopy
and atmospheric pressure chemical ionization mass
spectrometry. )] Chromatogr A 1217(41): 6388-6393.

FUNES L, FERNANDEZ-ARROYO S, LAPORTA O, PONS A, ROCHE
E, SEGURA-CARRETERO A, FERNANDEZ-GUTIERREZ A & MICOL V.
2009. Correlation between plasma antioxidant capacity
and verbascoside levels in rats after oral administration
of lemon verbena extract. Food Chem 117(4): 589-598.

FUNES L, LAPORTA O, CERDAN-CALERO M & MICOL V. 2010. Effects
of verbascoside, a phenylpropanoid glycoside from
lemon verbena, on phospholipid model membranes.
Chem Phys Lipids 163(2): 190-199.

HERNANDEZ NE, TERESCHUK ML & ABDALA LR. 2000.
Antimicrobial activity of flavonoids in medicinal
plants from Tafi del Valle (Tucuman, Argentina). |
Ethnopharmacol 73(1-2): 317-322.

KOO HJ, LIM KH, JUNG HJ & PARK EH. 2006. Anti-inflammatory
evaluation of Gardenia extract, geniposide and genipin.
J Ethnopharmacol 103(3): 496-500.

LAl SW, YU MS, YUEN WH & CHANG RCC. 2006. Novel
neuroprotective effects of the aqueous extracts from
Verbena officinalis Linn. Neuropharmacology 50(6):
641-650.

LEE JH, LEE DU & JEONG CS. 2009. Gardenia jasminoides Ellis
ethanol extract and its constituents reduce the risks of
gastritis and reverse gastric lesions in rats. Food Chem
Toxicol 47(6): 1127-1131.

LIU Z, XU Z, ZHOU H, CAO G, CONG XD, ZHANG Y & CAl BC.
2012. Simultaneous determination of four bioactive
compounds in Verbena officinalis L. Pharmacogn Mag
8(30): 162-165.

ONO M, OISHI K, ABE H, MASUOKA C, OKAWA M, IKEDA T &
NOHARA T. 2006. New iridoid glucosides from the aerial
parts of Verbena brasiliensis. Chem Pharm Bull 54(10):
1421-1424.

PAN Y, ZHANG J, SHEN T, ZHAO YL, WANG YZ & LI WY. 2015.
Comparative metabolic fingerprinting of Gentiana
rhodantha from different geographical origins using
LC-UV-MS/MS and multivariate statistical analysis. BMC
Biochemistry 16(9): 1-10.

REHECHO S, HIDALGO O, CIRANO MG, NAVARRO |, ASTIASARAN
I, ANSORENA D, CAVERO RY & CALVO MI. 2011. Chemical

An Acad Bras Cienc (2020) 92(3) 20181116 12| 13



KELLY C.N. SOARES et al.

composition, mineral content and antioxidant activity
of Verbena officinalis L. LWT-Food Sci Technol 44(4):
875-882.

SA RCS, ANDRADE LN, OLIVEIRA RRB & SOUSA DP. 2014. A review
on anti-inflammatory activity of phenylpropanoids
found in essential oils. Molecules 19(2): 1459-1480.

SCHONBICHLER SA, BITTNER LKH, PALLUA JD, POPP M, ABEL G,
BONN GK & HUCK CW. 2013. Simultaneous quantification
of verbenalin and verbascoside in Verbena officinalis
by ATR-IR and NIR spectroscopy. ] Pharm Biomed Anal
84: 97-102.

SHU J, CHOU G & WANG Z. 2014. Two new iridoids from
Verbena officinalis L. Molecules 19(7): 10473-10479.

SOARES KCN, PIANOSKI KE, MOKOCHINSKI JB, FINGER D, SAWAYA
ACH, ROSA EA, QUINAIA SP & TORRES YR. 2015. Variability
and chemical composition of aerials parts of Verbena
minutiflora. ] Food Process Preserv 40(5): 1064-1073.

SOUZA-MOREIRA TM, SALGADO HRN & PIETRO RCLR. 2008. O
Brasil no contexto de controle de qualidade de plantas
medicinais. Rev Bras Farmacogn 20(3): 435-440.

SOUZATT, MANFRON MP, ZANETTI GD, HOELZEL SCSM & PAGLIARIN
VP. 2005. Analise morfo-histologica e fitoquimica de
Verbena litoralis Kunth. Acta Farm. Bonaerense 24(2):
209-214.

SPERONI E, CERVELLATI R, COSTA S, GUERRA MC, UTAN A,
GOVONI P, BERGER A, MULLER A & STUPPNER H. 2007. Effects
of differential extraction of Verbena officinalis on rat
models of inflammation, cicatrization and gastric
damage. Planta Med 73(3): 227-235.

TIWARI N, YADAV AK, SRIVASTAVA P, SHANKER K, VERMA RK &
GUPTA MM. 2008. Iridoid glycosides from Gmelina arborea.
Phytochemistry 69(12): 2387-2390.

TUNDIS R, LOIZZO MR, MENICHINI F, STATTI GA & MENICHINI
F. 2008. Biological and pharmacological activities of
iridoids: recent developments. Mini Rev Med Chem 8(4):
399-420.

VILJOEN A, MNCWANGI N & VERMAAK I.2012. Anti-Inflammatory
iridoids of botanical origin. Curr Med Chem 19(14):
2104-2127.

XIE J, TAN F, ZHU J, YUE C & LI Q. 2012. Separation, purification
and quantification of verbascoside from Penstemon
barbatus (Cav.) Roth. Food Chem 135(4): 2536-2541.

How to cite

SOARES KCN, PIANOSKI KE, FINGER D, MACHADO CS, QUINAIA S &
TORRES YR. 2020. Levels of phenylpropanoids and iridoids in extracts
and infusions of Verbena minutiflora. An Acad Bras Cienc 92: €20181116.
DOI 10.1590/0001-3765202020181116.

LEVELS OF PHENYLPROPANOIDS AND IRIDOIDS IN GERVAO

Manuscript received on October 31, 2018;
accepted for publication on January 4, 2019

KELLY C.N. SOARES
https://orcid.org/0000-0003-0624-3989

KARLOS EDUARDO PIANOSKI
https://orcid.org/0000-0001-9958-8825

DAIANE FINGER
https://orcid.org/0000-0003-2758-7860

CHRISTIANE S. MACHADO
https://orcid.org/0000-0003-1619-8667

SUELI P. QUINAIA
https://orcid.org/0000-0002-1485-1063

YOHANDRA R. TORRES
https://orcid.org/0000-0003-1566-0223

Universidade Estadual do Centro-Oeste/UNICENTRO,
Departamento de Quimica/CEDETEG, Alameda Elio Antonio
Dalla Vecchia, 838, Vila Carli Guarapuava, 85040-080 PR, Brazil

Correspondence to: Christiane Schineider Machado
E-mail: chrischineider@outlook.com.br

Author contributions

Kelly C. N. Soares: author made substantial contributions to
conceptualization and design of the project, data acquisition,
and writing the original draft. Karlos E. Pianoski: author made
substantial contribution to processing the vegetal material,
obtention of extracts, exsiccates, and statistical analysis of data.
Daiane Finger: author made substantial contribution to design
the analytical validation study and interpretation of data.
Christiane S. Machado: author took part in data acquisition
by HPLC acting as a second analyst to check reproducibility of
results, contributed to reviewing and editing the manuscript.
Sueli P. Quinaia: supplied resources to develop the research,
supervision, and revised the manuscript critically. Yohandra
R. Torres: supervised all the steps of the research, supplied
resources and laboratory facilities, and took part in writing,
reviewing, editing, and proofreading the manuscript.

[@)ey |

An Acad Bras Cienc (2020) 92(3) 20181116 13| 13


https://orcid.org/0000-0003-0624-3989
https://orcid.org/0000-0001-9958-8825
https://orcid.org/0000-0003-2758-7860
https://orcid.org/0000-0003-1619-8667
https://orcid.org/0000-0002-1485-1063
https://orcid.org/0000-0003-1566-0223
mailto:chrischineider@outlook.com.br

	_gjdgxs
	_30j0zll
	_1fob9te
	_3znysh7
	_2et92p0

