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ABSTRACT:

Introduction - Analytical methods used in phytochemistry analysis are limited by the sample preparation step, which should
ideally be fast, accurate, ecofriendly and achievable using low quantities of the sample. Matrix solid-phase dispersion (MSPD)
may be a good alternative for combining extraction and purification procedures, thereby reducing the indicated limitations.
Objective — Applying an MSPD extraction procedure coupled to high-performance liquid chromatography diode-array
detection (HPLC/DAD) as an alternative methodology to evaluate isoflavone profiles.

Methods - Isoflavone profiles were determined for the leaves of nine species of Medicago in the late flower phenological
stage (one or more nodes with 50% open flowers, no seed pods). Extraction was performed following MSPD, and isoflavone
profiles were characterised using HPLC/DAD. The quantified amounts were compared with previous results in different
species commonly recognised as good sources of isoflavones.

Results - Formononetin was the major isoflavone in most species, except M. polymorpha and M. truncatula. The isoflavone
amounts were significantly different among the assayed species, with M. orbicularis and M. arabica as the major isoflavone
sources, while M. rigidula presented the lowest contents. Furthermore, the detected differences allow electing the best
species as a primary source of a specific isoflavone.

Conclusion - The MSPD allowed good extraction efficiency, reproducibility and recovery. Some of the species showed rele-
vant isoflavone contents, even when compared with acknowledged plant sources such as soy or red clover. To the best of
our knowledge the results presented are reported for the first time in these species. Copyright © 2014 John Wiley & Sons, Ltd.
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Herbal preparations are known for having several bioactive
compounds, and a high number of therapeutic agents derive
directly (extraction and purification) or indirectly (chemical
synthesis of naturally occurring substances) from plants and
their preparations (Knoss and Chinou, 2012). The sample prepa-
ration procedure performed in the qualitative and quantitative
analysis of herbal preparations is the limiting step in the whole
analytical methodology. Ideally, sample preparation should be
fast, accurate, environmentally friendly and achievable with
low quantities of sample. Several techniques, such as percola-
tion, Soxhlet extraction, ultrasound-assisted solvent extraction,

Introduction

The Medicago genus includes about 56 species, mainly distrib-
uted in moderate climate areas. The main species are widely
present throughout the Mediterranean basin countries, including
Portugal, Spain, France, Italy and Greece (Cocks, 2003; Farag et al.,
2007). These species are grown predominantly for phytore-
mediation and as sources of phytochemicals or high-quality
forage for livestock (Seguin et al., 2004). Their phytochemicals,
including carotenoids, saponins or phytoestrogens, have been
related with health benefits and disease prevention. Phyto-
estrogens are well-known examples of phytochemicals, be-
longing mainly to the large group of substituted phenolic
compounds known as flavonoids (Yildiz, 2005). The biosynthesis
of these compounds is dependent not only on the environment
but also on genotypic factors (Hoeck et al, 2000). The three
main classes of phytoestrogens are isoflavones, lignans and
coumestans, which are present in fruits, vegetables and whole
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grains. Isoflavones, the most extensively studied class of
phytoestrogens, occur largely in soybeans (Jacobs et al., 2009),
mainly as genistin, daidzin and glycitin (Campos et al., 2007).
These compounds are documented as having a wide range of
human health benefits, such as alleviation of menopausal
symptoms (Jacobs et al., 2009) and prevention of certain cancers
(Jian, 2009), cardiovascular diseases (Wu and Muir, 2008) and
osteoporosis (Sabudak and Guler, 2009).
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microwave-assisted solvent extraction, accelerated solvent extrac-
tion and supercritical fluid extraction, have already been used for
isolation of phytochemicals (Klejdus et al., 2004, 2010; Oniszczuk
et al., 2013). Matrix solid-phase dispersion (MSPD) may be a good
alternative for combining the extraction and purification pro-
cedures (Visnevschi-Necrasov et al, 2009), presenting also the
soundest advantages of a quick, easy, cheap, effective, rugged
and safe (QUEChERS) methodology (Bustamante-Rangel et al.,
2014). The MSPD procedure is used for the preparation, extraction
and fractionation of compounds from solid, semi-solid, liquid and
highly viscous biological samples. Furthermore, it allows per-
forming homogenisation, extraction and clean-up stages simulta-
neously, eliminating most of the problems associated with the
classic liquid-liquid and solid-phase extractions (Capriotti et al.,
2010). In addition, it has been used in the isolation of several
analyte classes in different natural matrices (Barker, 2007; Wu
et al, 2009). Regarding isoflavones, MSPD has been successfully
applied for their extraction in red clover (Trifolium pratense) (de
Rijke et al, 2004; Visnevschi-Necrasov et al, 2009). After which,
isoflavone profiling is usually based on high-performance liquid
chromatography  (HPLC) coupled  with  electrochemical,
ultraviolet-visible (UV-Vis), diode-array (DAD), fluorimetric and/or
mass spectrometric detection (Farag et al., 2007). Although there
are some reports, with emphasis in soybean, there are few
published data and validated methods for isolating isoflavones
in Medicago spp. In this work, a rapid, simple and inexpensive
analytical tool was developed to evaluate isoflavone profiles in
different Medicago species.

Experimental

Plant material

Nine species of Medicago (M. arabica, M. doliata, M. minima, M. murex, M.
orbicularis, M. polymorpha, M. rigidula, M. tornata and M. truncatula) were
sown in November 2008 at the Experimental Field of the University of Porto
(Agrarian station of Vairao). The vegetal germplasm was obtained from the
Portuguese collection of Leguminosae provided by the National Institute of
Biological Resources (Instituto Nacional dos Recursos Biologicos, I.P.).
Voucher specimens of each Medicago species were numbered and depos-
ited in the local herbarium. Samples were collected from February to July in
the late flower phenological stage (one or more nodes with 50% open
flowers, no seed pods). For each species, three independent samples were
selected (in different locations within the limits of the indicated
Experimental Field) consisting in fresh leaves from randomly selected
plants (five plants for each sample) belonging to two different accessions;
samples were dried at 65°C during 72h and milled, at a particle size of
0.1 mm, using an A11 analysis mill (IKA Werke, Staufen, Germany).

Chemicals and reagents

Acetonitrile (HPLC grade) and formic acid (analytical grade) were from
Merck (Darmstadt, Germany). Purified demineralised water used was
from a ‘Seradest LFM 20’ system (Seral, Ransbach-Baumbach, Germany).
The eluents were filtered through 0.45 um filters and degassed under
reduced pressure and ultrasonic bath. Disposable syringe filter PTFE
0.45 um was from Macherey-Nagel (Diren, Germany). The C;g-bonded
silica (particle size 55-105um) used as sorbent for MSPD was from
Waters (Milford, MA, USA).

Extraction procedure

The MSPD extraction of isoflavones was performed following a previous
method with slight modifications (de Rijke et al., 2004). An aliquot of

500 mg of the previously milled dried sample, 2g of C;g and 40 mg/kg
of internal standard (IS, 200 uL at 100 mg/L) were placed in a glass mortar
and blended with a glass pestle during 2-3 min. This mixture was then
transferred to an empty column and connected to a vacuum system.
The column was washed with 10 mL of distilled water (reddish-brown
phase eluted from the column) and the isoflavones were eluted with
5mL of methanol:water (9:1, v/v). Before HPLC analysis, the extracts
collected in amber vials were filtered through a 0.45um polytetra-
fluoroethylene (PTFE) membrane (Visnevschi-Necrasov et al, 2009).
Different samples of two distinct accessions of all species were extracted.

HPLC determination of isoflavones

Purity-corrected individual isoflavones stock solutions (1 g/L) were pre-
pared in methanol:water (75:25, v/v). A composite stock standard solu-
tion of multiple isoflavones containing 40mg/L of each individual
compound was prepared consisting of: biochanin A (=97%), puerarin
(>99%), glycitein (>97%), daidzein (>98%), daidzin (>95%), prunetin
(>98%), genistein (>98%), genistin (>95%) and formononetin (>99%),
obtained from Sigma-Aldrich (St Louis, MO, USA), and pratensein and
irilone (both>98%) from Chromadex Inc. (Barcelona, Spain). The IS
2-methoxyflavone was obtained from Sigma. A working IS solution
was prepared in methanol at 1g/L. All the solutions were stored at
-20°C in amber glass vials when not in use.

Chromatographic analyses were performed with a Jasco (Tokyo,
Japan) high-performance liquid chromatograph equipped with a
PU-2080 quaternary pump and a Jasco AS-950 automatic sampler
with a 20-uL loop. Detection was performed with a Jasco model
MD-2010 multi-wavelength diode-array detector (DAD). Chromato-
graphic separation of the compounds was achieved with a Luna 5U
Cig column (5um, 150%x4.60 mm; Teknokroma, Barcelona, Spain)
operating at 40°C. The eluent was a gradient of acetonitrile (A) and
0.1% formic acid (B), at a flow rate of 1 mL/min, with a linear gradi-
ent as follows: 0 min 33% B, 7 min 45% B, 15 min 50 % B, 25 min 60%
B, 30 min 70% B, 35 min 0% B, 37 min 33% B, maintaining these con-
ditions for 10 min and returning to the initial ones within 3 min. Data
were analysed using the Borwin-PDA Controller Software (JMBS,
France). Compounds were identified by chromatographic compari-
sons with authentic standards and UV spectra. Quantification was
made by DAD at 254nm based on the IS method.

The limits of detection (LOD) and quantification (LOQ) were calculated
based on the minimum amount of target analyte that produced a peak
with a signal-to-noise ratio of three and ten times the background chro-
matographic noise, respectively. For the determination of these parame-
ters a mixture of standard solutions was used. The LODs and LOQs
corresponding to the different isoflavones are shown on Table 1. These
values ranging from 0.011 to 0.171 mg/L for LODs and from 0.037 to
0.569 mg/L for LOQs are in the lower limits of those reported in similar
studies (Visnevschi-Necrasov et al., 2009).

Statistical analysis

All extractions were performed in triplicate and each replicate was
quantified twice. Data were expressed as mean *standard deviation.
The statistical differences represented by letters were obtained through
one-way analysis of variance (anova). The fulfillment of the one-way anova
requirements, specifically the normal distribution of the residuals
and the homogeneity of variance, was tested by means of the
Kolmogorov-Smirnov with Lilliefors correction and the Levene’s tests,
respectively. In the cases where statistical significance differences were
identified, the dependent variables were compared using Tukey's
honestly significant difference (in homoscedastic samples) or Tamhane’s
T2 (in heteroscedastic samples) tests. Results obtained for puerarin were
classified using a simple t-test for equality of means (after checking the
equality of variances through a Levene's test), because there were fewer
than three groups (puerarin was detected only in M. arabica and
M. tornata). All statistical tests were performed at a 5% significance
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Table 1. Calibration data, limits of detection (LOD) and quantification (LOQ) of the isoflavones analysed by HPLC/DAD at 254 nm
Isoflavones tg (min) Calibration data LOD (mg/L) LOQ (mg/L)

Equation R?
Puerarin 5.1 y=0.2548x+0.1759 0.9995 0.070 0.235
Daidzin 6.8 y=1.259x+2.045 0.9968 0.171 0.569
Genistin 8.2 y=0.4892x +0.3524 0.9987 0.065 0.216
Daidzein 14.1 y=0.2754x+0.1021 0.9937 0.025 0.083
Glycitein 155 y=0.1158x+0.07584 0.9991 0.092 0.305
Genistein 19.2 y=1257x+1.254 0.9954 0.028 0.095
Pratensein 204 y=0.4145x+1.735 0.9992 0.019 0.043
Formononetin 236 y=1.364x+4.875 0.9981 0.043 0.143
Irilone 24.5 y=0.1045x — 0.03519 0.9973 0.041 0.137
Prunetin 28.7 y=0.4065x + 0.8871 0.9955 0.039 0.130
Biochanin A 30.2 y=0.3068x+0.1025 0.9994 0.011 0.037

level using the SPSS software, Version 20.0 (IBM Corporation, Armonk,
New York, USA).

Results and discussion

Method assessment

Linearity. Linearity and sensitivity of the HPLC analysis were
determined and the method was validated by the instrumental
repeatability, precision and accuracy, using a sample of M. mu-
rex. This species was selected due to its content in isoflavones,
which correspond to the median value among the assayed
plants. The linearity of the method was tested using seven levels
(corresponding to 31.25-2000 pug/mL) of each standard solution.
The quantity of added IS (2-methoxyflavone) was 50 ug, corre-
sponding to 100 mg/kg in the sample for all samples and stan-
dards. The calibration curves were obtained by plotting the
isoflavones/IS area ratio versus the concentration of isoflavones
in the standard. The calculated correlation coefficients were
higher than 0.99 (Table 1).

Recovery and repeatability. To assess the method’s accuracy
and repeatability, extractions were carried out at two fortification
levels (50 and 100 mg/kg) and each test performed seven times.
Medicago murex leaf samples were fortified with the target
isoflavones in methanol:water (9:1, v/v) solution and left in contact
for 30 min. Unspiked ‘blank’ samples were previously analysed to
determine the presence of isoflavones. To calculate the recovery
values, the contribution of each isoflavone in the ‘blank’ sample
was subtracted from the corresponding value obtained in each
spiked sample. In all fortification levels, recoveries were in the
range of 82-104% (Table 2), whereas relative standard deviation
(RSD) values ranged from 4% to 9%. The values obtained are
similar to the recoveries reported by other authors using Solid-liquid
extraction procedure for the analysis of isoflavones (Delmonte et al.,
2006; Saviranta et al., 2008; Visnevschi-Necrasov et al., 2009).

Isoflavone profiles

The first stage of the MSPD process, in which samples are structur-
ally disrupted by manually blending with a solid-support phase
(such as C;g sorbent, Cg sorbent, synthetic polymers, Florisil), was
effectively achieved by using the selected C;g sorbent.

Table 2. Average of recoveries and RSDs obtained for
spiked samples analysed by HPLC/DAD at 254 nm (n=7)

Isoflavones Percentage recovery = %RSD
50 mg/kg 100 mg/kg

Puerarin 98+8 95+9
Daidzin 85+6 94+7
Genistin 82+5 99+4
Daidzein 92+4 97+6
Glycitein 88+7 92+4
Genistein 90+6 98+5
Pratensein 84+5 95+6
Formononetin 102+5 104+7
Irilone 95+7 100+8
Prunetin 87+6 92+5
Biochanin A 84+6 88+6

Accordingly, MSPD extraction was chosen because it allows
performing the extraction and clean-up of extracts in a single
step, requiring small amounts of sample (500 mg), low consump-
tion of organic solvents (10mL) and short extraction time
(10 min), making it an advantageous alternative procedure for
routine analysis (Visnevschi-Necrasov et al., 2009), different to
classic extraction methods that often require clean-up steps,
large amounts of sample, sorbents and organic solvents, thus
being expensive and time consuming (Barker, 2007; Capriotti
et al.,, 2010). Furthermore, MSPD does not require heating during
the extraction, avoiding the possible degradation of thermola-
bile compounds and its chromatographic characteristics show
that the elution of a single compound, several classes of
compounds or complete fractionation of the sample matrix
components can be performed (Oniszczuk et al., 2013).

After this step, the selected solvent (methanol:water 9:1, v/v)
allowed an appropriate elution of the column-packed mixture
of sample and solid support. The possibility of analysing this
eluent directly by HPLC simplifies the process and greatly reduces
the time for sample preparation. The silica-based C;g-column used
for chromatographic separation was chosen due to its good
mechanical strength and reproduciblity. In fact, the silica-based
octadecyl material was previously reported as having higher
reproducibility than Cg-type sorbents (Oniszczuk et al, 2013).
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genistein in the urine of vegetarian subjects led to the sugges-
tion that this isoflavone might contribute to the preventive
action of a plant-based diet on chronic diseases (Fotsis et al.,
1997). Alongside this, irilone, is known for its resistance against
almost all types of microbial degradation (Braune et al., 2010),
probably due to its methylenedioxy group attached to the
aromatic A-ring (Fig. 2). Formononetin was also previously
documented as influencing cell proliferation (Wang et al., 1995).

Despite the observed differences among the different species,
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Table 3. Isoflavones contents (mg/kg dry matter) in the evaluated Medicago species. The results are presented as mean + SD
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Figure 1. HPLC/DAD chromatogram of the isoflavones from Medicago murex recorded at 254 nm: 1, genistin; 2, daidzein; 3, glycitein; 4, genistein; 5,
pratensein; 6, formononetin; 7, irilone; 8, prunetin; 9, biochanin A; 10, 2-methoxyflavone (IS).
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Figure 2. Chemical structures of the quantified isoflavones.

to be composed of a higher number of molecules (except
M. polymorpha and M. rigidula) when compared with M. sativa
sprouts (Silva et al, 2013) and with Medicago spp. polar
extracts (Rodrigues et al., 2014).

In view of the high isoflavone contents presented by
Medicago species, and particularly the amounts of genistein
presented by M. polymorpha, M. doliata and M. truncatula, these
plants might represent a new class of diet-derived anti-tumour
compound sources. The newly found added value might act as
an important enhancer to augment the production of this crop,
granting a high potential natural resource. The different isofla-
vone profiles obtained for Medicago species might be important
to define specific cultivation models for the production of
determined isoflavones, considering the sustainability of their
production and use, while valorising specific genotypes and

further enhancing the biological resources linked to the natural
environment, improving the use of local plant material.

Overall, MSPD has demonstrated appropriate extraction
efficiency, reproducibility and recovery, in comparison with
conventional extraction techniques coupled with solid-phase
extraction. Accordingly, it could be applied as an effective pro-
cedure for the determination of isoflavones in plant material.
Knowing the isoflavone profiles in the Medicago species
studied allows selecting the most suitable plant regarding
the isolation of a specific isoflavone. This specificity is useful
because different isoflavones have distinct effects on human
health. Thereby, the applied extractive methodology was
quantitatively advantageous and the detected profiles are
valuable to select a determined Medicago species according
to the potential health benefits of its isoflavones.
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