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Abstract

The species Arrabidaea chica (Humb. & Bonpl.) B. Verl. (Bignoniaceae) is a plant native to tropical forests, popularly
known as pariri or crajiru, and it is widely used in folk medicine to treat inflammatory diseases, anemias, skin diseases
and to assist in the treatment of leukemia. Because of the widespread use of the plant, concern with its quality and
effectiveness is fundamental. This study demonstrates the application of mass spectrometry with ionization by paper
spray (PS-MS) as a chemical characterization method to evaluate the presence of the active principles in teas prepared
by infusion from commercial samples of the medicinal plant Arrabidaea chica by infusion. The analyses of the
samples were performed in two periods: 24 hours and 15 days after the preparation of the teas. Compounds referring
to the class of substances 3-deoxythocyanidins were detected without any pre-treatment of the sample or
chromatographic separation to provide valuable information for the evaluation and quality control of this product.
Significant changes in the m/z signals of greater intensity, referring to the class of 3-deoxythocyanidins, were
observed in the mass spectra, and multivariate analysis corroborated the degradation of this class of substances with
time, resulting in a probable loss of the quality and effectiveness of the tea.

Keywords: Medicinal plants; Arrabidaea chica; Quality control; Paper spray.

Resumo

A espécie Arrabidaea chica (Humb. & Bonpl.) B. Verl. (Bignoniaceae) é uma planta nativa das florestas tropicais,
popularmente conhecida como pariri ou crajiru, amplamente utilizada na medicina popular no tratamento de doencas
inflamatorias, anemias, enfermidades da pele e auxiliar no tratamento de leucemia. Devido ao uso difundido da planta
é fundamental a preocupacdo com sua qualidade e eficicia. Este estudo demonstra a aplicagdo da Espectrometria de
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Massas com a lonizacdo por Paper Spray (PS-MS) como uma metodologia de caracterizagdo quimica para avaliar a
presenca dos principios ativos presentes nos chas obtidos por infusdo de amostras comerciais da planta medicinal
Arrabidaea chica obtidos por infusdo. As analises das amostras foram realizadas em dois periodos: 24 horas e 15 dias
apos o preparo dos chas. Foram detectados compostos referentes a classe de substancias 3 desoxiantocianidinas sem
qualquer pré-tratamento da amostra ou separacdo cromatografica, fornecendo informac6es valiosas para a avaliagdo e
controle de qualidade deste produto. AlteragGes significativas nos sinais m/z de maior intensidade, referentes a classe
da 3 desoxiantocianidinas, foram observadas nos espectros de massas. As analises multivariadas dos dados, por sua
vez, corroboraram a degradacdo desta classe de substdncias como o decorrer do tempo e, consequentemente, uma
provavel perda da qualidade e eficacia do cha.

Palavras-chave: Plantas Medicinais; Arrabidaea chica; Controle de qualidade; Paper Spray.

Resumen

La especie Arrabidaea chica (Humb. & Bonpl.) B. Verl. (Bignoniaceae) es una planta originaria de los bosques
tropicales, conocida popularmente como pariri 0 crajiru, y se usa ampliamente en la medicina popular para tratar
enfermedades inflamatorias, anemia, dermatosis y para ayudar a tratar las leucemias. Debido al amplio uso de la
planta, la preocupacién por su calidad y efectividad es fundamental. Este estudio demuestra la aplicacion de la
Espectrometria de Masas de lonizacién por Paper Spray (PS-MS) como método de caracterizacion quimica para
evaluar la presencia de principios activos en tés preparados por infusion a partir de muestras comerciales de la planta
medicinal Arrabidaea chica por infusion. Los andlisis de las muestras se realizaron en dos periodos: 24 horas y 15
dias después de la preparacion del té. Los compuestos que se refieren a la clase de sustancias 3-desoxitocianidina se
detectaron sin ningln pretratamiento o separacién cromatografica de la muestra para proporcionar informacion valiosa
para la evaluacion y el control de calidad de este producto. Se observaron cambios significativos en las sefiales m / z
de mayor intensidad, que se refieren a la clase de 3-desoxitocianidinas. El andlisis multivariado, a su vez,
corroboraron la degradacion de esta clase de sustancias a lo largo del tiempo, resultando en una probable pérdida de la
calidad y eficacia del té.

Palabras clave: Plantas medicinales; Arrabidaea chica; Control de calidad; Paper Spray.

1. Introduction

The species Arrabidaea chica (Humb. & Bonpl.) B. Verl. belongs to the family Bignoniaceae. It is distributed mainly
in the tropical regions of South America and Africa. In Brazil, it does not have a unique habitat, being found in several regions,
mainly in the Amazon (Medeiros et al., 2011). The plant is popularly known as crajiru (Amazonas), carajiru, pariri (Para), and
vine-cross, among other names (Ferreira et al., 2013).

According to folk medicine, the leaves of Arrabidaea chica have anti-inflammatory, healing, anti-anemic and
astringent properties. They are used to fight hemorrhage, leukemia and skin diseases (Kalil Filho et al., 2000; Behrens et al.,
2012). The widespread use of the plant in medicine and its pharmacological activities has aroused the interest of several
researchers. Thus, the standardization of its extracts through studies of its chemical profile is essential (Behrens et al., 2012;
Schiozer et al., 2012).

Arrabidaea chica is characterized by the occurrence of the class of deoxyanthocyanidins, which are responsible for
conferring the reddish color characteristic of its extracts (Schioz et al., 2012). Through electrospray ionization mass
spectrometry (ESI-MS), some authors have identified and characterized four chemical markers belonging to the 3-
deoxyanthocyanidin class: 6,7-dihydroxy-5,4'-dimethoxyflavylium (carajurine) (1), 6,7,4'-trihydroxy-5-methoxyflavylium
(carajurone) (1), 6,7,3'-trihydroxy-5,4'-dimethoxyflavylium (1) and 6,7,3',4'-tetrahydroxy-5-methoxyflavylium (1V) (Zorn et
al., 2001; Schiozer et al., 2012; Mafiolletti et al., 2013; Taffarello et al., 2013).

Ambient ionization is an area of mass spectrometry that has emerged quickly in several methods, all aiming at direct
and rapid sampling of analytes in complex samples with the minimum of previous treatment in their ambient state (Liu et al.,
2010). Recently, Wang and collaborators (2010) described a new technique of ambient ionization called mass spectrometry
with paper spray ionization (PS-MS).

The PS-MS ionization method is based on the generation of analyte ions by applying a high voltage on a

chromatographic paper triangle with a small volume (<10 pL) of the sample, which is performed at the entrance of a mass
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spectrometer. The samples are loaded onto the paper with the addition of an appropriate solvent, which was usually methanol.
The applied potential difference causes the formation of a fine spray of solvent droplets with the analyte on the tip of the paper
because of the greater accumulation of charges (Liu et al., 2010).

In the literature, the method has been approached in different matrices such as in the analysis of drugs in biological
fluids (blood and urine) (Liu et al., 2010), analysis of natural products such as plants and teas (Liu et al., 2011; Deng and Yang,
2013), forensic sciences (Ferreira et al., 2015), food (Soparawalla et al., 2011; Zhang et al., 2012; Garret et al., 2013) and
discrimination of microorganisms (Hamid et al., 2014). This work sought to evaluate and compare the chemical fingerprint
profile of teas obtained by infusing Arrabidaea chica leaves from different commercial samples and to verify the influence of

time on its composition using mass spectrometry with PS-MS.

2. Methodology

The work corresponded to laboratory activities, with the extraction by infusion of pariri leaves and the identification
of its constituents, after 24 hours and 15 days of extraction, as well as the study of grouping these extracts, considering the time
and the bioactive compounds present. Furthermore, it was characterized as a descriptive research because, according to
Oliveira (2011), it took into account the observation, registration and analysis of the objects of study and their relationship with

other phenomena.

2.1 Plant material
A total of fourteen different samples from the Arrabidaea chica plant were purchased from different commercial

establishments in Belo Horizonte (MG) and the metropolitan region in the period from February to March 2018.

2.2 Preparation of extracts

The extracts were prepared by infusing 1.0 g of the dried leaves of the samples of Arrabidaea chica in 30 mL of
distilled water at 100 °C for a period of one hour. The extracts were filtered and stored in amber bottles under refrigeration at 6
to 10°C

2.3 Mass Spectrometry with Paper Spray lonization

For the paper spray ionization analysis, the chromatographic filter papers were cut into triangles (10 mm high and 10
mm base) and attached to a metal alligator clip at 5 mm from the mass spectrometer source. About 10 pL of the tea samples
were transferred directly to the paper triangle and left to dry at room temperature. Then, 10 uL of methanol were added and
voltage (3 kV) was applied to obtain the mass spectra. The analyzes were performed on teas prepared 24 h (A) and 15 days (B)
after the extracts were prepared.

2.4 Instrumentation

All mass spectra were obtained using a Thermo Fisher LCQ FLEET mass spectrometer with a low-resolution ion trap
mass analyzer, operating in the positive ion mode. The ionization source was built in the laboratory with a three-dimensional
movement to adjust the paper with the mass spectrometer input. The spray voltage was adjusted to 3 kV, the capillary
temperature was adjusted to 275 °C and a 40 V potential, and the potential of the lenses was 120 V. For PS-MS, mass spectra

were acquired in positive ion mode over m/z range 250-350.
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2.5 Multivariate statistical analysis

The differentiation of the extracts was achieved through Principal Component Analysis (PCA) and Hierarchical
Cluster Analysis (HCA). The data were processed in the Minitab 19.2 software. A data matrix with 28 lines (14 commercial
samples in periods A and B) and 20 columns (the relative intensities values of the most abundant mass spectra signals) was
used. The PCA was performed using a covariance matrix, and the scores of the main components (cumulative eigenvalue
greater than 80%) were used for the construction of the dispersion graph to evaluate the possible groupings of the commercial
samples. In turn, HCA was performed using the Euclidean distance measurement, non-standard data and the centroid linkage

method. The respective dendrogram was evaluated for possible groupings of the commercial samples.

3. Results and Discussion

The choice for the positive ion mode in the analyses was based on the cationic characteristic of the 3-
deoxyanthocyanidins (1-4). The ions m/z 285, 299, 301 and 315 were identified in the sample of A. chica in previous analyses
by ESI-(+)-MS (Schiozer et al. 2012, Mafiolletti et al., 2013, Taffarello et al., 2013). In addition to these four substances,
Cabral (2010) detected the presence of other anthocyanidins though the peaks of m/z 271, 287, 303, 317 and 319 through
studies using ESI(+) MS/MS. However, it was not possible to define the identity of each of these substances because of the
wide variety of structural isomers in this class of compounds.

In our study, the analysis of the spectra of PS-MS obtained from the extracts of the samples of A. chica made 24 hours
after preparation (Figure 1), showed little difference in the chemical profile of the samples. A similarity in the intensity of the
ions m/z 285, 299, 301 and 315, corresponding to the 3-deoxyanthocyanidins, was observed: 6,7,4'-trihydroxy-5-
methoxyflavylium (carajurone), 6,7-dihydroxy-5,4"-dimethoxyflavylium (carajurine), 6,7,3'-trihydroxy-5,4'-
dimethoxyflavylium, 6,7,3',4'-tetrahydroxy-5-methoxyflavylium, (I to 1V), respectively. Lesser intensity signals m/z 271, 287,

303, 317, and 319 were also detected in all the samples analyzed under this condition.

Figure 1. Representative spectrum obtained in the analysis by PS-MS 24 hours after preparation of the tea.
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For the PS-MS analysis performed 15 days after the preparation of the extracts of A. chica, it was found that, even
though all the anthocyanidins were present, the intensity of the signals had changed. The signal of greatest intensity was
observed for the ion at m/z 259 (samples 02, 10 and 12) (Figure 2-a); m/z 271 (samples 01, 06, 07, 11, and 13) (Figure 2-b);
m/z 285 (samples 08 and 09) (Figure 2-c) and m/z 299 (samples 03, 04, 05, and 14) (Figure 2-d).
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Figure 2. Representative spectra obtained in the analyses by PS-MS after the preparation of A. chica leaf teas: (a) sample 02,

(b) sample 13, (c) sample 09 and (d) sample 05.
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These differences can be explained by the degradation of anthocyanins present in A. chica teas over time. Several
factors such as pH, storage temperature, structure, concentration, light, presence of oxygen, solvents, enzymes, proteins and
metal ions affect the stability of this class of compounds (Castafieda-Ovando et al., 2009).

The use of multivariate analysis of the A. chica extracts was able to grouped the samples based on the differences in
the spectra: 24 hours after (Samples A) and 15 days after (Samples B). The Principal Component Analysis with covariance
matrix was able to explain 86.3% of the total data variability. The Figure 3 represents the first two components because the

representation in three dimensions does not include new behaviors.

Figure 3. PCA scores for m/z (PS-MS) signals from samples A and B of A. chicai.
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The presence of four groups can be seen in Figure 3, where samples A are organized in a single group (greater
5
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homogeneity). B samples, in turn, were characterized in three groups: 1) B03, 2) B13 and B14 and 3) B01, B02, B04, B05,
B06, BO7, B0, B09, B10, B11 and B12.

Based on the factorial loads (Figure 4), the sample A profile is a consequence mainly of lower relative abundances of
the ions m/z 287, 259, 279, 251 and 271 and higher relative abundances of the ions m/z 341 and 299. The group of samples
B13 and B14 stood out for exhibiting high relative abundances of the ions m/z 271, 297, 255, 299 and 257, and the sample B03
for the low relative abundances of m/z 285 and 287 and high relative abundances of m/z 271, 297 and 299. The samples B

remaining group was characterized by having high relative abundances of the ions m/z 251, 259, 271, 279 and 287.

Figure 4. Factor loadings of the m/z (PS-MS) signals from samples A and B of A. chica.
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Cluster analysis (Figure 5) was also performed, and the same grouping was observed for the centroid link method with
Euclidean distance measurement, considering the original non-standard data. The four groups were formed with a similarity
level of 72.74%.

Figure 5. Dendrogram of the m/z signals (PS-MS) of the samples A and B from A. chica.
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The same pattern of four groups could be seen in the results, considering the 25, 20 or 15 most abundant signals of the

mass spectra, while even maintaining the greater homogeneity of samples A.
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4. Conclusion

Through the analysis of the mass spectra of the leaf teas of the samples acquired in different commercial
establishments in Belo Horizonte, MG, and metropolitan region, it was concluded that the samples were obtained from the
species Arrabidaea chica. Being possible to identify, the chemical markers of this species related to the class of substances 3
deoxyanthocyanidins (m/z 285, 299, 301, and 315) were identified.

Significant changes in the m/z signals of greater intensity were observed for the different sample reading conditions
(24 hours and 15 days after the preparation of the leaf teas). The instability of these classes of substances with time and,
consequently, the loss of these active ingredients, which result in changes in the quality and effectiveness of the tea, could be
seen. This fact shows that the tea should be used immediately after its preparation.

Ultimately, the experimental data demonstrated that the chemical characterization by PS-MS is a simple, fast, and
robust method for the aqueous plant extracts evaluation, having potential for future work on quality analysis and
standardization of aqueous extracts of importance to the food, beverage, and agricultural industries, and in the health area.
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