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Quantitative analysis of phenolic compounds in crude extracts
of Myrcia splendens leaves by HPLC-ESI-MS/MS
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Abstract

Myrcia splendens is popularly known as “guamirim-de-folha-miuda”, and its occurrence ranges from Mexico
to southern Brazil. The aim of this work was to identify and quantify phenolic compounds in the crude
hydroalcoholic (EBH), ethyl acetate (EBAE) and dichloromethane (EBDM) extracts using the HPLC-ESI-
MS/MS. In total, 15 compounds, including protocatecuic acid, syringic acid, p-coumaric acid, salicylic acid,
isoquercetin, ellagic acid, ferulic acid, umbelliferone, coniferaldehyde, sinapaldehyde, carnosol, gallic acid,
syringaldehyde, umbelliferone, coniferaldehyde, myricetin and kaempferol were identified. Ellagic acid was
the major compound in all extracts.
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Resumo

Myrcia splendens ¢ conhecida popularmente por “guamirim-de-folha-mitida”, e sua ocorréncia vai desde o
México até o sul do Brasil. Poucos estudos sobre sua composi¢ao quimica existem na literatura, sendo assim,
este trabalho teve por objetivo identificar e quantificar substancias fenolicas nos extratos brutos hidroalcodlico
(EBH), acetato de etila (EBAE) e diclorometano (EBDM) através da técnica de HPLC-ESI-MS/MS. Ao
total, 15 substancias foram identificadas, incluindo acido protocatecuico, acido siringico, acido p-cumarico,
acido salicilico, isoquercetina, acido elagico, acido fertlico, umbeliferona, coniferaldeido, sinapaldeido,
carnosol, acido galico, siringaldeido, coniferaldeido, miricetina e kaempferol. O acido elagico foi a substancia

majoritaria em todos os extratos.

Palavras-chave: HPLC-ESI-MS/MS, Myrcia splendens, fenolicos, quantificagdo.

Introduction

The Myrtaceae family is divided in two
subfamilies, Myrtoideae and Psiloxyloideae,
being the Myrtoideae subfamily subdivided into
15 tribes. The Myrteae tribe is represented by 49
genera and about 2,500 species, among them all
American Myrtaceaes (Lima et al. 2011). The total
number of species within the Myrtaceae family is
not a consensus among researchers, however, it is
estimated that there are 142 genera and more than
5,500 species (Govaerts ef al. 2016).

The Myrcia genus has more than 300 species
distributed from Mexico to the south of Brazil. It is

constituted by sub-shrubs, shrubs or trees (Barroso
1991). The species Myrcia splendens DC. is found
in the Brazilian cerrado and it is popularly known
as “guamirim-de-folha-mitda”, ocurring from
Mexico to southern Brazil (Morais & Lombardi
2006). According to Oliveira-Filho (2006), the
synonyms of this species are Myrcia acutata DC.,
Moyrcia rostrata DC., Myrcia communis Berg., and
Mpyrcia fallax (Rich.) DC.

Non-volatile compounds normally isolated
from extracts of Myrcia spp. are the triterpenes, the
derivatives of acetophenone, besides flavonoids,
tannins, being these two last phenolic compounds,
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that have already been described as antioxidants
and hypoglycemic agents (Tapas et al. 2008;
Kunyanga ef al. 2011; Cascaes et al. 2015).
Phenolic compounds are one of the most important
biological groups of secondary metabolites, due to
the action of eliminating reactive oxygen species
(ROS) and their association between oxidative
cell balance and cardiovascular disease, cancer
and aging (Santos et al. 2018). Some phenolic
compounds, like flavonoids (quercetin and
kaempferol), are also therapeutic agents against
conventional resistant infections or novel antiseptic
agents (Da Silva Sa et al. 2017).

The identification and quantification of
these compounds through sensitive and precise
methods is a technological challenge. In this way,
separation techniques such as HPLC and capillary
electrophoresis, coupling with mass spectrometry
are highlighted in analytical chemistry by the
ability to perform qualitative and quantitative
analyzes of environmental, biological, food and
pharmaceutical samples (Ribani et al. 2004). Thus,
the objective of the work was to investigate the
qualitative and quantitative phenolic composition
of three crude extracts from the leaves of Myrcia
splendens by HPLC-ESI-MS/MS, in comparison to
47 commercial standards of phenolic compounds.

Material and Methods

Plant material

Leaves from Myrcia splendens DC.
were collected in Blumenau - Santa Catarina,
26°53°55.2”S, 49°04°41.3”W, 17.X.2017, C.J.
Paganelli (FURB 00607). Plant material was
identified by PhD André Luis de Gasper from the
Natural Sciences Department of Universidade
Regional de Blumenau (FURB), and a voucher
specimen was deposited in the Dr. Roberto Miguel
Klein Herbarium of the same institution. The
project is registered in SISGEN under number
AT519AA.

Preparation of the extracts

After collection, the plant material was dried
under room temperature for 7 days and weight.
This material (~1 kg) was separately macerated in
dichloromethane, ethyl acetate and hydroalcoholic
solution 70% for 7 days (proportion plant/solvent
1:10 w v!). The extracts were filtered, and the
solvents evaporated in a rotary evaporator (below
60 °C) coupled with a vacuum condenser and
concentrated to a reduced volume. This procedure
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was repeated one more time, and yield crude
dichloromethane extract (EBDM), crude ethyl
acetate extract (EBAE) and crude hydroalcoholic
extract (EBH).

Analysis of phenolic compounds in the

extracts by HPLC-ESI-MS/MS

Instrumentation

Analysis of phenolic compounds was
performed according Siebert et al. (2019). This
analysis is conducted using Agilent® 1,200
chromatograph, with a Phenomenex® Synergi 4
Polar-RP 80A column (150 mm x 2 mm i.d., particle
size of 4 pum) at 30 °C. The liquid chromatograph was
coupled to a mass spectrometry system consisting
of a hybrid triple quadrupole/linear ion trap mass
spectrometer Qtrap® 3,200 (Applied Biosystems/
MDS SCIEX, USA) with TurbolonSpray® as the
ionization source, in negative ionization mode, with
the following source parameters: ion spray interface
at 400 °C; ion spray voltage of 4,500 V; curtain gas,
10 psi; nebulizer gas, 45 psi; auxiliary gas, 45 psi;
and collision gas, medium. The Analyst® software
(version 1.5.1) was used for the recording and
processing of the data. Pairs of ions were monitored
in multiple reaction monitoring (MRM) mode.

Chromatographic conditions

The HPLC-ESI-MS/MS analysis was
performed using the sample pre-treatment,
chromatographic and mass spectrometer parameters
previously described by Schulz ef al. (2015). The
eluent was formed by mixing solvents A (MeOH/
H,O in ratio 0f 95:5, v v*') and B (H,O/formic acid
0,1%) as follows: 1st stage - 10% solvent A and
90% B (isocratic mode) for 5 min; 2nd stage - linear
gradient of solvents A and B (from 10 to 90% of
A) for 2 min; 3rd stage - 90% solvent A and 10%
B (isocratic mode) for 3 min; 4th stage - linear
gradient of solvents A and B (from 90 to 10% of
A) for 7 min with a flow rate of 250 pL min™' of
mobile phase. In all analyses, the injected volume
was 5 uL.

Samples of extracts were prepared separately
by dissolving 50 mg of the dried material in a 5
mL solution of hydrochloric acid at pH 2. These
solutions were extracted three times with 2 mL of
ethyl ether, and the ethereal extract resulting of
three extractions of each sample were separately
combined, dried and stored in a sealed container
at -20 °C. Prior to analysis, the dried material
was dissolved in 1 mL of MeOH, centrifuged at
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12,000 rpm for 120 s and dissolved in 3 parts of
ultrapurified water.

For the identification and quantification, 47
standard phenolic compounds were analyzed under
the same conditions described above, being them:
4-aminobenzoic acid, 4-hydroxymethylbenzoic
acid, apigenin, aromadendrin, caffeic acid,
carnosol, catechin, chlorogenic acid, chrysin,
cinnamic acid, coniferaldehyde, ellagic acid,
epicatechin, epigallocatechin, epigallocatechin
gallate, eriodictyol, ferulic acid, fustin, galangin,
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gallic acid, hispudulin, isoquercetin, kaempferol,
mandelic acid, methoxyphenylacetic acid,
myricetrin, naringerin, naringin, p-anisic acid,
p-coumaric acid, pinocembrin, protocatechuic
acid, quercetin, resveratrol, rosmarinic acid,
rutin, salicylic acid, scopoletin, sinapaldehyde,
sinapic acid, syringaldehyde, syringic acid,
taxifolin, umbelliferone, 4-methylumbelliferone,
vanillic acid and vanillin dissolved in methanol
(0.02 to 6 mg L"). Analytical parameters of the
chromatographic method are shown in the Table 1.

Table 1 — Performance parameters of the chromatographic method for the determination of phenolic compounds.

Phenolic compound LOQ LOD Linear regression equation Coeficient of determination
Gallic acid 0.39 0.11 y=347467x + 388.76 0.9742
Protocatecuic acid 0.03 0.02 y=1642487.86x - 12319 0.9865
Syringic acid 0.16 0.05 y=138076x +2427.4 0.9985
p- Coumaric acid 0.11 0.03 y=1175394.92x - 10911 0.9907
Ferulic acid 0.03 0.02 y = 227484x +2299.9 0.9788
Syringaldehyde 0.15 0.11 y =48205x + 187.54 0.9938
Salicylic acid 0.17 0.05 y =1518670.32x + 121196 0.9895
Umbelliferone 0.04 0.03 y = 16889x - 2866.6 0.9913
Myricetin 2.61 0.78 y=206351x - 8351.8 0.9952
Coniferaldehyde 0.07 0.05 y =454847x - 3255.9 0.9913
Synapaldehyde 0.24 0.07 y=161791x +1932.3 0.9816
Ellagic acid 2.71 0.81 y=31742x +468.24 0.9864
Kaempferol 091 0.57 y =254489x - 127.51 0.9943
Carnosol 0.19 0.05 y =714376x + 36527 0.9880

LOD = limit of detection (ng g"); LOQ = limit of quantification (ug g'). LOD and LOQ were obtained from the signal-noise ratio according to Ribani et al. 2004.

Results and Discussion

After complete drying of samples, the
extract yields were calculated. Leaf extracts
yielded 15.59%, 5.4% and 0.7% for EBH, EBAE
and EBDM, respectively. It is observed that the
best yield was obtained in the extraction with
hydroalcoholic solution, and the EBAE and EBDM
extracts obtained lower yield compared to EBH,
possibly for being an amphiphilic mixture and it
extracts apolar and polar substances (Karabegovic¢
etal.2014). Further, EtOH and 70% EtOH extracts
had higher yield in general, which may be due the
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solubility of polar carbohydrates and glycosides
of secondary metabolites in these solvents (Dirar
et al. 2019). Results indicated that the use of
different solvents resulted in the variable extract
yields, which is due to the nature and amount of
secondary metabolites extracted. Some studies
have demonstrated the direct relationship between
the influence of the solvent used and the content
of secondary metabolites, as well as, time and
temperature are important factors in obtaining the
total extract yield (Yamini ef al. 2008; Tiwari et
al. 2011).
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Table 2 shows the results obtained by HPLC-
ESI-MS/MS analysis. This technique provides
superior specificity and sensitivity when compared
to direct injection methods, since modern mass
spectrometers are highly sensitive than LC-MS
assays. Another advantage is its ability to multiplex
multiple analytes in a single analytical run (Pitt
2009).

From forty-seven investigated standards,
fifteen phenolic compounds were identified in the
extracts. Although EBDM was the extract with the
lowest yield, it was the sample with the highest
number of identified compounds (11), followed by
EBAE (10) and EBH (9). In all analyzed samples,
the compound with the highest amount found
was ellagic acid (3.84 + 0.080, 10.68 + 0.10 and
47.97+2.180 pg g, in EBDM, EBAE and EBH,
respectively).

Paganelli CJ et al.

Eleven substances were identified in the
EBDM extract, being six of these common to all
three extracts, such as protocatecuic acid (0.03 £
0.005 to 0.57+ 0.005 pg g'), syringic acid (0.41+
0.006 to 1.18 £ 0.030 pg g"), p-coumaric acid
(0.28 £0.008 to 2.15+ 0.16 ug g™), salicylic acid
(0.75 +£ 0.01 to 1.66 + 0.02 pg g'), isoquercetin
(non-quantified) and ellagic acid. In addition to
the previous cited compounds, were also found
in the EBDM ferulic acid (0.03 = 0.001 pg g),
umbelliferone (0.05£0.000 pg g '), coniferaldehyde
(0.24£0.002 pg g, sinapaldehyde (0.77 = 0.010
pug g, and carnosol (0.24 + 0.014 pg g). In
the EBAE, in addition to the compounds already
mentioned, gallic acid (6.29 + 0.170 pg g"),
syringaldehyde (0.19 £ 0.080 pg g ), umbelliferone
(0.05 £ 0.001 pg g"), coniferaldehyde (0.08 +
0.002 pg g could also be detected. In EBH

Table 2 — Identified phenolic (ug g"') in Myrcia splendens leaves extracts.

. EM MS/ Previous
f;‘;“‘(’)ll‘fn 4 (nlfi;) g:) (M-H, MS EBDM EBH EBAE studies in
P mpz)  (mf) Myrcia
Gallic acid 371 CHO, 170.12 168.90 125.00 <LOD 47.69+  629+0.170 Guldbrandsen
0.196 etal. (2015)
Protocatecuic 627 CHO, 15412 15292 109.00 0.03£0.005 0.36=0.004 0.57+0.005 Souza Filho
acid et al. (2006)
Syringic acid 991 CHO, 198.17 19693 121.10 1.18£0.030 0.67=0.003 0.41+0.006 New in genus
p-Coumaricacid 1032 CHO, 16405 16292 119.10 0.28+0.008 0.65+0.018 2.15+0.160 New in genus
Ferulic acid 1065 C H,O, 19418 19295 13400 0.03+0.001 <LOD <LOD  New in genus
Syringaldehyde 10.67 C/H, O, 182.17 180.94 151.00 <LOD <LOD  0.19+0.080 New in genus
Salicylic acid 1075 CHO, 13812 13694 93.00 1.09+0.008 0.75+0.010 1.66+0.020 New in genus
Umbelliferone ~ 10.78 CHO, 162.14 160.94 133.10 0.05+0.001 <LOD  0.05+0.001 New in genus
Isoquercetin 10.79 C,H, 0, 464.38 463.15 300.00 n.g. n.g. n.q. Saldanha et
al. (2013)
Myricetin 1122 C . H O, 31823 31699 151.00 <LOD 2.86+£0.020 <LOD  Moresco et al.
(2014)
Coniferaldehyde 1124 C H O, 17818 177.01 162.00 0.24+0.002 <LOD  0.08+0.002 New in genus
Synapaldehyde 11.33 C, H,O, 20821 207.04 177.00 0.77+0.010 <LOD <LOD  New in genus
Ellagic acid 178 C HO, 30219 300.95 145.00 3.84+0.080 4797 + 10.68 = ‘Wubshet et
2.180 0.010 al. (2015)
Kaempferol 1220 CH, O, 28623 28499 93.00 <LOD 0.97+£0.040 <LOD Saldanha et
al. (2013)
Carnosol 13.87 C,H,O, 33042 329.16 28520 024=0.014 <LOD <LOD  New in genus

Rt = Retention time (min); MF = Molecular formula; TM = Theoretical mass (Da); EM = Experimental mass (m/z); MS/MS = MS/MS Fragments (m/z);

< LOD = Less than limit of detection; <LOQ = Less than limit of quantification; n.q. = non-quantified; EBDM = Dichloromethane extract;
EBH = hydroalcoholic extract; EBAE = Ethyl acetate extract.
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extract, gallic acid (47.69 +£0.196 pg g), myricetin
(2.86+0.020 ug g") and kaempferol (0.97 +0.040
ug g') were also detected.

It was observed that the solvents used for
extraction altered not only the yield, but also the
composition of the extracted metabolites. Solvents
used during extraction process are reported to
have an influence on the nature and the amount of
secondary metabolites extracted from medicinal
plants. Commonly, polar solvents are used to
extract phenolic compounds and their glycosides
(Dirar et al. 2019). For example, gallic acid was
present in EBH and EBAE, extracts with greater
polarity in relation to EBDM. The molecule of
gallic acid have carboxylic acid and hydroxyl
groups, configuring a more polar characteristic to
the molecule. Ferulic acid and carnosol were found
only in EBDM. This relation can be attributed
to its more apolar structure, to have a greater
carbonic chain and smaller number of hydroxyls
than gallic acid. Two of the identified compounds,
myricetin and kaempferol, were found only in
EBH. These compounds present a hydroxyflavone
type skeleton, with a more polar character, since
they have several hydroxyl groups attached to the
structure.

According to Moresco et al. (2014),
myricetin was previously identified in the crude
hydroalcoholic extract from leaves of M. splendens
and its fractions. Myricetin has also been isolated
from other species of Myrcia, as in the methanolic
extract of Myrcia uniflora Barb. Rodr. In the work
of Guldbrandsen et al. (2015), the methanolic
extract of M. splendens indicated the presence of
tannins and myricetin-3-O- (6 "- O-galloyl)-p-
galactopyranoside, myricitrin, quercitrin, gallic
acid, myricetin-3-0O-B-galactopyranoside and
myricetin were isolated and identified.

In a previous study, six acylated flavonoids
derived from myricetin and quercetin, along with
two kaempferol glycosides and phenolic acids such
as caffeic acid, ethyl gallate, gallic acid and quinic
acid were identified in the leaves of Myrcia bella
Cambess. (Saldanha et al. 2013). According to
Wubshet et al. (2015), casuarinine, myricetin and
quercetin were identified in the ethyl acetate extract
of the leaves of Myrcia palustris DC. Myricetin
and quercetin were also found in the decoction
(aqueous extract from leaves) of Myrcia oblongata
DC. (Agostini et al. 2017). According to Souza
Filho et al. 2006, in the ethyl acetate extract of the
leaves of Myrcia guianensis DC. gallic acid and
protocatecuic acid were identified.
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Although some of the compounds identified
in this work have already been cited in the Myrcia
genus, as seen previously, syringic acid, p-coumaric
acid, ferulic acid, syringaldehyde, salicylic acid,
umbelliferone, coniferaldehyde, synapaldehyde
and carnosol are reported for the first time in the
genus. In addition to the previously mentioned
compounds, this was also the first report of the
presence of protocatecuic acid, ellagic acid and
kaempferol in extracts in leaves of M. splendens.

The extracts of M. splendens studied in
this work demonstrated similarity of this species
with others of the genus Myrcia. Despite this,
since phenolic compounds are ubiquitous in most
medicinal plants and constitute an essential part of
the human diet due to their antioxidant and many
other beneficial health properties (Balasundram
et al. 2006), the characterization of phenolic
compounds for the first time in this species and the
quantification of already known compounds, opens
the possibility for further studies of biological
potential and it contributes to a better understanding
of the secondary metabolism in the Myrcia genus.
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