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The Amazonian Rubiaceae species Uncaria guianensis (UG) is locally used as anti-
inflammatory, antitumor, antidiabetic, anti-ulcers, and others. The phenolic content of its leaves is
characterized by the great predominance of the flavonoid kaempferol-3,7-O-(a)-L-dirhamnoside
(kaempferitrin). The present study quantitatively evaluates the kaempferitrin content in the leaves
and branches of cultivated and wild UG specimens collected in different locations of the Brazilian
Amazon rainforest by employing high-performance liquid chromatography coupled to a diode
array detector (HPLC-DAD). Besides, the understanding of the polyphenol profile performed by
electron spray ionization is deepened by tandem mass spectrometry analysis (ESI-MS/MS), using
a previously approached leaf UG extract, and the flavonoid quercetin-3,7-O-(a)-L-dirhamnoside
was first isolated from UG. All samples showed quite similar qualitative polyphenol profiles.
Kaempferitrin in UG ranged from 1.1 to 1.9 mg 100 mg"' for dry leaves of adult wild plants,
0.3 to 0.7 mg 100 mg' for dry leaves of cultivated young plants and 0.00 to 0.04 mg 100 mg'
for dry branches of adult wild plants. Besides suggesting the distribution of kaempferitrin in the
species, these results reinforce this flavonol as a suitable chemical marker for UG leaves and the
products derived from them.
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chemical marker

Introduction

The genus Uncaria (Rubiaceae) contains about 60
species distributed in the tropical areas of Southeast Asia,
Africa and Central and South America.'? It is represented
in Central and South America by two species: U. tomentosa
(Willd.) DC and U. guianensis (Aubl.) Gmel.® Popularly
known as cat’s claw, “unha-de-gato” (Brazil) or “uiia
de gato” (Spanish America), both of them have been
indistinctly used for the same purposes in traditional
medicine, such as to treat gastritis, gastric ulcers, cancer,
arthritis, asthma and inflammatory conditions.*¢

*e-mail: valente @iq.uftj.br

Previous chemical studies of U. guianensis revealed
indole and oxindole alkaloids (low content),”!!
proanthocyanidins,'? flavonoids, and chlorogenic acid,!!!?
triterpenoid glycosides and sterols."*! In vitro and clinical
studies using a decoction of U. guianensis bark have
corroborated its traditional use as an anti-inflammatory and
antioxidant.'>!® Bioassay-guided fractionation of the EtOH
extract from the U. guianensis bark using a yeast-based
assay for deoxyribonucleic acid (DNA)-damaging agents
led to two weak but selectively active oxindole alkaloids."”
Quinovic acid glycosides were also correlated with the
observed anti-inflammatory activity of the species.'* The
leaves of U. guianensis showed antibacterial activity'® while
the bark slowed antitumor effects.'®


https://orcid.org/0000-0002-7098-2447
https://orcid.org/0000-0003-3195-8927
https://orcid.org/0000-0001-8108-2500
https://orcid.org/0000-0002-2421-9985
https://orcid.org/0000-0002-4911-4450

Vol. 32, No. 8, 2021

In previous works we have reported that the EtOH
extract from the U. guianensis leaves showed anti-
inflammatory and anti-allergic activities’® and that the
leaf EtOH:H,O 1:1 extract showed a decrease in dengue
virus infection.*® We have also reported that the flavonol
kaempferitrin (5) (kaempferol-3,7-0-(a)-L-dirhamnoside)
was isolated for the first time from the Uncaria species
detected in leaves and branches of U. guianensis but not
in U. tomentosa.*' Kaempferitrin has been reported as an
active compound against several biological targets.?>2

Despite the medicinal uses and bioactivities of
U. guianensis, there is currently no effective chemical
marker for this species, although kaempferitrin (5) has
already been proposed to play this role.?! This study aimed
to evaluate the content of kaempferitrin in the leaves and
branches of cultivated and wild samples of U. guianensis,
collected in different locations (and seasons) of the
Brazilian Amazon rainforest to validate this flavonol
diglycoside as a chemical marker of polyphenol-based leaf
extracts of this species.

Experimental
Reagents

Methanol (MeOH), ethanol (EtOH), chloroform
(CHCl,), ethyl acetate (EtOAc), n-hexane, acetic acid
(AcOH), formic acid (HCOOH) and acetonitrile (CH,CN),
all analytical grade reagents, were purchased from Vetec
(Rio de Janeiro, Brazil). CH,CN high-performance liquid
chromatography (HPLC) grade, MeOH HPLC grade and
MeOH-d, (CD,0D) were purchased from Tedia (Rio de
Janeiro, Brazil). Milli-Q grade water was obtained from
Merck system (Darmstadt, Germany). Rutin was purchased
from Sigma-Aldrich (St. Louis, USA). Aluminum chloride
(AICl;) was purchased from Riedel-de-Haén (Seelze,
Germany). Rutin, diphenylboric acid-p-ethylamino ester
(NP) and polyethylene glycol-4000 (PEG) were purchased
from Sigma-Aldrich (St. Louis, USA).

Plant material

The leaves (L) and branches (B) from wild adult
specimens of U. guianensis (UG) were collected in three
different locations of the Brazilian Amazon rainforest:
Juruena, Mato Grosso (MT) state (12°50” S, 58°55° W; 277 m
elevation) in June of 2001 (UGL-MT); Manaus, Amazonas
(AM) state (3°05’ S, 60°00° W; 55 m elevation) in September
of 2007 (UGL-AM and UGB-AM); and Rio Branco,
Acre (AC) state (9°58° S, 67°48” W; 143 m elevation),
two sets collected from the same specimen in September
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and October 2008 (UGL-ACSept and UGL-ACOct). The
specimen from Mato Grosso state was identified by the
botanist Pierro Delprete and a voucher was deposited in the
Central Herbarium of the Universidade Federal do Mato
Grosso, Brazil, under No. 24715. The specimens from Acre
and Amazon states were identified by the botanist Mério
Gomes and the vouchers were deposited in the Herbarium
of the Universidade Federal do Rio de Janeiro, Brazil, under
Nos. RFA36973 and RFA37499, respectively. The samples
from Pard (PA) state were purchased at the Ver-o-Peso
Herbal Market in Belém (UGL-PA and UGB-PA). The two
cultivated leaf samples of U. guianensis were previously
obtained in the following way:° one was generated from
an in vitro 45 day plantlet cultivation that was transferred
to a 72 cell tray with the appropriated substrate and after
15 days transplanted to a greenhouse and collected after
8 months (UGL-C8); the other one corresponds to an
in vivo cultivation from seeds collected from a wild adult
specimen of U. guianensis in the municipality of Boca do
Acre, Amazonas (AM) state, germinated for 60 days in a
greenhouse, transplanted, kept there for 6 months and then
transferred to the field and collected after 24 months (median
part of the shoot and anatomic structures fully developed)
(UGL-C24). Legal access of the Brazilian genetic heritage
component was properly registered in the SisGen platform
under code AESFESS.

Thin layer chromatography analyses

The thin layer chromatography (TLC) analyses
were performed by applying 10 pLL of MeOH solutions
(c =25 mg mL") of the samples in precoated silica-gel
60F254 (Merck, Darmstadt, Germany), with mobile
phases: (a) CHCl /acetone/HCOOH 7.5:1.6:0.8 v/v/v and
(b) EtOAc/HCOOH/AcOH/H,O 100:11:11:27 v/v/v both
for monitoring the choice of extraction solvent and (b) for
the isolation procedures; (c) EtOAc:MeOH 7:1 v/v for
monitoring the solid phase extraction (SPE) procedures.
UV irradiation at 254 nm and NP/PEG in MeOH followed
by UV irradiation at 365 nm were used to visualize the
spots.”’” The polyphenolic compounds were detected by
bright yellow, orange, green and blue colors with NP/PEG.

HPLC-DAD-ESI-MS/MS analysis

The high-performance liquid chromatography coupled
to diode array detection and electrospray ionization
tandem mass spectrometry (HPLC-DAD-ESI-MS/MS)
analysis was carried out in an Alliance 2695 Waters
(Waters Corp., Milford, USA) equipment with a quaternary
pump, autosampler, column oven, diode array detector
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and equipped with a Phenomenex Luna C18(2) column
(Phenomenex, Torrance, USA) (3 pum, 150 x 4.6 mm)
with a Waters Nova-Pack C18 guard column (4 pm,
10 x 3.9 mm) (Waters Corp., Milford, USA). A previously
reported gradient program was employed: AcOH:H,O
(0.5:99.5 v/v) (phase A) and MeOH (phase B). The
applied elution conditions were as follows: 0-2 min,
0% B isocratic; 2-6 min, linear gradient from O to 15% B;
6-12 min, 15% B isocratic; 12-17 min, linear gradient from
15 to 20% B; 17-35 min, 20% B isocratic; 35-90 min,
linear gradient from 20 to 35% B; 90-136 min, 35% B
isocratic; and finally, washing and reconditioning of the
column was performed. The diode array detector was
set at an acquisition range of 250-600 nm and phenolic
compound monitoring was performed at 280, 320 and
370 nm. The EtOH:H,O 1:1 extract (3.36 mg) previously
obtained from the leaves of U. guianensis® was dissolved
in I mL of H,O:MeOH:AcOH 69:30:1 v/v/v. The injection
volume was 50 puL. The online MS were obtained on a
Micromass (Waters Corp., Milford, USA) quattro micro
triple quadrupole mass spectrometer coupled to the exit
of the diode array detector and equipped with a Z-spray
electrospray ionization (ESI) source. A flow of 70 pL min™'
from the DAD eluent was directed to the ESI interface using
a flow-splitter. Nitrogen was used as the desolvation gas at
300 °C and a flow rate of 450 L h”', and no cone gas was
used. A potential of 3.2 kV was used on the capillary for
positive ion mode and 2.6 kV for negative ion mode. The
source block temperature was held at 120 °C. Full scan
mass spectra (MS) within the m/z range of 50-1000 were
performed in the positive mode at different cone voltages
(15, 30 and 45 V) and in the negative mode at —30 V.
MS/MS product ion spectra in positive mode were recorded
using argon as collision gas at 1.5.10° mbar and under
different collision energies in the range of 10-40 eV and
optimized cone voltages for each compound. The optimum
cone voltages were those that produced the maximum
intensity for protonated molecule [M + H]* and protonated
aglycone ion [Y,]* in the previous MS experiments. The
flavonoid and aglycone fragment ions were designed
according to the nomenclature proposed by Ma et al.?® and
Dommon and Costello.? Phenolic standards were supplied
as previously described.**3! All stock standard solutions
(in concentrations ranging from 300 to 2700 pug mL!,
depending on each phenolic compound), were prepared in
MeOH. All were stored at 4 °C in darkness.

HPLC-DAD analyses

High-performance liquid chromatography coupled
to diode array detection (HPLC-DAD) analyses were
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performed in a PerkinElmer series 200 equipment with
a quaternary pump, autosampler, and vacuum degasser
(PerkinElmer, Shelton, USA). The DAD was set to an
acquisition range of 190-600 nm at a spectral acquisition rate
of 88 scans s'. The data were gathered using TotalChrom
Workstation software (PerkinElmer, Shelton, USA).
Prior to the injection, the samples were filtered through a
0.45 mm Chromafil R Xtra PVDF membrane (Macherey-
Nagel, Dueren, Germany). Kaempferitrin analyses were
performed with a reversed-phase C18 column Lichrocart
Lichrospher (5 um, 250 x 4.6 mm) (Merck, Darmstadt,
Germany). Elutions were performed in a gradient mode
at a 0.8 mL min' flow: 10 min 10% solvent B (CH,CN)
in solvent A (H,O with 0.1% HCOOH, pH 3), 10-23 min
10-40% solvent B in A and finally 12 min 40% solvent B
in A. An equilibration period of 20 min was used between
the runs. Kaempferitrin monitoring was performed at
265 nm and the injected volume was 20 pL.. Semipreparative
HPLC-DAD was performed with an RP-18 Inertsil
Prep-ODS column (10 um, 250 x 6 mm) (GL Sciences Inc.,
Tokyo, Japan) coupled to a SupelguardTM LC-18 precolumn
(5 pm, 20 x 4.0 mm) (Merck, Darmstadt, Germany) in
isocratic elution mode with CH,CN:H,O 12:88 v/v (H,O
with 0.1% HCOOH, pH 3). A washing step with 100%
CH,CN was included at the end of the run. The flow rate
was 1.4 mL min’', the injection volume was 190 pL (sample
solution = 10 mg mL™"), and the column oven temperature
was set to 30 °C. The runs were monitored at 280 nm.

Isolation and identification of the major flavonols from
Uncaria guianensis leaves

The EtOH:H,0 1:1 extract (13.48 g) previously obtained
from the leaves of U. guianensis* was solubilized in
MeOH/H,0 9:1 v/v (1 L) and partitioned with n-hexane
(10 x 1 L). Part of the dried defatted fraction of the extract
(4.00 g) was submitted to a reversed phase C-18 silica gel
40-63 um chromatographic column (Merck, Darmstadt,
Germany) (45 mm diameter x 15 cm phase height)
using EtOH:H,O 1:3 v/v as the mobile phase yielding
33 subfractions that were pooled together according to their
similar TLC profile. Compound 3 (2.6 mg) was isolated
from sub-fraction 10-12 (53.3 mg) by semipreparative
HPLC-DAD procedure. Compound 5 (kaempferitrin)
(116.2 mg) was isolated from subfraction 13-17 (226.7 mg)
after keeping it overnight in a refrigerator (4 °C), followed
by centrifugation and separation of the supernatant to yield
a pure yellowish solid. The chemical structures of the
isolated compounds were elucidated based on UV (from
HPLC-DAD), 'H nuclear magnetic resonance (NMR)
for kaempferitrin (5§) and 1D and 2D NMR techniques
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for compound 3. All NMR spectra were recorded on a
Bruker DRX-400 (400 MHz) spectrometer (Bruker Corp.,
Billerica, USA) in CD;0D and TMS as internal standard.
Chemical shifts (0) are given in ppm and coupling constants
(J) are given in Hz. The data were compared to those from
the literature.?'-3>3

Quercetin-3,7-0-(a)-L-dirhamnoside (3)

Yellowish solid; A, 255, 355 nm; 'H NMR (400 MHz,
CD,0D) ¢ 7.38 (d, 1H, J 2.0 Hz, H-2’), 7.36 (dd, 1H,
J2.0,8.1 Hz, H-6’), 6.94 (d, 1H, J 8.1 Hz, H-5"), 6.75 (d,
1H, J 1.8 Hz, H-8), 6.49 (d, 1H, J 1.8 Hz, H-6), 5.56 (br
s, 1H, 3-O-Rh-1"), 5.40 (br s, 1H, 7-O-Rh-1""), 4.24 (dd,
1H,J 1.9,3.2 Hz, H-2""), 4.02 (br s, 1H, H-2"""), 3.77 (dd,
1H,J3.9,9.1 Hz, H-3°), 3.67 (br d, 1H, J 1.9 Hz, H-3"),
3.56-3.68 (m, 1H, H-5"""), 3.40-3.52 (m, 2H, H-4” and
H-4"), 3.30-3.39 (m, 1H, H-5"), 1.26 (d, 3H, J 6.0 Hz,
7-0-Rh-CH,), 0.92 (d, 3H, J 6.0 Hz, 3-0-Rh-CH,);
BC NMR (150 MHz, CD,0D) 6 179.0 (C-4), 163.8 (C-7),
163.2 (C-5), 158.3 (C-2 and C-9), 150.2 (C-3°), 146.7
(C-47),136.7(C-3) 123.1 (C-1°),122.9(C-6), 117.1 (C-2"),
116.6 (C-5%), 107.6 (C-10), 103.7 (C-1""), 100.7 (C-6),
100.1 (C-1""), 95.8 (C-8), 73.4 (C-57),73.0 (C-4),72.3
(C-3), 72.1 (C-27), 72.0 (C-2°), 71.4 (C-3” and 5°”),
18.2 (7-O-Rh-CH;), 17.8 (3-O-Rh-CH,).

Kaempferitrin (kaempferol-3,7-O-(a)-L-dirhamnoside) (5)

Yellowish solid; A, 264, 343 nm; '"H NMR (400 MHz,
CD,0D) 6 7.78 (d,2H, J 8.7 Hz, H-2’ and 6°), 6.93 (d, 2H,
J 8.7 Hz, H-3’ and 5’), 6.71 (d, 1H, J 1.9 Hz, H-8), 6.45
(d, 1H, J 1.9 Hz, H-6), 5.56 (d, 1H, J 1.9 Hz, 7-O-Rh-1"""),
5.40 (d, 1H, J 1.9 Hz, 3-O-Rh-1"), 4.26 (dd, 1H, J 1.9,
3.4 Hz, H-2”), 4.03 (d, 1H, J 1.9, 3.4 Hz, H-2""), 3.84
(d, 1H, J 3.4,9.3 Hz, H-3’), 3.72 (dd, 1H, J 3.4, 9.3 Hz,
H-3""), 3.59-3.62 (m, 1H, 5°), 3.52 (t, 1H, J 9.3 Hz,
H-4"), 3.48 (t, 1H, J 9.4 Hz, H-4""), 3.30-3.37 (m, 1H,
H-57), 1.26 (d, 3H, J 6.4 Hz, 7-O-Rh-CH,), 0.93 (d, 3H,
J 5.6 Hz, 3-O-Rh-CH,).

Total flavonoid content

The total flavonoid content was determined
spectrophotometrically using a method based on the
formation of a flavonoid-aluminum complex.* Aliquots of
5 mL of the extracts were transferred to a 25 mL volumetric
flask, and the volume was adjusted with MeOH:H,O 7:3 v/v.
A 1 mL aliquot was then transferred to a 10 mL volumetric
flask, 1 mL of a 5% MeOH solution of AICI; was added,
and the volume was adjusted with MeOH. After 30 min the
absorbance was measured at 425 nm in a Beckman DU-70
spectrophotometer (Beckman General Lab. Equip., Los
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Angeles, USA). The concentration of the total flavonoid
(expressed as pg of flavonoids (rutin mg') of the plant
material) was calculated with reference to a rutin external
calibration curve built from five different concentrations
presenting suitable linearity ((coefficient of determination
(R?) = 0.9994) in the range of 10-350 ug mL". All tests
were carried out in triplicate.

Development of the extraction method

Effect of the extraction solvent

In test tubes containing 500 mg of milled leaves of
U. guianensis from MT (undefined particle size), 5 mL of
the solvent system (MeOH, EtOH:H,O 1:1 v/v, EtOH and
H,0) were added. The mixtures were ultrasonicated for
5 min, and centrifuged. The supernatants were transferred
to a 25 mL volumetric flask; the volume was adjusted with
MeOH:H,O 1:1 v/v, and the total flavonoid content was
determined. The solvents were then evaporated under low
pressure, the dry extracts were weighed, and the TLC profiles
were analyzed. All tests were carried out in triplicate.

Determination of the extraction conditions

U. guianensis milled leaves from MT were sieved to
particle size < 0.177 mm and used in subsequent tests. To
arbitrate the best extraction time, test tubes containing
500 mg of powdered leaves from MT and 5 mL of
EtOH:H,O 1:1 v/v were submitted to different times of
extraction assisted by ultrasound (10, 20, 30 and 40 min).
The tubes were then centrifuged, the supernatants were
separated, and the solvent was evaporated to determine
the yields. This procedure was carried out in duplicate.
The number of extraction cycles was determined in
test tubes containing 500 mg of powdered leaves from
MT and 10 mL of EtOH:H,O 1:1 v/v. The mixture was
ultrasonicated for 20 min, centrifuged, and the supernatant
was transferred to a 25 mL volumetric flask. This procedure
was repeated eight times by adding the same volume of
the fresh solvent system to the residual plant material.
The supernatant from each extraction was separated into
different 25 mL volumetric flaks, and the volume was
adjusted with EtOH:H,O 1:1 v/v. Then, a 1 mL aliquot of
each solution was transferred to different 10 mL volumetric
flasks. The volume was adjusted with MeOH, and the total
flavonoid content was determined. The test was carried out
in triplicate.

Development of the clean-up SPE method

Choice of the SPE solvent system
The previously obtained EtOH:H,O 1:1 extract of
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U. guianensis leaves from MT? was used to develop
the clean-up SPE method. First, 5 mL aliquots of the
dried extract solutions (25 mg mL' in MeOH:H,0,
EtOH:H,0 and CH,CN:H,O all 1:9 v/v) were deposited
on three different SPE cartridges (Supelco C-18, 500 mg,
3 mL) (Merck, Darmstadt, Germany), which had been
preconditioned with 5 mL of MeOH followed by 5 mL of
Milli-Q H,O. The cartridges were then independently eluted
with 5 mL of each sequence of the solvent system tested:
organic solvent: H,O 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2,
9:1 v/v and then pure organic solvent. The resulting eluates
were evaporated under low pressure and the residues were
submitted to TLC. Next, two separate experiments were
run to determine the appropriate EtOH:H,O proportion:
(7)) using the U. guianensis MT leaf extract and (ii) using the
isolated kaempferitrin. In both experiments, the cartridges
were preconditioned as described above. Aliquots (5 mL)
of the extract solution (25 mg mL™"! in EtOH:H,O 1:1 v/v)
and of the kaempferitrin EtOH/H,O 1:1 v/v solution
(0.519 mg mL") were deposited onto two different SPE
cartridges and the samples eluted sequentially with 5 mL
of EtOH:H,0 1:1, 3:2, 7:3 v/v and EtOH and EtOH:H,O
1:1, 3:2 v/v and EtOH, respectively. The fractions from the
U. guianensis extract were monitored by TLC and those from
the standard kaempferitrin were submitted to HPLC-DAD.

SPE separation recovery analysis

An aliquot (5 mL) of a kaempferitrin EtOH:H,O
1:1 v/v solution (103.8 ug mL"') was deposited onto a
preconditioned SPE cartridge and then eluted with 5 mL
of EtOH:H,O 1:1 v/v. The fractions from the sample
application and elution were combined and submitted to
HPLC-DAD, and the recovered amount of kaempferitrin
was calculated. The test was carried out in triplicate.

Validation of the HPLC-DAD method

The parameters were validated following Resolution
166/2017 of the Brazilian Agency for Sanitary Surveillance
(ANVISA).* The linearity was determined for an external
calibration curve established at 5, 40, 80, 135 and
195 ug mL"! obtained from a stock solution of kaempferitrin
(0.519 mg mL"!in MeOH), from triplicate injections in
the HPLC-UV. The limit of detection (LOD) and the limit
of quantification (LOQ) were determined from triplicate
injection of the dilution solvent (EtOH:H,O 1:1 v/v) in
the HPLC to evaluate the baseline noise at the retention
time of kaempferitrin. LOD and LOQ were determined by
signal to noise rates of three and ten times, respectively.
The repeatability of the response of the HPLC instrument
was evaluated through the injection of six replicates
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of kaempferitrin MeOH solutions at three different
concentrations: 10, 40 and 60 pg mL. The intermediate
precision of the instrument was evaluated by injecting the
same kaempferitrin MeOH solutions twice a week for
three weeks (n = 6). The specificity and selectivity were
evaluated using an EtOH:H,O 1:1 extract of U. tomentosa
leaves free of kaempferitrin®' and a similar sample fortified
with kaempferitrin at a known concentration in MeOH
(25.95 pg mL"), injected in triplicate into the HPLC system.
The absence of a peak at the retention time of kaempferitrin
combined with the UV spectrum profiles of the HPLC
peaks in the retention region of this target compound was
diagnostic for these analyses. The accuracy was evaluated
by injecting nine replicates of the same kaempferitrin
fortified EtOH:H,O 1:1 extract of U. tomentosa leaf MeOH
solution (25.95 pug mL") followed by quantification of
kaempferitrin.

Quantitative determination of kaempferitrin in
Uncaria guianensis samples

Leaves, branches, and bark were separated. The leaves
and branches were milled and sieved to < 0.177 mm
particle size and 250 mg of each material were transferred
to test tubes and ultrasonically extracted with 10 mL
EtOH:H,O 1:1 v/v for 20 min. The mixtures were
centrifuged, and the supernatants were separated. The
extraction procedure was repeated six times, and the
supernatant of the samples were combined. All extractions
were performed in triplicate. Next, 5 mL of each extract
were transferred to a preconditioned SPE-RP18 cartridge
and eluted with 5 mL of EtOH:H,O 1:1 v/v. Both fractions
from the sample application and the elution were combined
and submitted to HPLC-DAD analysis. The amount of
kaempferitrin was expressed as mg 100 mg"' of the dry
plant material.

Results and Discussion

HPLC-DAD-ESI-MS/MS polyphenol profile of the previously
obtained leaf EtOH:H,O 1:1 extract of Uncaria guianensis

The selective presence of kaempferitrin in the
U. guianensis leaves collected in the state of Mato Grosso
has previously been established by HPLC-DAD-MS upon
an anti-inflammatory and anti-allergic EtOH extract.?! This
observation was subsequently corroborated by TLC and
"H NMR profiles of the anti-dengue type 2 EtOH:H,O 1:1
extract of leaves from the same U. guianensis specimen.?
In the present study, this bioactive hydroalcoholic leaf
extract was analyzed by HPLC-DAD-ESI-MS/MS to
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Figure 1. HPLC-DAD chromatogram (sum of absorbances at all wavelengths) of the previously obtained EtOH:H,O 1:1 extract® from Uncaria guianensis
leaves. 3,4-Dihydroxybenzoic acid (1)*, 5’-caffeoylquinic acid (2)*, quercetin-3,7-O-(a)-L-dirhamnoside (3), quercetin-monorhamnoside (4), kaempferol-
3,7-0-(a)-L-dirhamnoside (kaempferitrin) (5), kaempferol-monorhamnoside (6) (*identified with standard).

advance in the details of the polyphenolic composition of
U. guianensis leaves.

In addition to revealing kaempferitrin (5) (kaempferol-
3,7-0-(a)-L-dirhamnoside) as the major compound
and quercetin-3,7-0O-(a)-L-dirhamnoside (3) (both
isolated from this extract), the present study also showed
two minor flavonol monoglycosides: quercetin- and
kaempferol-monorhamnoside (4 and 6, respectively),
3,4-dihydroxybenzoic acid (1) and 5’-caffeoylquinic
acid (2) (Table 1, Figures 1 and 2). The amount and/or
purity of other compounds did not allow a further structural
characterization. The identification was carried out by
comparing the retention time (tz), the UV-Vis spectrum, the
MS recorded in full scan and the MS/MS product ion scan
mode with those of the standard analyzed under the same
conditions. Compounds with no available standard had their
phenolic class inferred from the UV-Vis spectra and the
[M + H]* and [M — H]" ions identified in the MS full scan
spectra in positive and negative modes. This approach was
aided by the MS/MS product ion spectra using the [M + H]*
ion as a precursor to assign the protonated aglycone [Y,]*
and the fragmentations observed in both MS/MS product
ion spectra using [M + HJ* or [Y,]* as the precursor ion.
The loss of 132, 146 or 162 Da would be indicative of the
presence of pentose, deoxyhexose or hexose, respectively.

Quantitative determination of kaempferitrin in
Uncaria guianensis samples

Aligned with the analytical background of this study,
the efficiency of the ultrasound-assisted extraction® of

HO.C, oH

COzH \5:
HO” ; 1)
OH
OH
HO,
Hb—ci)gc o
o]
OH O
(3)R=0H (4) R = OH (+ 1 rhamnose)

H
(5) R = H (kaempferitrin) OH

(6) R =H (+ 1 rhamnose)

Figure 2. Structures of the isolated or characterized compounds in the
previously obtained EtOH:H,O 1:1 extract® from Uncaria guianensis
leaves.

kaempferitrin from the leaves of U. guianensis in three
different solvents and one binary solvent system was
assayed, to achieve the highest yield and selectivity,
regarding the total flavonoid content (Table 2).

The lowest crude yield was obtained by using EtOH
(9.90%), whilst all other solvents led to a similar amount
of dry crude extract (14.8-16.0%). The EtOH:H,O 1:1
mixture showed the highest selectivity concerning the
flavonoid content. The comparative TLC analysis regarding
the polyphenol profiles agrees with this finding (Figure S1,
Supplementary Information (SI) section), supporting the
choice of the binary mixture to forward the extraction and
isolation of kaempferitrin.

The best time for extraction assisted by ultrasound
was inferred by comparing the yields of the extraction of
the leaves with EtOH:H,O 1:1 at four different times (10,
20, 30 and 40 min). The extraction time of 20 min was
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Table 1. HPLC-DAD-ESI-MS/MS data of the identified polyphenolic compounds of the previously obtained” EtOH:H,O 1:1 extract from Uncaria guianensis

leaves

MS! MS?
Peak No. tg / min Compound Amax / M - -

Parention [M + H]*m/z  Secondary ions m/z
1 12.10 3,4-dihydroxybenzoic acid (protocatechuic acid) 260, 294 155 137, 109
2 22.80 5’-caffeoylquinic acid (5-CQA) 302 (sh), 325 355 191, 163
3 82.70 quercetin-3,7-0-(a)-L-dithamnoside 256, 350 595 449, 303
4 91.07 quercetin-monorhamnoside 256, 345 449 303
5 95.70 kaempferol—3,7—0—(a)?L.—d1rhamn031de 264, 344 579 433,287
(kaempferitrin)

6 111.62 kaempferol-monorhamnoside 264, 345 433 287

See Figure 1 for the correspondent chromatogram. tg: retention time; sh: shoulder. See Figure S5 (Supplementary Information (SI) section) for MS' and

MS? of kaempferitrin.

Table 2. Yield and total flavonoid content of crude extracts from
Uncaria guianensis leaves* using different extraction solvents

Total flavonoid content /

Solvent Yield (m/m = SD)/ % (ug 100 mg"' = SDY"
MeOH 15.96 £ 0.10 7791 +1.12
EtOH:H,0 1:1 14.85+0.12 128.25 +0.57
EtOH 9.87 £0.22 30.06 + 1.28
H,0 15.18 £ 0.08 27.07 = 1.17

*Collected in MT; *ug 100 mg™! of dry leaves. SD: standard deviation.

chosen since no significant increase in the extract yield
was observed after 20 min of sonication (21% - 10 min,
30% - 20 min and 33% - 30 and 40 min). Next, the number
of extraction cycles towards the complete depletion of
the flavonoid content from the U. guianensis leaves was
determined by repeating the pre-established extraction
procedure eight times (EtOH:H,O 1:1, 20 min sonication)
on the same sample and analyzing the total flavonoid
content at the end of each cycle. There was no response to
the presence of flavonoids from the fifth cycle; therefore,
a six-cycle extraction was adopted to ensure the maximum
kaempferitrin extracted thereafter.

The SPE procedure to separate the kaempferitrin, along
with the minor phenolic constituents of the EtOH:H,O 1:1
extract, from less polar and nonphenolic compounds was
achieved through 5 mL of the application sample followed

by 5 mL of EtOH:H,O 1:1. This procedure was able to
recover 96% =+ 0.11 of kaempferitrin.

The HPLC method to quantify kaempferitrin was
validated by determining the precision (intra- and inter-day
variability measures). Intra-day variation (repeatability)
was determined by analyzing six replicates of kaempferitrin
standard solutions at three different concentrations within
one day. For the inter-day variability test (intermediate
precision), the same kaempferitrin solutions were analyzed
twice a week for three weeks. The relative deviation taken
as indicative of precision resulted in low values in both
cases (RSD < 5.0%) (Table 3).

The mean recovery was 110.9% (RSD 1.95%), which
can be considered satisfactory. The calibration curve
presented linearity in the concentration range from 5.0 to
195.0 ug mL! (R? = 0.999) and the calibration equation:
y=734851.3x + 11809.6. The limit of detection (LOD) and
the limit of quantification (LOQ) were calculated as 1.398
and 4.66 mAU, respectively, corresponding to 0.3 pg mL"!
(LOD) and 1.0 pg mL!' (LOQ) of kaempferitrin.

The kaempferitrin contents in the cultivated and
wild U. guianensis samples from different locations
in the Amazon rainforest are expressed in mg of
kaempferitrin per 100 mg of dry plant material (Table 4).
The HPLC-DAD polyphenol profiles of the cultivated
and wild leaves are shown in Figure 3 (see Figure S2 (SI
section) for HPLC-DAD polyphenol profiles of the wild
branches).

Table 3. Precision results® of the HPLC method related to repeatability and intermediate precision

Kaempferitrin concentration / Repeatability Intermediate precision

(g mL-") Mean + SD RSD /% Mean = SD RSD/ %
20 668.8 + 1.6 669.6 = 14.3 2.1
40 1488.6 £ 5.1 1468.7 +30.5 2.1
60 22763 +17.8 2276.9 +22.8 1.0

“Based on the kaempferitrin HPLC-UV peak area at 265 nm. RSD: relative standard deviation for each sample (n = 3); SD: standard deviation.
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Table 4. Concentration of kaempferitrin in cultivated and wild
Uncaria guianensis leaves and branches collected in different locations
of the Brazilian Amazon rainforest

Concentration / (mg

Sample 100 mg)e RSD/ %
UGL-C8 (b) 0.28 £ 0.01 34
UGL-C24 (¢) 0.69 £ 0.01 1.7
UGL-MT (d) 1.38 £0.04 3.1
UGL-ACOct (e) 1.13 +0.02 2.0
UGL-PA (f) 1.48 +0.02 1.0
UGB-PA (f*) <LOQ -
UGL-ACSept (g) 1.39 £0.02 1.8
UGL-AM (h) 1.94 £ 0.04 23
UGB-AM () 0.04 £0.01 29

‘mg 100 mg"' of dry plant. UGL-C8 (b): in vitro cultivated leaves,
8 months old; UGL-C24 (c): leaves cultivated from seeds, 24 months
old; UGL-MT (d): leaves from Juruena-MT; UGL-ACOct (e) and
UGL-ACSept (g): leaves from Rio Branco-AC, collected in October and
September 2008, respectively; UGL-PA (f) and UGB-PA (f’): leaves and
branches from the Ver-o-Peso herbal market, Belém-PA, respectively;
UGL-AM (h) and UGB-AM (h’): leaves and branches from Manaus-
AM, respectively. RSD: relative standard deviation. LOQ: limit of
quantification. See Figure 3 for the HPLC-DAD polyphenol profiles of
the U. guianensis wild and cultivated leaves and Figure S2 (SI section) for
the HPLC-DAD polyphenol profiles of the U. guianensis wild branches.
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Kaempferitrin has been proposed as the chemical
marker for U. guianensis based on its frequent detection
and usual predominance in the leaves of this species and
the absence or low and variable amount of the typical
oxindole alkaloids®'? that appear with greater abundance
in the U. tomentosa.®®” Reinforcing the assumption
of kaempferitrin as a chemical marker, this work has
extended prospective studies, covering a significant
sampling, to verify its presence and variability in the
aerial parts of U. guianensis; also establishing a profile
that considers the minor polyphenolic constituents once
a detailed approach to these compounds for this species
was still lacking.

Both points required a previous assay to find suitable
extraction process to extract those related to optimum
yield and high selectivity to flavonoids. In the present
study, the choice of extraction solvent played a crucial step
achieving these goals and, not less important, in supporting
the analytical method approach to kaempferitrin dosing.
Together with the search for the best extraction yield, the
use of the spectrophotometric assay of the total content of
flavonoids at 427 nm allowed the detection of the selective
extraction of flavonols based on the maximum absorption

Time [min]

Figure 3. HPLC-DAD polyphenol profiles at 265 nm of cultivated and wild Uncaria guianensis leaves collected in different locations of the Brazilian
Amazon rainforest. Kaempferitrin peak at retention time = ca. 15 min (a); UGL-C8 (b); UGL-C24 (c); UGL-MT (d); UGL-ACOct (e); UGL-PA (f);
UGL-ACSept (g); UGL-AM (h). See Table 4 for sample codes and Figure S2 (SI section) for HPLC-DAD polyphenol profiles of the U. guianensis wild

branches.
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values of the flavonoid-aluminum complexes of most of
the natural flavones and flavonols that occur in the range
390-440 nm. Besides, the plant/solvent ratio and the type,
time, and extraction cycles were all standardized, and a
clean-up SPE targeted method was developed. Furthermore,
a quantitative HPLC-DAD method was validated as
specific, precise, and accurate for the quantification of
kaempferitrin, resulting in high sensitivity for low levels
of quantification and detection.

When applying this tool, it was shown that kaempferitrin
is present in all leaf samples tested with a slight variation in
the amount found in leaves derived from adult specimens
collected in the field (1.13-1.94 mg 100 mg"' (Table 4,
d-h)). In addition, the HPLC-DAD polyphenol profiles
of these wild samples were quite similar (Figure 3).
On the contrary, in the cultivated young leaves, the
cultivation time seemed to influence the concentration of
this flavonoid (0.28 mg 100 mg"! for eight months, and
0.69 mg 100 mg™! for twenty-four months (Table 4, b and
¢)) (Figure 3). It was also possible to preliminarily observe
an amount approximately 37 times lower in the branches
(Table 4) when compared to the leaves. Considering that
kaempferitrin has not been previously detected in the
U. guianensis bark,?! these results pointed out the probable
selective distribution of this compound in different parts
of this species.

Conclusions

This study contributes to expanding the knowledge
about the polyphenol profile and kaempferitrin content
in leaves and branches of U. guianensis. The content of
kaempferitrin was relatively uniform in the leaves of wild
adult plants collected in different parts (and seasons) of
the Brazilian territory. The uneven distribution found for
kaempferitrin in leaves and branches confirmed some
previous findings. Its content was approximately three
times higher in the wild (mature) leaf than in the cultivated
(young) leaf, suggesting that the ontogenesis of the plant
may play a role in the biosynthesis of the kaempferitrin.
The presence of kaempferitrin and other minor polyphenols
visibly contrast with the profile and content of alkaloids
found for this species. Overall, these results are a great help
for a further step in the consolidation of kaempferitrin as a
chemical marker for the leaves of U. guianensis and their
derived products instead of the putative oxindole alkaloids.

Supplementary Information

Supplementary information is available free of charge
at http://jbcs.sbq.org.br as PDF file.

J. Braz. Chem. Soc.

Acknowledgments

This work was supported by Fundagdo Carlos Chagas
Filho de Amparo a Pesquisa do Estado do Rio de Janeiro
(FAPERJ) (No. E-26/170.742/2002), and in part by the
Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior - International Cooperation Program (CAPES-
PrInt) (No. 88881.312008/2018-1). DP thanks the Conselho
Nacional de Desenvolvimento Cientifico e Tecnolégico
(CNPq) for his fellowship. The authors thank Dr Peter May
and N.G.O. Pro-Natura (Brazil) and Dr José A. Cabral from
CBA-Amazonas for the kind donation of part of the plant
material used. Thanks to Dr Hélida B. N. Borges of the
Central Herbarium of the UFMT, Brazil and Mr Jorginaldo
W. de Oliveira of the Herbarium of the UFRJ, Brazil for
their cooperation. The authors are grateful to Mr Ricardo
Coelho for his support.

Author Contributions

DP and RSB performed the chemical experiments
supervised by LMMV; LMMYV, BG and LAB performed
the HPLC-DAD-MS/MS analysis. RCAP provided all
cultivated samples; MOS supported several steps of the
experiments; LMMYV, RSB, ACS, BG and LAB contributed
to the writing of the manuscript and its revision.

References

1. Honorio, I. C. G.; Bertoni, B. W.; Pereira, A. M. S.; Cienc. Rural
2016, 46, 1401.

2. Ridsdale, C. E.; Blumea 1978, 24, 43.

3. Zevallos-Pollito, P. A.; Tomazello, M.; Acta Amazonica 2006,
36, 169.

4. Jones, K.; Cat’s Claw, Healing Vine of Peru; Sylvan Press:
Seattle, 1995.

5. Obregon-Vilches, L.; Uiia de Gato. Género Uncaria. Estudios
Botdnicos, Quimicos y Farmacologicos de Uncaria tomentosa 'y
Uncaria guianensis, 3" ed.; Instituto de Fitoterapia Americano:
Lima, 1997.

6. Lock, O.; Perez, E.; Villar, M.; Flores, D.; Rojas, R.; Nat. Prod.
Commun. 2016, 11, 315.

7. Carbonezi, C. A.; Hamerski, L.; Flausino Jr., O. A.; Furlan, M.;
Bolzani, V. S.; Young, M. C. M.; Quim. Nova 2004, 27, 878.

8. Honorio, I. C. G.; Coppede, J. S.; Delprete, P. G.; Costa, F. H.
S.; Telles, M. P. C.; Braga, R. S.; Diniz-Filho, J. A. E; Correa,
V. S. C.; Franca, S. C.; Pereira, A. M. S.; Bertoni, B. W.; PLoS
One 2018, 13, 0205667.

9. Pereira, R. C. A.; Valente, L. M. M.; Pinto, J. E. B. P;
Bertolucci, S. K. V.; Bezerra, G. M.; Alves, F. F.; dos Santos,
P.F. P.; Benevides, P. J. C.; Siani, A. C.; Rosario, S. L.; Mazzei,



Vol. 32, No. 8, 2021

10.
11.

13.

14.

16.

17.

19.

20.

21.

22.

23.

J. L.; d’Avila, L. A.; Gomes, L. N. F;; de Aquino-Neto, F. R.;
Emmerick, I. C. M.; Carvalhaes, S. F.; J. Braz. Chem. Soc. 2008,
19, 1193.

Laus, G.; Keplinger, K.; Phyton 2003, 43, 1.

Hernandes, C.; Oliveira, R. N.; Santos, A. H. S.; Malvezzi, H.;
Azevedo, B. C.; Gueuvoghlanian-Silva, B. Y.; Podgaec, S.;
Pereira, A. M. S.; Molecules 2020, 25, 1325.

. Sandoval, M.; Okuhama, N. N.; Zhang, X. J.; Condezo, L. A ;

Lao, J.; Angeles, F. M.; Musah, R. A.; Bobrowski, P.; Miller,
M. J. S.; Phytomedicine 2002, 9, 325.

Alvarez, C. M. P,; Sanchez, O.; Stilke, R.; Lock, O.; Rev. Quim.,
PUCP 1988, 2, 99.

Yépez, A. M. P.;; Lock, O.; Alvarez, C. M. P,; de Feo, V.; Aquino,
R.; de Simone, F.; Pizza, C.; Phytochemistry 1991, 30, 1635.

. Rodriguez, J. A. P.; Ladino, O. J. P;; Lesmes, L.; Lozano, J. M.;

Sudrez, L. E. C.; Acta Amazonica 2011, 41, 303.

Piscoya, J.; Rodriguez, Z.; Bustamante, S. A.; Okuhama, N. N.;
Miller, M. J. S.; Sandoval, M.; Inflammation Res. 2001, 50, 442.
Lee, K. K.; Zhou, B. N.; Kingston, D. G. I.; Vaisberg, A. J.;
Hammond, G. B.; Planta Med. 1999, 65, 759.

. Urdanibia, I.; Michelangeli, F.; Ruiz, M. C.; Milano, B.; Taylor,

P.; J. Ethnopharmacol. 2013, 150, 1154.

Carvalho, M. V.; Penido, C.; Siani, A. C.; Valente, L. M. M.;
Henriques, M. G. M. O.; Inflammopharmacology 2006, 14,48.
Mello, C. S.; Valente, L. M. M.; Wolff, T.; Lima-Junior, R.;
Fialho, L.; Marinho, C. E.; Azeredo, E. L.; Oliveira-Pinto, L.
M.; Pereira, R. C. A.; Siani, A. C.; Kubelka, C. F.; Mem. Inst.
Oswaldo Cruz 2017, 112, 458.

Valente, L. M. M.; Bizarri, C. H. B.; Liechocki, S.; Barboza,
R. S.; da Paixdo, D.; Almeida, M. B. S.; Benevides, P. J. C.;
Magalhées, A.; Siani, A. C.; J. Braz. Chem. Soc. 2009, 20, 1041.
Ramos-Hernandez, R. R.; Sdnchez-Medina, A.;
Bravo-Espinoza, I.; Ramos-Morales, F. R.; Dominguez-Ortiz,
M. A.; Ferniandez-Pomares, C.; Aranda-Abreu, G. E.;
Hernandez-Aguilar, M. E.; Pharmacologyonline 2017, 3, 79.
Gonzalez-Trujano, M. E.; Dominguez, F.; Perez-Ortega, G.;
Aguillon, M.; Martinez-Vargas, D.; Almazan-Alvarado, S.;
Martinez, A.; Biomed. Pharmacother. 2017, 92, 240.

da Paixao et al.

24

25.
26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.
37.

1679

. Jiang, W.; Wang, R.; Liu, D.; Zuo, M.; Zhao, C.; Zhang, T.; Li,
W.; Int. J. Mol. Sci. 2018, 19, 3334.

Wang, J.; Zhao, Q.; Phytother. Res. 2019, 33, 1726.

Zhang, N.; Liu, J.; Chen, Z.; Dou, W.; Pharm. Biol. 2019, 57,
571.

Wagner, H.; Bladt, S.; Plant Drug Analysis: A Thin Layer
Chromatography Atlas; Springer: Berlin, 1996.

Ma, Y. L.; Li, Q. M.; Van den Heuvel, H.; Claeys, M.; Rapid
Commun. Mass Spectrom. 1997, 11, 1357.

Domon, B.; Costello, C. E.; Biochemistry 1988, 27, 1534.
Wolff, T.; Berrueta, L. A.; Valente, L. M. M.; Barboza, R.
S.; Nascimento, A. C.; Gomes, M.; Assuncdo-Miranda, I.;
Guimardes-Andrade, I. P.; Neris, R. S. L.; Gallo, B.; Iriondo,
C.; Phytochem. Anal. 2019, 30, 62.

Viacava, G. E.; Roura, S.; Berrueta, L. A.; Iriondo, C.; Gallo,
B.; Alonso-Salces, R. M.; J. Mass Spectrom. 2017, 52, 873.
Toker, G.; Memisoglu, M.; Yesilada, E.; Aslan, M.; Turk.
J. Chem. 2004, 28, 745.

Chatterjee, S.; Variyar, P. S.; Sharma, A.; J. Agric. Food Chem.
2009, 57, 9226.

Santos, M. D.; Terumi, C.; Blatt, T.; Rev. Bras. Bot. 1998, 21,
135.

Agéncia Nacional de Vigildncia Sanitdria (ANVISA);
Resolugdo da Diretoria Colegiada (RDC) No. 166, Dispde sobre
Validagdo de Métodos Analiticos e dd outras Providéncias,
de 24 de julho de 2017, available at http://antigo.anvisa.gov.
br/documents/10181/2721567/RDC_166_2017_COMP.pdf/
d5fb92b3-6c6b-4130-8670-4¢3263763401, accessed in April
2021.

Vinatoru, M.; Ultrason. Sonochem. 2001, 8, 303.

Laus, G.; Brossner, D.; Keplinger, K.; Phytochemistry 1997,
45, 855.

Submitted: November 14, 2020
Published online: May 3, 2021

This is an open-access article distributed under the terms of the Creative Commons Attribution License.
BY


http://antigo.anvisa.gov.br/documents/10181/2721567/RDC_166_2017_COMP.pdf/d5fb92b3-6c6b-4130-8670-4e3263763401
http://antigo.anvisa.gov.br/documents/10181/2721567/RDC_166_2017_COMP.pdf/d5fb92b3-6c6b-4130-8670-4e3263763401
http://antigo.anvisa.gov.br/documents/10181/2721567/RDC_166_2017_COMP.pdf/d5fb92b3-6c6b-4130-8670-4e3263763401

	_Hlk70338583
	_Hlk52213467
	_Hlk52213091
	_Hlk52213275
	_Hlk66703963
	_Hlk66704018
	_Hlk66694025
	_Hlk66696546
	_Hlk66696734
	_Hlk67345566
	_Hlk67399320
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37

