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Salvilla is a widely distributed plant used in treatments against gastrointestinal disorders due to its phenolic
antioxidant and anti-inflammatory potential. Major yield and quality of bioactive polyphenols must be obtained
with no degradation during suitable processes such as Ultrasound-Assisted Extraction (UAE), which allows an
efficient extraction of metabolites at appropriate parameter conditions. Salvilla extractions were made using UAE
and aqueous ethanolic solutions. Variables used in UAE were sonication time, wave amplitude and percentage of
ethanol in solvent. Extracts were tested for total flavonoids, antioxidant activity (ABTS, FRAP and ORAC) and an
identification and quantification of phenolic compounds was carried out by UPLC-PDA-ESI-MS/MS. Once elected
the better extraction conditions, an anti-inflammatory test was performed for this treatment. As a result, total
flavonoids content in extracts was 147 to 288 ug catechin equivalents/mg of dry salvilla extract. All extracts have
shown good antioxidant activity (86 to 280 mM Trolox eq/mg dry salvilla extract). Flavonoids contents by
chromatography were higher than hydroxybenzoic and hydroxycinnamic acids specially the flavone, flavanol
and flavanone groups. Treatment T6 (75% ethanol, 30% amplitude and 10 min extraction time) was the best
extract in terms of significant flavonols, antioxidant activity, and higher anti-inflammatory potential.

1. Introduction energy, such as ultrasound-assisted extraction, supercritical fluid

extraction, controlled pressure drop process, subcritical water extrac-

The obtention of natural extracts has been possible probably since
the discovery of fire. Archaic civilizations developed revolutionary
extraction methods such as maceration or alembic distillation used for
different proposes. However, most solvents used in mentioned proced-
ures are hazardous and not recognized as ecofriendly processes [1].
Particularly, ethanol is categorized as a green solvent since it is obtained
by fermenting renewable resources like sugars, starches or lignocellu-
losics; it is a low-cost solvent compared with other solvents and is very
important because of its non-toxicity [2]. In this sense, it is necessary
also to take appropriate measures to assure that potential bioactive
constituents will not be lost, modified, or degraded during the process of
extraction [3]. Latest trends in extraction methods have largely centered
on developing solutions that lessen the use of organic solvents and

* Corresponding author.
E-mail address: rubenfgl@itdurango.edu.mx (R.F. Gonzalez-Laredo).

https://doi.org/10.1016/j.ultsonch.2022.105917

tion, pulsed electric field, and microwave extraction [1].

One of the most important emergent technologies is the ultrasound
assisted extraction (UAE). It consists of pressure waves transferred
throughout any medium as compression and rarefaction cycles at high
frequency (20-100 kHz) [4]. These fluctuating pressure modifications
produce the formation and, eventually after several cycles, the collapse
of bubbles inside a liquid medium. The process of formation, enlarge-
ment, and implosive collapsing of microbubbles in ultrasound-treated
liquids is identified as “acoustic cavitation” [5]. Cavitational collapse
on solid surfaces causes microjets that ease the extraction operation; in
addition, this surface action can displace particles and split them into
smaller sizes [6].

There are many variables that can affect the process of ultrasound
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extraction. Some of them are intrinsic of the equipment while others are
external factors. The intrinsic factors are wave amplitude related with
ultrasound intensity and power, ultrasonic frequency, and extraction
temperature; while external factors are the extraction time, the solvent
properties and the matrix used as the source of extracts [5]. Amplitude is
one of the factors that can impact directly in the cavitation process. High
amplitudes can promote a faster deterioration of the ultrasonic trans-
ducer, having as a result a liquid agitation instead of cavitation phe-
nomenon and poor transmission of the ultrasound through the liquid
media [7]. The time of extraction is a very important factor, as short
times can result in incomplete extractions and longer times can generate
unfavorable reactions and less selective extractions [4]. The solvent to
use can affect the cavitation phenomena throughout viscosity, vapor
pressure and surface tension; a viscous solvent can decrease cavitation,
while vapor pressure and surface tension influence this phenomenon. In
other aspects, volatile solvents may be evaporated if the ultrasound
extraction is accomplished at higher temperatures for longer times, and
finally, the solvent needs to be compatible with the polarity and solu-
bility of the target compound [5]. As an example, Chemat et al. [8]
proposed to prove how the factors temperature and extraction time can
affect the extraction yield of artemisinin crystals from Artemisia annua L.
leaves. Dadi et al. [9] reported that ultrasound improved the extract
yield of bioactive compounds and their antioxidant activity. This tech-
nology has been used in the extraction of phenylpropanoids like ver-
bascoside and oleuropein; as well in flavonoids like luteolin and
apigenin from Olea europaea leaves [10]; and quercetin, catechin, nar-
ingenin, neohesperidin and mangiferin in Coffea arabica leaves [11].
Consequently, it is a promising technology to be used in the extraction of
bioactive compounds of Buddleja scordioides Kunth leaves.

Many plants are used by Mexican population to help in the treatment
of many disorders, one of them is the Buddleja scordioides Kunth or sal-
villa [12]. The salvilla is a plant classified in the Loganiaceae family, its
localization is widely spread from Southern United States to Central
Mexico [13]. This plant, also known as salvilla, escobilla, butterfly-bush,
mato or salvia real, has been reported with antispasmodic properties
[14], antibacterial [15], sunscreen properties [16] anti diarrheic and
gastrointestinal disorders treatment [17], gastric and intestinal antiin-
flammation [18].

Inflammation is a physiological process that begins because of
harmful agents such as microbial infection, physical damage, oxidative
stress, or other type of phenomenon [19]. This process includes syn-
thesis of inflammatory mediators induced by cyclooxygenase-2 enzyme
(COX-2), which metabolizes free arachidonic acid to prostaglandins,
being those molecules correlated with acute and chronic inflammatory
disorders [20,21].

Polyphenols, specifically flavonoids, have been linked in the reso-
lution of the inflammatory process due to their antioxidant activity and
the inhibition of a variety of enzymes involved in this process, such as
COX-2 enzyme [22]. Salvilla has a phenolic profile rich in flavonols such
as flavones like apigenin, acacetin and luteolin, flavanones as neo-
hesperidin and naringenin and flavonols; in this regard, its anti-
inflammatory effect is ascribed to the presence of those polyphenols,
particularly to quercetin [23,24].

Salvilla bioactive compounds has been extracted in different ways,
from infusions to traditional macerations with a sort of solvents in
successive extractions such as hexane, ethyl acetate and methanol [16],
chloroform [14] or acetone-water mixtures [24]. Although there is in-
formation on the extraction with these solvents, there are no reports on
the use of ultrasound assistance to extract salvilla bioactive compounds.
Thus, the aim of this study was to obtain ethanolic salvilla extracts using
UAE, describe their phenolic composition and to prove their antioxidant
and anti-inflammatory properties.
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2. Material and methods
2.1. Chemical reagents

Catechin, trans-cinnamic acid, coumaric acid, caffeic acid, quinic
acid, ferulic acid, sinapic acid, 4-O-caffeoylquinic, chlorogenic acid,
benzoic acid, vanillic acid, shikimic acid, 4-hydroxybenzoic acid, 2,4,6
trihydroxybenzaldehyde, protocatechuic acid, syringic acid, apigenin,
luteolin, acacetin, eriodictyol, naringenin, naringin, neohesperidin,
quercetin, myricetin, kaempferol, kaempferol 3-O-glucoside, quercetin-
O-glucoside, quercetin glucuronide and rutin (reagent grades), aceto-
nitrile and methanol (UPLC grade), ethanol (reagent grade), 2,2'-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), 2,2-azobis(2-
amidinopropane) dihydrochloride (AAPH), 2,4,6-tris(2-pyridyl)-s-
triazine (TPTZ), 3',6'-dihydroxyspiro[isobenzofuran-1[3H],9'[9H]-
xanthen]-3-one (fluorescein), Trolox®, ferric chloride hexahydrate
(FeCl3-6H20), sodium hydroxide (NaOH), aluminum chloride (AlCls),
sodium nitrite (NaNOy), potassium persulfate (K2S20g), hydrochloric
acid (HCl), monobasic potassium phosphate, dibasic potassium phos-
phate, glacial acetic acid, sodium acetate (reagent grades), were pur-
chased from Sigma Aldrich ® (Toluca, Mexico).

2.2. Plant material collection

Wild plants of Buddleja scordioides Kunth were collected in 2017 in
Guadalupe Victoria, Durango, México (24°18'59"’N, 104°5'3”W). Sal-
villa leaves were separated from the stems and the leaves dried at room
temperature (25 °C) protected from light, milled in a knife lab mill with
a #2 sieve (IKA®, Staufen, Germany), and stored in hermetic bags until
use.

2.3. Ultrasound assisted extraction

Extraction was performed according to Chemat et al. [8] with some
modifications. The milled salvilla leaves were hydrated in a hydro-
alcoholic solution at 1:50 ratio, after that, treatments were placed into
ice bath and the horn (00.5 in.) of sonicator Branson® 250 (maximum
power 250 W, amplitude 21-145 um, Danbury, Connecticut, USA) was
immersed 30 mm inside the sample. Then, a different amplitude (30,
50%) was applied to the system at three extraction times (10, 15 and 20
min). Temperature was controlled with the ice bath preserving the
process at 35 + 2 °C. After finishing the extract process, all treatments
were filtered, and organic solvent was removed in a Buchi® rotavapor
(New Castle, USA). Finally, the treatments were lyophilized in a freeze
dryer (Labconco® Kansas City, Missouri, USA) and kept in a dry place
until use.

2.4. Extraction yield

A gram of dry salvilla leaves was subjected to the UAE process, fol-
lowed by lyophilization. The extraction yield was calculated as the
extract percentage of dry leaves as follows:

Extraction yield(%) = (Weuract/ Wieaves) % 100

Where Wieqyes is the initial dry leaves weight and Weygrqce is the final
lyophilized extract weight.

2.5. Total flavonoid content

Total flavonoid content was tested according to Park et al. [25] with
some modifications. A sample of 20 pL, blank or standard were mixed
with 7.5 pL of 5% (m/V) of NaNOg, 15.0 pL of 10% (m/V) AlCl3, 50.0 pL
of 1 M NaOH and 157.0 pL of distilled water. The mix was kept in the
dark for 5 min and the absorbance measured at 515 nm in a microplate
reader Daigger® (Vernon Hills, Illinois, USA). As standard, (+)-catechin
was used and results were shown as microgram equivalent of



E. Macias-Cortés et al.
(+)-catechin per milligram of dry salvilla extract (ug CE/mg of SE).

2.6. ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid))
assay

ABTS antioxidant assay was done according to Re et al. [26] with
some modifications. The ABTS** radical cation was generated by the
reaction of ABTS (7 mM) and K2S;0g (2.42 mM) 16 h before the assay.
Once the ABTS®" radical cation was ready, a 10 pL of sample, blank or
calibration standard was mixed with 190 pL of the prepared cation and
the mix was kept in dark for 10 min, measuring the absorbance of the
reaction at 750 nm in a microplate reader Daigger® (Vernon Hills, IL,
USA). Trolox was used as standard. Results were shown as millimoles of
Trolox equivalent per milligram of dry salvilla extract (mM TE/mg of
SE).

2.7. Ferric ion reducing antioxidant power (FRAP) assay

Finally, FRAP assay was performed according to Benzie and Strain
[27] with some modifications. A fresh working solution was prepared as
follows: 2.5 mL of 0.03 mM TPTZ acid solution (1.0% HCI solution), 2.5
mL 0.06 mM FeCls-6H20 solution and 25 mL of acetate buffer (pH 3.6).
An aliquot of 180 pL from this solution was mixed with 20 pL of sample,
blank or standard and kept in dark for 10 min. After that, the treatments
were read at 593 nm in a microplate reader Daigger ® (Vernon Hills,
Illinois, USA). Trolox was used as standard. Results were shown as
millimoles of Trolox equivalent per milligram of dry salvilla extract (mM
TE /mg of SE).

2.8. Oxygen radical absorbance capacity (ORAC) assay

This assay was done according to Ou et al. [28] with some modifi-
cations. The peroxyl radical was generated from AAPH and fluorescein
as a fluorescent probe. A 20 pL of sample, blank or calibration solutions
were mixed with 200 pL of 1.09 uM fluorescein. The treatments were
incubated at 37 °C for 15 min in a Synergy HT® multi-detection
microplate reader (Bio-Tek, Winooski, VT, U.S.A.). After that 75 pL of
79.65 mM AAPH radical were added and mixed. The detector was
adjusted to 485 and 535 nm of excitation and emission wavelengths,
respectively. The fluorescence was measured every 1.5 min for 2.5 h.
Trolox was used as standard. ORAC values were calculated using area
under the curve of each treatment and expressed as millimoles of Trolox
equivalent per milligram of dry salvilla extract (mM TE /mg of SE).

2.9. Chemical characterization by UPLC-PDA-ESI- MS/MS

The phenolic characterization was performed according to Diaz-
Rivas et al. [23]. An Ultra-High-Performance Liquid Chromatography
(Waters Corp., Milford) system coupled to a tandem Photodiode Array-
Electrospray lonization-Triple Quadrupole (Xevo TQS, Waters Corp.,
Wexford) (UPLC-PDA-ESI-MS/MS) was used, including a sample man-
ager (6 °C) and an Agilent® C18, 150 x 2.1 mm, 1.7 pm column. The
elution profile was composed of acidified MiliQ water (formic acid 7.5
mM) or solvent A and LC-MS grade acetonitrile or solvent B in the
following gradient: initial — 3% B, 1.88 min — 9% B; 5.66 min — 16% B;
16.90 min — 50% B; 19.62 min — 3% B; and finally 20.0 min — 3% B for
column stabilization at 0.210 mL/min. Ionization was realized using
methanol with 0.1% of formic acid (v/v) as cosolvent at 0.2 mL/min
using an isocratic solvent manager (Waters Corp., Wexford). Multiple
reactions ionization mode (MRM) was used for MS/MS assays. Electro-
spray ionization (ESI) was operated in negative mode and is described as
follows: capillary voltage 2.25 kV, desolvation temperature 450 °C,
source temperature 150 °C, desolvation gas flow 800 L/h, and cone gas
flow 150 L/h; collision gas flow was 0.13 mL/min, MS mode collision
energy 2.0, and MS/MS mode collision energy 20. To identify and
quantify phenolic compounds, a mixture of standards was prepared at
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20 ng/uL to monitor retention times, m/z values and MS/MS transitions.
UPLC-PDA-ESI-MS/MS management and data processing were per-
formed using MassLynx v. 4.1 Software (Waters Corp., Milford, Massa-
chusetts) [29].

2.10. Election of the best extraction conditions

A contingency table was prepared to weight the responses and
choose the best conditions of extraction that had the highest quality and
antioxidant activity according with total flavonols. First, the dependent
variables were weighted from 40 to 10 points according with their
importance, also a value going from 1 to 5 was assigned for each result
interval of every dependent variable. The size of each interval was
calculated with the following formula:

Interval = (M, — m,)/# of interval

Where My is the maximum value of the obtained result of the vari-
able, mv is the minimum value of the obtained result of the variable and
# of interval are the desirable intervals, in this case were five.

After this assignment, real values were substituted by the corre-
sponding interval and multiplied by the assigned points of the variable
and finally all products from each treatment were added. The highest
value showed the better treatment as well the better conditions to obtain
a high quality and antioxidant activity.

2.11. Determination of inhibition of COX-2 enzyme

Once the best extraction condition was chosen, the anti-
inflammatory activity test of the elected treatment was carried out
using a commercial kit of COX-2 inhibition (Cayman Chemical®, Ann
Arbor, MI, USA). The results were managed in the resource provided by
Cayman Chemical® (Elisa Double Worksheet, www. caymanchem.com/
analysis/eia) and expressed as inhibition percentage (%).

2.12. Statistical analysis

The experimental design of the UAE was a completely randomized
unbalanced factorial with three factors of two and three levels, having in
total 18 treatments with three repetitions (Table 1). The data analysis
was performed with factorial ANOVA, p = 0.05 and mean analysis by
Fisher test (p = 0.05). Results are shown as the mean =+ their standard
deviation. The analysis was carried out using Statistica, v. 12.0 software,
(TIBCO Software Inc, Palo Alto, CA, USA) [30].

The data analysis for the best extraction conditions was performed
with one way ANOVA (p = 0.05) and mean analysis by Fisher test (p =
0.05) was performed to the selected five extraction conditions. Results

Table 1
Coding of the ultrasound-assisted extraction treatments.

Treatment Time (min) Ethanol (%) Wave amplitude (%)
T1 10 25 50
T2 30
T3 50 50
T4 30
T5 75 50
T6 30
T7 15 25 50
T8 30
T9 50 50
T10 30
T11 75 50
T12 30
T13 20 25 50
T14 30
T15 50 50
T16 30
T17 75 50
T18 30
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are shown as the mean =+ their standard deviation. The analysis was
carried out using Statistica, v. 12.0 software, (TIBCO Software Inc, Palo
Alto, CA, USA) [30]. In the measurement of each response variable, for
total flavonoids by colorimetric assay, ABTS, FRAP and ORAC there
were three measurements per repetition of treatments; for phenolic
profile by UPLC-PDA-ESI-MS/MS quantification there was one mea-
surement per repetition of treatments; and finally, the COX-2 assay was
performed taking two measurements per repetition of the selected
treatment.

3. Results and discussion
3.1. Yield and total flavonoids of UAE extracts

Once obtained the UAE extracts, they were lyophilized and their
yield average calculated, being 10.58 + 0.33 to 12.92 £ 0.40%,
compared with a salvilla infusion of 15.27 + 0.64% (Table 2). In that
sense, the resulted yields are lower than the reported by Herrera-Carrera
et al. [12] who made a salvilla infusion with 20.31 + 0.61% of yield
extraction, Avila-Acevedo and Romo-de-Vivar [15] and Avila-Acevedo
et al. [16] reported a 15.15% in a successive hexane — ethyl acetate —
methanol salvilla extract. Our extracts have a higher yield extraction
than the reported by Perez-Gutierrez and Vargas-Solis [31] in a suc-
cessive hexane — chloroform - methanol salvilla extract, where they
obtained 7.6%, and it is also higher than Alarcon-Herrera et al. [32] who
in a successive hexane — methanol extract obtained 10% of yield. In the
extract yield all the independent variables in ethanol (p < 0.05), time (p
< 0.05) and amplitude (p < 0.05) influenced the response variable, as
well as the interactions of the time and the solvent (p < 0.05), time and
the amplitude (p < 0.05), and the time, solvent, and amplitude (p <
0.05) (see supplementary information, Table S1). The treatments having
higher extraction yields were T4 and T15.

A total flavonoids quantification was estimated, obtaining values
were from 107.3 + 3.0 to 224.9 + 6.3 ug CE/mg of SE (catechin
equivalent/mg of dry salvilla extract) (Fig. 1). According with the sta-
tistical analysis, the three factors (time, % solvent, % amplitude and all
their interactions) influenced the response variable (p < 0.05), being
Treatment T6 and T11 the ones with the highest content of total flavo-
noids (Table S2). Those treatments corresponded to the conditions 10
min, 75% of ethanol and 30% of amplitude and 15 min, 75% of ethanol
and 50% of amplitude, respectively, coinciding in the ethanol percent-
age. In this instance, all treatments were significantly higher than the
reported by Pan et al. [33], who reported in Buddleja officinalis extracts
values of 62.56 + 0.35 to 75.33 + 0.42 ug CE/mg of dry extract, and as
higher than the reported by Diaz-Rivas et al. [34], where the salvilla

Table 2

Extraction yields obtained by ultrasound-assisted

extraction.
Treatment Extraction yield (%)
T1 11.49 + 0.40°
T2 12.09 + 0.42°°d
T3 12.67 + 0.44%>
T4 12.92 + 0.44°
T5 12.65 + 0.43%>
T6 12.03 + 0.41°def
7 12.06 + 0.41>°d
T8 10.58 + 0.36 "
T9 12.68 + 0.44%>
T10 12.46 + 0.43%><d
T11 11.34 + 0.39
T12 10.73 + 0.378"
T13 12.13 + 0.420¢d
T14 11.68 + 0.40°
T15 12.89 + 0.44°
T16 12.73 + 0.44%°
T17 11.80 + 0.419%f
T18 11.93 + 0.419%f
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infusion and concentrated salvilla infusion had a concentration of 10.76
+ 0.05 and 7.06 + 0.37 ug CE/mg of SE, respectively. Comparatively,
ethanol enhances the extraction of salvilla metabolites such as flavo-
noids due to its polarity and affinity [35]. Besides, ultrasound helps
solvent diffusion through broken cell membranes, rinsing and extracting
the cell content [36].

3.2. Antioxidant activity

Phenolic compounds are characterized for possessing a high anti-
oxidant capacity due to their ability of donate hydrogen atoms from
their aromatic hydroxyl group to a free radical and the resonance effect
(charge delocalization) in the aromatic ring - double bond system
[37,38]. That is why they can be used as part of a nutraceutical product,
when this product is ingested, it supports the endogenous antioxidant
system and helps to stabilize free radicals formed in the body as a
product of poor nutrition, and environmental or stressing factors. Three
antioxidant assays were performed to evaluate samples activity, two
assays based in electron donation (ABTS and FRAP), and one based in
the hydrogen donation (ORAC) mechanisms. The ABTS assay is based on
the quantification of discoloration of the blue/green ABTS®" chromo-
phore by antioxidant molecules, monitoring the reaction at 734 nm.
ABTS** cation is previously produced from the reaction of ABTS and
K5S50g, and its discoloration is directly proportional to the interaction
with hydrogen or electron donor molecules (i.e., phenolic antioxidants),
which reduces the cation ABTS®". This reduction is dependent of the
antioxidant activity and treatments concentration [26]. It is recom-
mended to be used in water-soluble, lipid-soluble antioxidants as well as
pure compounds or food extracts, as it was possible to test the salvilla
extract treatments.

The FRAP assay measures the capacity of phenolic antioxidants,
through the reducing effect of ferric to ferrous ions (Fe>* to Fe?™). This
ion reduction carried out at low pH produces an intense blue colored
ferrous-tripyridyltriazine complex that can be read at 593 nm. This assay
offers an assumed index of antioxidant activity, which may be used in
studies of oxidative stress and its effects. The developing of color proves
that there are antioxidant molecules (i.e., polyphenols) present in the
treatments [27]. Finally, one of the most important antioxidant assays is
the ORAC assay, which is based in the hydrogen atom transfer mecha-
nism, and assesses antioxidant activity against peroxyl radical induced
by AAPH using fluorescein as fluorescent probe. When this molecule
mislays its fluorescence means that it has been transformed as conse-
quence of its peroxyl radical interaction. In this case, the protective ef-
fect of an antioxidant molecule is directly proportional to the extent of
fluorescence, measuring the area under the fluorescence curve of the
sample compared to the blank without antioxidant molecules [28].

3.2.1. ABTS assay

The treatments tested with this assay showed values from 100.9 +
5.4 to 224.2 + 11.9 mM TE/mg of SE (Trolox equivalent/mg of dry
salvilla extract) (Table 3). The three factors (time, % solvent, % ampli-
tude and all their interactions) influenced significantly (p < 0.05) the
antioxidant activity, being treatments T6 and T13 the ones showing the
highest antioxidant activity (Table S3). However, these do not present
significant differences with treatments 9, 10 and 11. The mentioned
treatments corresponded to the conditions 10 min, 75% of ethanol and
30% of amplitude and 20 min, 25% of ethanol and 50% of amplitude,
respectively. Estrada-Zuniga et al. [39] found values for wild, micro
propagated and greenhouse plants of Buddleja cordata with values too
much lower than the reported in this paper, with values of 0.8-2.2 mM
TE/g of sample, this in a methanolic extract.

3.2.2. FRAP assay

The values related with this assay exhibited activities from 86.3 +
5.3 to 249.7 + 15.2 mM TE/mg of SE extract (Table 3). In this case the
treatment with higher antioxidant activity was T6. The statistical
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Fig. 1. Total flavonoid content in the different salvilla extract treatments.

Table 3
Antioxidant activities of the ultrasound-assisted extraction treatments.
Treatment ABTS FRAP ORAC
mM TEq /mg of dry salvilla extract

T1 187.5 + 10.0°f8" 213.0 + 13.0° 2229 +1.78
T2 196.3 + 10.4%¢ 174.7 + 10.7¢ 175.0 + 1.3
T3 194.6 + 10.4%¢ 138.0 + 8.44 123.2 + 0.94
T4 175.5 + 9.3f8h 153.0 +9.3¢ 220.8 +£1.7 8
T5 188.4 + 10.0%f 181.3 + 11.1¢ 232.3 + 1.8°
T6 2221 +11. 8 249.7 + 15.2° 280.4 + 2.1%
17 118.4 + 6.3' 223.0 + 13.6" 247.2 + 1.9
T8 171.3+9.1" 183.0 + 11.2¢ 233.2 +£1.8°
T9 209.2 + 11.1%%¢ 186.3 + 11.4° 241.3 +1.8¢
T10 216.2 &+ 11.5%° 178.0 + 10.9° 225.9 + 1.7
T11 218.0 + 11.6°° 108.0 + 6.6° 98.2 + 0.7™
T12 191.3 + 10.2%f 109.7 + 6.7° 125.6 £ 1.0 K
T13 224.2 £ 11.9° 179.7 + 11.0° 164.4 + 1.2
T14 193.4 + 10.3%% 218.0 + 13.3° 196.7 +1.51
T15 172.1 + 9.28" 178.0 + 10.9° 272.1 + 2.1°
T16 192.1 + 10.2%f 218.0 +13.3° 280.4 + 2.1%
T17 100.9 + 5.4 86.3 + 5.3 1223 +0.9!
T18 204.6 + 10.9>¢ 174.7 + 10.7¢ 239.3 + 1.8¢

analysis demonstrated that all the factors (time, % solvent, % amplitude,
and all their interactions) presented an effect above the response vari-
able (p < 0.05) (Table S4). According with the statistical analysis, the
lowest time, % solvent, and amplitude showed the highest antioxidant
activity; nevertheless, in the interaction of the time and solvent, and the
interaction of the three factors, it is shown that the combination of low
time (10 min), low amplitude (30%) and high solvent percent (75%) had
the higher antioxidant activity. In this context, there are no data of
salvilla to compare antioxidant activity; however, Aguirre and Borneo
[40] reported antioxidant activity by FRAP of 1% infusion of Buddleja
mendozensis, a plant from the same family as salvilla showing antispas-
modic properties, with values of 3870.2 + 143.3 ug/L of sample.

3.2.3. ORAC assay

All the treatments tested by ORAC assay exhibited values from 98.2
+ 0.7 to 280.4 £+ 2.1 mM TE/mg of SE (Table 3). The treatments with
higher antioxidant activity were T6 and T16, where the ANOVA analysis
confirmed that the time, % solvent, % amplitude and all their in-
teractions influenced the results (p < 0.05) (Table S5). About this assay,
Diaz-Rivas et al. [23] reported values in 1% infusion of elicited salvilla
with salicylic acid of 0.000038 + 0.000003 to 0.000045 + 0.000002
mM TE/g, and lower antioxidant activity than all the extracts with ul-
trasound assistance. The use of ultrasound enhances the antioxidant

activity of extracts, as confirmed by Rosales-Villarreal et al. [11]. They
reported 166.17 + 9.82 mM TEq / mg of extract in a Coffea leaves
infusion, showing lower activity than the obtained by ultrasound assis-
ted extraction. However, extraction conditions were different, 40%
methanol, 6 min and 40% of wave amplitude. This could mean that the
solvent and the ultrasound treatment improved the antioxidant activity.
The ultrasound can achieve an intensification of mass transfer due to the
formed bubbles collapse (cavitation) nearby cell walls, breaking down
this wall and allowing the contact between solvent and bioactive com-
pounds in plant material [41,42].

Polyphenols are highly competent in breaking free radical chain
reactions [43]. The results obtained in all assays are explained by the
proposed action mechanisms such as the radical scavenging activity of
reactive oxygen species (ROS) or reactive nitrogen oxide species
(RNOS). Due to their phenolic hydroxyl groups polyphenols can reduce
free radicals by hydrogen atom transfer, electron donation or by metal
chelation. In this way, they can also prevent the production of reactive
species catalyzed by transition metals [43,44].

According with these results, treatment T6 is the one showing the
highest antioxidant activity from the three assays, which could be
explained by the solvent concentration and its polarity. Additionally,
statistical analysis showed that time and amplitude had an influence, at
the lowest time and amplitude, the highest antioxidant activity; at larger
time extractions, molecules could be degraded, and at higher amplitude
levels, treatments seem to have a poorer ultrasound transmission [7].
Flavonoids with unsubstituted hydroxyl groups or sugars such as fla-
vonols and flavones are considered mild polar compounds for what they
become soluble in polar solvents such as ethanol. Furthermore, the ul-
trasound assisted extraction allowed that ethanol provided a better rinse
of the vegetal cells, increasing the content of phenolic compounds into
the medium [45].

3.3. Phenolic characterization by UPLC-PDA-ESI- MS/MS

In this study it was possible to identify five groups of phenolic
compounds present in all salvilla ultrasound assisted extracts: hydrox-
ybenzoic acids, hydroxycinnamic acids, flavones, flavanones and fla-
vonols. The treatments with higher total phenolic content were T1, T2,
T13 and T14 (Fig. 2). The ANOVA analysis showed that wave amplitude
did not have any effect on the response (p = 0.789), however, the time
and the solvent in their linear and interaction terms did (p < 0.05)
(Table S6). As Fig. 2 shows, the major content of total phenolic acids was
extracted with 25% ethanol, 20 min and 30 and 50% of wave amplitude
corresponding to treatments T13 and T14, while the major content of
flavonoids was extracted with 25% of ethanol, 10 min and 30 and 50%
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Fig. 2. Total phenolic content of salvilla extracts obtained by ultrasound-assisted extraction.

of wave amplitude corresponding to treatments T1 and T2. The phenolic
profile was like the obtained by Diaz-Rivas et al. [23] who reported the
same phenolic groups in elicited plants of salvilla.

In the group of hydroxybenzoic acids were found vanillic, shikimic,
protocatechuic, benzoic, syringic, 4-hydroxybenzoic acids and 2,4,6
trihydroxybenzaldehyde, being vanillic acid the most abundant at con-
centrations from 75.55 &+ 6.5 to 225.11 + 19.3 ng/mg of SE. The total
concentration of hydroxybenzoic acids was from 95.27 + 8.4 to 261.9 +
22.8 ng/mg of SE. The statistical analysis indicated that wave amplitude
did not have any effect on the response (p = 0.657), while the time and
the solvent, in their interaction, as well the interaction of the solvent and
the amplitude did (p < 0.05 for both factors and their interactions)
(Table S7). The treatments with higher concentration of hydroxybenzoic
acids were T13 and T14 corresponding to 20 min of extraction, 25% of
ethanol and 30 and 50% of wave amplitude, respectively. In Fig. 3 are
shown the total concentration of hydroxybenzoic acids. The phenolic
profile of all treatments coincided in almost all the components obtained
by salvilla infusion reported by Herrera-Carrera et al. [12].

Another type of acids found in the characterization were hydrox-
ycinnamic acids specifically caffeic, coumaric, trans cinnamic, ferulic,
synaptic, chlorogenic, quinic and 4-O-caffeoylquinic, being trans cin-
namic acid the most abundant with concentrations going 22.04 + 6.3
ng/mg of SE of the treatment T9 to 195.73 + 55.8 ng/mg of SE of the
treatment T13 (Fig. 4). The wave amplitude did not have any effect on
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the response (p = 0.323), while the time and the solvent in their inter-
action did (p < 0.05) (Table S8). The treatments with major concen-
tration of hydroxycinnamic acids were T13 and T14 corresponding to
20 min of extraction, 25% of ethanol and, 30 and 50% of wave ampli-
tude, respectively. In Fig. 4 is shown the total concentration of
hydroxycinnamic acids. In this sense, the chemical profile coincides with
the phenolic acids (i.e., caffeic, synaptic, coumaric, chlorogenic and 4-O-
caffeoylquinic acids) from elicited salvilla infusions by Diaz-Rivas et al.
[23].

In addition to phenolic acids, another important group of phenolic
compounds are the flavonoids. This group is divided into many sub-
groups such as flavones, flavanones, flavan-3-ols, flavonols, chalcones
and anthocyanidins [46]. The sub-groups found in the salvilla ultra-
sound assisted extracts are flavones, flavanones and flavonols.

In first place, the flavones found in all the treatments were luteolin,
apigenin and acacetin with total concentrations from 19.52 + 3.0 to
206.45 + 31.4 ng/mg of SE (Fig. 5). The wave amplitude did not have
any effect on this response (p = 0.393), while time and solvent, in their
simple and interaction effects did (p < 0.05) (Table S9). The extracts
with the highest concentration were T1, T2 and T14. They correspond to
10 min of extraction, 25% of ethanol and, 50 and 30% of wave ampli-
tude for T1 and T2, respectively; and 10 min of extraction, 25% of
ethanol and 30% of wave amplitude for T14. Diaz-Rivas et al. [34] re-
ported the same metabolites in salvilla infusions, but at lower
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Fig. 3. Total hydroxybenzoic acids of salvilla extracts obtained by ultrasound-assisted extraction.
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concentrations due to the different extraction technology and solvent,
which was only water.
In the sub-group of flavanones were found naringenin, eriodictyol
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Fig. 4. Total hydroxycinnamic acids of salvilla extracts obtained by ultrasound-assisted extraction.
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Fig. 5. Total flavone content of salvilla extracts obtained by ultrasound-assisted extraction.
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and neohesperidin with concentrations from 228.23 + 46.2 to 1141.48
+ 224.1 ng/mg of SE (Fig. 6). In this case like in other sub-groups, the
wave amplitude did not have any effect on the response (p = 0.903),
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Fig. 6. Total flavanone content of salvilla extracts obtained by ultrasound-assisted extraction.
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while the time and the solvent in their linear and interaction terms did
(p < 0.05) (Table S10). The highest concentration of flavanones was
found in treatments T1 and T2, which were significantly similar at the
extraction conditions of 10 min, 25% of ethanol and 50 and 30% of wave
amplitude, respectively.

Finally, several flavonols were found, such as kaempferol, quercetin,
myricetin, rutin, kaempferol 3-O-glucoside, quercetin O-glucoside, and
kaempferol 3-O-glucoside. In this case, all factors and their interactions
had influence on the yield of flavonols (p < 0.05) (Table S11). The
treatment having the highest content of flavonols was T3 with 431.84 +
35.3 ng/mg of SE (Fig. 7). Villegas-Novoa et al. [24] reported a high
concentration of flavonols profile in their salvilla acetonic extracts,
solvent with a similar polarity than ethanol. All treatments with 25% of
ethanol (except T1) are statistically similar at the lowest concentration.

3.4. Best extraction conditions

Once all results were obtained, it was not clear which condition
parameters were the best to identify the treatment with the highest yield
and antioxidant activity. From one side, there is a treatment with the
highest results in colorimetric assays (T6); in the other, there are four
treatments with the highest phenolic compound concentration tested by
chromatography (T1, T2, T13 and T14). Thus, it was decided to weight
first each variable by importance order and then to compare the five
mentioned treatments in a contingency table. This importance order was
assigned to find the extract that will contain the major concentration of
bioactive flavonoids in the antioxidant assays as this activity is closely
related with anti-inflammatory activity.

In this analysis, the variables were weighted as follows: 10 points to
total phenolic acids, total flavones, total flavanones, total flavonoids,
and total phenolic compounds, all previously determined by UPLC-PDA-
ESI-MS/MS; 20 points were assigned to total flavonoids in microplate;
30 points, to the yield, ABTS and FRAP; and finally, 40 points, to the
total flavanols and ORAC outputs. Different assignations were given to
antioxidant activities by ABTS and FRAP because they are synthetic
radicals non-existing in the human body, although they provide infor-
mation on the potential power and action mechanisms of tested anti-
oxidant molecules. Meanwhile, ORAC has more physiological
significance since it uses AAPH radical, which is hydrolyzed into two
peroxyl molecules that occur in live organisms under oxidative stress
[26-28]. The assignment of values to the intervals is shown in Table 4.

After these assignments, original values of each selected treatment
were substituted for their interval value (1 to 5), multiplicated by their
assigned importance value (10 to 40) and summarized to obtain a global
arbitrary value, shown in Table 5. This data analysis showed significant
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differences (p = 0.018), being treatment T6 the one that showed the
highest arbitrary value (900 + 124.9); it meant that T6 had the highest
antioxidant activity by all the assayed methods, total flavonoids and
total flavonols, group formed mainly for quercetin an its glycosylated
derivates and distinguished for their high antioxidant and anti-
inflammatory activity. In this way, the antioxidant activity of flavo-
noids is linked to the structure and substitution of their hydroxyl groups,
being the incidence of this group in position 3 of the ring C favorable for
this property, allowing phenolic compounds to show a scavenging
power of reactive oxygen species and to have the capacity of inhibiting
free radical-producing enzymes [37,38].

3.5. Inhibition of COX-2 enzyme

Antioxidant activity is linked with anti-inflammatory activity, to give
support to this result election an in vitro anti-inflammation test was
carried out to the selected treatment. As a result, the treatment T6
presented a COX-2 inhibition of 99.35 + 0.6 % at a concentration of 10
mg/mL (data not shown), this probably due to the high concentration of
flavonols, specifically quercetin (Table 5). Munoz-Velazquez et al. [20]
tested COX-2 inhibition of different commercial infusions, having values
from 25 to 45% versus a 100% of the epigallocatechin gallate at a
concentration of 50 pg/mL. They also reported that the lowest COX-2
inhibition was shown in those infusions lacking quercetin in their
phenolic profile. Quercetin is well known for presenting a higher radical
scavenging capacity due to its free hydroxyl groups and COX-2 inhibi-
tion activity [18,47]. In this case, D’Andrea [48] recommended that
quercetin must be included at concentrations of 0.008-0.5% or 10-125
mg/serving of nutraceutical product or functional food, Therefore,
treatment T6 could be consider a rich nutraceutical source of flavonoids,
particularly flavonols like quercetin.

4. Conclusions

Ultrasound assisted extraction proved to be a good alternative for
getting phenolic compounds from leaves of Buddleja scordioides Kunth. It
was demonstrated that varying extraction time was possible to obtain
higher concentrations of flavonoids (at 10 min) and phenolic acids (at
20 min). Furthermore, with 75% of ethanol, 30% of amplitude and 10
min of extraction conditions, it was feasible to get the best treatment
with extracts rich in flavonols (T6), showing the highest antioxidant
capacity by three reported assays and a high anti-inflammatory activity.
The use of emergent technologies resulted effective and recommendable
to the extraction of bioactive compounds, shortening the extraction time
and decreasing the required energy versus the conventional extractions.
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Fig. 7. Total flavonol content of salvilla extracts obtained by ultrasound-assisted extraction.
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Table 4
Assignments to dependent variables and their importance order.

Assigned value to the interval

v DV 1 2 3 4 5

40 TFlav 130.3-170.6 170.7-211.0 211.1-251.4 251.5-291.8 291.9-332.3
ORAC 163.1-187.0 187.1-211.0 211.1-235.0 235.1-259.0 259.1-283.0

30 ABTS 177.6-189.3 189.4-201.1 201.2-212.9 213.0-224.7 224.8-236.5
FRAP 164.0-184.2 184.3-274.5 204.6-224.7 224.8-245.0 245.1-265.3
Yield 11.09-11.38 11.39-11.68 11.69-11.98 11.99-12.29 12.30-12.59

20 MPTF 172.7-184.3 184.4-196.0 196.1-207.8 207.9-219.5 219.6-231.2

10 TPA 124.8-258.9 259.0-393.0 393.1-527.3 527.4-661.5 661.6-795.7
TFn 231.6-458.4 458.5-685.3 685.4-912.2 912.3-1139.1 1139.2-1366.0
TFnon 223.3-412.4 412.5-601.6 601.7-790.8 790.9-980.0 980.1-1169.2
TF 540.9-786.4 786.5-1031.9 1032.0-1277.5 1277.6-1523.1 1523.2-1768.6
TPC 665.7-991.2 991.3-1316.9 1317.0-1642.5 1642.6-1968.2 1968.3-2293.8

DV = Dependent variables; IV = Importance value; TFlav = Total flavonols; MPTF = Microplate total flavonoids; TPA = Total phenolic acids; TFn = Total flavones;
TFnon = Total flavanones; TF = Total flavonoids; TPC = Total phenolic compounds

Rubén Francisco Gonzalez-Laredo: Conceptualization, Funding

Table 5 acquisition, Supervision, Writing — review & editing

Results from assays to the selected treatments.

T1 T2 T6 T13 T14
Yield (%) 1154 101+ 190+ 101+ 117+ Declaration of Competing Interest
0.4* 0.4* 0.4* 0.4* 0.4*
pg catechin equivalents/mg salvilla extract The authors declare that they have no known competing financial
Total flavonoids ~ 177.6 + 178.7 + 224.4 + 203‘)-6 + 182.7 + interests or personal relationships that could have appeared to influence
C C a c
5.0 50 6.3 57 51 the work reported in this paper.
Trolox equivalents/mg salvilla extract
ABTS 187.5 + 196.3 + 2221 + 224.2 + 193.4 +
9.9° 10.4° 11.8* 11.9* 10.3° Acknowledgements
FRAP 213.0 + 174.7 + 249.7 £ 179.7 + 218.0 +
13.0° 10.7° 15.2* 11.0° 13.3° . . [ . .
Author Elizabeth Macias-Cortés thanks to the Mexican Science and
ORAC 222.9 + 175.0 + 280.4 +  164.4 + 196.7 + . o .
1.6° 1.3¢ 212 1.2¢ 1.5¢ Technology Council (CONACYT-México) for a graduate scholar,shlp.
ng/mg salvilla extract Partial funding is acknowledged from Tecnolégico Nacional de México
Quercetin 107.6 + 728 £ 2187+ 779+ 83.6 + (SEP-TecNM) (Research grant 100433.21-P)
9.5 6.5 19.4° 6.9° 7.4
Myricetin 0.0 + 0.0 +£0.0¢ 0.0 + 0.0 + 0.0 + .
0.0° 0.0° 0.0° 0.0° Appendix A. Supplementary data
Kaempferol 3.3+ 35+ 1.5+ 1.8 + 2.8 +
0.7% 0.7% 0.3 0.4 0.6" Supplementary data to this article can be found online at https://doi.
Kaempferol 3-0- 0.1 & 0.1 % 0.3 % 0.1 % 0.1 % org/10.1016/j.ultsonch.2022.105917.
glucoside 0.0 0.0 0.1 0.0 0.0 -
Quercetin-O- 4.6 + 4.0+£0.4° 7.1+ 43+0.4° 55+
glucoside 0.5 0.7 0.5" References
Quercetin 86.5 £ 739 £ 76.9 + 649 + 49.7 +
glucuronide 5.3 4.6° 4.8° 4.0¢ 314 [1] F.Chemat, N. Rombaut, A.S. Fabiano-Tixier, J.T. Pierson, A. Bily, Green Extraction:
Rutin 0.12 &+ 0.07 + 1.8 £ 0.05 + 0.19 + From Concepts to Research, Education, and Economical Opportunities, in:
0.0° 0.0° 0.22 0.0° 0.0 F. Chemat, J.(Eds.) Strube (Eds.), Green Extraction of Natural Products: Theory and
Total flavonols 202.3 + 154.3 + 306.4 + 149.0 + 141.9 + Practice, Wiley, 2015, pp. 1-36, https://doi.org/10.1002/9783527676828.ch1.
16.1° 12.2¢ 25.5% 11.7¢ 11.7¢ [2] K. Tekin, N. Hao, S. Karagoz, A.J. Ragauskas, Ethanol: a promising green solvent
Total phenolic 1818.4 + 1959.7 +  770.1 + 1746.8 + 1773.1 + for the deconstruction of lignocellulose, ChemSusChem. 11 (2018) 3559-3575,
compounds 306.1% 333.72 104.4° 291.0% 289.12 https://doi.org/10.1002/cssc.201801291.
arbitrary units [3] P. Cos, A.J. Vlietinck, D.V. Berghe, L. Maes, Anti-infective potential of natural
ducts: how to develop a stronger in vitro *proof-of-concept’, J. Ethnopharmacol.
summary of the 600 & 513 & 900 + 653 + 500 + pro nger h-con
weighted data 115.3b 120.1° 124.0% 135.0° 131.1° 106 (3) (2006) 290-302, https://doi.org/10.1016/j.jep.2006.04.003.

[4] 1. Lavilla, C. Bendicho, in: Water Extraction of Bioactive Compounds, Elsevier,
2017, pp. 291-316, https://doi.org/10.1016/B978-0-12-809380-1.00011-5.

[5] B.K. Tiwari, Ultrasound: A clean, green extraction technology, Trends Anal. Chem.

5. Statements and Declarations 71 (2015) 100-109, https://doi.org/10.1016/j.trac.2015.04.013.

[6] S. Kentish, A. Muthupandian, The physical and chemical effects of ultrasound, in:

. . . . . H. Feng, G.V. Barbosa-Canovas, J. Weiss (Eds.), Ultrasound Technologies for Food
Partial financial support is acknowledged from TecNM-Mexican and Bioprocessing, Springer, New York, 2011, pp. 1-12, https://doi.org/10.1007/

Ministry of Education (grant No. 10433.21-P). The authors declare no 978-1-4419-7472-3 1.
conflict of interest. [7] F. Chemat, N. Rombaut, A.G. Sicaire, A. Meullemiestre, A.S. Fabiano-Tixier,

M. Abert-Vian, Ultrasound assisted extraction of food and natural products.

. . . . Mechanisms, techniques, combinations, protocols and applications. A review,
CRediT authorship contribution statement Ultrason. Sonochem. 34 (2017) 540-560, https://doi.org/10.1016/j.

ultsonch.2016.06.035.

Elizabeth Macias-Cortés: Investigation, Formal analysis, Method- [8] S. Chemat, A. Aissa, A. Boumechhour, O. Arous, H. Ait-Amar, Extraction
L. .. , i mechanism of ultrasound assisted extraction and its effect on higher yielding and
ology, Writing — original draft. José Alberto Gallegos-Infante: purity of artemisinin crystals from Artemisia annua L. leaves, Ultrason. Sonochem.
Conceptualization, Data curation, Formal analysis. Nuria Elizabeth 34 (2017) 310-316, https://doi.org/10.1016/j.ultsonch.2016.05.046.
Rocha-Guzman: Conceptualization, Investigation, Validation. Martha (9] D.W. Dadi, S.A. Emire, A.D. Hagos, J.B. Eun, Effect of ultrasound-assisted
Rocio M Jimé . Methodol Proiect administrati R extraction of Moringa stenopetala leaves on bioactive compounds and their
ocio orer’lo'- Imenez: ethodology, rroject administration, Re- antioxidant activity, Food Technol. Biotechnol. 57 (1) (2019) 77-83, https://doi.
sources. Verdnica Cervantes-Cardoza: Data curation, Methodology, org/10.17113/ftb.57.01.19.5877.
Resources. Gustavo Adolfo Castillo-Herrera: Methodology, Resources. [10] M.H. Ahmad-Qasem, J. Canovas, E. Barrajon-Cataldn, V. Micol, J.A. Carcel, J.

V. Garcia-Pérez, Kinetic and compositional study of phenolic extraction from olive


https://doi.org/10.1016/j.ultsonch.2022.105917
https://doi.org/10.1016/j.ultsonch.2022.105917
https://doi.org/10.1002/9783527676828.ch1
https://doi.org/10.1002/cssc.201801291
https://doi.org/10.1016/j.jep.2006.04.003
https://doi.org/10.1016/B978-0-12-809380-1.00011-5
https://doi.org/10.1016/j.trac.2015.04.013
https://doi.org/10.1007/978-1-4419-7472-3_1
https://doi.org/10.1007/978-1-4419-7472-3_1
https://doi.org/10.1016/j.ultsonch.2016.06.035
https://doi.org/10.1016/j.ultsonch.2016.06.035
https://doi.org/10.1016/j.ultsonch.2016.05.046
https://doi.org/10.17113/ftb.57.01.19.5877
https://doi.org/10.17113/ftb.57.01.19.5877

E. Macias-Cortés et al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

leaves (var. Serrana) by using power ultrasound, Innov Food Sci. Emerg. Technol.
17 (2013) 120-129, https://doi.org/10.1016/j.ifset.2012.11.008.

M.C. Rosales-Villarreal, N.E. Rocha-Guzman, J.A. Gallegos-Infante, M.R. Moreno-
Jiménez, R. Reynoso-Camacho, L.F. Pérez-Ramirez, R. Tsao, R.F. Gonzélez-Laredo,
Antioxidant phytochemicals and modulation of oxidative stress from infusions and
ultrasound-assisted extractions of Coffea leaves, Rev. Chapingo Ser. Cienc. For.
Ambiente. 28 (1) (2022), https://doi.org/10.5154/r.rchscfa.2021.05.026.

E. Herrera-Carrera, M.R. Moreno-Jiménez, N.E. Rocha-Guzman, J.A. Gallegos-
Infante, J.O. Diaz-Rivas, C.I. Gamboa-Gomez, R.F. Gonzalez-Laredo, Phenolic
composition of selected herbal infusions and their anti-inflammatory effect on a
colonic model in vitro in HT-29 cells, Cogent Food agric. 1 (1) (2015) 1059033,
https://doi.org/10.1080/23311932.2015.1059033.

G. Ocampo-Acosta, (2003) Buddlejaceae, In: J. Rzedowski-Rotter, G. Calderon-de-
Rzedowski (Eds.), Flora del Bajio y de regiones adyacentes, Instituto de Ecologia,
A.C., Patzcuaro, Michoacan, 2003, pp. 1-35. doi:10.21829/fb.198.2003.115.

A.R. Cortés, A.J. Delgadillo, J.R. Medina, K. Aoki, The antispasmodic activity of
Buddleja scordioides and Buddleja perfoliata on isolated intestinal preparations, Biol.
Pharm. Bull. 29 (6) (2006) 1186-1190, https://doi.org/10.1248/bpb.29.1186.
J.G. Avila A., A. Romo de Vivar, Triterpenoid saponins and other glycosides from
Buddleja scordioides, Biochem. Syst. Ecol. 30 (10) (2002) 1003-1005.

J.G. Avila-Acevedo, C.M. Castaneda, F.J. Benitez, D.A. Duran, V.R. Barroso, C.

G. Martinez, L.J. Munoz, C.A. Martinez, A. Romo-de-Vivar, Photoprotective
activity of Buddleja scordioides, Fitoterapia. 76 (3-4) (2005) 301-309, https://doi.
org/10.1016/j.fitote.2005.03.009.

A.C. Mérquez, O.F. Lara, R.B. Esquivel, E.R. Mata, A. Luna, Medicinal plants of
México II, Composition use and biological activity, In: A.C. Marquez, O.F. Lara
(Eds), UNAM, México, 1999, P. 177.

J.O. Diaz-Rivas, E. Herrera-Carrera, J.A. Gallegos-Infante, N.E. Rocha-Guzman, R.
F. Gonzalez-Laredo, M.R. Moreno-Jiménez, M. Ramos-Gémez, R. Reynoso-
Camacho, M. Larrosa-Pérez, M.A. Gallegos-Corona, Gastroprotective potential of
Buddleja scordioides Kunth Scrophulariaceae infusions; effects into the modulation
of antioxidant enzymes and inflammation markers in an in vivo model,

J. Ethnopharmacol. 169 (2015) 280-286, https://doi.org/10.1016/j.
jep.2015.04.024.

U.U. Tambewagh, A.D. Kandhare, V.S. Honmore, P.P. Kadam, V.M. KhedKar, S.
L. Bodhankar, S.R. Rojatkar, Anti-inflammatory and antioxidant potential of
Guaianolide isolated from Cyathocline purpurea: Role of COX-2 inhibition, Int.
Immunopharmacol. 52 (2017) 110-118, https://doi.org/10.1016/j.
intimp.2017.09.001.

E.E. Munoz-Velazquez, K. Rivas-Diaz, M.G.F. Loarca-Pina, S. Mendoza-Diaz,

R. Reynoso-Camacho, M. Ramos-Gomez, Comparison of phenolic content,
antioxidant capacity and anti-inflammatory activity of commercial herbal
infusions, Rev. Mex. Cienc. Agric. 3 (3) (2012) 481-495.

K. Uchida, HNE as an inducer of COX-2, Free Radic. Biol. Med. 111 (2017)
169-172, https://doi.org/10.1016/j.freeradbiomed.2017.02.004.

D. Ribeiro, M. Freitas, S.M. Tome, A.M. Silva, S. Laufer, J.L. Lima, E. Fernandes,
Flavonoids inhibit COX-1 and COX-2 enzymes and cytokine/chemokine production
in human whole blood, Inflammation. 38 (2) (2015) 858-870, https://doi.org/
10.1007/510753-014-9995-x.

J.0. Diaz-Rivas, R.F. Gonzalez-Laredo, J.A. Chavez-Simental, J.B. Montoya-Ayon,
M.R. Moreno-Jiménez, J.A. Gallegos-Infante, N.E. Rocha-Guzman, Comprehensive
characterization of extractable phenolic compounds by UPLC-PDA-ESI-QqQ of
Buddleja scordioides plants elicited with salicylic acid, J. Chem. 2018 (2018) 1-10,
https://doi.org/10.1155/2018/4536970.

C. Villegas-Novoa, J.A. Gallegos-Infante, R.F. Gonzalez-Laredo, A.M. Garcia-
Carrancd, K.M. Herrera-Rocha, J.S. Jacobo-Karam, M.R. Moreno-Jiménez, N.

E. Rocha-Guzman, Acetone effects on Buddleja scordioides polyphenol extraction
process and assessment of their cellular antioxidant capacity and anti-
inflammatory activity, Med. Chem. Res. 28 (12) (2019) 2218-2231, https://doi.
org/10.1007/s00044-019-02448-9.

Y.-S. Park, S.-T. Jung, S.-G. Kang, B.G. Heo, P. Arancibia-Avila, F. Toledo,

J. Drzewiecki, J. Namiesnik, S. Gorinstein, Antioxidants and proteins in ethylene-
treated kiwifruits, Food Chem. 107 (2) (2008) 640-648, https://doi.org/10.1016/
j.foodchem.2007.08.070.

R. Re, N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, C. Rice-Evans,
Antioxidant activity applying and improved ABTS radical cation decolorization
assay, Free Radic. Biol. Med. 26 (9/10) (1999) 1231-1237, https://doi.org/
10.1016/s0891-5849(98)00315-3.

LF.F. Benzie, J.J. Strain, The Ferric Reducing Ability of Plasma (FRAP) as a
measure of “Antioxidant Power”: The FRAP assay, Anal. Biochem. 239 (1) (1996)
70-76, https://doi.org/10.1006/abio.1996.0292.

B. Ou, M. Hampsch-Woodill, R.L. Prior, Development and validation of an
improved oxygen radical absorbance capacity assay using fluorescein as the

10

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Ultrasonics Sonochemistry 83 (2022) 105917

fluorescent probe, J. Agric. Food Chem. 49 (10) (2001) 4619-4626, https://doi.
org/10.1021/jf0105860.

Waters MassLynx, v. 4.1, Waters Corporation, Milford, Massachusetts, USA.
(2021), Available from: https://www.waters.com/waters/en_US/MassLynx-Mass-
Spectrometry-Software-/nav.htm?cid=513164&locale=en_US.

TIBCO Statistica, v. 12.0 (2017) TIBCO Software Inc, Palo Alto, CA, USA, (2017),
Available from: https://www.tibco.com/products/tibco-statistica.

R.M. Perez-Gutierrez, R. Vargas-Solis, Wound healing properties of triterpenes
from Buddleia scordioides in diabetic rats, Pharm. Biol. 46 (9) (2008) 647-653,
https://doi.org/10.1080,/13880200802182471.

N. Alarcon-Herrera, S. Flores-Maya, B. Bellido, A.M. Garcia-Bores, E. Mendoza,
G. Avila-Acevedo, E. Hernandez-Echegaray, Protective effects of chlorogenic acid
in 3-nitropropionic acid induced toxicity and genotoxicity, Food Chem. Toxicol.
109 (2017) (2017) 1018-1025, https://doi.org/10.1016/j.fct.2017.04.048.

Y. Pan, C. He, H. Wang, X. Ji, K. Wang, P. Liu, Antioxidant activity of microwave-
assisted extract of Buddleia officinalis and its major active component, Food Chem.
121 (2) (2010) 497-502, https://doi.org/10.1016/j.foodchem.2009.12.072.

J.O. Diaz-Rivas, C. Esparza-Carrillo, J.A. Gallegos-Infante, N.E. Rocha-Guzman, R.
F. Gonzalez-Laredo, M.R. Moreno-Jiménez, Use of a thin falling film evaporator
and its effect on the polyphenolic profile of salvilla (Buddleja scordioides) infusions,
Biotecnia 21 (2) (2019) 106-113, https://doi.org/10.18633/biotecnia.v21i2.936.
M. Wink, Introduction: Biochemistry, physiology and ecological functions of
secondary metabolites, in: M. Wink (Ed.), Biochemistry of Plant Secondary
Metabolism, Wiley-Blackwell, West Sussex, United Kingdom, 2010, pp. 1-19,
https://doi.org/10.1002/9781444320503.ch1.

R. Minjares-Fuentes, A. Femenia, M.C. Garau, J.A. Meza-Velazquez, S. Simal,

C. Rosselld, Ultrasound-assisted extraction of pectins from grape pomace using
citric acid: a response surface methodology approach, Carbohydr. Polym. 106
(2014) 179-189, https://doi.org/10.1016/j.carbpol.2014.02.013.

M.T. Mercader-Ros, C. Lucas-Abellan, M.1. Fortea, J.A. Gabaldén, E. Nunez-
Delicado, (2010) Effect of HP-p-cyclodextrins complexation on the antioxidant
activity of flavonols, Food Chem. 118 (3) (2010) 769-773, https://doi.org/
10.1016/j.foodchem.2009.05.061.

V.H. Doroteo, C. Diaz, C. Terry, R. Rojas, Phenolic compounds and in vitro
antioxidant activity of 6 Peruvian plants, Rev. Soc. Quim. Pertd. 79 (1) (2013)
13-20.

M.E. Estrada-Zaniga, R.C. Aarland, F. Rivera-Cabrera, A. Bernabé-Antonio,

L. Buendia-Gonzalez, F. Cruz-Sosa, Micropropagation of Buddleja cordata and the
content of verbascoside and total phenols with antioxidant activity of the
regenerated plantlets, Rev. Mex. Ing. Quim. 15 (2) (2016) 333-346.

A. Aguirre, R. Borneo, Antioxidant capacity of medicinal plants, in: R. Ross-
Watson, V.R. Preedy (Eds.), Bioactive Food as Dietary Interventions for Liver and
Gastrointestinal Disease, Academic Press, 2013, pp. 527-535, https://doi.org/
10.1016/B978-0-12-397154-8.00011-7.

S. Albu, E. Joyce, L. Paniwnyk, J.P. Lorimer, T.J. Mason, Potential for the use of
ultrasound in the extraction of antioxidants from Rosmarinus officinalis for the food
and pharmaceutical industry, Ultrason. Sonochem. 11 (2004) 261-265, https://
doi.org/10.1016/j.ultsonch.2004.01.015.

1.A. Saleh, M. Vinatoru, T.J. Mason, N.S. Abdel-Azim, E.A. Aboutabl, F.

M. Hammouda, A possible general mechanism for ultrasound-assisted extraction
(UAE) suggested from the results of UAE of chlorogenic acid from Cynara scolymus
L. (artichoke) leaves, Ultrason. Sonochem. 31 (2016) 330-336, https://doi.org/
10.1016/j.ultsonch.2016.01.002.

C.G. Fraga, M. Galleano, S.V. Verstraeten, P.1. Oteiza, Basic biochemical
mechanisms behind the health benefits of polyphenols, Mol. Aspects Med. 31
(2010) 435-445, https://doi.org/10.1016/j.mam.2010.09.006.

R. Apak, K. Giiglii, B. Demirata, M. f)zyiirek, S.E. Celik, B. Bektasoglu, K.1. Berker,
D., Dilek Ozyurt, Comparative evaluation of various total antioxidant capacity
assays applied to phenolic compounds with the CUPRAC assay, Molecules 12
(2007) 1496-1547, https://doi.org/10.3390/12071496.

C. Santos-Buelga, A. San Feliciano, Flavonoids: from structure to health issues,
Molecules 22 (3) (2017) 477-482, https://doi.org/10.3390/molecules22030477.
E. Macias-Cortés, J.A. Gallegos-Infante, N.E. Rocha-Guzmén, M.R. Moreno-
Jiménez, L. Medina-Torres, R.F. Gonzélez-Laredo, Microencapsulation of phenolic
compounds: Technologies and novel polymers, Rev. Mex. Ing. Quim. 19 (2) (2020)
491-521, https://doi.org/10.24275/rmiq/Alim642.

M. Lesjak, I. Beara, N. Simin, D. Pinta¢, T. Majki¢, K. Bekvalac, D. Or¢i¢, N. Mimica-
Dukié, Antioxidant and anti-inflammatory activities of quercetin and its
derivatives, J. Funct. Foods. 40 (2018) 68-75, https://doi.org/10.1016/j.
jff.2017.10.047.

G. D’Andrea, Quercetin: A flavonol with multifaceted therapeutic applications?
Fitoterapia. 106 (2015) 256-271, https://doi.org/10.1016/j.fitote.2015.09.018.


https://doi.org/10.1016/j.ifset.2012.11.008
https://doi.org/10.5154/r.rchscfa.2021.05.026
https://doi.org/10.1080/23311932.2015.1059033
https://doi.org/10.1248/bpb.29.1186
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0075
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0075
https://doi.org/10.1016/j.fitote.2005.03.009
https://doi.org/10.1016/j.fitote.2005.03.009
https://doi.org/10.1016/j.jep.2015.04.024
https://doi.org/10.1016/j.jep.2015.04.024
https://doi.org/10.1016/j.intimp.2017.09.001
https://doi.org/10.1016/j.intimp.2017.09.001
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0100
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0100
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0100
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0100
https://doi.org/10.1016/j.freeradbiomed.2017.02.004
https://doi.org/10.1007/s10753-014-9995-x
https://doi.org/10.1007/s10753-014-9995-x
https://doi.org/10.1155/2018/4536970
https://doi.org/10.1007/s00044-019-02448-9
https://doi.org/10.1007/s00044-019-02448-9
https://doi.org/10.1016/j.foodchem.2007.08.070
https://doi.org/10.1016/j.foodchem.2007.08.070
https://doi.org/10.1016/s0891-5849(98)00315-3
https://doi.org/10.1016/s0891-5849(98)00315-3
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1021/jf010586o
https://doi.org/10.1021/jf010586o
https://doi.org/10.1080/13880200802182471
https://doi.org/10.1016/j.fct.2017.04.048
https://doi.org/10.1016/j.foodchem.2009.12.072
https://doi.org/10.18633/biotecnia.v21i2.936
https://doi.org/10.1002/9781444320503.ch1
https://doi.org/10.1016/j.carbpol.2014.02.013
https://doi.org/10.1016/j.foodchem.2009.05.061
https://doi.org/10.1016/j.foodchem.2009.05.061
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0190
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0190
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0190
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0195
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0195
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0195
http://refhub.elsevier.com/S1350-4177(22)00010-4/h0195
https://doi.org/10.1016/B978-0-12-397154-8.00011-7
https://doi.org/10.1016/B978-0-12-397154-8.00011-7
https://doi.org/10.1016/j.ultsonch.2004.01.015
https://doi.org/10.1016/j.ultsonch.2004.01.015
https://doi.org/10.1016/j.ultsonch.2016.01.002
https://doi.org/10.1016/j.ultsonch.2016.01.002
https://doi.org/10.1016/j.mam.2010.09.006
https://doi.org/10.3390/12071496
https://doi.org/10.3390/molecules22030477
https://doi.org/10.24275/rmiq/Alim642
https://doi.org/10.1016/j.jff.2017.10.047
https://doi.org/10.1016/j.jff.2017.10.047
https://doi.org/10.1016/j.fitote.2015.09.018

	Antioxidant and anti-inflammatory polyphenols in ultrasound-assisted extracts from salvilla (Buddleja scordioides Kunth)
	1 Introduction
	2 Material and methods
	2.1 Chemical reagents
	2.2 Plant material collection
	2.3 Ultrasound assisted extraction
	2.4 Extraction yield
	2.5 Total flavonoid content
	2.6 ABTS (2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)) assay
	2.7 Ferric ion reducing antioxidant power (FRAP) assay
	2.8 Oxygen radical absorbance capacity (ORAC) assay
	2.9 Chemical characterization by UPLC-PDA-ESI- MS/MS
	2.10 Election of the best extraction conditions
	2.11 Determination of inhibition of COX-2 enzyme
	2.12 Statistical analysis

	3 Results and discussion
	3.1 Yield and total flavonoids of UAE extracts
	3.2 Antioxidant activity
	3.2.1 ABTS assay
	3.2.2 FRAP assay
	3.2.3 ORAC assay

	3.3 Phenolic characterization by UPLC-PDA-ESI- MS/MS
	3.4 Best extraction conditions
	3.5 Inhibition of COX-2 enzyme

	4 Conclusions
	5 Statements and Declarations
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


