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Abstract: In this study, we report on the isolation, purification, and anti-inflammatory evaluation
of compounds from the plant species Ageratina pichinchensis. Using open-column chromatography,
11 known compounds were purified, which chemical structures were elucidated by nuclear mag-
netic resonance techniques (1D and 2D). All compounds were evaluated in an in vitro model of
RAW 264.7 mouse macrophage cells, measuring the nitric oxide inhibition to determine the anti-
inflammatory effect. The compound betuletol 3-O-f-glucoside (11) inhibited nitric oxide with a
half-maximal inhibitory concentration (ICsp) of 75.08 & 3.07% at 75 uM; additionally, it inhibited the
secretion of interleukin 6 (IL-6) and activation of the nuclear factor (NF-kf3). These results suggest
that the anti-inflammatory effect attributed to A. pichinchensis species is promoted by compound 11,
which could be considered a potential anti-inflammatory agent by suppressing the expression of
NF-kp target genes, such as those involved in the proinflammatory pathway and inducible nitric
oxide synthase (iNOS).

Keywords: betuletol 3-O-p3-glucoside; A. pichinchensis; anti-inflammatory activity

1. Introduction

The plant species A. pichinchensis (Kunth) R.M. King & Ho. Steal. (Asteraceae) is native
to Mexico and grows in 28 of its 32 states. This species is also identified by the synonyms
Eupatorium aschembornianum, Eupatorium pichinchense, and Ageratina aschenborniana [1-3].
Particularly, in the state of Morelos, it is popularly known as “axihuitl”, and it is used in
traditional medicine for treating stomach pain, respiratory issues, gastrointestinal problems,
and skin infections [4,5].

Scientific studies carried out using different biological evaluation models reveal that
the aerial parts of A. pichinchensis exhibit activity against onychomycosis and tinea pedis,
gastroprotective and healing effects, and may even inhibit the in vitro proliferation of
keratinocytes [6~11]. The main compounds associated with this type of biological effect are
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chromenes, furans, terpenes, essential oils, and glycosylated flavonoids [8-13]. However,
the anti-inflammatory effect of this plant species has not been reported.

Inflammation, a response of the immune system which stimulation can be caused by
infections or stress, is associated with multiple diseases and triggers numerous biochemical,
immunological, and cellular reactions [14,15]. During the inflammatory process, mediating
substances that generate pain are released into the nervous system. Among these are
interleukins that induce the expression of genes that encode enzymes and other chemical
species that contribute to the inflammatory response [16-18].

In particular, the enzyme nitric oxide synthase (iNOS) catalyzes the formation of the
free radical nitric oxide (NO) in a gaseous state that stimulates vasodilation and cannot be
stored [18-21]. Notably, at low concentrations, NO plays a mediating and protective role,
acting as an immunoregulatory and antimicrobial agent due to its ability to generate DNA
damage, inhibit enzymes of energy metabolism and oxide proteins, and peroxidize the
membrane lipids of pathogens [19-21]. However, high concentrations of NO can damage
tissues by causing iNOS overexpression and cytotoxicity, which manifests itself in acute
and chronic pathological responses mediated by cytokines and endotoxins of various cell
types, mainly macrophages [22-24].

The iNOS enzyme can be elicited in different cell types, such as macrophages, hep-
atocytes, neutrophils, etc., generating a large amount of NO that can be toxic, which is
why NO functions as a proinflammatory molecule [24-26]. In the chronic phase of inflam-
mation, the inflammatory signal can be magnified by the production of molecules, such
as nuclear transcription factor kappa 3 (NF-k3), TNF-c, and interferon-gamma (IFN-vy),
which promote the transcription of iNOS and increase vasodilation, edema, and plasma
exudation [26-29]. A high production of NO can be associated with the development of
diseases, such as Alzheimer’s, cardiovascular, rheumatoid arthritis, pulmonary fibrosis,
diabetes, and cancer, among others [27-29]. This is why the iNOS enzyme is essential in
the inflammatory process and allows us to understand the mechanism of action of active
ingredients from medicinal plants [30,31].

This study reports the anti-inflammatory activity of chemical compounds isolated
from the aerial parts (leaves and flowers) of A. pichinchensis with respect to the inhibition of
NO in RAW 264.7 mouse macrophage cells induced with lipopolysaccharides (LPSs).

2. Materials and Methods
2.1. General Procedures

Compounds 1-11 were characterized using spectroscopic techniques and mass spec-
trometry. For compounds 1, 3, 4, 6, 7, and 8, Varian Unity Inova 200 MHz equipment was
used. Compounds 2, 5,9, and 10 were analyzed using a Varian Mercury Plus 400 MHz—ID3
spectrometer (Varian Inc., Palo Alto, CA, USA). For these compounds (1-10), CDCl; was
used, while compound 11 was dissolved in DMSO-dg, and the spectra of 1y, 13C, DEPT,
COSY, HSQC, and HMBC were obtained on a Bruker AVANCE III HD 500 MHz Spectrome-
ter (Billerica, Middlesex, MA, USA). FABMS spectra were obtained using a JEOL-AX 505HA
mass spectrometer. Optical rotation was measured in CHCl3 on a Perkin Elmer 241 digital
polarimeter at 25 °C. Melting points were determined using a Prendo apparatus [32-34].

Compounds 1-11 were purified using column chromatography (CC), silica gel 60
(70-230 and 230-400 mesh) as the stationary phase and thin-layer chromatography (silica
gel 60 Fys54, Merck) to monitor the separation of the compounds, which were visualized
using a solution of Ce(SOy), (NH4),SO, * 2H,0.

2.2. Plant Material

A. pichinchensis was collected in the town of San Juan Tlacotenco, municipality of
Tepoztlan, Morelos, Mexico, in April 2018 (19°00'43.88” N, 99.0538.66" W). The plant was
prepared (pressed) and taken to the HUMO Herbarium of the Autonomous University of
the State of Morelos (UAEM); the Biol. Gabriel Flores Franco identified this species, which
is registered with voucher number 33913 [34].
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2.2.1. Purification and Identification of Compounds from A. pichinchensis Leaves

The dry stems and leaves of A. pichinchensis were separately extracted three times
with ethyl acetate (EtOAc) by sonication; each extraction lasted 30 min. The solvent was
concentrated in a rotatory evaporator under reduced pressure. The plant material was
subjected to a second extraction with the solvent methanol following the same procedure
as that used for ethyl acetate. An ethanol/H,O (95:05) extract of the flowers was obtained
under the same conditions.

Leaves were selected from the collected plants and dried at room temperature. This
material (1.085 kg) was extracted with EtOAc three times (each time with 4 L of the solvent).

The EtOAc extracts obtained were concentrated to dryness by distillation under
reduced pressure using a rotary evaporator, obtaining 20.3 g of residue. Fractionation of
the EtOAc extract by open CC (silica gel, 70-230 mesh; 10 cm i.d. x 60 cm) was performed
with a gradient system of n-hexane/EtOAc 80:20 to 0:100, collecting 35 fractions of 300 mL.

The fractions were grouped according to their chemical profile into four groups: AP-
1A (fractions 1-5, n-hexane: EtOAc 80:20, 4.12 g), AP-1B (fractions 6-19, n-hexane: EtOAc
60:40 and 40:60, 5.23 g), AP-1C (fractions 20-32, n-hexane: EtOAc 20:80, 5.94 g), and AP-1D
(fractions 33-35, EtOAc 100%, 3.52 g).

AP-1A contains aliphatic esters, fatty acids, and O-methylenecalinol (1, 48 mg) as the
main product; in a similar way, AP-1D contains the same compounds but also sugars.

The groups AP-1B and AP-1C were subjected to column chromatography using silica
gel (70-230 mesh).

The AP-1B fraction (5.23 g) was adsorbed on 4.9 g of silica gel and placed in a glass
column (70 cm high and 3.5 cm in diameter) packed with 157 g of silica gel. Elution was
performed using a gradient system, n-hexane /EtOAc (100:00—50:50), and 164 fractions
were obtained in 50 mL. The fractions were concentrated by reducing pressure using a
rotatory evaporator; monitored by TLC; and grouped into 5 groups (AP-1B-1, AP-1B-2,
AP-1B-3, AP-1B-4, and AP-1B-5).

The AP-1B-1 group (fractions 1-39, 0.306 g, n-hexane: EtOAc 95:05 to 85:15) was
purified and identified as O-methylencecalinol (1, 32 mg) as the main product. From
AP-1B-2 (fractions 40-69, 3.32 g, n-hexane: EtOAc 80:20 to 70:30), 7-hydroxiencecalin (3,
7 mg) and 8-hydroxiencecalin (4, 6 mg) were identified. The compounds encecalin (2,
16 mg), 3,5-diprenyl-4-hydroxyacetophenone (5, 32 mg), and (+)-p-eudesmol (6, 8 mg)
were isolated from the AP-1B-3 group (fractions 70-99, 0.391 g, n-hexane: EtOAc 65:35
to 55:45). The AP-1B-4 group (fractions 100-129, 0.821 g, n-hexane: EtOAc 50:50 to 40:60)
led to the identification of the compounds (+)-f-eudesmol (6, 7 mg), dehydrospeletone (8,
12 mg), and speletone (7, 14 mg). Through successive chromatography of the AP-1B-5 group
(fractions 130-149, 0.427 g, n-hexane: EtOAc 35:75 to 25:75), encecalinol (9, 28 mg) and
5-acetyl-3f3-angeloxy-23-(1-hydroxyisopropyl)-2,3-dihydrobenzofuran (10, 36 mg) were
isolated.

O-Methylencecalinol (1)

Colorless oil; TH-NMR (200 MHz, CDCl3), §31:6.95 (1H, s, H-5), 6.32 (1H, s, H-8), 6.26
(1H, d, ] =9.6 Hz, H-4), 543 (1H, d, ] = 10 Hz, H-3), 4.61 (1H, q, ] = 12.8, 6.8 Hz, H-11),
3.75 (3H, s, -OMe), 3.21 (3H, OMe), 1.40 (3H, s, CH3-13), 1.39 (3H, s, CH3-14), 1.34 (3H, d,
J = 6.8 Hz, CH3-12). 13C-NMR (50 MHz, CDCl3). c: 157.70 (C-7), 153.25 (C-10), 127.76
(C-3), 124.06 (C-5), 122.30 (C-4), 120.02 (C-6), 114.19 (C-9), 99.43 (C-8), 76.55 (C-2), 72.97
(C-11), 56.59 (-OMe-C11), 56.03 (OMe-C-7), 28.32 (C-13), 28.26 (C-14), 22.65 (C-12); these
data match those in the literature [10,35]. The spectra of 1H and 13C-NMR are shown in
Figures 51 and S2.

Encecalin (2)

Yellow oil; "TH-NMR (400 MHz, CDCl3), 611:7.23 (1H, s, H-5), 6.27 (1H, s, H-8), 6.12 (1H,
d, ] =9.8 Hz, H-4),5.44 (1H, d, ] =9.7 Hz, H-3), 3.55 (3H, s, -OMe), 2.10 (3H, s, CH3-12), 1.20
(6H, s, CH3-13 and CHj3-14). '3 C-NMR (100 MHz, CDCl3). dc: 197.68 (C-11), 161.37 (C-7),
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158.28 (C-10), 128.94 (C-5), 128.36 (C-3), 121.36 (C-4), 120.42 (C-6), 114.22 (C-9), 99.76 (C-8),
77.21 (C-2), 55.72 (MeO-), 32.26 (C-12), 26.68 (C-13), 28.32 (C-14); these data match those in
the literature [36,37]. The spectra of H and *C-NMR are shown in Figures S3 and S4.

Euparoriochromene (3)

Yellow needles; mp: 78-80 °C; TH-NMR (200 MHz, CDCls), 811:7.21 (1H, s, H-5), 6.24
(1H, s, H-8), 6.21 (1H, d, ] = 10 Hz, H-4), 5.41 (1H, d, ] = 10 Hz, H-3), 2.49 (3H, s, CH3-12),
1.39 (6H, s, CH3-13 and CH3-14). 13C-NMR (50 MHz, CDCl3). §c: 198.13 (C-11), 162.18
(C-7), 159.18 (C-10), 128.68 (C-5), 128.53 (C-3), 126.14 (C-6), 122.08 (C-4), 114.38 (C-9), 104.26
(C-8),77.43 (C-2), 32.12 (C-12), 28.86 (C-13), and 28.78 (C-14); these data match those in the
literature [38]. The spectra of H and '3C-NMR are shown in Figures 52 and S5.

6-Acethyl-8-Hydroxy-2,2-Dimethylchromene (4)

White powder; mp: 98 °C; 'H-NMR (200 MHz, CDCl3), 6i:7.62 (1H, d, ] = 1.2 Hz,
H-7),7.43 (1H, d, ] = 1.2 Hz, H-5), 6.34 (1H, d, ] = 10.2 Hz, H-4), 5.71 (1H, d, ] = 10 Hz, H-3),
2.56 (3H, s, CH3-12) and 1.43 (6H, s, CH3-13 and CHj3-14). 13C-NMR (50 MHz, CDCl5).
dc: 20298 (C-11), 165.23 (C-8), 160.68 (C-10), 128.61 (C-6), 128.32 (C-3), 125.34 (C-9), 122.24
(C-4),118.38 (C-5), 114.31 (C-7), 78.26 (C-2), 28.58 (C-13 and C-14), and 26.38 (C-12); these
data match those in the literature [39,40]. The spectra of 1H and 13C-NMR are shown in
Figures 57 and S8.

3.5-Diprenyl-4-Hydroxyacetophenone (5)

Crystalline solid; mp: 93-95 °C; ITH-NMR (400 MHz, CDCly), 611:7.44 (2H, s, H-2 y
H-6), 5.98 (1H, s, OH), 5.31 (2H, m, H-2' y H-2""), 3.37 (2H, d, ] = 7.1 Hz, H-1'y H-1"), 2.48
(3H, d, ] =19.8 Hz, CH3-8), 1.74 (12H, d, | = 11.1 Hz, CH3-4', CH;3-4"y CH;3-5', CH3-5").
I3C-NMR (100 MHz, CDCl3), éc: 197.52 (C-7), 157.59 (C-4), 135.28 (C-1), 130.15 (C-31, C-3"),
129.02 (C-2, C-6), 127.30 (C-3, C-5), 121.58 (C-2/, C-2""),29.82 (C-1/, C-1"), 26.51 (C-8), 25.99
(C-5", C-4"), and 18.10 (C-4", C-5'); these data match those in the literature [41,42]. The
spectra of 'H and '*C-NMR are shown in Figures S9 and S10.

B-Eudesmol (6)

White amorphous solid; mp =78-79 °C; 'H-NMR (200 MHz, CDCl3), 6y:4.70 (1H, d,
] =2 Hz, H-15b), 4.43 (1H, d, | = 1.6 Hz, H-15a), 2.38 (2H, m, Hs-3), 1.98 (1H, m, H-10),
1.25-1.62 (6H, m, CH,-5, CH,-7 and CH>-8), 1.00-1.36 (5H, m, CH,-1, CH,-2 and CH-6),
1.39 (3H, s, CH3-11), 1.40 (3H, s, CH3-12), 0.69 (3H, s, CH3-14). 13C-NMR (50 MHz, CDCl3),
dc: 152.41 (C-4), 105.14 (C-15), 72.23 (C-11), 49.58 (C-10), 49.42 (C-6),42.12 (C-3), 41.86 (C-1),
41.12 (C-8), 36.89 (C-9), 26.76 (C-12 and C-13), 24.73 (C-5), 23.45 (C-2), 22.76 (C-7), and 16.24
(C-14); these data match those in the literature [43,44]. The spectra of 1H and 3C-NMR are
shown in Figures 511 and S12.

Speletone (7)

Colorless oil; 'TH-NMR (200 MHz, CDCls), 6¢1:8.09 (1H, d, ] = 2.4 Hz, H-2), 7.78 (1H, dd,
J=2.2,7.8 Hz, H6), 6.84 (1H, d, ] = 8.4 Hz, H-5), 3.60 (3H, s, OMe), 2.67 2H, d, | = 7.8 Hz,
H-10), 2.33 (3H, s, CH3-8), 221 (1H, m, H-11), 0.78 (6H, d, ] = 6.8 Hz, CH3-12, and CH3-
13); these data match those in the literature [40]. The spectra of IH -NMR are shown in
Figure S13.

Dehydrospeletone (8)

Colorless oil; 'H-NMR (200 MHz, CDCl3), é3: 8.16 (1H, d, ] = 2.2 Hz, H-2), 8.06 (1H,
dd, ] =22,7.8 Hz, H6), 6.98 (1H, d, ] = 8.2 Hz, H-5), 6.56 (1H, q, H-10), 3.92 (3H, s, OMe),
2.55 (3H, s, CH3-8), 2.22 (3H, s, CH3-12), and 1.95 (3H, s, CH3-13); these data match those
in the literature [41,42]. The spectra of 'H-NMR are shown in Figure S14.
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Encecalinol (9)

Yellow oil; [a]é’s: —77° (¢ 0.92, CHCl3); "TH-NMR (400 MHz, CDCl3), 813: 6.95 (s, H-5),
6.37 (s, H-8), 6.27 (d, | =9.7 Hz, H-4), 5.47 (d, | = 9.8 Hz, H-3), 5.02 (q, ] = 6.5 Hz, H-13),
3.81 (s, MeO-), 1.47 (d, ] = 6.5 Hz, CH3-12), 1.42 (6H, s, CH3-13 and CHj3-14). 13C-NMR
(100 MHz, CDCl3) d¢: 157.26 C-7), 153.18 (C-10), 127.64 (C-3), 125.76 (C-6),123.83 (C-5),
122.02 (C-4), 113.75 (C-9), 99.53 (C-8), 77.06 (C-2), 65.53 (C-11), 55.45 (MeO-7), 28.04 (C-13),
27.96 (C-14), 22.86 (CH;3-12); these data match those in the literature [6,35,45]. The spectra
of 'H and '3C-NMR are in shown in Figures S15 and S16.

5-Acetyl-3$3--Angeloyloxy-23-(1-Hydroxyisopropyl)-2,3-Dihydrobenzofurane (10)

Yellow oil; [a]éS = +47 (c = 0.8, CHCl3); '"H NMR (400 MHz, CDCl3), 611:7.86 (d, ] = 2.1
Hz, H-4),7.82 (dd, ] = 8.6, 2.2 Hz, H-6), 6.88 (d, ] = 8.6 Hz, H-7), 6.24 (m, H-3'), 5.96 (d, |
=7.5Hz, H-3),3.88 (d,] = 7.5 Hz, H-2), 2.52 (s, CH3-14), 2.04 (dq, ] = 7.3, 1.5 Hz, CH3-4'),
1.93 (p, ] = 1.5 Hz, CH3-5'), 1.51 (s, CH3-11), 1.35 (s, CH3-12). 3C-NMR (100 MHz, CDCl3),
6c: 196.49 (C-13), 169.43 (C-1'), 157.12 (C-9), 141.17 (C-3'), 132.48 (C-5), 130.42 (C-4), 129.76
(C-6), 126.81 (C-2'), 119.53 (C-8), 117.49 (C-7), 79.60 (C-10), 74.03 (C-2), 71.73 (C-3), 26.29
(C-12), 25.88 (C-14), 20.58 (C-5'), 19.73 (C-13), and 16.12 (C-4); these data match those in
the literature [6,10]. The spectra of 1H and '3C-NMR are shown in Figures 517 and S18.

2.2.2. Purification and Identification of Compounds from A. pichinchensis Flowers

Selected flowers from the collected plants were dried in the shade at room temperature.
The plant material (256.7 g) was successively extracted with ethanol/H,0O (95:05 v/v)
three times (each time with 4 L of the solvent). The hydroalcoholic extract obtained was
concentrated to dryness by distillation under reduced pressure using a rotary evaporator,
obtaining 6.7 g of residue.

Fractionation of the hydroalcoholic extract by open CC (silica gel, 70-230 mesh; 10 cm
i.d. x 60 cm) was performed with a gradient system of n-hexane-CH,Cl, /MeOH 90:10:00
to 100% MeOH. Fractions of 100 mL were obtained (53 fractions). Based on TLC analysis,
these fractions were grouped according to their chemical profile into two main groups:
AP-M-1A (1-32, 2.02 g) and AP-M-1B (33-53, 3.98 g). The groups were subjected to column
chromatography using silica gel (70-230 mesh).

The AP-M-1A fraction was adsorbed on 3 g of silica gel and placed in a glass column
(80 cm high and 3.5 cm in diameter) packed with 70 g of silica gel. Elution was carried
out using a gradient system, n-hexane/CH,Cl, (100:00—80:20), and 37 fractions, each
comprising 100 mL, were obtained. These were concentrated and monitored by TLC and
grouped into three groups of fractions: AP-M-1A-1 (fractions 1-17, 0.87 g), AP-M-1A-2
(fractions 18-26, 0.606 g), and AP-M-1A-3 (fractions 27-37, 0.87 g).

The three groups of fractions were subjected to successive purification processes
using a gradient system (CH,Cl, /MeOH 95:05 to 80:20), obtaining O-methylencecalinol
(1, 32.4 mg) as the main product from the AP-M-1A-1 fraction; encecalin (2, 24 mg) and
3, 5-diprenyl-4-hydroxyacetophenone (5, 16 mg) were from the AP-M-1A-2 group; and
speletone (7, 14 mg), dehydrospeletone (8, 11 mg), encecalinol (9, 17 mg), and betuletol
3-O-B-glucoside (11, 64 mg) were purified from the AP-M-1A-3 group.

Betuletol 3-O-B-Glucoside (11)

Yellow amorphous solid; mp: 152-154 °C; TH-NMR (500 MHz, DMSO-d6); 6y4:12.58
(1H, s, OH), 8.00 (2H, d, | = 8.9 Hz, H-2' H-6'), 6.90 (1H, s, H-8), 6.82 (2H, d, | = 8.9 Hz,
H-3' H-5'), 5.25 (1H, d, ] = 7.7 Hz, H-1"), 3.85 (3H, s, OMe-H-4'), 3.70 (3H, s, OMe-H-6),
3.58-3.56 (1H, ddd, | =9.7, 7.7, 4.7 Hz, H-4""), 3.32-3.31 (1H, m, H-5"), 3.37-3.36 (1H, m,
H-3"), 3.47-3.45 (1H, m, H-2""), 3.33-3.29 (1H, m, H-6""). 13C-NMR (125 MHz, DMSO-dg),
dc: 177.86, (C-4), 160.13, (C-4"), 158.80 (C-7), 156.78, (C-2), 151.81 (C-5), 151.68 (C-9), 133.29
(C-3), 131.76 (C-6), 128.57 (C-2/, C-6'), 120.65 (C-1'), 115.56 (C-3', C-5"), 105.36 (C-10), 101.99
(C-1"),91.82 (C-8), 73.95 (C-5""), 73.54 (C-3"), 74.13 (C-2"), 70.59 (C-4""), 60.63 (C-6""), 60.64
(C-OMe-6), 56.97 (C-OMe-4'); these data match those in the literature [46,47]. The spectra
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of 'H and '3C, DEPT, and HMBC NMR are shown in Figures $19-522. Cp3H,501, (MSFAB*
m/z =493) MS is shown in Figure 523.

2.3. Anti-Inflammatory Assays
2.3.1. TPA-Induced Mouse Ear Edema

Male CD1 mice (6 to 8 weeks of age) were used. The sample size was five animals for
each test group, according to the method described previously. The mice were maintained
under standard laboratory conditions (Biotherium of the School of Medicine, Universidad
Auténoma del Estado de Morelos) at 22 °C £+ 3 °C, 70% =+ 5% humidity, 12 h light/dark
cycle, and food/water ad libitum. The experimental protocol used was approved by
Comité para el Cuidado y Uso de los Animales del Laboratorio (CCUAL) de la Facultad
de Medicina (No. 06-2015). For control, the left ear (Wt) was treated with 2.5 g/ear of
12-O-Tetradecanoylphorbol 13-acetate (TPA, St. Louis, MO, USA), dissolved in 20 pL of
acetone applied to the inner and outer surface, and the right ear (Wnt) was treated with
the vehicle acetone. Sample doses of 0.1 mg/ear of the extracts, as well as the reference
anti-inflammatory drug indomethacin, were applied. All samples were dissolved in 10 pL
acetone and applied topically to the right ear immediately after TPA application; acetone
was applied as a vehicle to the left ear. Four hours after the application of the samples,
the animals were sacrificed by cervical dislocation. Biopsies were taken with a 6 mm
diameter punch from both treated (t) and untreated (nt) ears to determine inflammation.
The following formula determined the percent of inhibition:

Aw control — A t
Inhibition% — ( w control — Aw trea me”t) % 100

Aw

where Aw = wy — wy; Wy is the weight (grams) of the section of the treated ear, and wy is
the weight of the section of the non-treated ear [34,48].

2.3.2. In Vitro Anti-Inflammatory Activities

The in vitro anti-inflammatory activity was evaluated using the in vitro model of
nitric oxide inhibition of the RAW 264.7 macrophage cell line. For this purpose, the cell
line was cultured in 75 cm? flasks; subsequently, the cell viability was determined by
MTS, applying the treatments (pure compounds at different concentrations) to determine
whether the compounds inhibit cell viability. Next, macrophages were cultured in 96-well
plates, and their nitric oxide inhibition was determined using the supernatant, with which
the Griess reaction was performed, measuring nitrite production as an indicator of NO
production in the medium, since NO is unstable under aerobic conditions. The cytokine
IL-6 was determined using the PEPROTECH™ kit, while NF-kB activation was evaluated
in macrophages of the RAW-Blue™ cell line.

Macrophage Culture in 75 cm? Flasks

The ATCC® Tib-71™ macrophage cell line (Georgetown, Washington, DC, USA) was
cultured in the ADVANCED DMEM/F12 medium (GIBCO) + 1% GLUTAMAX™, supple-
mented with 3.5% fetal bovine serum (FBS) without antibiotics, in 75 cm? cell culture flasks,
then incubated in 5% CO, atmosphere at 37 °C until 70%—90% confluence was reached. After
that, the cells were detached, and 10 mL of the culture medium was applied and centrifuged
at 9500 x g for 5 min. The cell pellet was resuspended in 5 mL of culture medium, and cells
were counted using a Neubauer camera for subculturing in 96-well culture plates.

Cell Viability of RAW 264.7 Macrophages

Macrophages were seeded in a 96-well plate (10,000 cells/well) with 0.1 mL of AD-
VANCED DMEM/F12 + 1% GLUTAMAX™ culture medium with 3.5% fetal bovine serum
and incubated for 24 h at 37 °C in a 5% CO, atmosphere. After the incubation time, the
compounds (1-11) were dissolved in dimethyl sulfoxide (DMSO) and filtered through
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0.45 pm cellulose membranes, and the compounds were added at different concentrations.
The vehicle DMSO at 0.5% v/v and etoposide at 40 and 20 ug/mL were incubated for
20 h [32,33]. Then, 20 puL of MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium] reagent (CellTiter 96 Aqueous Non-Radioactive Cell
Proliferation Assay PROMEGA) was added to each of the wells and incubated for 4 h.
Finally, the optical density was measured at 490 nm in an ELISA plate reader (Epoch
microplate spectrophotometer, Bio-Tek, Santa Clara, CA, USA) [49,50].

Treatment of Macrophages with Compounds and LPS

Macrophages (30,000 cells/well) were seeded in a 96-well cell culture plate with
0.2 mL of ADVANCED DMEM/F12+ 1% GLUTAMAX™ culture medium with 3.5 fetal
bovine serum and incubated for 24 h in a 5% CO, atmosphere at 37 °C. Subsequently,
the compounds were applied at 150, 75, 37.5, 18.8, and 9.4 uM; indomethacin (positive
control) at 85 uM; and the vehicle DMSO at 0.5% and incubated for 2 h. Next, 2 pg/mL
of lipopolysaccharide (LPS) was added and incubated for 24 h. Finally, the supernatant
was removed by placing 50 puL of each well in an ELISA plate for the Griess reaction, and
100 pL of supernatant was reserved for the cytokine analysis.

Determination of NO in RAW 264.7 Macrophages

Next, 50 puL of each previously obtained supernatant was used and mixed with 100 uL
of Griess reagent (50 pL of 1% sulfanilamide and 50 uL of N-(1-naphthyl) ethylenediamine
dichlorohydrate 0.1% in 2.5% phosphoric acid) for 10 min. Finally, the optical density was
measured at 540 nm with a plate reader, and the concentration of nitrite present in the
samples was calculated by comparing it with the optical density of a NaNO, standard
curve prepared in a fresh medium [33,34,44].

Determination of the IL-6 Concentration in RAW 264.7 Macrophages

The anti-inflammatory effect of compound 11 was analyzed in RAW 264.7 cells treated
with LPS. Cells were seeded in 96-well plates at a density of 3 x 10* cells/well incubated for
24 h. The cells were expressed with 1 pg/mL of LPS and compound 11 at concentrations of
37.5,75,and 150 nug/mL for 24 h. The IL-6 levels in the cell culture medium were measured
using an Elisa kit following the manufacturer’s instructions (Biosciences Pharmingen, San
Diego, CA, USA) [49-51].

RAW-Blue Cell Culture

RAW-Blue cell line macrophages (RAW-Blue InvivoGen) were cultured in the DMEM /F12
medium (GIBCO) supplemented with 10% fetal bovine serum (GIBCO) with 1% MycoZap
(Lonza) and 200 pg/mL zeotin, which were incubated in 75 cm? cell culture flasks in a 5%
CO, humidified atmosphere at 37 °C until 70%-80% cell confluence was reached. Cells were
then detached by removing the supernatant, and 1.5 mL of trypsin (GIBCO) was applied. The
cells were then centrifuged, the cell pellet was resuspended with 5 mL of the medium, and
cell counting was performed using a Neubauer camera.

RAW-Blue Macrophage Treatment

RAW-Blue cells were seeded in 96-well plates (30,000 cells per well) with 0.1 mL of
DMEM/F12 medium containing 10% fetal bovine serum with 1% antibiotic (MycoZap) and
200 pg/mL zeotin and incubated for 24 at 37 °C in a 5% CO; atmosphere. Macrophages
were then incubated with the test compounds for 2 h at the maximum noncytotoxic concen-
tration that showed an inhibitory effect on NO production. After being incubated with LPS
at 10 pg/mL (for wells with compounds and 100% control), a proinflammatory stimulus
and without LPS (negative control) at 37 °C for 20 h was used to stimulate NF-«f3 activation.
Finally, cell-free supernatants were collected and used fresh to determine NF-kf3 activation
by a reaction with QUANTI-Blue™. This assay allows for the detection of NF-k(3 /AP-1 in
the RAW-Blue system. Alkaline phosphatase activity (AP) was used as an indicator of NF-
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k[ activation in the supernatants (culture medium) by using QUANTI-Blue (InvivoGen),
according to the instructions provided by the manufacturer [49,50].

2.4. Statistical Analysis

The results shown were obtained through at least three independent experiments
and were presented as means =+ SDs. Statistical analyses were performed using one-way
analysis of variance (ANOVA) followed by Dunnett’s multiple comparisons test. All statis-
tical analyses were performed using GraphPad Prism, version 6.0 software. p-values < 0.05
were considered to indicate statistical significance [34].

3. Results and Discussion
3.1. Anti-Inflammatory Activity of the Extract from the Aerial Parts of A. pichinchensis

Topical application of the extracts (0.1 mg/ear) to the mice resulted in the potent
suppression of acute edema induced by TPA. Ethyl acetate and methanol extracts from
leaves and stems, as well as a hydroalcoholic extract (95:05 v/v) from the flowers of
Ageratina pichinchensis, were evaluated in an in vivo model of inflammation (Figure 1).
The best inhibitory effect was presented by the ethyl acetate leaf extract (85.27% =+ 4.44)
and hydroalcoholic flower extract (83.62% =+ 5.00), being statistically comparable with the
positive control indomethacin (91.19% =+ 2.60).

100

N

(]

%
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HH?Z
HHZ

80 *kk

F
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Inhibition inflammation (%)
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| | | I I |

&RV T W

%

Figure 1. Anti-inflammatory effect of in vivo extracts of leaves and stems of A. pichinchensis. F-HA:
ethanol:H,O (95:05 v/v): hydroalcoholic ethanolic extract of flowers; L-EA: ethyl acetate extract of
leaves; L-MeOH: methyl extract of leaves; S-EA: ethyl acetate extract of stems; S-MeOH: methyl
extract of stems. Data are expressed as mean + SD values of experiments in three independent
assays. Significance was determined using ANOVA followed by Dunnett’s multiple comparisons
test. *** p < 0.001, ns: not significant vs. indomethacin-treated extracts, and #### p < 0.001 vs. vehicle
acetone.

These results led to the fractionation and isolation of the secondary metabolites present
in the leaves (EtOAc) and flower extracts for further biological evaluation to identify the
compounds responsible for the effect shown by the active extracts.

3.2. Chemical Composition of Anti-Inflammatory Extracts

The ethyl acetate (leaves) and hydroalcoholic (flowers) extracts obtained from A.
pichinchensis were subjected to successive purification processes using the column chro-
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matography technique and normal phase silica gel, which led to the isolation of pure
compounds that were identified by analysis of their spectroscopic data and comparison
with data from the literature. All the identified compounds are known and have been
reported in different species of the Ageratina genus. At the extract level, different biological
effects have been demonstrated.

From the ethyl acetate extract (leaves), the following were identified: O-methylencecalinol
(1) [10,35], encecalin (2) [36,37], eupatoriochromene (3) [38], 6-acetyl-8-hydroxy-2,2-
dimethylchromene (4) [33,40], 3, 5-diprenyl-4-hydroxyacetophenone (5) [41,42], (+)--eudesmol
(6) [43,44], espeletone (7) [40], dehydrospeletone (8) [41,42], encecalinol (9) [6,35,45], and 5-acetyl-
33-angeloyloxy-23-(1-hydroxyisopropyl)-2,3-dihydrobenzofurane (10) [6,10]. In the hydroalco-
holic extract (flowers), in addition to some compounds (1, 2, 5, and 6), betuletol 3-O-3-glucoside
(11) was identified [46,47].

Compounds (3, 4, and 11) were isolated from this plant for the first time, and we
investigated the abilities of compounds 1-11 (Figure 2) to inhibit NO production.

OMe O (e
X X X
MeO O MeO O HO O

O-methylencecalinol (1) Encecalin (2) Eupatoriochromene (3)

Q O
goel :
O
OH OH
OH

6-acethyl-8-hydroxy-

2,2-dimethylchromen (4) B-eudesmol (6)

3,5-diprenyl-4-hydroxyacetophenone (5)

o 0 0 % OH
)UL)\ /U\©i”\)\ AN
OMe OMe MeO O
Speletone (7) Dehydrospeletone (8) Encecalinol (9)

OMe

OH

OH
oHCH

5-acethyl-3B-angeloyloxy-2-(1-hydroxyisopropyl)-
2,3-dihydrobenzofuran (10) Betuletol 3-O-B-glucoside (11)

Figure 2. Compounds isolated from aerial parts of A. pichinchensis.
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Compound 3 has been reported in the species Centaurea solstitialis L., Caccinia macran-
thera Brand var. macranthera, Calea serrata, Encelia farinose, Helianthus annuus, and Piper
mollicomum Kunth [36,52-56]. Regarding compound 4, it has been reported in the species
Titinia diversifolia and Ageratum houstonianum [38,57], while compound 11 has been reported
in the species Arnica montana [46,47].

The compounds identified in our study have been widely described chemically by
different authors; however, there is little information on the chemical characterization of
compound 11, and, therefore, we will provide more information on its structural elucidation
in this study.

Compound 11 was obtained as a yellow-colored amorphous solid. The elucidation of
its chemical structure involved a comprehensive analysis using 'H, '3C, and DEPT NMR
(Figures 51-53), along with a two-dimensional heteronuclear HMBC experiment (Figure S4)
as well as a FAB+ mode mass spectrometry analysis (Figure S5). In the 'H NMR spectrum,
an AA’BB’ aromatic spin system was evidence by the two doublets, as there were two
doublet signals at 4 6.88 and $ 8.12 with coupling constants of | = 8.7 Hz and 8.9 Hz, respec-
tively. Additionally, a singlet signal at 5 6.9 was assigned to a penta-substituted benzene.
Another doublet signal at 6 5.44 was also observed in the spectrum (J = 7.7 Hz), as well
as several signals between 4 3.5 and 6 4.5, characteristic of a glucopyranose; these signals
were evident in the 3C NMR spectrum, indicating that the aglycone was glycosylated.
Once these signals were assigned, it was established that it was a glycosylated flavonol and
that, based on the HMBC experiment (Figure S5), the sugar molecule was connected to the
oxygen in the 3-position of the aglycone. Once the structural identity was established, the
yellow solid was identified as betuletol 3-O-p-glucoside.

After identifying the compounds present in the aerial parts of A. pichinchensis, the
anti-inflammatory effect was evaluated with the in vitro model of nitric oxide inhibition to
identify the chemical principles associated with this effect attributed to traditional medicine.

3.3. Inhibition of LPS-Induced NO Production by Compounds 1-11

The compounds were solubilized in DMSO and evaluated at concentrations of 9.375,
18.75, 37.50, 75.00, and 150.00 uM (Table S1). Table 1 shows the effect found for the
compounds at a concentration of 75 uM, highlighting that only compound 6 exhibited a
cytotoxic effect at this concentration. The rest of the compounds did not reveal an important
reduction in cell viability compared to the positive control (etoposide) at the concentrations
evaluated (Table S2).

Table 1. Percentage of inhibition of NO production and cell viability in RAW 264.7 macrophages at a
concentration of 75 uM for compounds 1-11.

Compounds Cell Viability (%) 2 NO Inhibition 75 uM (%) NO Inhibition (ICs59, uM)
1 1099 £ 7.16 095 £ 1.35 >75
2 112.4 + 24.08 16.75 £ 5.36 >75
3 115.6 + 1.58 11.98 + 7.85 >75
4 99.33 £+ 12.39 22.63 £+ 10.38 >75
5 100.20 £ 2.95 29.77 + 18.27 >75
6 61.14+631 e
7 104.7 £ 1.82 5.90 £+ 8.35 >75
8 103.9 + 3.83 36.73 £ 16.93 >75
9 1109 £ 8.3 29.77 +£9.37 >75
10 121.2 £ 10.20 5.98 +5.22 >75
11 101.3 + 1.62 75.08 £ 3.07 20.55 £ 0.27
pmsod -
Indomethacin € 84 yM) - 65.93 + 6.03 54.69 + 10.34
Etoposide 9 (68 uM) 4202+423

2 Cell viability at 75 uM; P blank control; © positive control for the NO production assay; ¢ positive control for
cytotoxicity against RAW 264.7 cells.
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Compound 6 was not evaluated to determine its effect on NO production, because
it only promoted a survival rate of 61.14% at a concentration of 75 uM. 3-eudesmol is a
sesquiterpene that has already been isolated from several species; to mention a few, there
are Atracrylodes lancea [58], Zingiber Zerumbet [59], Gutteria friesiana [60], and Murraya tetram-
era [61]. Likewise, several biological effects have been demonstrated for this secondary
metabolite, for which we can highlight its anti-inflammatory effect, tumor suppressor effect,
and anticancer effect [62-64]. The above agrees with the inhibitory effect that compound 6
had on cell viability.

Therefore, we proceeded to evaluate the inhibitory effect of compounds 1-5 and 7-11
on the production of NO in RAW 264.7 macrophages previously stimulated with LPS for
24 h after 2 h of incubation.

The results revealed that the NO level was increased in RAW 264.7 cells with LPS
stimulation, and this effect was significantly decreased by treatment with the compounds.
The inhibition percentages and ICsy values are shown in Table 1. It was observed that
compound 11 was the best inhibitor of NO secretion, with an ICsy of 20.55 £ 0.27, and it
competed with indomethacin, which ICsy value was 54.69 + 10.34.

Regarding specifically the activity displayed by compound 11, it was observed that
it presents a dose-dependent effect (Figure 3a), even improving the inhibition exhibited
by the positive control indomethacin. Consequently,, its relationship with the proinflam-
matory cytokine IL-6 and the nuclear factor NF-k3 was determined. The results indicate
a statistically significant inhibition of interleukin IL-6; likewise, NF-kf3 activation is also
inhibited (Figure 3b,c). This result suggests that compound 11 exhibits a proinflammatory
effect which application could represent alternatives for the treatment of diseases such
as rheumatoid arthritis, chronic hepatitis, pulmonary fibrosis, sepsis, and hypertension,
among others [65-68].

Compound 11, like some essential oils, showed an anti-inflammatory effect, demon-
strated by the inhibition of nitric oxide associated with regulating the expression of
proinflammatory cytokines [69,70]. Other compounds have shown similar effects to
compound 11 in the same inflammation model, such as the case of the compound 4-
methoxycinnamyl p-coumarate isolated from the species Etlingera pavieana, which revealed
an ICsp of 15.0 £ 1.4 uM [71]. On the other hand, the triterpene methyl lucidenate L isolated
from the species Ganoderma lucidum exhibited an IC5 of 36.8 &= 1.0 pM [72]. It should be
noted that compound 11 has not been reported in Ageratina species, although it has been
reported in species of the Asteraceae family, for example, in the species Arnica montana
and Arnica chamissonis, and both plants have been used in traditional medicine as healing
and anti-inflammatory agents at the extract level [46,47]. These species are characterized
by containing sesquiterpene lactones, such as helenalin, 11«,13-dihydrohelenalin, and
chamissonolide, which inhibit the activation of transcription factor NF-«(3 [73].
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Figure 3. Effect of compound 11 on (a) NO, (b) IL-6, and (c) NF-k3 of RAW 264.7 macrophages
activated with LPS. Data were expressed as the mean + SD values of experiments in three independent
assays. ** p < 0.01, *** p < 0.001 vs. LPS-treated cells, and #### p < 0.001 vs. vehicle control.

4. Conclusions

For the first time, we report the anti-inflammatory effect of A. pichinchensis, specifically
the ethyl acetate extracts of leaves and ethanolic extracts of flowers, which exhibited in vivo
anti-inflammatory effects, significantly inhibiting TPA-induced edema at a dose of 0.01 per
ear. Additionally, the inhibitory effect on NO production in an in vitro inflammatory model
of compounds 1-5 and 7-11, isolated from the leaves and flowers of A. pichinchensis, was
evaluated. Among them, betuletol 3-O-3-glucoside (11) inhibited NO production in a
dose-dependent manner; in particular, treatment with 75 M significantly decreased NO
production by 75.08 £ 3.07% (ICsg = 20.55 %+ 0.27) compared to indomethacin, which
inhibition was 65.93 4 6.03% (ICso = 54.69 4 10.34). The nitric oxide inhibition effect associ-
ated with the upregulation of proinflammatory cytokine (IL-6) expression and inhibition
of NF-kf activation indicates that compound 11 may be useful as a therapeutic agent
in the treatment of inflammation-related diseases caused by macrophage overactivation.
Therefore, the effect attributed to A. pichinchensis species is due to compound 11, and these
findings corroborate the effect attributed to the species in traditional medicine.
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Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/app14093942 /s1: Tables S1 and S2. Effect of compounds 1-11
at different concentrations on cell viability and NO production in RAW 264.7 cells. Figures S1-512
and S15-S18. 'H and '3C NMR spectra of compounds 1-6 and 9 and 10. Figures S13 and S14. 'H
NMR spectra of compounds 7 and 8. Figures S19-522. One-dimensional and two-dimensional NMR
spectra of compound 11. Figure 523. Mass—mass spectrum (FAB+).
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