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Abstract: Bursera bipinnata is known as “copal chino, is a small tree that grows in steep areas and is
part of the transitional populations of pine and oak forests and lowland deciduous forests. It is the
taxon with the widest geographic distribution in México and considered a source of high-grade copal
resin used in ceremonies and offerings. Also, B. bipinnata is considered to have great value in
traditional medicine to treat ailments related to inflammation. In this work, the anti-inflammatory
effects of the volatile fraction and resin of B. bipinnata in LPS-stimulated RAW 264.7 macrophage cells
were demonstrated. The resin extract was the best inhibitor with a 65.83 + 8.53 % of inhibition of NO
production with ICso = 30 + 3.3 pug/mL. In contrast, its volatile fraction showed a 37.43+ 7.13 % of
inhibition at 40 pg/mL. GC/MS and LC analysis of the total resin allowed the chemical
characterization of eleven pentacyclic triterpenes with ursane, oleanane, and lupane skeletons, and
eight monoterpenes. The structures of compounds (15, 17, 29-35) are reported for the first time from
the resin of Bursera bipinnata. The anti-inflammatory activity of the most abundant constituents of the
resin of B. bipinnata (a-amyrin (15), 3-epilupeol (17) and a-phellandrene (1) has been previously
demonstrated which confirms the activity showed by the resin as well as the traditional use of this
important copal resin. The chemical profile of B. bippinata differs from that of other copal resins (e.g.,
B. copallifera) in the presence of a greater variety of triterpenes in the resin.

Keywords: copal resin; anti-inflammatory activity; Bursera bipinnata; pentacyclic triterpenes;
a-amyrin; epi-lupeol

1. Introduction

The Bursera genus concentrates around 100 species throughout the American continent, of which
80 are distributed in México. Taxonomically they are divided into two sections: Bullokia or
“cuajiotes” with exfoliating bark and Bursera, or “copales” with a non-exfoliating bark. According to
Rzedowski, 2005, there are, around 41 species considered within the Bursera section (Bursera
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copallifera, B. cuneata, B. bicolor, B. bipinnata, B. glabrifolia, B. graveolens, and B. penicillata, among others)
distributed in 26 states of México.

Species of the Copal section are very resinous, and their resins have a very characteristic
aromatic smell of pine and lemon. The term copal derives from the Nahuatl word “copalli”, which
describes several aromatic resins from our territory [1]. Copal was used by the cultures of pre-
Columbian Mesoamerica for ceremonially burnt incense and also used as adhesives; many people
still use copal in México and Central America as incense and has an important role in the economy
of rural families [2-5]. Also, copal resins are used for medicinal purposes such as anti-inflammatory
poultice, to plug dental cavities and to treat pneumonia [6].

Pentacyclic triterpenes are common secondary metabolites in the resins of Bursera species, which
contain principally triterpenes with ursane, oleanane and lupane skeletons [7-14]. Indeed,
phytochemical analysis of residues of copal resins in archaeological Aztec samples showed the
presence of triterpenes, being 3-epilupeol, 3-epi-a-amyrin and a-amyrone the most abundant in these
samples [10].

Bursera bipinnata (B. bipinnata) is commonly known as “copal chino, copal negro, copal santo,
copalillo, jaboncillo” [1]. It is a low tree with grayish bark and many branches. It averages 6 m in
height, and inhabits steep areas and is part of the transitional populations of pine and oak forests and
lowland deciduous forests. It is found in areas between 800 and 1,600 m above sea level, with a
generally warm, subhumid or dry climate. Among the Bursera species, B. bipinnata is the taxon with
the widest geographic distribution in our territory. It is found mainly in Michoacan, Guerrero,
Oaxaca, Puebla, and Morelos states of México, it is considered a source of high-grade copal resin
which is collected by local people in the Morelos state and used for Mexican celebrations such as “dia
de muertos” (day of the Dead), and was a resin offered to the gods in Mesoamerican agricultural
rituals. Also, B. bipinnata is considered to have great value in traditional medicine to treat rheumatoid
arthritis, cold, cough stroke, dental pain, and to hasten wound healing [15,16]. There are few reports
about the chemical constituents and pharmacological effects of B. bipinnata. Case et al. in 2003 [2]
carried out the GC/MS analysis of the essential oil of a commercial copal resin identified as possible
B. bipinnata; this analysis showed the presence in the oil of 14.52 % of a-copaene, and 13.75 % of
germacrene D. Another GC/MS analysis on a derivatized commercial sample of the resin of B.
bippinata identified nine triterpenes with oleanane, ursane and lupane skeletons, these were 3-epi-3-
amyrin, 3-epi-a-amyrin, 3-epi-lupeol, 3-amyrone, -amyrin, a-amyrone, a-amyrin, lupenone, and
lupeol [17]. Also, the flavonoids luteolin 7-O-3-D-glucopyranoside, and myricetin 3'-O-a-L-
rhamnopyranoside were isolated from the methanolic extract of B. bipinnata leaves [18], and another
study demonstrated the cytotoxic activity of the resin against breast carcinoma cells [19].

Despite the ethnomedicinal importance of B. bipinnata, there are no reports on its anti-
inflammatory activity nor about the chemical compounds responsible for said activity. In this work
a detailed investigation of the chemical composition of the resin and its volatile fraction obtained by
supercritical CO2 extraction of B. bipinnata was carried out. Furthermore, the inhibitory effect on cell
viability and NO production in LPS-stimulated RAW 264.7 macrophages were assessed.

2. Materials and Methods
2.1. Plant Material

The resin of B. bipinnata was collected by MBIBC Fidel Ocampo Bautista in the Sierra de Huautla
Biosphere Reserve, in the municipality of Tepalcingo, Morelos, México. Botanical samples were
identified as Bursera bipinnata (DC) Engl (Burseraceae) by MSc. Gabriel Flores Franco and was
deposited in the HUMO Herbarium of the Biodiversity and Conservation Research Center (CIByC)
of the Autonomous University of the State of Morelos, with Voucher number 31840.
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2.2. Extraction of Volatiles

The volatile compounds from the resin (10 g) of B. bipinnata were extracted using two different
procedures. One of them consisted in the use of the COz extraction system (MelloeX CO:z Extraction
System, Alegre science), with a working pressure < 900 psi, 62 bar and a release pressure of 1,000 psi
using 800 g of CO: and stored at -20°C until its analysis by GC/MS. The second method consisted of
dissolving the resin on EtOAc and to analyze by GC/MS.

2.3. Gas Chromatography/Mass Spectrometry (GC/MS) Analysis

Once the volatile compounds had been extracted, 2 mg of the sample were weighed and
dissolved in 0.5 mL of HPLC-grade n-hexane, and analyzed by GC/MS. The EtOAc soluble fraction
obtained from the resin and the subtraction 3B (vide infra) were also analyzed by GC/MS.

For qualitative analysis of volatile compounds obtained from dried resin of B. bipinnata, an HP
Agilent Technologies 6890 gas chromatograph equipped with an MSD 5973 quadrupole mass
detector (HP Agilent), capillary column HP-5MS (length: 30 m; inside diameter: 0.25 mm; film
thickness: 0.25 microM) was used. The GC operational conditions were as follows: injection
temperature 250 °C; temperature program: 40 °C kept for 1 min, and then raised to 280 °C at 10
°C/min; The helium carrier gas was set to the column (1 mL per minute at constant flow), The mass
spectrometer was operated in positive electron impact mode with ionization energy of 70 eV.
Detection was performed in selective ion-monitoring (SIM) mode and peaks were identified using
target ions. Identifying organic compounds in volatile fraction and resin was based upon comparing
experimentally obtained mass spectra with those available in Mass Spectral and Retention Index
Libraries, NIST version 1. 7a (The National Institute of Standards and Technology, Gaithersburg, MD,
USA) with a score > 80%). Relative area percents were used to determine the relative proportion of
each compound.

2.4. General Information for Chemical Characterization

Compounds were isolated employing open-column chromatography (Silica gel (70-230 mesh,
ASTM). The isolation procedures and purity of compounds were checked by thin layer
chromatography (silica gel 60F254 plates (Merck, Darmstadt, Germany), visualized by means of UV
light (366 and 254 nm) and sprayed with Ce(SOs4)2 2(NH4)2504 2H20 (Sigma-Aldrich, Inc., Toluca,
State of México, México), followed by heating. Melting points were obtained and uncorrected on a
Thermo Scientific IA9000 melting point apparatus. Optical rotation was measured on a Perkin-Elmer
341 digital polarimeter (Perkin Elmer,Waltham, MA, USA).All 1D and 2D NMR experiments ('H, 1°C,
COSY, HSQC and HMBC) were recorded on a Varian INOV A-400 at 400 MHz, or a Bruker AVANCE
III HD 500 at 500 MHz, or a Jeol ECZ600R 600 MHz (14.09 T), using acetone-ds and CDCls with
tetramethylsilane (TMS) as internal standard.

2.5. Resin Fractionation of Bursera bipinnata

The resin was allowed to dry at room temperature and was worked raw without prior treatment.
Powdered resin (10 g) was dissolved with acetone (30 mL) at room temperature. The acetone extract
was adsorbed on silica gel (8 g) and was fractionated in an open chromatographic column previously
packed with silica gel (430 g, 70-230 mesh; Merck) and eluted with an n-heptane/acetone gradient
system (95:05, 90:10, 85:15, 80:20 and 00:100, v/v). Fractions of 200 mL were collected to obtain 40
fractions and monitored by TLC (ALUGRAM® SIL G/UV254 silica gel plates). Fractions that showed
similarity were grouped obtaining 5 subfractions: Fr-1 (1-7; 3.804 g), Fr-2 (8-16; 3.321 g), Fr-3 (17-25;
0.963 g), Fr-4 (26-33; 0.724 g), and Fr-5 (34-40; 0.372 g). Fr-2, Fr-3, and Fr- 4 fractions obtained from
the main column were purified separately over silica gel using a gradient system; 98:02; 96:04; 94:06,
and 90:10 (n-heptane/acetone). From Fr-2 were isolated a-amyrin (15) (0.963 g; 9 %), 3-epi-lupeol (17)
(0.784 g; 8 %) and the mixture of 15 and 17 (3.426 g; 34 %). The fraction Fr-3 (963 mg) was subjected
to successive chromatography on silica gel CC (35 g) using isocratic gradient n-hexane: acetone
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(90:10), from which two subfractions Fr-3A (647 mg) and Fr-3B (132 mg) were obtained. From Fr-3A,
3-epilupeol (17, 120 mg, 12%), a-amyrin (15, 267 mg, 27%) and 33-Hydroxy-urs-12-en-11-one (29, 12
mg, 1%) were purified and identified. The Fr-3B subfraction showed a more complex mixture, so it
was analyzed by gas chromatography coupled to mass spectrometry, identifying the compounds:
trans-p-mentha-2,8-dienol (19, 7%), a-terpineol (20, 4%), L-carveol (21, 49%), R-(-)-carvone (22, 4%),
p-menth-2,8-dienol (23), (-)-perillyl alcohol (24), 3-oxoolean-9(11),12-diene (25), 3-oxo-ursan-9(11),12-
diene (26), 3p-acetate-ursan-9 (11),12-diene (27), 33-acetate-ursan-12-en-11-one (28) and 3p-hydroxy-
ursan-12-en-11-one (29) (GC/MS are in Figures S1-S3, Supplementary Material). The Fr-4 (0.724 g)
was submitted to a chromatographic open column (70 x 10 mm) previously packed with 21 g of silica
gel 60 (0.040-0.063 mm). An n-hexane/acetone (90:10) isocratic system was used as the mobile phase
(the volume of all samples was 5 mL). Thirty-two fractions were obtained and grouped into four final
subfractions according to their chemical composition: Fr-4A (520 g), Fr-4B (76 mg), Fr-4C (54 mg) and
Fr-4D (32 mg). The Fr-4A, Fr-4B and Fr-4C subfractions were purified separately by open column
chromatography. An isocratic system of n-hexane/acetone (90:10) was used, and the fractions
obtained were 3 mL each. From Fr-4A subfraction, a-amyrin (15, 264 mg, 36%) was purified. From
the Fr-4B the mixture of 3f3-hydroxyolean-9 (11), 12-diene (30, 12 mg, 4%) and 33-hydroxyursan-9
(11),12-diene (31) was obtained. Chromatographic purification of subfraction Fr-4C afforded 8 mg
(2%) of a mixture constituted by urs-12-ene-3p-11a-diol (32) and olean-12-ene-3p-11a-diol (33). The
compounds p-menth-1-ene-3,6-diol (34, 8 mg) and p-menthane-2,5-diol (35, 5 mg) were purified and
identified from the Fr-4D subfraction.

2.6. Isolated Compounds

a-Amyrin (15): White amorphous solid. "H-NMR (500 MHz, CDCls) 6u: 5.13 (1H, t, J=3.8 and 7
Hz, H-12), 3.22 (1H, m, H-3), 1.95 (1H, t, ] = 2.6 Hz, H-9), 1.88 (d, | = 3.6 Hz, H-18), 1.65 (m, H-2), 1.59
(m, H-22), 1.57 (t, H-19), 1.57 (t, H-5), 1.07(s, H-23), 1.07 (s, H-24), 0.95 (s, H-25); 1.02 (s, H-26), 0.99 (s,
H-27), 0.94 (s, H-28), 0.91 (d, ] = 7.6 Hz, H-29 and H-30). 3C-NMR (125 MHz, CDCls) 6c: 139.96 (C-13),
124.65 (C-12), 79.13 (C-3), 59.33 (C-18), 55.43 (C-5), 47.96 (C-9), 41.76 (C-14), 39.89 (C-22), 39.84 (C-19),
39.03 (C-8), 39.00 (C-20, C-4), 33.98 (C-1), 33.18 (C-10), 31.49 (C-7), 28.97 (C-17), 28.36 (C-28), 28.34 (C-
2); 27.51 (C-15), 26.86 (C-24), 23.60 (C-27), 23.50 (C-11), 21.61 (C-30), 18.59 (C-29), 17.69 (C-6), 17.10 (C-
26), 15.90 (C-23) and 15.85(C-25). These data match with those in the literature [20]. 'H, 3C-NMR and
HSQC spectra are in Figures 54-56 (Supplementary Material).

3-Epilupeol (17): White amorphous solid. 'H-NMR (400 MHz, CDCls) 6#: 4.68 (1H, d, ] =2.4 Hz,
29a), 4.56 (1H, d, | = 1.2 Hz, 29b), 3.38 (1H, t, ] = 2.6 Hz, H-3), 2.37 (1H, td, ] = 11, 5.6 Hz, H-19), 1.87
(2H, m, H-21), 1.68 (2H, m, H-2), 1.68 (3H, s, H-30), 1.67 (2H, t, H-22), 1.56 (2H, m, H-16), 1.44 (1H, m,
H-18), 1.43 (1H, m, H-5), 1.39 (2H, m, H-1, H-15), 1.38 (6H, m, H-7, H-11, H-12,), 1.37 (2H, m, H-6),
1.28 (1H, m, H-13), 1.23 (1H, t, H-9), 1.06 (6H, s, CHs-23, CHs-24), 0.97 (3H, s, CHs-25), 0.95 (3H, s,
CHs-26), 0.86 (3H, s, CHs-28), 0.84 (3H, s, CH3-27). 3C-NMR (100 MHz, CDCls) oc: 151.23 (C-20),
109.51 (C-29), 76.47 (C-3), 50.45 (C-9), 49.25 (C-5), 48.53 (C-18), 48.25 (C-19), 43.25 (C-17), 43.13 (C-14),
41.18 (C-8), 40.21 (C-22), 38.26 (C-13), 37.73 (C-4), 37.53 (C-10), 35.82 (C-16), 34.38 (C-7), 33.48 (C-1),
30.09 (C-21), 28.46 (C-23), 27.62 (C-15), 25.64 (C-2), 25.36 (C-12), 22.36 (C-24), 21.02 (C-11), 19.51 (C-
30), 18.51 (C-6), 18.23 (C-28), 16.19 (C-25), 16.14 (C-26) and 14.86 (C-27). These data match with those
in the literature [13,21]. 'H, ®C-NMR and HSQC spectra are in Figures S7-S9 (Supplementary
Material).

3p-Hydroxyursan-12-en-11-one (29): Colorless needles, mp 229-231°C [7] du: 1H NMR (600
MHz, acetone-d6): 5.43 (1H, s, H-12), 3.28 (1H, t, ] = 3.0 Hz, H-3), 2.40 (1H, s, H-9), 1.60 (1H, d, ] =4.1
Hz, H-18), 1.51 - 1.37 (m, 7H), 1.36 (s, 6H), 1.34 - 1.19 (m, 2H), 1.17 (s, 3H), 1.15 (s, 3H), 1.15 - 1.00 (m,
2H), 0.99 (s, 6H), 0.98 — 0.86 (m, 2H), 0.85 (s, 3H), 0.82 (6H, d, ] = 6.2 Hz, H-29, H-30), 0.80 (s, 3H). 13C
NMR (150 MHz, acetone-d6) oc: 199.22 (C-11), 164.62 (C-13), 131.12 (C-12), 78.41 (C-3), 62.22 (C-9),
54.95 C-5), 45.73, 44.38, 41.65, 40.08, 39.89, 39.78, 34.59, 33.52, 31.57, 29.21, 28.62, 28.18, 28.06, 27.92,
22.62,21.37,20.97, 18.99, 18.34, 17.71, 16.92, 16.33. These data match with those in the literature [22].
'H, 3C-NMR and DEPT spectra are in Figures S10-512 (Supplementary Material).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3p-Hydroxyolean-9(11),12-diene (30) and 33-hydroxyursan-9(11),12-diene (31) ou: "H NMR (600
MHz, acetone-d6) 0 5.57 (d, ] =3.7 Hz, 1H), 5.53 (d, | =3.1 Hz, 1H), 5.23 (d, ] =3.7 Hz, 1H), 521 (d, | =
3.2 Hz, 1H), 3.59 - 3.02 (m, 2H). *C NMR (150 MHz, acetone-d6) oc: 150.41 (C-9), 147.28 (C-9), 144.26
(C-13), 141.30 (C-13), 131.36 (C-12), 128.00 (C-12), 126.97 (C-11), 23.83 (C-11), 75.75 (C-3), 75.64 C-3),
59.02 (C-18), 50.54 (C-5), 50.35 (C-5), 46.96 (C-19) 46.82 (C-18), 44.05 (C-14), 42.82 (C-14), 42.17 (C-22),
40.44 C-20), 40.39 (C-19), 38.76 (C-1), 38.18 (C-10), 37.78 (C-22), 34.51 (C-21), 33.65 (C-29), 33.02 (C-7
and C-17), 31.61 (C-21 and C-20), 28.86 (C-28), 28.73 (C-24), 28.65 (C-15), 27.49 (C-2), 27.45 (C-16), 26.22
(C-16) (C-15), 25.65 (C-27), 25.28 (C-27), 23.97 (C-30), 22.90 (C-24), 22.22 (C- 26), 21.64 (C-30), 19.08 (C-
26), 18.98 (C-23), 18.89 (C-25), 18.58 (C-6), 16.70 C-29), 15.25 (C-23). These data match with those in
the literature [23-26]. '"H and *C-NMR spectra are in Figures 513 and 514 (Supplementary material).

Urs-12-ene-3(3, 11a-diol (32) and Olean-12-ene-3f3,113-diol (33): 'H NMR (500 MHz, CDCis) O
5.24 (d, ] =3.8 Hz, 1H), 5.19 (d, ] = 3.3 Hz, 1H), 4.26 (dd, ] = 8.8, 3.3 Hz, 1H), 4.20 (dd, | = 8.2, 3.8 Hz,
1H), 2.11 - 1.26 (m, 24H), 1.25 (d, ] = 6.7 Hz, H-18), 1.23 (s, 3H), 1.11 (s, 3H), 1.09 (s, 3H), 1.07 (s, 3H),
1.05 (s, 3H), 1.01 (d, ] =7.9 Hz, 3H), 0.97 (s, 3H), 0.91 (d, ] = 6.3 Hz, 3H), 0.88 (s, 3H), 0.88 (s, 3H). 1*C
NMR (125 MHz, CDCls) 6c: 149.62(C-13), 146.23 (C-13), 124.90 (C-12), 121.42(C-12), 82.04 (C-3), 81.81
(C-3),76.24 (C-11), 76.11 (C-11), 55.94 (C-18), 49.61 (C-9), 49.54 (C-9), 47.01 (C-5), 46.91 (C-5), 46.67 (C-
19), 43.65 (C-8), 43.53 (C-8), 41.50 ((C-8), 41.46 (C-14), 39.50 (C-22), 39.45 C-19), 37.67 (C-20), 37.63 (C-
1), 37.14 (C-4), 35.05 (C-10), 34.82 (C-22), 33.50 (C-21), 33.40 (C-20), 33.16 (C-21), 33.02 (C-7), 32.42 (C-
17), 31.28 (C-7), 31.25 (C-17), 28.83 (C-2), 28.80 (C-2), 28.72 (C-16), 28.64 (C-16), 28.08C-28), 28.03 (C-
30), 26.87 (C-15), 26.81 (C-27), 26.56 (C-28), 23.78 (C-23), 23.75(C-23), 22.29 (C-30), 18.49 (C-6), 18.38
(C-6), 18.30, 18.24 (C-29), 16.88 (C-26), 16.80 (C-26), 16.76 (C-25), 16.61 (C-25). These data match with
those in the literature [21,26]. 'H, ¥C -NMR and COSY spectra are in Figures S15-517 of
Supplementary Material.

p-Menth-1-ene-3,6-diol (34): crystalline solid; '"H NMR (600 MHz, acetone-ds); mp 110-112 °C;
[a]20D -4.87 (c 0.6, acetone); d 5.42 (m, H-2), 3.89 (t, ] =2.8 and 5.6 Hz, H-6), 3.82 (t, ] =7.6, 5.6 Hz, H-
3),2.15 (m, H-8), 1.72 (t, ] =2.1 and 3.5 Hz, CH5-7), 1.62 (m, H-4), 1.35 (m, H-5), 0.92 (d, ] =7 Hz, CH3-
9), 0.8 (d, ] =7 Hz, CHs-10). *C NMR (150 MHz, acetone-d6); d 136.88 (C-2), 131.05 (C-1), 69.41 (C-6),
67.82 (C-3), 42.67 (C-4), 31.07 (C-5), 26.73 (C-8), 21.41 (C-10), 20.84 (C-7), 17.27 (C-9) [27]. 'H, 3C-NMR,
DEPT, COSY, HSQC, HMBC and MS-FAB- spectra are in Figures S18-5223 of Supplementary
Material.

p-Menth-8-ene-2,5-diol (35): crystalline solid; mp 81-83 °C; [«]20D +42(c 0.4, acetone); 'H NMR
(600 MHz, acetone-ds) dm: 4.67 (d, | = 2.0 Hz, H-9a), 4.64 (d, | = 2.3 Hz, H-9b), 3.55 (sa, H-6), 3.31 (sa,
H-2),2.72 (td, ] = 7.1, 3.5 Hz, H-4), 1.69 (s, CHs5-10), 1.58-1.28 (m, Hs-3, H-1 and Hs-6), 0.81 (d, ] =7.8
Hz, CHs-7). 3C NMR (150 MHz, acetone-ds) dc: 151.49 (C-7), 108.56 (C-8), 75.74 (C-4), 74.06 (C-1),
47.90 (C-5), 38.37 (C-2), 35.14 (C-3), 34.40 (C-6), 21.11, 16.41 [28]. 'H, BC-NMR, HSQC spectra and
GC/MS chromatogram are in Figures 524-527 of Supplementary Material.

2.6. In Vitro Anti-Inflammatory Activity
2.6.1. Cell Culture

Murine macrophage cell line RAW 264.7 (Tib-71tm from ATCC) was grown in DMEM/F12
medium supplemented with 10 % heat-inactivated FBS, GlutaMax, without antibiotics. Cells were
plated and incubated in a humidified atmosphere containing 5 % CO: at 37 °C. Cells were subcultured
by scraping and seeding them in 25 cm? flasks or 24-wells plates.

2.6.2. MTS Assay to Determine Cell Viability

RAW 264.7 cells were seeded in a 96-well plate (10,000 cells/well) with 0.1 mL of culture medium
and incubated for 24 h. Next, the cells were treated with the resin and volatile fraction at various
concentrations (5 - 40 pg/mL) or vehicle (DMSO, 0.21%, v/v) or etoposide (40 ug/mL) that served as
a positive control. and incubated for 22 h. After 22 h, cell viability was determined by the MTS assay.
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Briefly, 20 pL of MTS solution (Promega) was added to each well and incubated for another 2 h. The
optical density was measured at 490 nm in an ELISA plate reader.

2.6.3. Treatment of Macrophages with LPS

RAW 264.7 cells were seeded in a 96-well plate (20,000 cells/well) with 0.2 mL culture medium
and incubated for 24 h. Subsequently, the cells were treated with resin and volatile fraction at 0-70
mM, concentration that do not affect cell viability, or vehicle (DMSO, 0.21%, v/v) or indomethacin (30
pg/mL), which served as a positive control, and were incubated for an hour. Next, the pro-
inflammatory stimulus LPS was applied at 4 ug/mL to the wells that were treated with resin and
volatile fraction, vehicle, and indomethacin, leaving wells with cells that were only treated with LPS
(100% stimulus control) and wells with cells without any treatment (negative control) and incubated
at 37 °C for 20 h. Finally, cell-free supernatants were collected and kept at -20 °C until NO
quantification.

2.6.3. Determination of NO Concentration

Nitrite, the stable product of NO, was used as an indicator of NO production in the culture
medium. Nitrite released in the culture medium was measured according to Griess reaction. Briefly,
50 pL of each cell culture supernatants were mixed in a 96-well plate with 100 pL of Griess reagent
(50 pL of 1% sulfanilamide and 50 pL of 0.1% N-(1-naphtyl) ethylenediamine dihydrochloride in 2.5
% phosphoric acid) and incubated for 10 min at room temperature. The optical density at 540 nm
(ODs40) was measured with a microplate reader. Fresh culture medium was used as blank, and nitrite
concentration in the samples was calculated by comparison with the ODs« of a standard curve of
NaNO: prepared in a fresh culture medium [29].

3. Results

3.1. In Vitro Anti-Inflammatory Activity of the Total Resin and Its Volatile Fraction of Bursera bipinnata

With the aim to assess the pharmacological potential of B. bipinnata, its volatile fraction and resin
were evaluated for their in vitro inhibition of NO production in LPS-stimulated RAW 264.7 cells.
Firstly, RAW 264.7 cells were treated with the resin and volatile fractions at various concentrations
(5-40 pg/mL) or vehicle (DMSO, 0.21%, v/v) or etoposide (40 pg/mL) that served as a positive control.
After 22 h incubation, cell viability was determined by the MTS assay. Results show that the resin
and the volatile fraction (Figure 1) did not significantly decrease cell viability of macrophages at any
of the tested concentrations compared to the etoposide treatment (positive control); therefore, the
effect on the production of nitric oxide was evaluated at the same concentrations (5-40 ug/mL) (Figure
2). Cells were treated with/without volatile fraction or resin for 2 h and then stimulated with LPS (4
pg/mL) for 24 h. Then, the amount of nitrite was measured in the medium. The results showed that
NO level was increased in LPS-stimulated RAW cells, and that the positive control (indomethacin)
inhibited NO production by 48.16+ 6.38 % at 30 pg/mL (p < 0.0001). This effect was decreased
significantly, in a concentration-dependent manner, by treatment with the resin (P < 0.001), with a
similar activity to that shown by indomethacin with an ICso = 30 + 3.3 ug/mL, the inhibition
percentages are shown in Figure 2 and Table 1. The inhibitory effect of the resin was not due to
cytotoxicity, since it did not affect cell viability of RAW 264.7 cells up to a concentration of 40 pg/mL
(Figure 1). By the other hand, the anti-inflammatory activity of the volatile fraction, expressed as a
percentage of NO inhibition, was lower than that of the total resin, reaching a 37.43 % of inhibition at
40 ug/mL; in contrast, the resin inhibited by 65.83 % at the same concentration.
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Figure 1. Effect of resin volatile fraction of B. bipinnata on the cell viability of RAW 264.7 macrophages. Values
are expressed as the mean + DE of three independent experiments (n=3). The significant difference was
determined using an ANOVA followed by Dunnett’s multiple comparison test. DMSO, ETOP (etoposide), resin
and volatile fraction compared to the control group (*** p < 0.0001). Control = cells without treatment, defined
as 100% viability.

Nitrite (%)

Figure 2. Effect of the resin and volatile fraction from B. bipinnata on the production of nitric oxide (NO) in RAW
264.7 macrophages stimulated with LPS. Values are expressed as the mean + SD of three independent
experiments (n=3). The significant difference was determined using an ANOVA followed by Dunnett’s multiple
comparison test. LPS compared to control group (#### p <0.0001), and DMSO, INDO (indomethacin), resin and
volatile fraction compared to LPS group (* p <0.05 or ** p <0.01 or *** p <0.001 or **** p <0.0001). Control = cells

without stimulus.

Table 1. Inhibitory effect of the resin and volatile fraction of B. bipinnata on nitric oxide production in RAW 264.7
macrophages stimulated with LPS.

% inhibition

Concentration  [5 ug/mL] [10 pg/mL] [20 pg/mL] [30 ug/mL]  [40 ug/mL]

Resin 9.86+2.37 15.21+3.57 40.42+2.11 48.6+ 3.57 65.83+ 8.53

Volatile fraction  12.96x+2.09 17.64+3.23 24.23+5.11 28.56+ 5.50 37.43+7.13
Indomethacin - - - 48.16x 6.38 -

The results were obtained from three independent experiments. Data are represented as the mean + DE.
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3.2. Chemical Profiles
3.2.1. Volatile Compounds Present in the Resin of B. bipinnata

The chemical composition of the volatile fraction obtained by supercritical COz extraction from
the resin of B. bipinnata is summarized in Table 2. A total of 18 volatile compounds were found,
including seven monoterpenes (41%), seven sesquiterpenes (18.33%) and four triterpenes (34.48%).
From these, eight were present in percentages greater than 5%: a-phellandrene (1, 24.42%), -
phellandrene (2, 8.27%), p-cymene (4, 6.72%), [3-caryophyllene (9, 6.31%), cubenol (14, 8.05%), a-
amyrin (15, 5.08%), B-amyrin (16, 6.28%), and lup-20(29)-en-3a-ol (17, 18.77%). It is noteworthy that
a-phellandrene was the main component of the volatile fraction, and that four triterpenes represent
the 34.48% of the relative content (chromatogram and structures in Figures S28 and 529 respectively
of supplementary material).

On the other hand, for the total resin dissolved in EtOAc, 15 compounds were identified by
GC/MS analysis (Table 2), those include one aromatic hydrocarbon (4.37 %), seven monoterpenes
(12.69 %), two sesquiterpenes (2.33 %), one diterpene (1.12 %) and four triterpenes (79.48 %). The
most abundant components were the triterpenes a-amyrin (15, 29.74%), and lup-20(29)-en-3a-ol (17,
38.16%) followed by p-amyrin (16, 10.41%), and a-phellandrene (1, 5.38%). In this case, the high
content of triterpenes stands out compared to that found in the volatile fraction.

Table 2. Chemical composition of B. bipinnata resin and its volatile fraction.

Volatile fraction (supercrital CO: extraction) Resin (EtOAc)
Relative Mass Relative Mass
R Molecularspectra R Molecularspectra
No Compounds ., Content Compounds ., Content
(min) (%)! Formula Match (min) (%)’ Formula Match
’ (%) ’ (%)
1 a-Phellandrene 711 2442 CwHis 136 «-Phellandrene 6.873 538  CiwoHis 136
2 B-Phellandrene 746 827 CwHis 136 ~m-Cymene 7.189 437 CwoHu 134
3 Carene 723 018 CwHis 136  {-Limonene 7.254 219  CioHis 136
4 p-Cymene 772 672 CuHu 134 4(10)'T:1u]e“'3' 9.928 098 CuHiO 134
exo-2-
5 Terpinolene 835 038 CwHis 136 Hydroxycineole11.623 2.36 Ci2H200s 126
acetate
6 Thujone 9.84 055 CwH1O 152 p-Menthane 11.806 0.85 CioHisO2 135
7 Carvone 9.62 048 CioHiO 152 Unnamed 127 0.54 ND 207
8 p-Copaene 1257 054 CisHxu 204 Caryophyllene 1291 178  CisHa 204
9 B-Caryophyllene 1321 631  CisHa 204 p'Me;l;zan'3' 13.015 039 CuHiO: 207
. Caryophyllene
10 p-Caryophyllene oxide 1545 0.44 CisH2«O 220 oxide 14973 055 CisH2«O 205
. . o-Phellandrene,
11 Bicyclosesquiphellandrene 14.13 1.03  CisHas 204 dimer 17272 112  CoH 136
1-Hydroxy-1,7-dimethyl-
9 1041 H
12 4isopropyl27- 1444 133 CsHxO 222 T
. B-Amyrin
cyclodecadiene
13 Calamenene 1449 0.63  CisHz 202  3-Epilupeol 36.275 38.16 CaHsO 426
14 Cubenol 17.60 8.05 CisHxO 222 a-Amyrin  37.109 29.74 CaHs0 426
-Epil 1-
15 a-Amyrin 3853 508 CuHxO 426 ° DT 41786 117 CoHzO: 468
16 p-Amyrin 36.96 6.28 CsHs00 426
17 3-Epilupeol 38.09 18.77 CsHsO 426

18 3-Epilupeol-acetate 38.64 435 CnH=0:2 468

! Relative abundance concerning volatile fraction. 2Score > 80%, compared to mass spectra available in the NIST

1.7a library.
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3.2.1. Phytochemical Analysis of B. bipinnata Resin

Successive open column chromatography of the total resin of B. bipinnata allowed the isolation
and characterization of 19 compounds including the monoterpenes trans-p-Mentha-2,8-dienol (19),
a-Terpineol (20), L-Carveol (21), R-(-)-Carvone (22), cis-p-Menth-2,8-dienol (23), (-)-Perillyl alcohol
(24), p-Menth-1-ene-3,6-diol (34) and p-Menth-8-ene-2,5-diol (35), and the triterpenes a-Amyrin (15),
3-Epilupeol (17), 3-Oxoolean-9 (11),12-diene (25), 3-oxo-ursan-9 (11), 12-diene (26), 33-acetate-ursan-
9 (11),12-diene (27), 3p-acetate-ursan-12-en-11-one (28), 33-Hydroxy-ursan-12-en-11-one (29), 3f-
Hydroxyolean-9 (11), 12-diene (30), 3p-hydroxyursan-9 (11), 12-diene (31), urs-12-ene-3f3, 11a-diol
(32), and Olean-12-ene-3p3, 11a-diol (33), (Figure 3). Compounds 19-28 and 30-31 were identified by
comparing their mass spectra with those of The National Institute of Standards and Technology
(NIST 1.7a) Library. The equipment used was a gas chromatograph equipped with a quadrupole
mass detector in electron impact mode at 70 eV. Identification of compounds 29, 32-35 was based on
spectral analysis and data comparison with values described in the literature [9,23,30-34].
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Figure 3. Chemical structures of compounds isolated from the total resin of B. bipinnata.

4. Discussion

Accumulating evidence has demonstrated that NO is a crucial and versatile molecule in the
development of acute and chronic inflammation and host defense mechanisms [35]. Likewise, high
expression level of Nitric Oxide Synthase (iNOS) is associated with the presence of inflammation in
tumors, and NO production by iNOS is a factor contributing to non-resolving tumor-promoting
inflammation [36]. Therefore, identifying new agents capable of lowering the production of this
proinflammatory agent is essential for the control of numerous inflammatory-related disorders and
cancer attributed to macrophage activation [37].
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The resin of B. bipinnata has been used in the traditional Mexican medicine to treat various
inflammatory diseases [1,5,15,16].

In this work, we assessed the effect of the volatile fraction and total resin of B. bipinnata on the
nitric oxide (NO) production in LPS-stimulated RAW264.7 cells. The results showed that the positive
control (indomethacin) inhibited NO production by 48.16+ 6.38 % at 30 ug/mL, while the total resin
inhibited by 48.6+ 3.57 % at the same concentration; even more, the NO production was reduced in a
concentration-dependent manner (Figure 2). On the other hand, the application of the volatile
fraction did not inhibit the production of NO by LPS at one concentration. The inhibitory effect on
NO production of total resin was not due to cytotoxicity since it did not affect cell viability of RAW
264.7 cells up to a concentration of 40 ug/mL (Figure 1). Importantly, the vehicle DMSO (0.21%, v/v)
did not show a significant decrease in both cell viability and NO production.

Despite the importance of this plant species, to date, no reports were found on the anti-
inflammatory activity nor over the inhibitory activity of Bursera bipinnata on NO synthesis in LPS-
activated RAW 264.7 cells. A survey in the literature showed that a few studies have been conducted
on the Burseraceae family. For instance, the n-hexane leaf extract of B. simaruba showed
antiinflamatory activity in the carrageenan induced paw edema model [38,39], and topical action on
Croton oil-induced ear edema in mice [40]. A subsequent biodirected chemical study of this plant
species culminated in the isolation of neophytadiene, ergost-5-en-3[3-ol, 24S-stigmast-5,22E-dien-33-
ol, 24S-stigmast-5-en-33-ol and a-amyrin [41]. In another study performed on the volatile fraction
from the bark of nine Bursera species, only B. lancifolia inhibited the TPA-induced edema in mice by
16.71% at 0.31 mg per ear. GC/MS analysis showed that the sesquiterpenoids elemol, agarospirol and
[-eudesmol were the most abundant components [42].

By the other hand, Acevedo et al., 2015 [43] reported the in vivo anti-inflammatory activity on
the TPA-induced ear edema assay of the chloroform extracts from the bark of B. excelsa (ICso = 0.26 +
0.01 mg/mL), B. galeottiana (1Cso = 0.23 + 0.02 mg/mL), and B. schlechtendalii (ICso = 0.25 + 0.02 mg/mL).
This activity was statistically comparable to the positive control indomethacin (ICso = 0.19 + 0.02 mg
/mL).

In a chemical and pharmacological study performed to the dichloromethane-acetone extract of
the copal resin of B. copallifera, topical inhibitory effect on the TPA-induced auricular edema with IDso
= 0.071 mg/ear was described. Phytochemical analysis resulted in the isolation and characterization
of six pentacyclic triterpenes: 3-epilupeol formiate, lupenone, o« amyrin, 3-epilupeol and their
acetates. The pharmacological study demonstrated that the anti-inflammatory activity showed by the
resin can be attributed to the COX-2 inhibitory activity showed by the most abundant triterpenes a-
amyrin and 3-epilupeol, together with the potent nitric oxide (NO) production inhibitory activity on
RAW 264.7 macrophages, together with the moderate inhibitory activity of PLA2 enzyme displayed
by all the natural triterpenes [13]. In another study, it was demonstrated that the MeOH extract of B.
copallifera inhibited the ear edema with a ICso = 4.4 pg/mL, this extract also inhibited cyclooxygenase-
1 activity, the target enzyme for nonsteroidal anti inflammatory drugs [44].

In the present study, phytochemical analysis of the resin of B. bipinnata allowed the identification
of eleven triterpenes and two monoterpene compounds which were characterized as a- amyrin (15),
epilupeol (17), 3-oxo-olean-9(11), 12-diene (25), 3-oxo-ursan-9 (11), 12-diene (26), 3-acetate-ursan-9
(11), 12-diene (27), 3p-acetate-ursan-12-en-11-one (28), 3-hydroxy-ursan-12-en-11-one (29), 3(-
hydroxyolean-9(11), 12-diene (30), 33-hydroxyursan-9(11), 12-diene (31), urs-12-ene-3f3; 11a-diol (32),
olean-12-ene-3(3; 11(3-diol (33), p-Menth-1-ene-3,6-diol (34) and p-Menth-8-ene-2,5-diol (35). Previous
studies had already described the existence of a-amyrin (15) and 3-epilupeol (17) on a derivatized
commercial sample of a resin identified as B. bipinnata, but this is the first report on the presence of
triterpenes 25-33 in the resin of B. bipinnata. This triterpene profile also differs from that found in the
resin of B. copallifera, another reputed anti-inflammatory copal resin, which contains a-amyrin and 3-
epilupeol, lupenone, 3-epilupeol formiate, a-amyrin acetate and 3-epilupeol acetate [13].

Among the isolated compounds, it is worth noting the presence of high concentrations of a-
amyrin (15) and 3-epilupeol (17), due to their multiple pharmacological effects. According to GC/MS,
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the triterpene content in the resin (79.48%) is more than double that found in the volatile fraction
(34.98%). It is coincidental the high yields of a-amyrin (15) and 3-epilupeol (17) found in the resin of
B. bipinnata in this work, with the content present in the anti-inflammatory resin of B. copallifera.

Indeed, both compounds have been reported with potential anti-inflammatory activity. In vitro
studies showed that a-amyrin (15) inhibited NO production in LPS-stimulated RAW264.7 cells with
ICso = 8.98 £ 1.73 um, while 3-epilupeol (17) did so with a ICso =15.50 + 1.14 uM, as well as the in vivo
inhibition of the TPA induced inflammation [13,45,46].

Furthermore, a number of in vivo and in vitro studies have demonstrated that topical skin
application of a-amyrin inhibit TPA-induced inflammation through suppression of COX-2
expression, via inhibition of upstream protein kinases and blocking of NF-kB activation [46,47].

The chemical content of the volatile fraction obtained by supercritical CO2 extraction from the
resin of B. bipinnata, was identified by GC/MS (Table 2 and Figure S1). a-Phellandrene (1, Tz = 7.11
min, 24.42%), 3-Phellandrene (2, Tr = 7.46 min, 8.27%), p-Cymene (4, Tr = 7.72 min, 6.72%) and 3-
epilupeol (17, Tr = 38.09 min, 18.77 %) were the main components. Among them, a-phellandrene is
widespread in nature, in Boswellia sacra understands 42% of essential oil. It produced cholinesterase
inhibition with an ICso of 120.2 ug/mL [48]. In rats, a-phellandrene prevented mechanical nerve
injury-induced and cold hyperalgesia, while also demonstrating an antidepressant effect [49]. While
not demonstrating antimicrobial effects per se, phellandrene mildly stimulated macrophage
proliferation in mice via Mac-3 and promoted function in vivo [50], suggesting the ability to suppress
intracellular bacterial growth. o-Cymene (4) a cyclic monoterpene, common in thyme (Thymus
vulgaris) (27.4%), was active against Bacteroides fragilis, C. albicans, and Clostridium perfringens [51]. It
was sedative in mice at 0.04 mg in air, reducing motor activity to 47.3% of baseline [24].

Additionally, it statistically significantly reduced acetic acid-induced writhing and both phases
of formalin-induced pain in mice at 50 mg/kg [25]. A study showed little antioxidant or
antiproliferative effects [52]. p-Caryophyllene (9) is one bicyclic sesquiterpene most common in
cannabis extracts and is nearly ubiquitous in the food supply. It present larvicidal activity against A.
subpictus, a vector of malaria, A. albopictus, a vector of dengue, and C. tritaeniorhynchus, vector of
Japanese encephalitis [53]. A recent publication extends its therapeutic potential to protection from
alcoholic steatohepatitis via anti-inflammatory effects and alleviation of metabolic disturbances [54].
Successive open column chromatography of the total resin of B. bipinnata allowed the isolation and
characterization of 19 compounds including the monoterpenes trans-p-Mentha-2,8-dienol (19).

5. Conclusions

In this study, the anti-inflammatory activity of the resin of B. bipinnata was demonstrated. The
evaluation of NO inhibition of the resin and its volatile fraction showed that the resin was the active
part of the plant. Also, this study showed that extraction with EtOAc makes efficient the obtaining of
the anti-inflammatory triterpenes from the resin in comparison to the supercrital CO2 extraction.
Phytochemical analysis of this resin allowed the identification of eleven triterpenes and two
monoterpene compounds, of which a- amyrin (15), and 3-epilupeol (17), represent more than 67.90%
of the resin. The chemical profile of the resin of B. bipinnata was different from that reported for B.
copallifera, another copal resin reputed for its anti-inflammatory properties. However, they coincided
in the presence in high concentrations of the anti-inflammatory triterpenes alpha-amyrin (15) and
epilupeol (17) whose anti-inflammatory activity has been previously demonstrated by our research
team [13], and then it is probable that they were the responsible of the anti-inflammatory activity
displayed by the resin of B. bipinnata. These results explain the traditional use of B. bippinata for the
treatment of disorders associated to inflammation. This is the first report on the presence of
triterpenes 25-33 and the monoterpenes 34 and 35 in the resin of B. bipinnata.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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