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ABSTRACT

The ethanolic extract of the aerial parts from Mutisia orbignyana afforded two major compounds:
mutisifurocoumarin (1) and 5-methylcoumarine-4-B-glucoside (2). The completely assignment of 'H and '*C NMR
data of compound (2) is presented for the first time as well as some reassignments of >C NMR spectrum for
compound (1), applying 2D NMR techniques. In addition, the antiproliferative effect on colon cancer cells (CaCo2)
and the scavenging effect using the ABTS test were measured The results showed an interesting scavenging activity
and a non proliferative effect on colon cancer cells./El extracto etandlico de las partes aéreas de Mutisia orbignyana
presento dos compuestos mayoritarios: mutisifurocumarina (1) y 5-metilcumarina-4-p-glucosilada (2). El
asignamiento completo de RMN de 'H y C del compuesto (2) es presentado por primera vez, asi como también
algunos reasignamientos del espectro de RMNC del compuesto (1), en ambos casos se aplico técnicas de RMN 2D.
Ademas, se midio el efecto antiproliferativo sobre células cancerosas de colon (CaCo2) y el efecto como inhibidores
de radicales libres usando la prueba ABTS, tanto de extractos como de compuestos puros. Los resultados muestran
un interesante efecto antiradicalario en ABTS y un efecto no-proliferativo sobre células cancerosas de colon.
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INTRODUCTION

Bolivian highland plants, i.e. those which grow between 3 000 to 4 500 meters above sea level, are submitted to a
high environmental stress which could have resulted in the production of secondary metabolites as a chemical mean
of adaptation [1], [*]. In addition, many of these plants are used in the Bolivian traditional medicine. For this reason,
Mutisia orbignyana Wedd. was selected for a study, as it grows at 3800 m.a.s.l. and is used in the traditional
medicine of the region.

The South American genus Mutisia (Asteraceae, Compositae, tribe Mutisieae, subtribe Mutisiinae), with about 60
species is widely distributed from Colombia to Argentina and Chile [*]. Several of these species are used in South
American folk medicine for the treatment of various diseases. For example, M. acuminata var. acuminata is used to
treat cancer, gastric ulcers and respiratory diseases [*]; infusion of M. freisiana is used as a remedy against chronic
coughs and stomach pains [°]; M. retrorsa cav. virreina is used to treat cancer [*]; M. viciaefolia to treat heart
diseases, hysteria and epilepsy[6] and our plant in study, M. orbignyana known in Oruro - Bolivia as “Chilca”, is
used in infusion to treat respiratory diseases and stomach pains.

Some Mutisia extracts have been submitted to pharmacological evaluations, and the antimicrobial activity of M.
acuminata ['], [*], the radical scavenging activity of M. freisiana [°] and the anti-inflammatory activity of M. kurtzii
['] have been reported. Also chemical studies have been performed, and the isolation of flavonoids [9], [''],
chromones [6], [9], [11], ['*], sesquiterpenes [*], [**] and 5-methylcoumarins [3], [6], [12], ['°] have been reported.

Previous studies of M. orbignyana have yielded several derivatives of 4-hydroxy-5-methylcoumarin [3]. In this
paper we report the isolation of two other derivatives of 4-hydroxy-5-methylcoumarin: mutisifurocoumarin 1 and 5-
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methylcoumarin-4-p-glucoside 2. For both compounds a complete assignment of their *C NMR data based on 2D
NMR experiments is given. In addition, we present the radical scavenging evaluation using the ABTS [radical cation
2,2’-azino-bis(3-ethylbenzothiozoline-6-sulfonate)] test as well as their antiproliferative effect on colon cancer cells
(CaCoy) for the raw extract as well as the pure compounds.
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Figure 1. Major compounds from M. orbigniana

RESULTS, DISCUSSION

The recollected ethnopharmacological data of plants used in the Bolivian Highlands show that M. orbignyana,
commonly known as “Chilca”, has a recognized use in the treatment of respiratory and gastric diseases. In addition,
a preliminary antioxidant screening of Bolivian Highland plants pointed out an interesting antioxidant activity (86%
I in ABTS) in the EtOH extract. Based on those data we selected this extract for further chromatographic
fractionation obtaining the compounds 1 and 2 in pure form.

Compound 1: Mutisifurocoumarin was obtained as pale yellow crystals. High resolution mass spectrometry
suggested that the elemental composition of 1 is C;sH;(Os, which is consistent with 1D NMR data (see Table 1). The
1D and 2D NMR data are in agreement with the proposal structure for 1 that was previously reported from two
Mutisia species, first as 11,12-dihydroxy-5-methylcoumestan [6] and second, in its acetylated form, as
mutisifurocoumarin diacetate [3]. The 1D NMR data are very close to those of the first report but the assignments of
BC NMR spectrum are quite different because the previous assignments were done using just ID NMR data. In
Table 1 the completely assignment of the *C NMR data as well as the heteronuclear HMQC and HMBC data,
suggesting the following changes: the signal at & 98.8 d should be assigned to C-3’ instead of C-6’ (C-13); 8 104.7 d
to C-6 instead of C-3 (C-3); & 113.5 s to C-3 instead of C-5 (C-5); 6 114.7 d to C-8 instead of C-3 (C-10); & 126.6
d to C-6 instead of C-8 (C-8); 0 134.1 s to C-5 instead of C-6 (C-6); 6 144.8 s to C-4’ instead of C-1’ (C-14) and
finally 8 149.5 s to C-1" instead of C-4’ (C-11), in parenthesis we show the original numbering used in reference [6].
HMBC correlation is showed in Figure 2.

Figure 2. Pertinent HMBC correlations observed with compound 1.

Table 1: NMR data for compound 1 Table 2. NMR data for compound 2
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No 8¢ HMQC HMBC N° 3¢ HMQC HMBC
2 158.8 2 161.3 T3
3 113.4 H-3° 3 93.0 597s
4 157.4 4 166.6 H3, Hel’
4a 111.8 H-7, H-8 4* 113.8 H-3, H-6, H-8, H-9
5 134.1 H-7, H-9 5 137.1 H-6, H-7, H-9
6 126.7 723 d H-8, H-9 6 127.8 7.14d H-7, H-8, H-9
7 130.5 747 dd 7 132.0 7.49 dd H-6
8 114.8 7344 H-6 8 114.9 722d H-6, H-7
8a  153.0 H-7, H-8 & 1543 HT, H
9 20.8 279 s H-6 9 232 2.69s H-6
N 149.4 H-3, H-6" r 99.9 5.19d H-2', H-5", OH-2’
2’ 105.5 H-6’ 2 73.1 340m H-3’, H-4’, OH-3’
3 98.8 719 s 3 76.6 335m H-2', OH-2", OH-3"
4° 144.7 H-3’, H-6’ 4 69.5 320m H-64,H-6", H-3"
5 146.4 H-3’, H-6" 5 714 3.50m H-4”, H-65, OH-4’, OH-6"
6’ 104.7 729 ¢ 3 60.6 6'23.72dd H-4". H-5", OH-6"
6’5 3.50 dd H-4", H-5", OH-6’
OH-2’ 551d
OH-3’ 522d
'H (400 MHz) and *C (100 MHz) NMR data. All experiments were OH-4* 5.13d
recorded with a Bruker DRX400 using DMSO as solvent; oS ssou
OH-6’ 4.65 dd

Compound 2: 5-methylcoumarine-4-4-glucoside is the major secondary metabolite of the EtOH extract. Its structure
is consistent with the elemental composition C;¢H;3O0g suggested by HREIMS (m/z 339.1067. Calcd. 339.1074) and
was determined based on 1D and 2D NMR data. So, the "H NMR spectrum revealed the characteristic signals of a 4-
hydroxy-5-methylcoumarin derivative [3]: the aromatic system formed by two broad doublets at 5 7.14 and 7.22, and
a double doublet at 7.49; the CH;-9 at 2.69 ppm and the singlet H-3 at & 5.97. The coupling constants of the sugar
moiety protons as well as the ?C NMR signals suggested the presence of a f-D-glucopyranose which was confirmed
by 2D NMR means (Table 2). The long-range couplings of C-4 with the anomeric proton H-1" and the singlet H-3
confirmed the position of the sugar ring. The complete *C NMR shift assignments were done on the basis of 2D
NMR experiments and in agreement with those previously described['®]. Coumarins have shown a broad
pharmacological profile [17], including anticancer and antioxidant activities [18].So far some coumarines have
shown cytotoxicity against A2780 ovarian cancer cells with ICsy values ranging between 3.2 and 11.4 pg/mL [19].
Here we measured the radical scavenging activity in the ABTS test as well as the antiproliferative effect against cell
line CaCo-2 human colon carcinoma cells.

A preliminary antioxidant evaluation of the extract and pure compounds was done using the ABTS free radical
scavenging test (Table 3). The EtOH extract showed an interesting activity for further assay-guided fractionation.
Compound 1 seems to be one of the responsible metabolites for the activity showed by the EtOH extract, its activity
could be due to the presence of phenolic parts in the coumestan derivative [20]. Compound (2) is less active but still
interesting for further studies.

Table 3. Preliminary antioxidant evaluation using ABTS test
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Sample Conc. %l
EtOH extract 2.7 mg/mL 86%
Compound (1) 2.7 mg/mL 99%
Compound (2) 2.7 mg/mL 78%
Quercetine 2.7 mg/mL 100%

The cytotoxic evaluation did not reveal any activity on cancer colon cells. The EtOH extract did not show an
antiproliferative effect on CaCo-2 cells between 1 to 200 pg/ml and the pure compounds showed no cytotoxic effect
at>0.1 uyM
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Figure 3. Antiproliferative effect of EtOH extract and pure compounds from M orbignyana

The cell proliferation rate on CaCo-2 cells was assayed using WST-1, which is a terazolium salt, metabolized to a
red formazan. The formation of formazan is proportional to the mitochondrial dehydrogenase activity, which in turn
correlates with the number of the viable cells. After the incubation of the cells with plant extracts the absorbance was
read at 405 nm. If the absorbance is lower than 0.5 the inhibition is significant. The figure 3 shows that the EtOH
extract (1-200 pg/mL) and the coumarines (0.01 — 150 pg/mL) did not show a significant effect, even when
compound 2 shows an absorbance near to 0.5 between 0.01 and 0.1.

EXPERIMENTAL SECTION

General Experimental Procedures

The melting points (uncorrected) were recorded on a Sanyo Gallenkamp Melting Point Apparatus. Mass spectra
(HREIMS) were measured in a Waters Micromass Q-TOF apparatus. 'H and ?C NMR spectra and two-dimensional
experiments were recorded with a Bruker DRX400 using DMSO as solvent; chemical shifts are reported in & units
(ppm) and coupling constants (J) in Hz. Sephadex LH-20 was used for gel filtration; Silica gel (E.M. Merck, 70-230
mesh) and silica gel G-60 (E.M. Merck) were used for CC and VLC, respectively, while aluminum plates
impregnated with silica gel 60 F,s4 (E.M. Merck) were used for analytical (0.25 mm) TLC analyses. Spots on
chromatograms were detected under UV light (254 and 365 nm) and by spraying the plates with 10% H,SO,,
followed by heating.

Plant material

The aerial parts of Mutisia orbignyana Wedd. were collected from Alto Saucari (Oruro, Bolivia) in June of 2004 by
researchers of the Natural Products Laboratory (IIQ/UMSA). The sample was identified by Lia de Michel, expert of
the National Herbarium of Bolivia, where a voucher specimen is preserved.

Extraction and isolation

Dried leaves (1.5 kg) were powdered and extracted with ethyl alcohol (3.5 liters) for 72 h. The extract was
concentrated in a rotaevaporator, and defatted with dichlorometane. The thick brown residue (35 g) 5 g was
chromatographed on silica gel eluting with solvents of increasing polarity using dichlorometane-methanol-water.
Compound 1 (15 mg) was obtained and purified further by recrystallization in MeOH. The fractions that contained
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compound 2 (600 mg) were rechromatographed on Sephadex LH-20 using methanol as eluent and then crystallized
afforded 100 mg of pure compound.

Compound 1: Mutisifurocoumarin, pale yellow crystals, mp. 296-299 °C, HREIMS m/z 283.0595., calc. for
Ci6H,0O0s+H" 283.0601. '"H NMR (DMSO-d;, 400 MHz): 8 7.47 dd (1H, dd, J 8.1, 7.6 Hz, H-7), 7.34 d (1H, d, J 8.1
Hz, H-8), 7.23 d (1H, d, J 7.6 Hz, H-6), 7.29 (1H, s, H-6"), 7.19 (1H, s, H-3"), 2.79 (3H, s, H-9). *C NMR (DMSO-
ds, 100 MHz): 6 158.8 (C-2), 157.4 (C-4), 153.0 (C-8a), 149.4 (C-1"), 144.7 (C-4’), 126.7 (C-6), 114.8 (C-8), 113.4
(C-3), 111.8 (C-4a), 105.5 (C-2), 104.7 (C-67), 98.8 (C-3"), 20.8 (C-9).

Compound 2: 5-methylcoumarine-4-5-glucoside, white needles crystals, mp. 148-150°C, HREIMS m/z 339.1067.,
calc. for C ¢H,90g+H, 339.1074. "H NMR (DMSO-d, 400 MHz): § 7.49 dd (1H, dd, J 8.1, 7.6 Hz, H-7), 7.22 d (1H,
d,J 8.1 Hz, H-8),7.14 d (1H, d, J 7.6 Hz, H-6), 5.97 (1H, s, H-3), 5.19 (1H, d, H-1"), 3.72 (1H, dd, J 9.9, 5.3 Hz, H-
6’4), 3.50 (1H, dd, 1 9.9, 5.3 Hz, H-6’), 3.50 (1H, m, H-5"), 3.35 (1H, m, H-3"), 3.40 (1H, m, H-2"), 3.20 (1H, m,
H-4%), 2.69 (3H, s, H-9). °C NMR (DMSO-d,, 100 MHz): $166.6 (C-4), 161.3 (C-2), 154.3 (C-8a), 137.1 (C-5),
132.0 (C-7), 127.8 (C-6), 114.9 (C-8), 113.8 (C-4a), 99.9 (C-17), 93.0 (C-3), 77.4 (C-57), 76.6 (C-3"), 73.1 (C-2),
69.5 (C-4"), 60.6 (C-67), 23.2 (C-9).

Scavenging Activity of ABTS Radicals

The extract and the major isolated coumarin were tested by this screening method, which can evaluate the radical
scavenging capacity of different substances including hydrophilic to lypophilics.

The radical monocationic (ABTS™), previously formed from 2,2-azinobis-(3-ethylbenzotialzolina-6-sulfonic acid)
by oxidation with ammonium per sulfate, gives a colored compound that is stable after 12-16 h [*']. The scavenging
activity of the different samples were measured in function of the grade of discoloration caused by each one when
catches an odd electron from monocationic radical ABTS™ or sets a free proton. Samples to be proved were prepared
in methanol, 1 mL of ABTS" was used with 10 uL of each sample solution, the reaction is stabilized in the next 4
min. All determinations were run in triplicate. The percentage inhibition of absorbance at 734 nm for each sample
was calculated relative to a blank absorbance (methanol) and Quercetin 1000 pM as positive control [**], [**]. The
inhibition percentage (%l) is calculated by the following formula:

% inhibition= 100 [(X - Abs Ref(gio00)/ (Absasts - AbsRef(g1000))].

Cell growth inhibition studies

The ethanolic extract and the two isolated coumarines were evaluated to measure their cell growth-inhibiting
potential in CaCo-2 cells. CaCo-2 human colon cancer cells were obtained from the European branch of American
Tissue Culture Collection. Dulbecco’s Modified Eagle’s Medium (DMEM) and fetal calf serum (FCS) were
purchased from Gibco, and the WST-1 reagent was purchased from Roche.

CaCo-2 cells were cultured in DMEM with L-glutamine, containing 100 IU/ml penicillin, 10 pg/ml streptomycin
and 10% (v/v) heat-inactivated FCS. Cells were maintained in 25 c¢m® culture flasks at 37 °C in a humidified
incubator containing 95% air and 5% CO,. For assays of cell proliferation the cells were detached with 0.05%
trypsin / 0.02% EDTA, resuspended to a concentration of 1 x 10°/ml and seeded into 96-well plates (Falcon) for 24
h. After 24 h, the plant extracts dissolved in DMSO (1% final concentration) was mixed with 200 ul medium and
added to each well, followed by incubation for 24 h. Controls were treated with the same amount of DMSO. Ursolic
acid (40 uM) was used as a positive control.

The cell proliferation rate was assayed by use of WST-1 which is a tetrazolium salt, metabolized to a red formazan.
The formation of formazan is proportional to the mitochondrial dehydrogenase activity, which in turn correlates with
the number of the viable cells. After the incubation of the cells with plant extracts, 20 pl of WST-1 reagent was
added to each well. The plate was incubated for 1 h at 37°C and the absorbance was read at 405 nm using 655 nm as
background. The extract was tested at the concentrations of 200pug/mL, 100pug/mL, 50ug/mL, 10pg/mL and
1ug/mL; the two coumarines were tested between 0,1pM and 1000uM.
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