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Tyrianthins A (1) and B (2), two new partially acylated glycolipid ester-type heterodimers were isolated
from Ipomoea tyrianthina. Scammonic acid A was determined as the glycosidic acid in both monomeric
units. Tyrianthin A (1) (ICsp 0.24+0.09 pM and En.x 81.80+0.98%), and tyrianthin B (2) (ICso
0.14 £0.08 uM and Ep.x 87.68 + 0.72%) showed significant in vitro relaxant effect on aortic rat rings, in
endothelium- and concentration-dependent manners. Also, these compounds were able to increase the
release of GABA and glutamic acid in brain cortex, and displayed weak antimycobacterial activity.

© 2009 Elsevier Ltd. All rights reserved.

Ipomoea tyrianthina Lindley (syn. I orizabensis Pelletan, Lebed.
ex Steud., Convolvulaceae) is a perennial twining herb with a large
root. A decoction of the root of I. tyrianthina prepared with a small
section of the root to a liter of water is drunk along the day to alle-
viate abdominal pains and as a purgative.! Intraperitoneal admin-
istration to mice of glycolipids from the dichloromethane-soluble
extract of I. tyrianthina resulted in antidepressant activity, protec-
tive effects against pentylenetetrazole-induced seizures, and relax-
ant effects on spontaneous contractions in isolated rat ileun.? The
chemical components of the resin glycosides isolated from this
plant have been characterized as tetrasaccharides of 11-hydroxy-
hexadecanoic acid.?™

In a continuing investigation on secondary metabolites with
biological activity from Ipomoea species, we have studied the resin
glycosidic content of the methanol-soluble extract from the root of
L tyrianthina. We report herein on the isolation and characteriza-
tion of two new glycolipid ester type heterodimers, tyrianthins A
(1) and B (2), as well as their in vitro pharmacological activities
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as vasorelaxant, release of GABA and glutamic acid, and antimyco-
bacterial activity.

The methanol-soluble extract of I. tyrianthina was subjected to a
series of chromatographic separations, leading to the separation of
two chromatographic fractions. The less polar chromatographic
fraction was subjected to preparative HPLC in the reversed-phase
mode, resulting in the isolation of two new glycolipid ester-type
heterodimers named tyrianthins A (1) and B (2).% These two com-
pounds were hydrolyzed in an aqueous/ethanolic alkaline medium
by separated, producing a water-soluble glycosidic acid derivative
and an organic solvent-soluble acidic fraction.” The structure of the
glycosidic acid was the same for both reaction products, and as-
signed as a tetrasasaccharide 11-hydroxyhexadecanoic acid, iden-
tified as scammonic acid A by comparison of physical and
spectroscopic data, which has been previously identified in resin
glycosides of Convolvulus elongatus,® I. stans,® and I. orizabensis.>~>

Compound 1 (Fig. 1) was isolated as a white amorphous solid,
with negative optical rotation [oc]ff —22.0. The IR spectrum of 1
indicated the presence of hydroxyl and carbonyl groups, aliphatic
and ether linkages. The molecular formula C;gpoH;63045 Was as-
signed for 1 from mass spectral analysis (m/z 2091.3775 [M+H]"
in HRMS and m/z 2091 [M+H]" in FABMS). The negative-ion FABMS


http://dx.doi.org/10.1016/j.bmcl.2009.06.087
mailto:ismaelr@ciq.uaem.mx
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl

I. Leon-Rivera et al./Bioorg. Med. Chem. Lett. 19 (2009) 4652-4656 4653

Hj

C M <
o HO Quinovose
CH
[ HO 0
H3C—?H—CH—C—/OT-IA
OH O ( ‘N
CH;4

CH;

HO
Glucose HO KAO HO—(IW
T

UNIT A

CH3

Quinovose
H?{m/o Glucose
0]
H;C
2 3 0 H;C o
R“O0 1) Rhamnose
HO ~_
1
Quinovose” OH HO OR

1: R'= niloyl; R?= 2-methylbutanoyl
2:R'=H; R’=butanoyl

Figure 1. Selected HMBC (,——4) and ROESY (4 ) of tyrianthin A (1) and
tyrianthin B (2).

of 1 showed: its quasimolecular ion peak due to [M-H]™ at m/z
2089, the high-mass fragment ion at m/z 1055 which represents
the fragmentation of the macrocyclic moiety (unit A) and the gly-
cosidic moiety (unit B) of the ester-type heterodimer linkage
(Fig. 1),!° fragments due to elimination of niloyl residues in unit
A at m/z 955 [m/z 1055—CsHgO,]~ and my/z 871 [m/z 955—CsHg0]
-, and fragmentation due to glycosidic cleavage of sugar moieties
at m/z 707 [m/z 871—CgH,00,4 (methylpentose)]|~, 561 [m/z 707—
CsH1004 (methylpentose)]-, 417 [m/z 561—CgHgO,4 (hexose)],
and 271 [m/z 417—CgH005 (methylpentose)]™.

The 'H NMR spectrum of 1 displayed the following representa-
tive signals: two 11-hydroxyhexadecanoic acid (aglycon) methyl
proton at dy 0.86, methyl protons of 6-deoxyhexoses in the range
1.5-1.6 ppm, methyl protons of short chain acids ca. 0.9-
1.1 ppm, eight anomeric protons at 4.81, 4.88, 4.97, 5.02, 5.33,
5.34, 5.95, and 5.08 ppm. In the 3C NMR spectrum of compound
1 it was possible to determine eight signals in the diagnostic ano-
meric region at 105.9, 105.8, 103.1, 102.5, 102.0, 101.5, 101.1, and
101.0 ppm (Table 1) corroborating the presence of eight saccharide
units in 1. Acid hydrolysis of scammonic acid A yielded p-quino-
vose, p-glucose, and L-rhamnose (identified by coelution in HPLC
with authentic samples), and 11-hydroxyhexadecanoic acid.!!
COSY and TOCSY experiments revealed that each tetrasaccharide
core of 1 was composed of two quinovoses, one glucose, and one
rhamnose moiety. TOCSY spectra were obtained with different
mixing times, and edition of 'H NMR subspectra for each resolved
signal facilitated the assignment of all the signals in units A and B
(Fig. 1). The anomeric configurations for the sugar moieties were
assigned as B for glucopyranosyl and quinovopyranosyl, and o for
rhamnopyranosyl, from their 3]y 4, coupling constants (7.7, 7.6,
and 1.4 Hz, respectively). The 'Jcy between H-1 and C-1 deter-
mined in the coupled HSQC experiment, of 170 for rhamnose and

160 Hz for quinovose and glucose, supported these assignments.'?
The sugar sequence for each tetrasaccharide core was evidenced
from 2D-NMR CIGAR spectrum of 1, in which long range correla-
tions were observed between quinovose H-2/C-1 glucose, glucose
H-2/C-1 rhamnose, and rhamnose H-4/C-1 quinovose”. The use of
the NMR experiments HSQC and HSQC-TOCSY processed with for-
ward linear prediction and zero filling,'? allowed assignment of all
protonated carbons in units A and B.

The observed optical rotation ([o]7’ +0.42) for 11-hydroxyhexa-
decanoic acid obtained from acid hydrolysis of scammonic acid A
was closely comparable to that reported for S enantiomer ([0
+0.45).° The position of the aglycon moieties in the tetrasaccharide
core of units A and B was determined by correlation between H-11
aglycon/H-1 quinovose in a 2D-NMR ROESY spectrum. The 2D-
NMR CIGAR experiment of compound 1 allowed to locate the posi-
tion of lactonization on unit A, by the long range correlation be-
tween 3C=0 (176.3 ppm) aglycon/H-3 (5.08 ppm) rhamnose, H-
2, H-2" (2.40, 2.82 ppm) aglycon. The position of esterification of
acyclic unit B in the macrocyclic unit A, was determined by the
long range correlation between '*C=0 (176.2 ppm) aglycon of unit
B/H-4 (4.72 ppm) of quinovose” of unit A.

The analysis by GC-MS of the organic solvent-soluble acidic
fraction from the alkaline hydrolysis of tyrianthin A (1), allowed
2-methylbutanoic acid and 2-methy-3-hydroxylbutanoic acid (ni-
lic acid) to be identified (identified by coelution in GC with authen-
tic samples and mass spectra analysis).'* The sites of esterification
by these acids in the tetrasaccharide cores were determined in the
2D-NMR CIGAR spectrum of 1, by the long-range correlation in unit
A between 3C=0 (173.5 ppm) of niloyl/H-6 (4.30 ppm) of glucose,
13C=0 (173.5 ppm) of niloyl’/H-2 (5.60 ppm) of rhamnose, and in
unit B between '>C=0 (173.6 ppm) niloyl/H-2 (5.58 ppm) of rham-
nose, '>C=0 (175.5 ppm) 2-methylbutanoyl/H-4 (4.32 ppm) of
quinovose’.

Compound 2 (Fig. 1) was isolated as a white amorphous solid,
with negative optical rotation [«]?> —20.1. The IR spectrum of 2
indicated the presence of hydroxyl, aliphatic, carbonyl, and ether
groups. The molecular formula of 2 Cg4H;55043 was determined
from mass spectral analysis (m/z 1977.2354 in HRMS and my/z
1977 in FABMS). The negative-ion FABMS of 2 showed: its quasi-
molecular ion [M—H]~ at m/z 1975, the high-mass fragment ion
[(M—(unit B)]~ at m/z 1055, and fragmentation peaks due to cleav-
age of sugar moieties at m/z 707, 561, 417, and 271.1°

The "H NMR spectrum of 1 displayed the following representa-
tive signals: eight anomeric protons at 4.81, 4.88, 4.96, 5.02, 5.34,
5.35, 5.91, and 6.07 ppm, two aglycon methyl proton (éy 0.86),
methyl protons of 6-deoxyhexoses (1.5-1.6 ppm), and methyl pro-
tons of short chain acids (ca. 1.1 ppm). The '*C NMR spectrum of 2
showed eight anomeric signals at 105.8, 105.7, 103.0, 102.4, 102.0,
101.6, 101.1, and 101.0 ppm (Table 1) corroborating the presence
of eight saccharide units in 2. Acid hydrolysis of 2 yielded p-quino-
vose, p-glucose, and L-rhamnose (identified by coelution in HPLC
with authentic samples), and 11-hydroxyhexadecanoic acid. A
combination of 'H NMR spectrum and 2D-NMR experiments
(COSY, TOCSY, and HSQC-TOCSY) allowed us to determine that
each tetrasaccharide core of 2 was composed of two quinovoses,
one glucose, and one rhamnose moiety. The anomeric configura-
tions for the sugar moieties were assigned as B for glucopyranosyl
and quinovopyranosyl, and o for rhamnopyranosyl, from their 3]
n1n2 and 1JCH (H-1/C-1) coupling constants. The sugar sequence
for each tetrasaccharide core in 2 was evidenced from long range
correlations in the 2D-NMR CIGAR spectrum between quinovose
H-2/C-1 glucose, glucose H-2/C-1 rhamnose, and rhamnose H-4/
C-1 quinovose”. The use of the NMR experiments HSQC and
HSQC-TOCSY allowed assignment of all the resonances of proton-
ated carbons in units A and B (Table 1).
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Table 1
NMR spectral data of compounds 1 and 2 (400 MHz 'H NMR, 100 '3C NMR in CsDsN)
Position 1 2
Unit A Unit B Unit A Unit B

oy (J in Hz) d¢ du (J in Hz) dc oy (J in Hz) dc du (J in Hz) d¢
Qui
1 488 d (7.6) 102.5 481d (7.6) 103.1 488 d (7.6) 102.4 4.81d (7.6) 103.0
2 427 79.2 426" 79.1 426 79.2 426 79.3
3 4.71 dd (9.0, 9.0) 78.7 4.70 dd (9.0, 9.0) 78.1 4.70 dd (9.0, 9.0) 78.7 4.71 dd (9.0, 9.0) 78.0
4 3.78 dd (8.9, 9.0) 76.4 2.95 dd (8.9, 9.0) 76.5 2.96 dd (8.9, 9.0) 76.3 2.98 dd (8.9, 9.0) 76.2
5 3.84" 72.7 3.87 72.6 3.83 72.6 3.85" 72.5
6 1.52 d (7.0) 18.2 1.52 d (7.0) 18.0 1.50 d (7.0) 18.1 1.50 d (7.0) 18.2
Glc
1 5.02 d (7.7) 101.5 497d (7.7) 102.0 5.02 d (7.7) 101.6 4.96 d (7.7) 101.9
2 471 dd (9.1, 7.7) 79.2 3.90 dd (9.1, 7.7) 79.1 470 dd (9.1, 7.7) 79.1 3.89 dd (9.1, 7.7) 79.0
3 422 dd (9.0,9.1) 78.3 418 dd (9.0, 9.1) 78.1 4.22 dd (9.0, 9.1) 78.2 4.17 dd (9.0, 9.1) 78.0
4 4.16 dd (9.0, 9.0) 70.4 4.11 dd (9.0, 9.0) 69.9 4.14 dd (9.0, 9.0) 70.2 4.12 dd (9.0, 9.0) 69.8
5 402" 77.4 4,03 77.5 4,03 77.4 4,044 74.5
6 4.72 dd (11.5, 6.5) 64.8 423 dd (11.5, 6.5) 62.5 471 dd (115, 6.5) 64.2 423m 62.5
6 4.95 dd (11.5, 6.5) 4.45dd (11.5, 6.5) 4.95 dd (11.5, 6.5) 4.44 dd (11.5, 6.5)
Rha
1 6.08 d (1.4) 101.1 5.95d (1.4) 101.0 6.07 d (1.4) 101.1 5.91d(1.4) 101.0
2 6.41 dd (3.2, 1.4) 75.0 5.88 dd (3.2, 1.4) 74.9 6.45 dd (3.2, 1.4) 75.1 5.45 dd (3.2, 1.4) 69.2
3 5.59 dd (9.3, 3.2) 71.2 4,01 dd (9.3,3.2) 72.3 5.59 dd (9.3, 3.2) 71.2 3.98 dd (9.3, 3.2) 72.2
4 4.32 dd (9.0, 9.3) 78.8 429 dd (9.0, 9.3) 78.6 433 dd (9.0, 9.3) 78.8 429 dd (9.0, 9.3) 78.6
5 4.42 dd (6.5, 9.0) 69.3 4.41 dd (6.5, 9.0) 69.3 4.43 dd (6.5, 9.0) 69.4 4.42 dd (6.5, 9.0) 69.4
6 1.58 d (6.5) 18.9 1.57 d (6.5) 18.8 1.54 d (6.5) 18.9 1.52 d (6.5) 18.8
Qui’
1 534 d (7.6) 105.9 533 d (7.6) 105.8 534 d (7.6) 105.8 5.35d (7.6) 105.7
2 4,08 dd (9.0, 7.6) 73.2 3.18 dd (9.0, 7.6) 76.1 3.21 dd (9.0, 7.6) 73.1 3.18 dd (9.0, 7.6) 76.1
3 3.64 dd (9.0, 9.0) 77.3 3.63 dd (9.0, 9.0) 77.2 3.61 (9.0, 9.0) 77.0 3.60 (9.0, 9.0) 77.1
4 4.72 dd (9.1, 9.0) 78.3 4.32 dd (9.1, 9.0) 70.3 472 dd (9.1, 9.0) 78.2 4.33 dd (9.1, 9.0) 70.2
5 3.69 dd (6.4, 9.1) 75.2 3.70 dd (6.4, 9.1) 70.3 3.66 dd (6.4, 9.1) 75.4 3.67 dd (6.4, 9.1) 70.5
6 1.59 d (6.4) 18.9 1.60 d (6.4) 19.0 1.61 d (6.4) 18.9 1.60 d (6.4) 18.8
Jal
1 176.3 176.2 176.3 176.2
2 240 35.7 240 353 239 35.7 239 355
2 2.82° 2.82" 2.81 281
11 3.62° 82.6 3.60° 83.5 3.62" 82.3 3.60° 83.6
16 0.86 t (7.0) 14.6 0.86 t (6.9) 14.7 0.86 t (7.0) 14.6 0.86 t (6.9) 14.7
nil
1 1735 173.6 173.5
2 2.88 48.6 2.88 48.9 2.89° 48.6
2-Me 1.37 d (7.4) 13.7 1.35d (7.4) 13.7 1.34d (7.4) 13.7
3 4.42 69.8 431 70.1 441 69.9
3-Me 1.30d (7.2) 13.8 1.30d (7.2) 13.8 1.30d (7.2) 13.8
nil’
1 1735 173.5
2 2.90° 48.6 291 488
2-Me 1.38 d (7.4) 13.7 1.38 d (7.4) 13.7
3 441 69.6 4.40° 69.8
3-Me 1.30d (7.2) 13.8 1.30d (7.2) 13.8
mba
1 175.5
2 243" 41.6
2-Me 0.95d (7.2) 12.0
3 1.75" 27.4
3 151"
3-Me 0.92 t (7.2) 121
but
1 175.5
2 2.55 t (7.0) 416
3 1.68" 25.8
4 1.11 t(7.3) 17.4

Qui = quinovopyranosyl, Glc = glucopyranosyl, Rha = rhamnopyranosyl, Jal = 11-hydroxyhexadecanoyl, nil = 3-hydroxy-2-methylbutanoyl, mba = 2-methylbutanoyl, and
but = butanoyl. Chemical shifts marked with asterisk (-) indicate overlapped signals.

The observed optical rotation ([oc]f)5 +0.42) for aglycon moiety in trum between H-11 aglycon/H-1 quinovose. The analysis by GC-
2 corroborated its S configuration.® The position of the aglycon MS the organic solvent-soluble acidic fraction from the alkaline
moiety in each one of the oligosaccharide cores of 2 was deter- hydrolysis of 2 revealed the presence of butanoic acid and nilic acid

mined at C-1 of quinovose by correlations in the ROESY NMR spec- (identified by coelution in GC with authentic samples and mass
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spectra analysis).!* The long range correlations in the 2D-NMR CI-
GAR experiment were used to locate: two niloyl groups at C-6 of
glucose and C-2 of rhamnose in unit A, and a butanoyl group at
C-4 of quinovose” in unit B; the site of lactonization was deter-
mined by the correlation between '*C=0 of aglycon/H-3 of rham-
nose in unit A; and the site of esterification of both units by the
correlation between 3C=0 of aglycon unit B/H-4 of quinovose
of unit B.

Tyrianthins A (1) and B (2) showed significantly vasorelaxant ef-
fect on endothelium-intact (E+) aortic rings'” (ICso = 0.24 + 0.09 uM
and E;,x=81.80+0.98% and I1C50=0.14+0.08 uM and Epax
=87.68 £ 0.72%, respectively). When endothelium was removed
(E-), the relaxant activity was abolished (p < 0.05) as shown in Fig-
ure 2. These results indicated that tyrianthins A and B produced their
vasorelaxant effect through endothelium derived factors as cycloox-
ygenase, endothelium dependent hyperpolarization factor (EDHF)
or nitric oxide synthase pathways.!®

In a Central Nervous System bioassay,!” the administration of
tyrianthin A (1) and tyrianthin B (2) to mouse brain slices induced
an increment of GABA at 30 s. The release of GABA by compound 1
remained until 180 s, but for compound 2 release of GABA dimin-
ished with time (Fig. 3). Tyrianthin A (1) released glutamic acid up
to 100 pmol/mg at 180 s, but tyrianthin B (2) released glutamate
up to 180 pmol/mg at 180 s. This behavior of GABA and glutamic
acid releasing is similar to that observed for glycolipid tetrasaccha-
rides isolated from I. tyrianthina and I. stans>'® (Fig. 4)
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Figure 2. Concentration-response curves showing the vasorelaxant effect of
tyrianthins A (1) and B (2), on rat aortic rings pre-contracted with noradrenaline
(1 x 1077 M). Values are expressed as the percentages of inhibition of contractile
responses calculated as the mean from six data + SE (p < 0.05). E+ = intact endo-
thelium, E— = removed endothelium.
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Figure 3. Release of GABA evoked by 20 pig/mL of tyrianthin A (a) and tyrianthin B
(m). The experiment in the absence of compound was carried out as control (OJ).
Values are expressed as pmol of GABA released/mg of protein and are the
mean + SEM of 3 independent experiments.  p < 0.05.
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Figure 4. . Release of glutamic acid evoked by 20 pug/mL of tyrianthin A (a) or
tyrianthin B (M). The experiment in the absence of tyrianthins was carried out as
control (OJ). Values are expressed as pmol of glutamic acid released/mg of protein
and are the mean * SEM of 3 independent experiments. ~ p < 0.05.

Tyrianthin A (1) and tyrianthin B (2) were not active against M.
tuberculosis (MIC =100 pg/mL),!° on difference to the behavior
shown by glycolipid oligosaccharides isolated from I. tyrianthina,®
I. tricolor,?° and I. leptophylla®' which showed moderate antimyco-
bacterial activity (MICs 16-32 pg/mL). It seems that with increas-
ing the molecular weight and complexity of glycolipids the
antimycobacterial activity decreases.

In conclusion, tyrianthins A (1) and B (2) are the first glycolipid
ester type heterodimers composed of two tetrasaccharide cores
isolated from I tyrianthina. Our results demonstrate the high
vasorelaxant activity of 1 and 2 in concentration and endothelium
dependent manners. Compounds 1 and 2 increased the release of
GABA and glutamic acid from cortex tissue in mice in a time-
dependent manner.

Acknowledgments

Gumersindo Mirén is grateful to CONACYT for graduate student
scholarship (186764). Financial support from Instituto Mexicano
del Seguro Social to Gloria Maria Molina-Salinas is gratefully
acknowledged. We are grateful with Maria Medina Pintor and Vic-
toria Labastida Galvan from Centro de Investigaciones Quimicas,
UAEM, for the determination of all mass spectra. We thank Facul-
tad de Quimica, Universidad Auténoma de Yucatan for recording
NMR spectra. The authors wish to thank Lucia Valladares from Cen-
tro de Investigacién en Biotecnologia, UAEM, for her technical
support.

References and notes

1. Martinez, M. Las Plantas Medicinales de México; Ediciones Botas: México, 1990.
p 276.

2. Mirén-Lépez, G.; Herrera-Ruiz, M.; Estrada-Soto, S.; Aguirre-Crespo, F.;

Vazquez-Navarrete, L.; Le6n-Rivera, I. J. Nat. Prod. 2007, 70, 557.

. Hernandez-Carlos, B.; Bye, R.; Pereda-Miranda, R. J. Nat. Prod. 1999, 62, 1096.

. Pereda-Miranda, R.; Hernandez-Carlos, B. Tetrahedron 2002, 58, 3145.

. Ledén-Rivera, I.; Mirén-Lépez, G.; Molina-Salinas, G. M.; Herrera-Ruiz, M.;
Estrada-Soto, S.; Gutiérrez, M. C.; Alonso-Cortes, D.; Navarrete-Vazquez, G.;
Rios, M. Y.; Said-Fernandez, S. J. Nat. Prod. 2008, 71, 1686.

6. Root of I tyrianthina was collected in the state of Morelos (December 2004),
Mexico. Botanical classification was carried out by Biol. M. Castro, Facultad de
Ciencias, UNAM, and voucher specimen (Number 15077) is deposited at the
Instituto Mexicano del Seguro Social Herbarium in Mexico City. Dried and
ground roots (100 g) were extracted with n-hexane and later with CH,Cl,. The
residual vegetal material was extracted exhaustively in methanol to give, after
removal of the solvent, a brown solid (20 g). The methanolic extract was
subjected to gravity column chromatography over with reverse phase (Cig)
silica gel (50 g) using a gradient of CH30H in H,0, leading to a brown resinous
solid (10 g). The resinous material was subjected to separation by a column
packed with Sephadex LH20 (20 g), and by preparative TLC, obtaining two

(S I SV



4656

©O oo

10.
. Acid hydrolysis. The glycosidic acid was refluxed in 1.0 N HCI (5 mL of water-

12.
. Reynolds, W. F.; Enriquez, R. G. J. Nat. Prod. 2002, 65, 221.
14.

15.

chromatographic fractions. The components of the less polar chromatographic
fraction (1 g) were purified by preparative HPLC using an Ultrasil ODS column
(10 mm i.d. x 300 mm, 5 pum, Altex), eluting with a mixture of CH3CN-H,0
(8:2), at a flow rate of 1 mL/min at 25 °C, and detection with UV at 210 nm.
Chromatographic peaks were collected and re-injected until pure. This
technique afforded pure compounds 1 (400 mg, tg 13.5 min) and 2 (100 mg,
tr 15.2 min). Tyrianthin A (1). Amorphous white powder; mp 146-148 °C; [#]3’
—22.0 (c 1.1 CH30H); IR (KBr): 3376 (OH), 2985 (C-H), 1735 (C=0), 1090 (C-0)
cm~'; 'H and '*C NMR (CsDsN): Table 1; positive-ion FABMS m/z 2091 [M+H]*;
negative-ion FABMS m/z 2089 [M-H], 1055 [M-unit B-H]", 955
[1055—-C5Hg0,]~, 855 [955—CsHg0,]", 561, 417, and 271; HRMALDITOFMS
m/z 2091.3775 [M+H]" (calcd for CygoH168045H" 2091.3781). Tyrianthin B (2).
Amorphous white powder; mp 140-142 °C; [oc],z)5 —20.1 (¢ 1.3 CH30H); IR (KBr):
3376 (OH), 2985 (C-H), 1735 (C=0), 1090 (C-0) cm~'; 'H and '*C NMR
(CsDsN): Table 1; positive-ion FABMS m/z 1977 [M + H]"; negative-ion FABMS
m/z 1975 [M - H]-, 1055 [M-unit B—-H]", 955 [1055-CsHgO,]", 855
[955—CsHg0,] ", 561, 417, and 271; HRMALDITOFMS m/z 1977.2354 [M+H]"
(calcd for CoqHy55043H* 1977.2361).

Alkaline hydrolysis. The less polar chromatographic fraction (100 mg) was
refluxed in 0.2 N NaOH (10 mL) for 60 min. The reaction mixture was acidified
to pH 5 and extracted with CH,Cl,. The organic layer was washed with H,0,
dried over anhydrous Na,SO,4, and evaporated under reduced pressure. The
aqueous layer was lyophilized, the residue was dissolved with methanol, and a
white solid (glycosidic acid) was obtained after removal of solvent.

. Noda, N.; Kogetsu, H.; Kawasaki, T.; Miyahara, K. Phytochemistry 1990, 29, 3565.
. Enriquez, R. G.; Le6n, L; Pérez, F.; Walls, F.; Carpenter, K.; Puzzuoli, F.; Reynolds,

W. F. Can. J. Chem. 1992, 70, 1000.
Escalante-Sanchez, E.; Pereda-Miranda, R. J. Nat. Prod. 2007, 70, 1029.

ethanol) for 1.0 h. The reaction mixture was taken to pH 5 with NaOH solution,
and the solution extracted with CH,Cl,. An aliquot of the aqueous phase was
subjected to HPLC on a Nucleosii 100 NH, column (Alltech; 5 um,
250 x 4.6 mm), with an isocratic elution of CH3CN-H,0 (8:2), at a flow rate
of 1 mL/min, and a sample injection of 200 L, affording three compounds
which were identified by co-elution with standard o-i-rhamnose (1 mg tg
7.9 min), 6-deoxy-p-p-glucose (quinovose 2 mg, tg 8.9 min), and B-p-glucose
(1 mg, tg 15.2 min).

Lu, Y.; Luo, ].; Huang, X.; Kong, L. Steroids 2009, 74, 95.

The GC-MS system consisted of a HP 6890 gas chromatograph and a HP 5970
mass selective detector in the electron-ionization. GC conditions:
25m x 0.2 mm HP-5 column; He, 1 mL/min; Oven temperature 40 °C, 2 min,
40-250 °C, A 15 °C/min, 250 °C 10 min; Injector temperature 300 °C; Interfase
temperature 280 °C; split 1:40.

Vasorelaxant assay. Male Wistar rats (250-300g of body weight) were
sacrificed by exposure to diethyl ether. The thoracic aorta was cleaned of
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. GABA and glutamate release in cortical brain slices. Mice were sacrificed by
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adhering connective tissue and was cut into 3-5 mm length rings. In some
rings, the endothelium was removed. Then, tissue segments were mounted in
stainless steel hooks, under an optimal tension of 3 g, in 10 mL organ baths
containing warmed (37 °C) and oxygenated (0,/CO,, 19:1) Krebs solution
(composition, mM: NaCl, 118; KCl, 4.7; CaCl,, 2.5; MgS0,4, 1.2 mM; KH,PO,,
1.2; NaHCO3, 25.0; EDTA, 0.026 and glucose, 11.1, pH 7.4). Changes in tension
were recorded by Grass-FT03 force transducers (Astromed, West Warwick, RI,
USA) connected to a MP100 analyzer (Biopac Instruments, Santa Barbara, CA,
USA). After equilibration, rings were contracted by noradrenaline (NA, 0.3 uM)
and washed every 30 min for 2 h. The absence of endothelium was confirmed
by the lack of a relaxing response to carbachol (1 uM). After precontraction
with NA, the test samples (pure compounds, vehicle, and positive control) were
added to the bath in a volume of 100 pL; then cumulative concentration-
response curves were obtained for each ring. The relaxant effect of pure
compounds and positive controls was determined by comparing the muscular
tone of the contraction before and after addition of the test compounds.
Vanhoutte, P. M. J. Cardiovasc. Pharmacol. 2001, 38, 796.

decapitation and anterior brain cortex was dissected out and slices (250-
300 um) were cut manually using a razor blade and a cover glass guide.!” Brain
slices were placed at 4°C in 5mL in a modified Krebs-Ringer medium
(120.0 mM Nacl, 4.7 mM KCl, 1.8 mM CaCl,, 0.8 mM MgSO,, 1.0 mM tris-HCl
buffer (pH 7.4), and 10.0 mM glucose) pH 7.4, previously oxygenated with O,
bubbling. Amino-oxyacetic acid at a concentration of 10.0 uM, was added to
the medium to prevent GABA metabolism. After 5 min, slices were placed in
5 mL of the basal medium (Krebs-Ringer medium) in a well of microplate at
37 °C for 10 min. Next, pure compounds were added at a final concentration of
20.0 pg/mL and aliquots of 200 uL were taken out at 0.5, 1.0, 1.5, 2.0, and
3.0 min. At the end of the experiment, the content of GABA and glutamate into
each collected aliquot was determined by HPLC, previous derivation with O-
phthaldialdehyde. Protein content in brain slices was determined after its
homogenization in 1 mL of water.

. Herrera-Ruiz, M.; Gutiérrez, C.; Jiménez-Ferrer, J. E.; Tortoriello, J.; Mirén, G.;

Leén, 1. J. Ethnopharmacol. 2007, 112, 243.

Antimycobacterial activity. The in vitro antimycobacterial activity of compounds
1 and 2 was measured as the minimal inhibitory concentration (MIC), and
carried out using the modified microplate Blue Alamar assay (MABA). The
concentrations of pure compounds ranged from 100.00 to 3.13 pg/mL.
Rifampin was used as positive controls. All evaluations were carried out in
duplicate.
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