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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) (IC50 0.24 ± 0.09 lM and Emax 81.80 ± 0.98%), and tyrianthin B (2) (IC50

0.14 ± 0.08 lM and Emax 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.1 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 ileum.2 The
chemical components of the resin glycosides isolated from this
plant have been characterized as tetrasaccharides of 11-hydroxy-
hexadecanoic acid.2–5

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
I. 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
All rights reserved.

fax: +52 777 3 29 79 98.
era).
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).6 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.7 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,8 I. stans,9 and I. orizabensis.2–5

Compound 1 (Fig. 1) was isolated as a white amorphous solid,
with negative optical rotation ½a�25

D �22.0. The IR spectrum of 1
indicated the presence of hydroxyl and carbonyl groups, aliphatic
and ether linkages. The molecular formula C100H168O45 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
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Figure 1. Selected HMBC ( ) and ROESY ( ) of tyrianthin A (1) and
tyrianthin B (2).
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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),10 fragments due to elimination of niloyl residues in unit
A at m/z 955 [m/z 1055—C5H8O2]� and m/z 871 [m/z 955—C5H8O]
�, and fragmentation due to glycosidic cleavage of sugar moieties
at m/z 707 [m/z 871—C6H10O4 (methylpentose)]�, 561 [m/z 707—
C6H10O4 (methylpentose)]�, 417 [m/z 561—C6H8O4 (hexose)]�,
and 271 [m/z 417—C6H10O5 (methylpentose)]�.

The 1H NMR spectrum of 1 displayed the following representa-
tive signals: two 11-hydroxyhexadecanoic acid (aglycon) methyl
proton at dH 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 13C 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 D-quino-
vose, D-glucose, and L-rhamnose (identified by coelution in HPLC
with authentic samples), and 11-hydroxyhexadecanoic acid.11

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 1H 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 a for
rhamnopyranosyl, from their 3JH1,H2 coupling constants (7.7, 7.6,
and 1.4 Hz, respectively). The 1JCH 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.12

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,13 allowed assignment of all
protonated carbons in units A and B.

The observed optical rotation (½a�25
D +0.42) for 11-hydroxyhexa-

decanoic acid obtained from acid hydrolysis of scammonic acid A
was closely comparable to that reported for S enantiomer (½a�25

D

+0.45).9 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 13C@O (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 13C@O (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).14 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 13C@O (173.5 ppm) of niloyl/H-6 (4.30 ppm) of glucose,
13C@O (173.5 ppm) of niloyl*/H-2 (5.60 ppm) of rhamnose, and in
unit B between 13C@O (173.6 ppm) niloyl/H-2 (5.58 ppm) of rham-
nose, 13C@O (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 ½a�25

D �20.1. The IR spectrum of 2
indicated the presence of hydroxyl, aliphatic, carbonyl, and ether
groups. The molecular formula of 2 C94H158O43 was determined
from mass spectral analysis (m/z 1977.2354 in HRMS and m/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 271.10

The 1H 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 (dH 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 13C 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 D-quino-
vose, D-glucose, and L-rhamnose (identified by coelution in HPLC
with authentic samples), and 11-hydroxyhexadecanoic acid. A
combination of 1H 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 a for rhamnopyranosyl, from their 3J
H1,H2 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).



Table 1
NMR spectral data of compounds 1 and 2 (400 MHz 1H NMR, 100 13C NMR in C5D5N)

Position 1 2

Unit A Unit B Unit A Unit B

dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz) dC

Qui
1 4.88 d (7.6) 102.5 4.81 d (7.6) 103.1 4.88 d (7.6) 102.4 4.81 d (7.6) 103.0
2 4.27* 79.2 4.26* 79.1 4.26* 79.2 4.26* 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 4.97 d (7.7) 102.0 5.02 d (7.7) 101.6 4.96 d (7.7) 101.9
2 4.71 dd (9.1, 7.7) 79.2 3.90 dd (9.1, 7.7) 79.1 4.70 dd (9.1, 7.7) 79.1 3.89 dd (9.1, 7.7) 79.0
3 4.22 dd (9.0, 9.1) 78.3 4.18 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 4.02* 77.4 4.03* 77.5 4.03* 77.4 4.044* 74.5
6 4.72 dd (11.5, 6.5) 64.8 4.23 dd (11.5, 6.5) 62.5 4.71 dd (11.5, 6.5) 64.2 4.23m 62.5
6* 4.95 dd (11.5, 6.5) 4.45 dd (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 5.95 d (1.4) 101.0 6.07 d (1.4) 101.1 5.91 d (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 4.29 dd (9.0, 9.3) 78.6 4.33 dd (9.0, 9.3) 78.8 4.29 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 5.34 d (7.6) 105.9 5.33 d (7.6) 105.8 5.34 d (7.6) 105.8 5.35 d (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 4.72 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 2.40* 35.7 2.40* 35.3 2.39* 35.7 2.39* 35.5
2* 2.82* 2.82* 2.81* 2.81*

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
1 173.5 173.6 173.5
2 2.88* 48.6 2.88* 48.9 2.89* 48.6
2-Me 1.37 d (7.4) 13.7 1.35 d (7.4) 13.7 1.34 d (7.4) 13.7
3 4.42* 69.8 4.31* 70.1 4.41* 69.9
3-Me 1.30 d (7.2) 13.8 1.30 d (7.2) 13.8 1.30 d (7.2) 13.8

nil*

1 173.5 173.5
2 2.90* 48.6 2.91* 48.8
2-Me 1.38 d (7.4) 13.7 1.38 d (7.4) 13.7
3 4.41* 69.6 4.40* 69.8
3-Me 1.30 d (7.2) 13.8 1.30 d (7.2) 13.8

mba
1 175.5
2 2.43* 41.6
2-Me 0.95 d (7.2) 12.0
3 1.75* 27.4
3* 1.51*

3-Me 0.92 t (7.2) 12.1

but
1 175.5
2 2.55 t (7.0) 41.6
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.
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The observed optical rotation (½a�25
D +0.42) for aglycon moiety in

2 corroborated its S configuration.9 The position of the aglycon
moiety in each one of the oligosaccharide cores of 2 was deter-
mined at C-1 of quinovose by correlations in the ROESY NMR spec-
trum between H-11 aglycon/H-1 quinovose. The analysis by GC–
MS the organic solvent-soluble acidic fraction from the alkaline
hydrolysis of 2 revealed the presence of butanoic acid and nilic acid
(identified by coelution in GC with authentic samples and mass
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and are the mean ± SEM of 3 independent experiments. * p < 0.05.
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spectra analysis).14 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 13C@O of aglycon/H-3 of rham-
nose in unit A; and the site of esterification of both units by the
correlation between 13C@O 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 rings15 (IC50 = 0.24 ± 0.09 lM
and Emax = 81.80 ± 0.98% and IC50 = 0.14 ± 0.08 lM and Emax

= 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.16

In a Central Nervous System bioassay,17 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. stans5,18 (Fig. 4)
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Figure 3. Release of GABA evoked by 20 lg/mL of tyrianthin A (N) and tyrianthin B
(j). The experiment in the absence of compound was carried out as control (h).
Values are expressed as pmol of GABA released/mg of protein and are the
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Tyrianthin A (1) and tyrianthin B (2) were not active against M.
tuberculosis (MIC = 100 lg/mL),19 on difference to the behavior
shown by glycolipid oligosaccharides isolated from I. tyrianthina,5

I. tricolor,20 and I. leptophylla21 which showed moderate antimyco-
bacterial activity (MICs 16–32 lg/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.
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[955�C5H8O2]�, 561, 417, and 271; HRMALDITOFMS m/z 1977.2354 [M+H]+
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