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A new furostane steroidal saponin was isolated from the leaves of Agave angustifolia var. marginata.
On the basis of chemical conversions and spectroscopic analyses, its structure was established as
3-[0-p-p-glucopyranosyl-(1—3)-0-p-p-glucopyranosyl-(1 - 3)-0]-[0-6-deoxy-z-L.-mannopyranosyl-(1—-4)-
B-p-xylopyranosyl-(1-2)-0-8-p-glucopyranosyl-(1—4)-s-p-galactopyranosyl)oxy]-(38,5%,220,25R)-26-

(B-p-glucopyranosyloxy)-22-methoxy-furostane (1). Results of preliminary biological investigations
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in vitro assays.

indicated that compound 1 showed significant protective effects against induced gastric ulcers using
in vivo experimental models and demonstrated negligible toxicity on membrane integrity in the

© 2017 Elsevier Ltd. All rights reserved.

Naturally occurring steroidal saponins isolated from medicinal
plants are attracting considerable attention and have been
reported to possess important biological activities, such as modu-
lation of metabolic processes.! Additionally, these compounds
have been described to possess therapeutic potential for immune
system modulation through different mechanisms, regulating the
humoral and cellular immune responses.>® Plants of the genus
Agave are cultivated worldwide for their potential as nutraceuticals
and medicinal properties, many of which are used in the alterna-
tive medicine for the treatment of metabolic disorders.! Important
physiological benefits are described for these compounds, which
are demonstrated to reduce cholesterol, normalize triglyceride
content, and regulate blood sugar levels, improving gastrointesti-
nal functions.*

Agave angustifolia var marginata hort. ex Gentry (Agavaceae) is a
horticultural variety, widely cultivated and naturalized through
tropical regions around the world with ornamental purposes.’
Nonetheless, no chemical investigations or biological evaluations
were carried out on the constituents of this subspecies. As part of
the ongoing efforts in discovering new naturally occurring bioac-
tive compounds, the present work is concerned with structural
characterization of a new steroidal saponin from Agave angustifolia
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var. marginata along with a preliminary investigation of its antiul-
cerogenic activity using in vivo experimental models and an evalu-
ation of its toxicological potential against membrane integrity in
the in vitro assays.

The leaves of A. angustifolia var. marginata were harvested at the
Campus of the Federal University of Rio de Janeiro in September
2012. Fresh leaves (5.0 kg), previously cut into small pieces, were
extracted with MeOH for 7 days at room temperature. The
methanolic solution was concentrated under reduced pressure to
remove most of the MeOH and the resulting aqueous solution
(500 mL) was extracted with n-BuOH (500 mL). The resulting
organic phase was evaporated in vacuo to give a crude material
(14.20 g). Using chromatographic techniques compound 1 was
isolated.®

Compound 1, [«] - 43.9° (c 0.1, MeOH), was obtained as an
amorphous white powder and gave a positive Liebermann-Burchard
reaction for a steroidal saponin. It revealed a quasi-molecular weight
ion peak at m/z 1559,7066 [M+Na-H]* (calcd 1560, 6617 in the HR-
ESI-MS. In the '3C NMR spectrum, of the sixty-nine carbon signals
observed, there are six methyl groups (one of which was oxy-
genated), seventeen methylene groups (seven of which were oxy-
genated), forty-three methine groups (thirty-six of which were
oxygenated) and three quaternary carbon atoms (one of which was
oxygenated). The number of hydrogens attached to each individual
carbon atom was determined by the APT spectrum. On the basis of
the above mentioned MS and NMR spectral data (Table 1),
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Table 1

H (500 MHz) and '*C (125 MHz) NMR chemical shift values of compound 1 in pyridine-ds (¢ in ppm, J values in parentheses).*”
Position oy (J in Hz) d¢ APT Position oy (J in Hz) dc APT
Aglycon p-p-Glcp 1
1o 1.52 371 CH, 1 5.12d (8.1) 104.6 CH
18 0.78 2 4.27 79.8 CH
20 1.62 29.8 CH, 3 4.15 87.6 CH
2B 2.04 4 3.79 70.3 CH
3 3.80 774 CH 5 3.79 774 CH
4o 1.35 35.6 CH, 6 3.96; 4.38 62.8 CH,
4p 1.79
5 0.88 445 CH B-p-Glcp 11
60, 68 1.16 28.8 CH, 1 5.58d(7.8) 104.4 CH
7o 0.80 323 CH, 2 4.08 74.4 CH
7B 1.53 3 4.08 86.7 CH
8 1.92 34.1 CH 4 4.08 69.0 CH
9 0.51 54.2 CH 5 3.76 77.6 CH
10 - 35.6 C 6 4.02; 4.20 61.0 CH,
11 1.20 211 CH,
11p 1.40 B-p-Glep 111
120 1.01 39.9 CH, 1 5.10d (7.6) 105.8 CH
128 1.64 2 4.00 75.8 CH
13 - 40.9 C 3 4.15 78.1 CH
14 1.00 56.2 CH 4 4.13 71.6 CH
150 1.76 30.7 CH, 5 3.92 78.4 CH
158 2.01 6 4.25; 4.48 62.0 CH,
16 4.59 79.6 CH
17 1.74 64.2 CH p-p-Xylp
18 0.80s 16.4 CH; 1 5.28d (7.6) 104.7 CH
19 0.65s 12.2 CH; 2 3.92 75.5 CH
20 222 40.4 CH 3 4.06 75.1 CH
21 1.20d (7.0) 16.3 CH; 4 4.15 75.8 CH
22 - 1125 C 5 3.48; 4.21 63.8 CH,
230 2.03 323 CH,
23p 141 o-1-Rhap
240, 248 1.16 28.8 CH, 1 5.45 br s 99.3 CH
25 1.90 34.1 CH 2 4.63 72.4 CH
260 3.61 dd (9.6; 6.5) 75.3 CH, 3 4.53 724 CH
268 3.95 4 4.32 73.8 CH
27 0.98d (6.5) 17.2 CH; 5 4.92 69.8 CH
OCH3; 3.29s 47.2 CH; 6 1.70d (6.2) 18.5 CHs;
3-0-Sugars 26-0-Sugars
B-p-Galp B-p-Glcp IV
1 4.88d (7.8) 102.4 CH 1 4.84d (7.7) 104.6 CH
2 4.40 73.0 CH 2 4.01 75.2 CH
3 4.08 74.9 CH 3 4.23 78.5 CH
4 4.46 81.3 CH 4 4.23 71.6 CH
5 3.96 75.8 CH 5 3.93 78.4 CH
6 4.23; 4.65 60.6 CH, 6 4.40; 4.59 62.8 CH,

@ Overlapped proton signals are reported without designated multiplicity.
b Assignments were based on HSQC, HMBC, COSY and APT experiments.

compound 1 was assumed to be a saponin with the molecular for-
mula CggH;16037, bearing seven monosaccharide moieties.

Upon the hydrolysis with 1 M H,SO4, 1 gave tigogenin, which
was identified by co-TLC [CHCl3/MeOH (97:3, v/v)] with an authen-
tic sample. Compound 1 also gave rhamnose (Rha), xylose (Xyl),
glucose (Glc) and Galactose (Gal), which were identified by co-
TLC [n-BuOH/acetone/H,0 (4:5:1)] with authentic samples. CeSO4-
H,SO04 and orcinol-H,SO4 were the spray reagents used for tigo-
genin and monosaccharides, respectively. The molar carbohydrate
composition of 1 indicated the presence of one rhamnose, one
xylose, one galactose and four glucoses.” The absolute configura-
tion of each sugar residue was determined to be D for Clc, Xyl
and Gal, and L for Rha based on GC analysis of their trimethylsily-
lated (—)-2-butyl-glycosides.?

The IR spectrum of compound 1 showed meaningful absorp-
tions at 3420, 2928 and 1072 cm™! attributed to O—H, C—H and
C—O0 stretching vibrations, respectively. The absorptions at 918
and 893 cm ™! (intensity 918 <893 cm ') indicated a 25R-furostan
steroidal structure.’ The 25R stereochemistry of compound 1 was
deduced based on difference among chemical shift between the

geminal protons of glycosyloxy methylene (H,-26) having unsub-
stituted 23-, 24- and 25-positions.'®!" The value AH-26,,=0.34
(6 3.61 for H-26, and 3.95 for H-26,) provided evidence for the
25R configuration. Besides, the '"H NMR spectrum of compound 1
displays a doublet signal at 6 0.98 typical of a 25R-furostanol sapo-
nin. The signal at 6 112.5 was assigned to the acetalic quaternary
carbon which is characteristic for a furostane skeleton possessing
a OMe group at C-22 on the 26-O-glycosidic form.'> The A/B
trans-ring fusion was inferred by the signals at § 44.5 (CH, C-5),
32.3 (CHy, C-7), 54.2 (CH, C-9) and 12.2 (CH3, C-19) indicating that
the aglycon of 1 is a 5aH steroidal sapogenin.'®

The 'H NMR spectrum (Table 1) of compound 1 displayed seven
anomeric hydrogen atoms at 6y 4.84 (d, J=7.7Hz), 4.88 (d,
J=7.8Hz), 510 (d, J=7.6Hz), 512 (d, J=8.1Hz), 528 (d,
J=7.6Hz), 5.45 (br s) and 5.58 (d, J = 7.8 Hz) which gave correla-
tions in the HSQC spectrum with '>C NMR signals (Table 1) at é¢
104.6, 102.4, 105.8, 104.6, 104.7, 99.3 and 104.4, respectively.
Evaluation of chemical shifts and spin-spin couplings allowed the
identification of one p-galactopyranosyl unit (B-Galp), one
a-rhamnopyranosyl unit (o-Rhap), one p-xylopyranosyl unit
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Table 2
The key correlations in HMBC experiment of 1.

ou ("H) oc (0)

3.29
1.20
0.98

Aglycon H3-22)
Aglycon H-21)
Aglycon H-27)

112.5 (Aglycon C-22)
112.5 (Aglycon C-22)
75.3 (Aglycon C-26)

4.88 (p-p-Galp H-1) 77.4 (Aglycon C-3)
5.12 (p-p-Glcp 1 H-1) 81.3 (p-p-Galp C-4)
5.58 (B-p-Glcp I H-1) 87.6 (p-p-Glcp 1 C-3)
5.10 (p-p-Glcp Il H-1) 86.7 (p-p-Glcp 11 C-3)
5.28 (p-p-Xylp H-1) 79.8 (p-p-Glcp 1 C-2)
5.45 (a-1-Rhap H-1) 75.8 (p-p-Xylp C-4)
4.84 (p-p-Glcp IV H-1) 75.3 (Aglycon C-26)

(

(

(

(B-Xylp) and four p-glucopyranosyl units (3-Glcp I, B-Glcp 11, p-Glcp
[II and g-Glcp 1V). The HMBC experiment (Table 2) of compound 1
displayed long range couplings between H-1 of g-p-Galp at 6y 4.88
and C-3 of the aglycon at 6c 77.4 and between H-1 of g-p-Glcp IV at
Sy 4.84 and C-26 of the aglycon at §¢ 75.3, indicating that g-p-Galp
and B-p-Glcp IV are linked to the C-3 and C-26, respectively. The
linkage modes for compound 1 (aglycon and seven monosaccha-
rides) were established by HMBC (see Table 2 and Fig. 1) and
methylation analysis.'* The 'H and '3C NMR spectral data (Table 1)
of compound 1 were assigned based on the HSQC, HMBC, COSY and
APT experiments and by comparison of its 'H and '>C NMR signals
with those reported in the literature.'>!°

The sequence of the sugar chain of 1 was confirmed by methyla-
tion analysis,'* which furnished 1,5-di-O-acetyl-2,3,4-tri-O-methyl
rhamnitol, 1,4,5-tri-O-acetyl-2,3-di-O-methyl xylitol, 1,5-di-O-
acetyl-2,3,4,6-tetra-O-methyl glucitol, 1,3,5-tri-O-acetyl-2,4,6-tri-
O-methyl glucitol, 1,4,5-tri-O-acetyl-2,3,6-tri-O-methyl galactitol
and 1,2,3,5-tetra-0O-acetyl-4,6-di-O-methyl glucitol. These results
indicated that the sugar-aglycon linkages and the sequence of the
sugar chain of compound 1 were as shown in Fig. 1. Based on the
above findings, the structure of compound 1 was established as
3-[0-p-p-glucopyranosyl-(1—3)-0-B-p-glucopyranosyl-(1—3)-0]-
[0-6-deoxy-a-L.-mannopyranosyl-(1—4)-p-p-xylopyranosyl-(1—-2)
-0-B-p-glucopyranosyl-(1—4)-p-p-galactopyranosyl)oxy|-(3,52,22¢,
25R)-26-(p-p-glucopyranosyloxy)-22-methoxy-furostane (Fig. 1).

According to the literature, steroidal saponins are shown to pos-
sess several physiological properties depending on their chemical
structures, such as the capacity for alteration of membrane perme-
ability.! Additionally, these compounds isolated from medicinal
plants have been reported to have important biological activities,
including modulation of metabolic processes, protective activity

against induced gastric mucosal lesions and significant effects
against liver injury in experimental models.'”"'® Several commer-
cial preparations are made from some species of this genus, which
are largely consumed as nutritional supplements, and important
beneficial effects on the gastrointestinal physiology are reported
for these nutraceuticals, such as the reduction of cholesterol and
regulation of triglyceride contents.'®° However, the active princi-
ples responsible for these physiological benefits are sometimes
unknown. In order to explore the utilization of this species in the
alternative medicine and with the aim of evaluating the biological
activity of compound 1, we investigated its antiulcerogenic poten-
tial, with a preliminary evaluation of its protective effects against
induced gastric ulcers using in vivo experimental models®!, along
with an evaluation of its toxicological potential against membrane
integrity in the in vitro assays.??

The antiulcerogenic activity was evaluated by measuring the
inhibition of acute gastric lesions induced by acidified ethanol,?**
which tends to dissolve the components of the mucous membrane
of the stomach, bringing gastric blood flow to a standstill that con-
tributes to the development of the hemorrhage and necrotic
aspects of tissue injury.?® In an attempt to establish a correlation
between spirostane and furostane type structures, the furostanol
saponin 1 (AAM-1) isolated from Agave angustifolia var. marginata
was compared to a spirostanol saponin (ABS-2), previously isolated
in our laboratory.’® By macroscopic observations, in the control
animals that received only water before acidified ethanol adminis-
tration, intense and widespread gastric hyperemia and thickened
lesions were evident. In contrast, the stomachs of the animals
which received compound 1 showed an aspect with significant
reduction in gastric hyperemia and in number and severity of
lesions. The intensity of gastric ulcers was quantified by the per-
centage of the injury area in relation to the control group (Fig. 2).
This protective action is significantly enhanced in comparison to
the reference compound sucralfate, a cytoprotective medication.
This result suggests that compound 1 probably interfere with the
ulcerogenic mechanism, showing a cytoprotective property. In
addition, the steroidal spirostane saponin ABS-2 showed an antiul-
cerogenic potential slightly higher than compound 1, in spite of its
powerful hemolytic property (Fig. 3).

The mechanisms which protect the gastric mucosa against
acute attack by necrotic agents involve a variety of events. Among
these, a crucial role is played by mucus production, which is an
important protective factor for the gastric mucosa and consists of
a viscous, elastic and adherent barrier formed by water and glyco-
proteins that covers the entire gastrointestinal mucosa. The protec-
tive properties of the mucus barrier depend not only on its

HO.
OH
HO HO OH
HO.
S-D-Glepl
B-D-Gleplll HO o
OH
o
HO (e] B-D-Xylp HO
H OH 73
H /-D-Galp

d-L-Rhap

Fig. 1. The structure of compound 1 isolated from Agave angustifolia var. marginata and its main HMBC (—) correlations.
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Fig. 2. Antiulcerogenic activity of compound 1 (AAM-1, 100 mg/kg, po) and the
reference compounds (ABS-2, 100 mg/kg, po) and sucralfate (SUC, 100 mg/kg, po)
against acidified ethanol induced gastric lesions. Results are mean + S.E.M. (n = 5);
p<0.01, "p<0.05, significantly different from the control group.

structure but also on the amount or thickness of the layer covering
the mucosal surface.?” Since literature reports indicated that ster-
oidal saponins possess the ability to increase the mucosal defen-
sive factors, inducing the turnover of glycoproteins in the
mucosal cells, thus increasing the quantity of cellular mucus, prob-
ably this can be the mode of action of compound 1, preventing the
penetration of the necrotizing agent or interacting with the macro-
molecules of the gastric mucosa.?®

Since antiulcerogenic activity generally is correlated to cytopro-
tective properties, in order to investigate the effects of compound 1
on membrane integrity, an in vitro hemolysis assay was used to eval-
uate its toxicity, because erythrocytes represent a simplified model
system useful in the evaluation of metabolic alterations and oxida-
tive damages.?° Compound 1 (AAM-1) was evaluated for hemolytic

Fig. 3. Effect of oral administrations showing gastric ulcer areas. Images repre-
senting macroscopic photographs of the control group (A), sucralfate, 100 mg/kg
(B), AAM-1, 100 mg/kg (C) and ABS-2, 100 mg/kg (D). The results are expressed as
mean = S.EM. (n=5) and statistical comparison was performed using analysis of
variance (ANOVA).

activity and compared with adjuvants commonly used in animal
and human experimental models,*° showing an attenuated hemoly-
tic potential (HDsg 275 pg/mL) similar to the commercial adjuvants.
In contrast, the spirostane steroidal saponin ABS-2 (HDs( 25 pg/mL),
previously isolated in our laboratory and used as positive control,?®
demonstrated a highly hemolytic potential (Fig. 4).

Morphological alterations were analyzed by optical
microscopy,’! and the results indicated that treatment of erythro-
cytes with compound 1 (AAM-1) showed a diminishing membrane
disruption potential, demonstrating an attenuated toxicity on
membrane integrity even at the highest concentration evaluated

600

500

400

300

200

100

Concentration of Adjuvants HDs, (Hg/mL)

*

ABS-2 FCA AAM-1 FIA

Fig. 4. Hemolytic activity (pg/mL) of compound 1 and commercial adjuvants
commonly used in animal and human experimental models. The adjuvant
concentration inducing 50% of the maximal hemolysis was considered the median
hemolytic dose (HDsp; graphical interpolation). Each experiment included tripli-
cates at each concentration. Results are mean + S.EM. (n=5); p<0.01, "'p<0.05
significantly different from the control. Abbreviations: FCA: Freund’'s Complete
Adjuvant; FIA: Freund’s Incomplete Adjuvant; ABS-2: Agave brittoniana saponin
control; AAM-1: Agave angustifolia var. marginata saponin (1).

Fig. 5. Effects of the furostanol saponin 1 from Agave angustifolia var. marginata
(AAM-1) and a spirostanol saponin from Agave brittoniana (ABS-2) on erythrocyte
morphology at the lowest and highest representative concentrations. Optical
microscopy analysis, original magnification (A-D) 40x: (A) AAM-1, 10 pg/mL, (B)
ABS-2, 10 pg/mL, (C) AAM-1, 1000 pig/mL and (D) ABS-2, 1000 pg/mL.
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(1000 pg/mL). In contrast, the spirostane steroidal saponin (ABS-2)
showed marked morphological alterations even at lower concen-
trations (10 pg/mL), since the erythrocytes exhibited many small
thorny projections and a shrunken cytoplasm. In addition, several
echinocytes were observed. At the highest concentration
(1000 pg/mL), it induced powerful lysis, indicating a severe dam-
age and total disruption of the erythrocyte membrane, forming
an aggregate of intracellular components, and consequently a cyto-
toxic potential (Fig. 5). Generally, steroidal saponins possess pow-
erful hemolytic activity because steroids have higher affinities for
cholesterol on erythrocyte membranes, as a consequence of its
amphipathic structure containing a hydrophobic steroidal nucleus
and a hydrophilic carbohydrate moiety. Nonetheless, this is not the
case for compound 1, which demonstrated an attenuated membra-
nolytic activity. This particular behavior can be explained by the
assumption that the steroidal saponin 1 possesses sugar units dis-
tributed at opposite sides of the aglycon moiety, which consider-
ably reduces its hydrophobicity, resulting in the loss of the
amphipathic features.>?
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