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Two new steroidal saponins, (25R)-spirost-5-ene-3b,26b-diol 3-O-a-L-rhamnopyranosyl-(1? 4)-a-L-
rhamnopyranosyl-(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-b-D-glucopyranoside (1) and (25R)-spirost-6-
ene-3b,5b-diol 3-O-a-L-rhamnopyranosyl-(1 ? 4)-a-L-rhamnopyranosyl-(1 ? 4)-[(1? 2)-a-L-rhamno-
pyranosyl]-b-D-glucopyranoside (2), along with the known diosgenin 3-O-a-L-rhamnopyranosyl-(1?
4)-a-L-rhamnopyranosyl-(1 ? 4)-b-D-glucopyranoside (3), chonglouoside SL-5 (4) and Paris saponin Pb
(5) were isolated from the leaves of Cestrum laevigatum. The structures of the compounds were deter-
mined using spectroscopic analyses including HRESI-MS, 1D and 2D NMR data, followed by comparison
with data from the literature. Among them, two are particularly unique, compound 1 is the first 6D-spir-
ostanol saponin and compound 2 has an unusual C-26 hydroxyl in the 5D-spirostanol skeleton. Antifungal
testing showed a potent activity to formosanin C against Candida albicans and Candida parapsilosis.
Evaluation of the cytotoxic activity indicated that compound 1 has a moderate activity against HL-60
and SF-295 cell lines, while compound 2 were active only against HL-60.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Cestrum is the second largest genus of the Solanaceae family,
with 150 species distributed in tropical and subtropical America,
50 of which occurring in Brazil [1–2]. As particular to some Solana-
ceae genera, several species have been reputed as poisonous plants
and the search for active compounds revealed a prolific source of
bioactive steroids saponins containing spirostanol or furostanol
glycoside skeletons [2–7].

Cestrum laevigatum L. is an evergreen shrub native to South
America and has been introduced to South Africa. It is widespread
into natural grasslands, forests, riparian habitats, and coastal
dunes, where is popularly known as ‘‘coerana”, ‘‘lady of the night”
and ‘‘corana”. The dried leaves are used in traditional medicine as
treatment for malaria and fever [8], and smoked by the Mapuche
Indian of southern Chile as a substitute for cannabis [9]. Although
commonly used for ornamental purposes, C. laevigatum is consid-
ered the most lethal plant to mammals, among the group of com-
mon invasive species that cause liver damage. For this reason, is
one of toxic plants of greater importance in Brazilian livestock
for its wide distribution and economic losses, and its growth is
severely controlled or eradicated into pastureland [10,11].

In the course of our search for bioactive natural compounds we
report the isolation and structural characterization of two new
sapogenins (25R)-spirost-5-ene-3b,26b-diol 3-O-a-L-rhamnopyra-
nosyl-(1? 4)-a-L-rhamnopyranosyl-(1? 4)-[(1?2)-a-L-rhamnopy
ranosyl]-b-D-glucopyranoside (1) and (25R)-spirost-6-ene-3b,5b-
diol 3-O-a-L-rhamnopyranosyl-(1? 4)-a-L-rhamnopyranosyl-
(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-b-D-glucopyranoside (2)
from the leaves of C. laevigatum, in addition to the known diosgenin
O-a-L-rhamnopyranosyl-(1 ? 4)-a-L-rhamnopyranosyl-(1 ? 4)-b-

D-glucopyranoside (3) [12], chonglouoside SL-5 (4) [13] and for-
mosanin C (5) [14]. The screening for antimicrobial activities against
Candida parapsilosis (ATCC� 22019TM), Candida albicans (ATCC�

10231TM), Candida krusei (ATCC� 14243TM), Pseudomonas aeruginosa
(ATCC� 9027TM), Staphylococcus aureus (ATCC�6538TM) and Bacillus
subtilis (ATCC� 6633TM), and evaluation of cytotoxicity using human
oi.org/
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promyelocytic leukemia (HL-60), ovarian carcinoma (OVCAR-8),
colorectal adenocarcinoma (HCT-116) and glioma (SF-295) cell lines
were performed (see Fig. 1).
2. Experimental

2.1. General experimental procedures

Melting points were obtained on a MetllerToledo-FP82HT and
were uncorrected. IR spectra were recorded as KBr pallets on a
Perkin-Elmer FT-IR Spectrum 1000 using KBr. The NMR spectra
were performed on Bruker Avance DRX 300 or on Avance
DRX500 MHz equipped with an inverse detection probe head and
z-gradient accessory. The 1H and 13C chemical shifts are expressed
in the d scale and were referenced to TMS through the residual sol-
vent. High-resolution mass spectra were recorded on a Waters
Acquity UPLC system coupled with a Quadrupole/Time-of-Flight
system (UPLC/Qtof MSE spectrometer) in the positive mode. The
TOF conditions were as follow: source temperature 120 �C;
desolvation temperature 350 �C; desolvation gas flow of 350 L/h;
capillary voltage 2 kV; collision Energy Ramp 20 eV. The mode
was acquired from 110 to 1200 Da. Optical rotations were obtained
on a Perkin-Elmer Q-2000 polarimeter, at 589 nm and 25 �C.
Column chromatography was performed over Sephadex LH-20
(Pharmacia) and SPE C18 cartridge (Phenomenex), while TLC was
performed on precoated silica gel aluminum sheets (Merck). The
compounds were visualized by UV detection and by spraying with
vanillin/perchloric acid/EtOH solution, followed by heating.
2.2. Plant material

C. laevigatum L. was collected at the Guaramiranga Mountain,
Pacoti, Ceará State, Northeast of Brazil. Voucher specimens
(#38643) were deposited at the Herbário Prisco Bezerra (EAC)
and identified by MSc. Edson de Paula Nunes, Departamento de
Biologia, Universidade Federal do Ceará, Ceará, Brazil.
Fig. 1. Structures of
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2.3. Extraction and isolation

Leaves of C. laevigatum (1.14 kg) were pulverized and extracted
with EtOH (3 � 9.0 L) at room temperature. The solvent was
removed under reduced pressure to yield a dark green residue
(131.4 g).

Part of EtOH extract (91.0 g) was dissolved in a mixture of
MeOH:H2O (1:1 v/v) and submitted to liquid–liquid partition chro-
matography with hexane, CHCl3, EtOAc and n-BuOH to give four
fractions: hexane (0.11 g), CH2Cl2 (27.1 g), EtOAc (11.3 g) and n-
BuOH (32.0 g).

An aliquot of the n-BuOH fraction (2.0 g) was rechro-
matographed on Sephadex LH-20 (10.0 g) (column
2.5 cm � 10 cm) to afford forty-five fractions (3.0 mL) that were
pooled together into five resulting sub-fractions after TLC analysis.
Sub-fraction F-3 (1.1 g) was further chromatographed on a SPE C18
(5.0 g) cartridge using MeOH/H2O 1:1 (30.0 mL), MeOH/H2O 7:3
(3.00 mL), MeOH/H2O 8:2 (40.0 mL), MeOH/H2O 9:1 (30.0 mL)
and MeOH (50.0 mL), yielding five fractions. Sub-fraction F-5
(0.360 g) was submitted to semi-preparative RP-18 HPLC analysis,
using MeOH/H2O (87:13) as eluent, to afford 1 (10.6 mg).

An Aliquot of the EtOAc fraction (2.1 g) was rechromatographed
on Sephadex LH-20 (10.0 g) (column 2.5 cm � 10 cm) to give forty
sub-fractions (3.0 mL), which were combined into four resulting
sub-fractions according to TLC analysis. Sub-fraction F-3 (0.70 g)
which was then chromatographed on a SPE C18 cartridge by elu-
tion with MeOH/H2O 1:1 (30.0 mL), MeOH/H2O 7:3 (30.0 mL),
MeOH/H2O 8:2 (40.0 mL), MeOH/H2O 9:1 (30.0 mL) and MeOH
(40.0 mL), yielding five fractions. Fraction F-3 (0.26 g) was submit-
ted to semi-preparative RP-18 HPLC chromatography, using an iso-
cratic mixture MeOH/H2O 8:1 to afford 2 (10.0 mg), 3 (8.0 mg), 4
(10.5 mg) and 5 (19.5 mg).

2.3.1. (25R)-spirost-5-ene-3b,26b-diol 3-O-a-L-rhamnopyranosyl-
(1? 4)-a-L-rhamnopyranosyl-(1? 4)-[(1? 2)-a-L-
rhamnopyranosyl]-b-D-glucopyranoside (1)

White amorphous powder, mp 240–242 �C; [a]D20-172.8 (c 0.10,
MeOH); Rf 0.22 (CH2Cl2/MeOH 25%); 1H and 13C NMR data: see
compounds 1–5.
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Table 1
NMR spectral data of compounds 1 and 2 (1H – 500 MHz; 13C – 125 MHz; CD3OD).

Position 1 2

dC dH dC dH

1 38.1 1.82 (m) 29.6 1.68 (m)
1.02 (m) 1.40 (m)

2 30.6 1.90 (m) 32.3 1.79 (m)
1.60 (m) 1.57 (m)

3 79.4 3.54 (m) 75.2 4.17 (m)
4 39.6 2.44 dd (12.5, 3.0) 39.3 2.50 (m)

2.35 t (12.5) 2.36 t (12.7)
5 142.1 – 84.2 –
6 122.8 5.38 d (4.4) 134.4 5.72 d (10.2)
7 33.3 2.00 (m) 131.7 5.62 dd (10.2, 2.1)

1.58 (m)
8 33.0 1.28 (m) 39.8 2.17 (m)
9 51.2 0.90 (m) 45.4 1.80 (m)
10 38.2 – 39.6 –
11 22.2 1.55 (m) 21.7 1.54 (m)

1.37 (m)
12 41.1 1.78 (m) 41.8 1.75 (m)

1.20 (m) 1.19 (m)
13 41.6 – 42.7 –
14 58.0 1.18 (m) 54.7 1.40 (m)

15 1.70 (m) 32.4 2.10 (m)
1.58 (m) 1.40 (m)

16 82.5 4.58 (m) 82.3 4.40 (m)
17 63.9 1.82 (m) 63.5 1.80 (m)
18 16.9 0.80 (s) 17.0 0.82 (s)
19 20.0 1.04 (s) 16.0 0.98 (s)
20 43.1 1.92 (m) 42.8 1.92 (m)
21 15.0 1.01 d (6.5) 14.9 0.96 d (6.9)
22 113.8 – 110.6 –
23 32.9 2.00 (m) 33.2 2.50 (m)

1.50 (m) 1.50 (m)
24 29.2 1.60 (m) 29.8 1.90 (m)

1.50 (m) 1.60 (m)
25 38.2 1.32 (m) 31.3 1.60 (m)
26 97.2 4.52 d (8.0) 67.9 3.45 (m)

3.38 (m)
27 17.3 0.93 d (8.0) 17.6 0.79 d (6.4)

b-D-glycopyranosyl(1? 3)
10 100.6 4.49 d (8.0) 100.8 4.50 d (7.8)
20 79.5 3.40 (m) 79.4 3.40 (m)
30 78.1 3.56 (m) 78.0 3.58 (m)
40 79.6 3.52 (m) 79.9 3.54 (m)
50 76.8 3.30 (m) 76.6 3.32 (m)
60 62.1 3.80 (m) 62.0 3.81 (m)

3.65 (m) 3.68 (m)

a-L-rhamnopyranosyl(1?2)
100 102.5 5.18 d (1.5) 102.3 5.20 (s)
200 73.0 3.78 (m) 72.0 3.94 (m)
300 72.5 3.65 (m) 72.3 3.61 dd (9.5, 3.2)
400 74.0 3.38 (m) 73.8 3.40 (m)
500 69.2 4.05 (m) 69.7 4.12 (m)
600 18.7 1.29 d (6.5) 17.9 1.25 d (6.0)

a-L-rhamnopyranosyl(1? 4)
1000 102.8 4.83 d (1.5) 102.6 4.83 d (1.3)
2000 72.5 3.93 (m) 72.8 3.79 (m)
3000 73.0 3.76 (m) 72.9 3.75 (9.1, 3.1)
4000 81.0 3.57 (m) 80.8 3.55 (m)
5000 70.0 4.14 (m) 69.2 4.03 (m)
6000 18.0 1.24 d (5.5) 18.6 1.29 d (6.2)

a-L-rhamnopyranosyl(1? 4)
1000 0 103.3 5.18 d (1.5) 103.0 5.19 (s)
2000 0 72.5 3.93 (m) 72.0 3.94 (m)
3000 0 72.3 3.60 (m) 72.3 3.68 (m)
4000 0 74.1 3.38 (m) 73.9 3.40 (m)
5000 0 70.6 3.70 (m) 70.4 3.70 (m)
6000 0 18.1 1.25 d (6.5) 18.0 1.25 d (6.0)
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Table 1; IR (KBr) 3355; 2928; 1640; 1452; 1036 cm�1. HRESIMS
m/z: 1031.5468 [M+H]+ (calcd for C51H83O21 [M+H], 1031.5427).
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2.3.2. (25R)-spirost-6-ene-3b,5b-diol 3-O-a-L-rhamnopyranosyl-(1?
4)-a-L-rhamnopyranosyl-(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-b-
D-glucopyranoside (2)

White amorphous powder, mp 178–179 �C; [a]D20-132.7 (c 0.16,
MeOH); Rf 0.20 (CH2Cl2/MeOH 25%); 1H and 13C NMR data: see
Table 1; IR (KBr) 3362; 2928; 1653; 1453; 1037. HRESIMS m/z:
1031.5427 [M+H]+ (calcd for C51H83O21 [M+H], 1031.5427).

2.3.3. (25R)-spirost-5-ene-3b-ol 3-O-a-L-rhamnopyranosyl-(1? 4)-
a-L-rhamnopyranosyl-(1? 4)-b-D-glucopyranoside (3)

[a]D20-55.5� (c 0.09; MeOH) {[a]D24-62.0 (c 0.09; MeOH) [15]}; Rf
0.50 (CH2Cl2/MeOH 25%).

2.3.4. (25R)-7-oxo-espirost-5-ene-3b-ol 3-O-a-L-rhamnopyranosyl-
(1? 4)-a-L-rhamnopyranosyl-(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-
b-D-glucopyranoside (4)

[a]D20-115.8� (c 0.11; MeOH) {[a]D15-32.8� (c 0.12; MeOH) [13]};
Rf 0.23 (CH2Cl2/MeOH 25%).

2.3.5. (25R)-espirost-5-ene-3b-ol 3-O-a-L-rhamnopyranosyl-(1? 4)-
a-L-rhamnopyranosyl-(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-b-D-
glucopyranoside (5)

[a]D20-116.7� (c 0.20; MeOH) {[a]D21-118.6� (c 0.20; MeOH) [15]};
Rf 0.23 (CH2Cl2/MeOH 25%).

2.4. Acid hydrolysis and sugar analysis

Compounds 1 and 2 (5.0 mg) were dissolved in 2 M HCl (diox-
ane/H2O, 1:1, 2 mL) and stirred at 90 �C for 2 h. After cooling, the
reaction mixture was neutralized with solution of 1 M NaOH,
extracted with CH2Cl2 (3 � 5 mL), and the aqueous layer was evap-
orated to give a mixture of monosaccharides. The residue was dis-
solved in hexamethyldisilazane/trimethylchlorosilane/pyridine
(3:1:9), and stirred at 70 �C for 60 min. The supernatants (3 lL)
were analyzed by GC Agilent model GC-789/MSD-5977A (quadru-
pole), under the following conditions: CP-ChiraSil-L-Val column,
0.25 mm � 25 m; temperatures for detector and injector 150 and
200 �C respectively; temperature gradient system for the oven,
100 �C for 1 min and then raised to 180 �C; rate 5 �C/min kept for
5 min. The configurations of sugars were determined by compar-
ison of the retentions times of the corresponding derivatives with
those of standards treated simultaneously with same silylating
reagents (L-rhamnose 11.15 and D-glucose 16.57). Peaks of the
hydrolysates of 1 and 2 were detected at 11.20 (L-rhamnose) and
16.57 (D-glucose). Co-injection of each hydrolysate with standard

D-glucose and L-rhamnose gave single peaks.

2.5. Cytotoxic activity

The tested tumor cell lines (colorectal adenocarcinoma HCT-
116, ovarian carcinoma OVCAR-8, human promyelocytic leukemia
HL-60 and glioma SF-295) were kindly donated by the National
Cancer Institute (Bethesda, MD, USA). Cells were maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum,
2 mM glutamine, 100 U mL�1 penicillin, and 100 lg mL�1 strepto-
mycin at 37 �C with 5% CO2. The cytotoxicity of the isolated com-
pounds was tested the against tumor cell lines using the 3-(4,5-
dimethyl-2-thiazolyl-2,5-diphenyl-2H-tetrazolium bromide)
(MTT) (Sigma Aldrich Co., St. Louis, MO/USA) reduction assay
[16]. Cells were plated in 96-well plates (105 cells per well for
adherent cells or 3 � 105 cells per well for suspended cells in
100 lL of medium) and compounds (0.05–25 lg mL�1) were dis-
solved in DMSO, added to each well using the HTS – high-through-
put screening-biomek 3000-Beckman Coulter (Inc. Fullerton,
California, USA), and incubated for 72 h. Doxorubicin was used as
rom the leaves of Cestrum laevigatum L., Steroids (2016), http://dx.doi.org/
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the positive control. Control groups received the same amount of
DMSO. After 69 h of incubation, the supernatant was replaced by
fresh medium containing MTT (0.5 mg mL�1). Three hours later,
the MTT formazan product was dissolved in 150 lL of DMSO, and
the absorbance was measured at 595 nm (DTX 880 Multimode
Detector, Beckman Coulter, Inc. Fullerton, CA, USA).

2.6. Antimicrobial activity

2.6.1. In vitro antibacterial activity
Tests were performed according to the M02-A11 (CLSI, 2012)

protocol with modifications [17]. Wells with 6 mm diameter were
made in the agar overlay of the Petri dish [18]. To those wells, a
volume of 20 lL (1000 lg mL�1) of the obtained compounds was
applied. The plates were incubated for 20 h at 35 �C. The solvents
and diluents used in the compounds dissolution were used as
negative control.

2.6.2. In vitro antifungal activity
The broth microdilution (BMD) antifungal susceptibility test

was performed according to M27-A3 protocol using RPMI broth
(pH 7.0) buffered with 0.165 M MOPS [3-(N-morpholino)propane-
sulfonic acid] (Sigma–Aldrich, St Louis, MO, USA) [19]. Compounds
were dissolved in dimethyl sulfoxide (DMSO; Sigma–Aldrich) and
tested at concentrations ranging from 1.95 to 1000 lg mL�1. The
yeasts and compounds were incubated in 96-well culture plates
at 35 �C for 24 h and the results were examined visually. The
minimum inhibitory concentration (MIC) of each compound was
determined as the concentration that inhibited 50% of fungal
growth.
3. Results and discussion

Compound 1 was isolated as a white solid. Its molecular
formula was defined as C51H82O21 by the protonated molecular
ion peak at m/z 1031.5468 [M+H] (calcd 1031.5427) in the
HRESIMS spectrum. The IR spectrum displayed an absorption band
relative to hydroxyl at 3355 cm�1.

The 1H NMR spectrum revealed the presence of two singlet
methyls at dH 0.80 (s, H-18), 1.04 (s, H-19) and five doublets at
dH 0.93 (J = 8.0 Hz, H-27), 1.01 (J = 6.5 Hz, H-21), 1.24 (J = 5.5 Hz,
H-6000), 1.29 (d, J = 6.5 Hz, H-600) and 1.25 (J = 6.5 Hz, H-6000 0), besides
a vinyl hydrogen attached of a trissubstituted double bond at dH
5.38 (H-6, J = 4.4 Hz), and several signals in the range at dH
3.30–5.18, indicating 1 to be a steroidal glycoside.

The 13C NMR spectrum displayed forty-four signals, some of
which were oxygenated and superimposed and twenty-seven
others attributable to the aglycone moiety. The presence of charac-
teristic signals related to one spiro acetal carbon at dC 113.8 (C-22),
besides two olefinics at dC 142.1 (C-5) and 122.8 (C-6), after com-
parison to the literature data for steroidal sapogenins containing a
D5-spirostanol skeleton, showed a good match with those related
to gitogenin [20]. The only difference was the replacement of the
signal of the oxymethylene C-26 in gitogenin at dC 67.1, for one
additional dioxymethine carbon at dC 97.2 in 1, suggesting
hydroxylation of C-26 on the ring F.

All proton and carbon signals were fully assigned heteronuclear
single-quantum coherence (HSQC) and HMBC spectra (Table 1).
The four sugar units were characterized by the HSQC correlations
of the signals of the acetal carbon at dC 100.6 (C-10) with the
anomeric proton at dH 4.49 (d, J = 8.0 Hz, H-10), the carbon at dC
102.8 (C-1000) with the hydrogen at dH 4.83 (d, J = 1.5 Hz, H-1000),
while the two others at dC 102.5 (C-100) and 103.3 (C-1000 0) showed
correlation with the signal at dH 5.18 (d, J = 1.5 Hz). This suggestion
was corroborated by sequential loss of the four hexoses moieties
Please cite this article in press as: P.R.V. Ribeiro et al., Spirostanol glucosides f
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showed by the fragment ion peaks at m/z at 885.4839, 739.4393,
557.3475 and 413.3046 in the HRESIMS spectrum. The identity of
the monosaccharides as one D-glucose and three L-rhamnose units
were carried out by NMR analyses and comparison with the liter-
ature data [20], whose absolute configuration of glucose was deter-
mined as D and those of the rhamnoses as L, on the basis of the acid
hydrolysis and HPLC analysis as described. A b-anomeric configu-
ration of the glucopyranosyl moiety was supported by the
relatively large vicinal coupling constant value of 8.0 Hz for the
anomeric proton at dH 4.49 (H-10), while the a-anomeric configura-
tion of the three rhamnopyranosyl units at dH 4.83 (H-1000) and 5.18
(H-100 and H-1000 0), was deduced by the value of J = 1.5 Hz.

The HMBC spectrum permitted to establish the sequence of all
sugar units by long-range correlations between the proton signal at
dH 5.18 (H-1000 0) of the first rhamnopyranose unit with the carbon at
dC 81.0 (C-4000) of the second, whose anomeric hydrogen at dH 4.83
(H-1000) showed correlation with the carbon at dC 79.6 (C-40) of the
glycopyranose. The anomeric hydrogen at dH 5.18 (H-100) of third
rhamnopyranose also showed correlation with the glycopyranose
moiety through the carbon at dC 79.5 (C-20). Finally, the anomeric
hydrogen of the glycopyranose unit at dH 4.49 (H-10) showed corre-
lation with the C-3 carbon of the aglicone portion at dC 79.3 (C-3).
These findings confirmed the attachment sequence of the
sugar chain at C-3 to be 3-O-a-L-rhamnopyranosyl-(1? 4)-
a-L-rhamnopyranosyl-(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-b-D-
glucopyranoside. The locations of the 26-hydroxyl and 27-methyl
group equatorially positioned were confirmed by long range corre-
lations between the methyl group at dH 0.93 (CH3-27) with the
acetal carbon at dC 97.2 (C-26), and based on the large value of
the coupling constant of 8.0 Hz observed for the dioxymethine
hydrogen at dH 4.52 (H-26). Thus, the structure of 1 was elucidated
as the new (25R)-spirost-5-ene-3b,26b-diol 3-O-a-L-rhamnopyra-
nosyl-(1? 4)-a-L-rhamnopyranosyl-(1? 4)-[(1?2)-a-L-rhamnopy-
ranosyl]-b-D-glucopyranoside.

Compound 2 was isolated as a yellow resin. The support for a
spirostanol steroid skeleton came from the comparative analysis
of its MS and NMR data with those observed for compound 1. It
had also a molecular formula C51H83O21 on the basis of HRESIMS
ions peak at m/z 1031.5427 (calcd 1031.5427).

The 1H NMR spectral data of 2 were also quite similar to those
of 1, except the by the absence of the dioxymethyne hydrogen at dH
4.52 (H-26) observed in 1, and the presence of an additional vicinal
vinyl hydrogens as a pair of doublets at dH 5.62 (dd, J = 10.2, 2.1 Hz,
H-7) and 5.72 (d, J = 10.2 Hz, H-6) in 2, instead of the single signal
in 1 at dH 5.38 (H-6), indicating that the trissubstituted double
bond in 1 was rearranged to a cis configuration in 2.

In the 13C NMR spectrum of 2 was identified an additional oxy-
genated quaternary carbon at dC 84.2 (C-5), and similar signals
related to the four sugar anomeric carbons at dC 100.8 (C-10),
102.3 (C-100), 102.6 (C-1000) and 103.0 (C-1000 0) showing HSQC corre-
lations with corresponding hydrogens signals at dH 4.50 (d,
J = 7.8 Hz, H-1’), 5.20 (d, J = 1.5 Hz, H-100), 4.83 (d, J = 1.3 Hz, H-1000)
and 5.19 (d, J = 1.5 Hz, H-1000 0), respectively, in addition to deoxy-
genated monohydrogenated carbon at dC 110.6 (C-22). Moreover,
the cis disubstituted double bond was confirmed by the two signals
of unsaturated monohydrogenated carbons at dC 131.7 (C-7) and
134.4 (C-6), showing correlations with the hydrogens at dH 5.62
(H-7) and 5.72 (H-6), respectively.

The assignments of the signals related to the sugar carbons, as
well as their sequence were established by long-range connectivi-
ties in the HMBC spectrum (Table 1). Moreover, the location of the
hydroxylated carbon at C-5 and the D6-double bond was deter-
mined by the three bond correlations of the hydrogens of the
methyl group at dH 0.98 (CH3-19) and olefin proton at dH 5.62
(H-7) with the oxygenated carbon at dC 84.2 (C-5), besides correla-
tions of the hydrogens at dH 2.17 (H-8) and 2.50 (H-4) with the
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Table 2
Cytotoxicity of compounds against four human cancer cell lines.a

Compounds HL-60 OVCAR-8 HCT-116 SF-295

1 6.5 (5.2–8.1) 10.3 (5.4–19.9) 10.1 (4.5–23.0) 7.7 (4.2–14.1)

2 7.3 (6.7–7.9) 15.3 (11.9–19.6) 11.4 (9.6–13.5) 12.9 (10.8–15.4)

3 >25 >25 >25 >25

4 8.2 (7.4–9.1) 10.8 (9.4–12.4) 8.6 (7.6–9.9) 6.9 (5.6–8.4)

5 0.6 (0.4–0.7) 2.4 (1.9–2.9) 1.01 (0.74–1.37) 1.3 (1.0–1.6)

Doxorubicinb 0.02 (0.01–0.02) 0.3 (0.2–0.3) 0.1 (0.1–0.2) 0.2 (0.2–0.3)

a Results are expressed as IC50 values in lM and means ± standard deviation of three independent replicates.
b Positive control.
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unsaturated carbon at dC 134.4 (C-6). The shielding effects of the
13C NMR signals observed for the carbons dC 29.6 (C-1), 75.2
(C-3) and 45.4 (C-9) as compared with those to compound 1,
suggested that these carbons were subjected to a c-gauche shield-
ing effect of the C-5 hydroxyl group, that consequently was axially
oriented. In addition, the methyl group equatorially-oriented was
determined by the diagnostic assignments observed for the car-
bons at C-23, C-24, C-25 and C-26 in comparison with those
reported by Agrawal et al. [19].

As observed in 1, the glucopyranosyl moiety presented a
b-anomeric configuration based on the large vicinal coupling
constant value of 7.8 Hz of the anomeric proton at dH 4.50 (H-10),
while the three rhamnopyranosyl units have an a-anomeric
configuration by the value of J = 1.5 Hz, for the hydrogens at dH
4.83 (H-1000), 5.19 (H-1000 0) and 5.20 (H-100). The absolute configura-
tion of the glucose unit was also determined as D and that of rham-
nose as L, through the acid hydrolysis and the HPLC analysis. In
addition, the diagnostic signals at m/z 1013.5504, 867.4950,
721.4130, 575.3622 and 413.3011 in the HRESIMS, showed the
subsequent loss of H2O and the four sugar moieties and confirmed
the proposed structure.

Thus, the structure of 2 was elucidated as the (25R)-spirost-6-
ene-3b,5b-diol 3-O-a-L-rhamnopyranosyl-(1? 4)-a-L-rhamnopy-
ranosyl-(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-b-D-
glucopyranoside.

The known compounds were identified as (25R)-spirost-5-
ene-3b-ol 3-O-a-L-rhamnopyranosyl-(1? 4)-a-L-rhamnopyra-
nosyl-(1? 4)-b-D-glucopyranoside (3) [12], (25R)-7-oxo-espirost-
5-ene-3b-ol 3-O-a-L-rhamnopyranosyl-(1? 4)-a-L-rhamnopyra-
nosyl-(1? 4)-[(1? 2)-a-L-rhamnopyranosyl]-b-D-glucopyranoside
(Chonglouoside SL-5) (4) [13] and (25R)-espirost-5-ene-3b-ol
3-O-a-L-rhamnopyranosyl-(1? 4)-a-L-rhamnopyranosyl-(1 ? 4)-
[(1? 2)-a-L-rhamnopyranosyl]-b-D-glucopyranoside (5) [14] after
extensive NMR spectral data analysis and comparison of its
spectroscopic data with those reported in the literature.

The isolation of steroidal saponins is already reported for sev-
eral species of different genera of Solanaceae as spirostane, furos-
tane and spirofurostane sapogenins skeletons [21-24]. Although a
large number of compounds belonging to the 5D-spirostane series
have been reported, the structure of 6D-spirostane skeleton as
observed for compound 2, is a feature never reported for this class
of compounds. In addition, the uncommon hydroxylation at C-26
on the six membered pyran ring observed for 1 is noteworthy.

The structure–cytotoxicity relationship of steroidal saponins
has been discussed and it has been established that aglycone
played an important role in biological activity, while the type,
length, linkage as well as the substituents of the glycosyl chain
influenced the cell recognition and regulation of biological activity
[25]. A literature survey has revealed that the cytotoxic activity of
formosanin C (5) has been well documented and it has recently
emerged as potential antitumor agent [26–28].
Please cite this article in press as: P.R.V. Ribeiro et al., Spirostanol glucosides f
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Compounds 1–5 were evaluated against four human cancer cell
lines colorectal adenocarcinoma (HCT-116), ovarian carcinoma
(OVCAR-8), human promyelocytic leukemia (HL-60) and glioma
(SF-295) (Table 2). As expected, our results showed compound 5
as the most active showing effective action against all tested cell
lines with IC50 ranging to 0.6 to 2.4 lg mL�1. Compound 1 exhib-
ited a moderate effect against HL-60 and SF-295, compound 2
exhibited a selective activity against HL-60 with a IC50 value of
7.3 lg mL�1, compound 4 showed moderated activity to all cell
lines, while compound 3 was inactive. The antimicrobial activities
of the isolated compounds against C. parapsilosis (ATCC� 22019TM),
C. albicans (ATCC� 10231TM), C. krusei (ATCC� 14243TM), P. aeruginosa
(ATCC� 9027TM), S. aureus (ATCC�6538TM) and B. subtilis (ATCC�

6633TM) were evaluated. The results showed that only formosanin
C (5) presented antifungal activity against C. parapsilosis and C.
albicans with values of IC50 values of 3.2 and 1.9 lg mL�1, respec-
tively, while compounds 1–4 were inactive.

These findings can suggest that the (1? 2)-a-L-rhamnopyra-
nosyl linkage of the inner glucosyl moiety can be important for
cytotoxic activity, since the compound 3 was inactive in all cancer
cell lines and microorganisms. The modifications on the diosgenyl
aglycone structure by the introduction of a hydroxyl group at C-26
on compound 1, one carbonyl group at C-6 on 4, or changes of the
double bond in the 6D-spirostene skeleton showed only weak cyto-
toxic results, and no antimicrobial activities were observed.
4. Conclusion

The isolation of spirastone glycosides in C. laevigatum is in
accordance with the previous reports about the Cestrum genus
and the Solanaceae family. However, the occurrence of a 6D-spiros-
tane skeleton is an unprecedented feature in the literature. The
cytotoxic activity against HCT-116, OVCAR-8, HL-60 and SF-295
cancer cell lines showed formosanin C (5) as the most active
against all cell lines, while compounds 1 and 2 showed moderated
activity against HL-60. Formosanin C (5) also showed selective
antimicrobial effects against C. parapsilosis and C. albicans while
compounds 1–4 were inactive. The current results suggest that
the Cestrum genus is an important source of structurally interest-
ing and biologically active steroidal saponins.
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