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One steroidal alkaloid glycoside compound as 32-solanin or solanid-5-ene-(1°—3)-B-D-galactopyranosyl-(1”—3)-B-D-glucopyranoside
has been isolated from the fruits of an Indonesian medicinal plant, Solanum blumei Nees ex Blume (Solanaceae). The structure of the
compound was identified by using spectral data analysis viz., ultraviolet, infrared, 1D NMR (‘H-, “C- and DEPT), 2D NMR (COSY, |

method. The compound considered as highly toxic because it has LCsy < 30 pg/mL. |

| HMQC and HMBC) and mass spectra. The compound has toxicity with LCsvalue 17.97 ug/mL by Brine Shrimp Lethality Test (BSLT) |
|
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INTRODUCTION

Ranti hitam (Solanum blumei Nees ex Blume) (Solanaceae)
is found in Dairi and Karo, North Sumatera, Indonesia.
Traditionally fruits of S. blumei have been used as drugs, such
as pain medication, fever, abdominal pain, ear pain and anti-
inflammatory. To best of our knowledge, the chemical and
pharmacological studies on S. blumei reports still limited.
Simorangkir ef al. [1] have reported that the phytochemical
extracts of leaves and fruits of S. blumei conducted in accor-
dance with the method of Harborne [2] show that the ethyl
acetate extract of this plant contains alkaloids, steroids and
flavonoids while the ethanol extract has many alkaloids,
saponins and flavonoids bit, phenols and tannins. The n-hexane
extract consists of steroids, triterpenoids and little amount of
alkaloids. The highest extraction result is obtained in the
extracted ethanol of leave and fruit compared with extracts of
n-hexane and ethylacetate.

The results of toxicity test by Brine Shrimp Lethality Test
method (BSLT) [3] for fruit extracts of S. blumei showed that
the ethanol extract of S. blumei fruit had the highest toxicity
than ethyl acetate and n-hexane extracts with LCs, values in a
row i.e. 21.10; 321.14 and 573.61 ug/mL [4]. According to
Atanu et al. [5], toxicological properties of the Solanum plant
are likely caused by alkaloid content contained in Solanum
plants. Based on the results of some tests that have been made

to extract S. blumei, these plant is potential to become a medi-
cinal plant.

The genus Solanum (Solanaceae family) is a very large
group of about 1400 species spreaded throughout the temperate
and tropical regions of the world. They are rich in steroidal
glycosides in the form of glycoalkaloids [6]. Solanum nigrum
L, one of Solanum species is a popular in part due to its toxic
content of solanine, a glycoalkaloid found in most parts of the
plant, with the highest concentrations in the unripened berries
[7]. Although it is considered as rich source of one of the most
popular plant poisons, it has also proved to be a reservoir of
phytochemicals with pharmacological prospects [8]. Another
Solanum is Solanum chacoense that has already been studied
chemically and found to contain mixture of steroidal alkaloid
glycosides as solanidine, leptinidine and acetyl leptidine [9].
Chemotaxonomic analysis for S. nigrum plant complex has
been carried out by comparison of glyco-alkaloid solasonine,
o-solamargine, B-solamargin, o-solanine and their aglycon
solasodine and solanidine contained in five taxa of Solanum
nigrum complex namely S. americanum Miil, S. chenopodioides,
S. nigrum L., S. retroflexum and S. villosum [10].

S. blumei or known as Ranti hitam in Indonesia is not
included in the S. nigrum taxa complex and there are no reports
of research on the content of alkaloids in the plant. In this
paper, it is reported the first investigation of the alkaloid of the
Solanum blumei Nees ex Blume, as an Indonesian medicinal
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plant. The compound is toxic with LCs, 17.97 ug/mL by Brine
Shrimp Lethality Test method. The inhibitory activity against
leukemia line cells Li»o of reviews these steroidal alkaloid
glycoside isolated from S. blumei fruits is now in progress.

EXPERIMENTAL

The fruits of S. blumei were collected from Kuta Nangka
village, sub-district Tanah Pinem, Dairi, North Sumatera
Province, Indonesia (Fig. 1). Identification of plant material
was carried out at the Herbarium Bogoriensis, Indonesian
Institute of Sciences (LIPI) Cibinong, Indonesia, where the
herbarium voucher has been kept.

Fig. 1. Plant of Solanum blumei Ness ex Blume and section fruits, leaf,
and branches flowers

Preparation of plant extracts: The fruits of S. blumeii
(6.1 kg) were air dried at room temperature and coarsely
powdered (520.01 g) [1]. The powder (500.10 g) was mace-
rated with n-hexane solvent, followed by ethyl acetate and
finished with ethanol solvent. The results of the maceration
process were n-hexane (10.92 g), ethyl acetate (25.23 g) and
ethanol extracts (55,08 g) [1].

Toxicity test: The toxicity of the fractions from the
column chromatography analysis were measured by using
BSLT method [3]. The concentrations of the sample were 10,
100 and 1000 pug/mL and toxicity measurements were
performed in three repetitions. Using this method, the toxicity
of a fraction with LCs, value is the concentration of the fraction
that gives as much as 50 % mortality rate. The toxicity test
fractions are presented in Table-1.

Phytochemical test for alkaloids, steroids and sugar:
Phytochemical test for alkaloids, steroids and sugar were done
using Dragendorff, Liebermann-Burchard and Molisch
reagents respectively [2].

Isolation and purification: Isolation and purification of
compound 1 was done according to toxicity fraction guide.

Briefly, ethanol extracts (25.02 g) were fractionated by
column chromatography technique using silica gel (70-230
mesh, Merck, 200.0 g) as stationary phase and ethylacetate as
mobile phase, followed with CHCI;-MeOH (1:1), CHCl;-
MeOH-H,O (5:5:1) and acetic acid-EtOH (1:30) until we got

fraction 2-7-3-3 (compound 1) which showed the highest
toxicity with LCso = 17.97 ug/mL (Table-1) as pure alkaloid
compound in amorphous white powder form (313 mg).

Chemical structure determination: The chemical struc-
ture of the compound 1 was identified by spectral data analysis
of ultraviolet (UV), infrared (IR), ID NMR ('H-, “C- and
DEPT), 2D NMR (COSY, HMQC and HMBC), mass spectra
and comparison with literature values.

Spectral data of 'H NMR (500 MHz) and “C NMR (125
MHz) were recorded on JEOL 500 spectrometer (500 MHz
for '"H NMR; 125 MHz for *C NMR) with TMS as internal
standard. UV spectra was measured by using a Varian Cary
100 Conc (Shimadzu); IR spectra was recorded as KBr pellets
on a Jasco model IR 700 spectrometer. EI-MS mass spectra
was taken in the positive mode on HPLC Alliance 2695, Waters
Detector Photodiode Array 2996. Thin layer chromatography
(TLC) was performed on silica gel GF.s, percoated plates (0.25
mm, thick, Merck); Column chromatography analysis using
silica gel 60 G (70-230 mesh, Merck).

RESULTS AND DISCUSSION

Results of the ethanol extract of S. blumei fractionation
using silica gel column chromatography (70-230 mesh, Merck)
and the results of toxicity BSLT tests of each fraction are
presented in Table-1.

TABLE-1
TOXICITY BSLT OF SAMPLE FRACTIONS
COLUMN CHROMATOGRAPHY
LGy LG,
No. Sample (ue/ml) No. Sample (UpfmlL)

1 Fr. 1 37.92 16 Fr.2-9 29.00
2 Fr.2 29.00 17 Fr. 2-7-1 60.66
3 Fr.3 95.73 18 Fr. 2-7-2 38.28
4 Fr. 4 109.85 19 Fr. 2-7-3 22.81
5 Fr.5 60.66 20 Fr. 2-7-4 48.65
6 Fr. 6 66.90 21 Fr. 2-7-5 49.44
7 Fr.7 31,67 22 Fr. 2-7-6 27.21
8 Fr. 2-1 81,94 23 Fr. 2-7-7 37.28
9 Fr.2-2 95.73 24 Fr. 2-7-8 49.44
10  Fr.2-3 37.21 25 Fr. 2-7-3-1 44.19
11 Fr. 2-4 71.92 26 Fr. 2-7-3-2 19.45
12 Fr.2-5 48.65 27 Fr. 2-7-3-3 17.97
13 Fr.2-6 36.22 (Comp. 1)
14 Fr.2-7 27.21 28 Fr. 2-7-3-4 39.43
15  Fr.2-8 60.66 29 Fr. 2-7-3-5 54.21

Results fractionation of the ethanol extract S.blumei through
silica gel column chromatography (70-230 mesh, Merck) was
obtained pure fraction Fr 2-7-3-3 (compound 1) (Table-1). The
obtained white powder pure compound 1 has shown positive
reaction to Dragendorff and Liebermann-Burchard reagents
that indicates characteristic for steroidal alkaloid compound.
Additionally, compound 1 presents positive reaction to Molisch’s
test which supports reviews assessment of their presence in a
glycosidic form. The compound 1 isolated from S. blumei fruits
had toxicity with LCsy 17.97 ug/mL based on BSLT method
(Table-1). The compound considered as highly toxic because
it has LCsp < 30 pg/mL [11].

Ultraviolet spectra for compound 1 indicates maximum
wavelength at A 191.8 nm which is characteristic for chromo-
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phore alkene group (double bond). Infrared spectra has shown
functional group at wave number 3100 cm™ (OH); 1064.71
cm™ (C-N-C); 1560.41 cm™ (C=C aliphatic) and 2505.53 cm’
(C-H strech).

"H NMR spectra has exhibited 4 methyl groups (CHs) at
Ou 1.10; 1.26; 0.85 and 1.05 ppm (s). Seven methine protons
(CH) have been found at &y 3.51 (d); 1.26 (d); 0.94 (d); 2.01
(m); 1.99 (s); 3.40 (t) and 1.47 ppm (m). The presence of eight
methines (CH) in high magnetic field indicate sugar group
(carbohydrate) in the chemical structure at oy 4.39 (d); 3.45
(t); 3.97 (m); 3.30 (d); 3.42 (t); 3.79 (d); 3.61 (d); 3.64 ppm
(d) and two anomeric protons at dy 4.71 (q) and 4.80 ppm (q)
with B-anomer position [12]. Twelve methylene (CH,) protons
have been located at 8y 1.10 (d); 1.91 (s); 1.79 (s); 1.170 (q);
2.41 (d); 2.23 (1); 1.88 (t); 2.41 (d); 3.41 (t); 1.99 (s); 1.91 (s)
and 3.65 ppm (d), while alken group (-CH=C-) has been found
at 0y 5.37 ppm (d).

BC NMR spectra and distortionless enhancement by
polarization transfer (DEPT) analysis exhibit 39 carbons. Two
olifinic carbons are found at &¢c 142.14 (s) and 122.49 ppm
(d). Two methine carbons as C-anomeric are obtained at 6c¢
102.47 (d) and 103.00 ppm (d), while four methyl carbons
(CHj;) are located at dc 16.69 (q); 19.94 (q); 17.95 (q) and 18.97
ppm (q).

2D NMR hetero multiple quantum coherence (HMQC)
spectra analysis for compound 1 indicate correlation between
proton and carbon in one bond (geminal). For example, proton
at Oc 40 (C-6) are correlated with &y 5.37 (H-6); dc 22.03 with
Ou2.41 (C-11 and H-11), etc. Correlation between proton and
proton is confirmed by correlation between H-2 with H-3, H-
3 with H-4, H-6 with H-7 and H-15 with H-16 result analysis
spectra of 2D NMR correlation spectroscopy (COSY) for
compound 1. Hetero multiple bond connectivity (HMBC)
spectra analysis has showed correlation between proton and
carbon from more than one bond distance. Proton at &y 4.70
ppm (H-1") is correlated with 2 carbons at 8¢ 79.93 ppm (C-3)
and O¢ 75.35 (C-2"). Proton at 8y 3.30 ppm (H-5’) is correlated
with carbons at &c 102.47 ppm (C-17); 76.88 ppm (C-3") and
62.08 ppm (C-6’). Proton at &y 1.99 ppm (H-15) is associated
with carbons at dc 42.86 (C-20) and &¢c 17.95ppm (C-21), etc.
[lustration for long-range correlation from HMBC spectra of
compound 1 is shown in Fig. 2.
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Fig. 2. HMBC analysis for chemical structure of compound 1

Mass spectra (MS) data analysis shows molecule ion at
m/z 722 (M+H)". This indicates that chemical structure of the
compound 1 has molecular weight 721 for molecular formula
C39He;NOy,. This is caused by addition of one H atom with
molecular weight 1 but slipped out in order to get stable
structure with molecular weight 721. Further, this molecule is
fragmented by releasing two sugar molecules from glycoside

molecule and leaded to glycon with molecular ion peak and
fragmented ion at m/z: 560, 396, 380 and 150. Fragmentation
pattern of fraction F2-7-3-3 (compound 1) chemical structure
can be seen in Fig. 3.

m/z =122 (M+H)*

Fig. 3. Fragmentation pattern analysis result for compound 1

Confirmation for chemical structure of compound 1 has
been made by literature investigation. The chemical shift
comparison between compound 1 and a-solanine can be seen
in Table-2. Based on the comparison, compound 1 has similarity
with a-solanine, however, compound 1 has 2 units of hexose
sugars (galactocyl and glucocyl) with B-anomer position as
glycoside alkaloid.

TABLE-2
COMPARISON CHEMICAL SHIFT DATA (ppm) BETWEEN
COMPOUND 1 AND STANDARD B-SOLANINE

a-Solanin o-Solanin
Carbon C(‘(’:‘Bpg‘g‘)d (DMSO-d) Carbon C(‘(’:‘Bpg‘;)“)d (DMSO-
g [Ref. 9] g d) [Ref. 9]
T 38601 3752 24 3080() 3069
2 3084() 3154 25 2987(d) 3098
3 7993 7690 26 6208()  59.58
4 40590 3991 27 1897(q)  19.40
5 14214(s) 14033 I 10247(d) 9842 gal
6 12249(d)  121.39 © o 7535(d) 7343
7 32000 3616 3 7688(d)  83.58
8 3280(d) 3126 4  7076(d) 6781
9 5166(d) 4970 5 7684(d)  72.93
10 3810(s) 3691 6  6208() 6841
11 2203() 2044 17 103.00d) 103.95glu
12 39770 3991 2 7385(d) 7205
13 4216(s) 3978  3°  7255(d)  74.06
14 5777(d) 5699 4 7231(d)  69.96
15 332000 3616 5" 7684(d)  76.00
16 7980(d) 684l 6 6808()  6252()
17 6331 6058 17 - 10041 rha
18 1669(q) 1668 27 - 69.76
19 1994(q) 1895 3 - 7043
20 4286(d) 3641 47 - 7252
21 1795( 1781 57 - 60.91
2 7385(d) 7465 67 - 18.32
23 33200 2897 _ _ _

Based on ultraviolet (UV), FTIR, 1D 'H and “C NMR,
2D NMR (HMQC, COSY and HMBC), mass spectra and
chemical shift (proton and carbon) spectral data comparison,
compound 1 can be determined as glycoside steroidal alkaloid
[2-solanine which contains 2 units of hexose sugars (galactocyl
and glucocyl) with molecular formula C3sHgNO; ;. According
to IUPAC, compound 1 is called as f2-solanin or [solanid-5-
ene-(1’—3)-B-D-galactopyranosyl-(1”—3")-B-D-glucopyra-



206 Simorangkir et al.

Asian J. Chem.

noside] with molecular formula C3;yHgNO;;. LCMS/MS
spectral data shows m/z =722 (M+H)" to give molecular weight
721 for compound 1.

It has been isolated one steroidal alkaloid glycoside, 2-
solanine (compound 1) from the ethanol extract of fruits of
S. blumei Nees ex Blume. The steroidal alkaloid glycoside
compounds are toxic with LCsy 17.97 ug/mL (Table-1). Active
compound provides high mortality. Based on brine shrimp
toxicity test method, a sample is considered as highly toxic if
it has LCsy < 30 pg/mL and it is considered as toxic if it has
LCsy 30-1000 pg/mL and less toxic if it has LCsy >1000 pg/
mL [11]. According to Atanu et al. [5], toxicological properties
of the Solanum plants are likely caused by alkaloid content
contained in Solanum plants.

Eltayeb et al. [13] reported that a high concentration of
glycoalkaloid solanine was also found in S. nigrum, but the
highest was obtained in unripe berries. Small unripe fruits of
S. nigrum had a high concentration of solasodine, but both
concentration and absolute amount of alkaloids per fruit were
decreased along with fruit maturation. Ikeda et al. [ 14] reported
that two new steroidal oligoglycosides (nigrum I and IT) were
isolated from of S. nigrum. Hu et al. [15] had isolated three anti-
neoplastic steroidal glycosides (-2-solamargine, solamargine
and degalactotigonin) from S. nigrum and all of them exhibited
cytotoxicity in six cultured human solid tumor cell lines (HT-
29, HCT-15, LNCaP, PC-3, T47D and MDA-MB-231).

Shabana et al. [6] have also isolated three steroidal alkaloids
(solasodine, solamargine and solasonine) from ethanol extract
of Solanum melongena fruit peels and showed potency as
anticancer against hepatocellular carcinoma. Kartika et al. [16]
have also been isolated alkaloid from fruit of Scorodocarpus
borneensis Becc which exhibits bioactivity.

The steroidal alkaloid glycoside (compound 1) isolated
from S. blumei fruits had toxicity with LCsy 17.97 ug/mL based
on Brine Shrimp Toxicity Test method (Table-1). The compound
considered as highly toxic because it has LCsy < 30 pg/mL
[11]. Based on the toxicity test results of steroidal alkaloid
glycoside isolated from S. blumei fruits, this plant is potential
to be Indonesian medicinal plant. The inhibitory activity
against leukimia cell line L»; of these steroidal alkaloid
glycoside isolated from S. blumei fruits research is now in
progress.

Conclusion

The results presented that the pure compound isolated
from fruit of S. blumei is a steroidal alkaloid glycoside. Based
on the spectral data analysis of ultra violet, infrared, ID NMR

('H-, *C- and DEPT), 2 D NMR (COSY, HMQC and HMBC),
mass spectra and comparison with literature values, the struc-
ture of the compound 1 was established as B2-solanin or
[solanid-5-ene-(1’—3)-B-D-galactopyranosyl-(1”—3")-B-D-
glucopyranoside]. The compound had toxicity with LCsy 17.97
pg/mL based on Brine Shrimp Toxicity Test method. The
compound considered as highly toxic because it has LCsy <
30 pg/mL.
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