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Chemical structure of steroidal saponin isolated
from the leaves of Dracaena draco L.
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Abstract:

Saponins are naturally occurring compounds ubiquitously present in various organisms, predominantly in plants.
They are noted for forming colloidal solutions in water, which foam on shaking and precipitate cholesterol. Several
in vitro and in vivo tests on mixtures and individual saponins have revealed a broad spectrum of biological and
pharmacological activities, including cancer-related activity, antiphlogistic and antiallergic, immunomodulating,
antihepatotoxic, antiviral, hypoglycemic, antifungal and molluscicidal activities. The Dracaena genus is renowned
for an abundance of steroidal saponins utilized in treating digestive and hematological disorders. Previous studies
on this genus revealed the presence of steroidal saponins, some of which showed cytotoxic activities against cultured
tumor cells and interesting biological activities. This study procured steroidal saponin from the foliage of D. draco
L. using various chromatographic techniques and 1D and 2D nuclear magnetic resonance (NMR) spectroscopic
analysis. The structure was deduced as 26-0-p-D-glucopyranosyl-22-0O-methylfurosta-5,25(27)-diene-1,33,220,26-
tetrol 1-0-{0-o-L-rhamnopyranosyl-(1—2)-0-L-arabinopyranosyl}; a compound previously isolated from the
underground parts of Ruscus aculeatus in Japan. Future evaluation of the saponin’s biological activity is imperative
to enhance chemotaxonomic data concerning the chemical composition and biological functionality of D. draco L.
and, by extension, the Dracaena genus.
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1. Introduction isolation and structural elucidation of steroidal saponins

. ith biological effi from D. L. [7]. To facili
The Dracaena genus, part of the Asparagaceae family, with biological efficacy from D. draco L. [7]. To facilitate

. . . . . comparison between specimens found in Japan and
comprises approximately 110 species predominantly native P P P

to tropical and subtropical zones [1]. Species from this genus Vietnam, an exhaustive phytochemical analysis of D. draco

are employed in treating digestive ailments. Traditional
Chinese medicine has documented the substitution of
the red resin from D. cochinchinensis since the 1970s to
augment blood circulation and treat inflammation, diarrhea,
diabetes, and haemorrhage [2]. Chemical studies on
Dracaena species have disclosed the presence of saponins
with antituberculosis, anti-inflammatory, antimicrobial, and

cytotoxic properties [3-6].

D. draco L. is indigenous to the Canary Islands but is
also observed in Vietnam. Its trunk and leaves exhibit a dark
red hue, known as ‘dragon’s blood’, and are employed in
traditional medicine. Previous studies have examined the
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L.’s leaves was undertaken, culminating in the isolation of
a steroidal saponin via chromatographic and spectroscopic
techniques. The paper delineates the isolation and structural
elucidation of this saponin.

2. Materials and methods
2.1. Plant material

The foliage of D. draco L. was gathered in Thai Nguyen
Province, Vietnam, during July 2019 and was authenticated
by Dr. Hung Duc Nguyen, a co-author. The voucher
specimen is conserved at the Faculty of Biology, Thai
Nguyen University of Education (Fig. 1).
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Fig. 1. The species D. draco L.
2.2. General experimental procedure

Nuclear magnetic resonance (NMR) spectra were
acquired utilising an Inova NMR spectrometer (Agilent
Technologies®, USA) at frequencies of 600 MHz for 'H and
2D NMR (HSQC, HMBC, ROESY) and 150 MHz for "*C
NMR. Chemical shifts (3) are reported in parts per million
(ppm), with samples dissolved in pyridine-d5. Electrospray
lonisation Mass Spectrometry (ESI-MS) readings
were conducted on a micrOTOF II mass spectrometer
(Bruker®, Germany). Extractions utilised an Elmasonic
S10H ultrasound cleaner (Elma, Switzerland). Isolations
employed a Medium-Pressure Liquid Chromatography
(MPLC) system with a silica gel 60 (40-63 um, Merck®,
Germany) stationary phase. Reversed-phase silica gel RP-
18 (75-200 pm, SiliCycle, Canada) and Sephadex LH20
(Sigma Aldrich, France) were utilised for Vacuum Liquid
Chromatography (VLC) and Column Chromatography
(CQC), respectively. Thin-layer chromatography (TLC) was
conducted on pre-coated silica gel plates 60F254 (Merck,
Germany). The saponins were detected with a spray reagent
of vanillin-sulphuric acid, comprising 1% vanillin in an
EtOH:H,SO, solution (50:1, v/v).

2.3. Extraction and isolation of saponin

Dried, powdered leaves (130.6 g) underwent successive
extractions via an ultrasound-assisted method with an
EtOH:H,O (75:35, 800 ml each) solvent system at 30 W
and 50°C for 35 minutes. Post evaporation under reduced
pressure at 55°C using a Biichi Rotavapor R-210, 6.8 g of
ethanolic-aqueous extract was procured and then dissolved
in 30 ml H,O, subsequently subjected to VLC using silica
gel RP-18 and 500 ml of solvents sequentially: 100%
H,0, 50% EtOH-50% H,0, and 100% EtOH. This process
yielded three fractions, including the saponin-rich fraction
DR.2 (418.1 mg). Fraction DR.2 was further separated on an
MPLC with silica gel 60 using a CHCI,-MeOH-H, O solvent
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system at varying ratios (80-20-2, 70-30-7, 60-32-7, v/v/v)
to produce five subfractions (DR.2.1-DR.2.5). Subfraction
DR.2.2 (35.6 mg) underwent further MPLC to yield three
subfractions, DR.2.2.1-DR.2.2.3. The subfraction DR.2.2.2
(6.3 mg) was purified using CC on Sephadex LH20 with
MeOH, resulting in compound 1 (DSC02) (2.9 mg) (Fig. 2).

Fig. 2. TLC of compound 1 (in red).

Table 1. Spectroscopic data of compound 1 (C,.D,N, 5 in
ppm, J in Hz).

Carbon &, o, Carbon &, o,
1 837  371dd(113,29) 23 373 220,225
2 373 2.34,2.68 2 283 2.66,2.70
3 617 3.9 25 146.6
4 431 252,27 26 7.1 122‘9‘ Ei g 8;2
5 1390 - 27 1109  5.03brs,535brs
6 1244 554d(5.0) OCH, 472  330s
7 315 1.81,1.84 Ara-l 1007 4.67d(7.0)
8 3.0 155 2 47 452
9 505 145 3 752 417
10 06 - 4 699 426
11 235 1.60,2.94 5 669  3.72,4.25
12 402 135, 1.66 Rha-l 1016 629brs
13 404 2 723 475brs
14 567 115 3 722 464dd(9.4,3.1)
15 322 142,2.04 4 739 438dd(9.4,93)
16 815 4.86q(7.0) 5 694 4.88dq(9.3,58)
17 632 193 6 189  1.72d(58)
18 167 0945 Gle-l 1036 4.90d(7.6)
19 146  141s 2 749 408
20 402 228t(7.0) 3 782 429
21 165 126d(7.0) 4 715 420
) 112.1 5 781 397
6 626 435,456

Compound 1: amorphous powder. 'H-NMR (pyridine-d_,
600 MHz) and “C-NMR (pyridine-d,, 150 MHz), see Table
1. ESI-MS (positive mode) m/z 923.4602 [M+Na]" (calcd.
for C,H NaO , 923.4616).
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3. Results and discussion

Compound 1 was obtained as a white amorphous powder
and formed a soapy lather when shaken with water. The
ESI-MS peak of compound 1 at m/z 923.4602 gave evidence
for the molecular formula of C, H, O, The 'H NMR
spectrum of compound 1 showed distinct signals for one
olefinic proton at d,, 5.54 (d, J=5.1 Hz, aglycone H-6), two
exomethylene protons at d,, 5.03 and 5.35 (br s, aglycone
H-27), two tertiary methyl groups at d,, 0.94 (s, aglycone
18-Me) and 1.41 (s, aglycone 19-Me), one secondary methyl
group at d,, 1.26 (d, J=7.0 Hz, aglycone 21-Me), and a
methoxyl group atd,, 3.30 (s) (Fig. 3). The "C NMR spectrum
displayed a total of 27 carbons for the aglycone, excluding
one for the methoxyl carbon at 6. 47.2 (Fig. 4). Accordingly,
the structural feature of the aglycone moiety was inferred
to be a 22-methoxyl furostanol derivative, which is in
agreement with literature [8]. The configurations of the H-1,
H-3, H-6, H-9, H-16 and H-21 positions in the aglycone were
determined to be in the a-axial orientation via observations

b s
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Fig. 3. '"H NMR spectrum of compound 1.

I

Fig. 4. *C NMR spectrum of compound 1.
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from the ROESY spectrum at /9, 3.71 (dd, J=11.3,2.9 Hz,
aglycone H-1)/3.79 (aglycone H-3), 4,/ 3.79 (aglycone
H-3)/5.54 (d, J=5.1 Hz, aglycone H- 6) and 6,/0,1.26 (d,
J=7.0 Hz, aglycone 21-Me)/ 4.86 (q, J=7.0 Hz aglycone
H-16). On the other hand, the configurations of the H-8,
H-14, H-18, H-19, H-16 and H-21 positions in the aglycone
were inferred to be of B-axial orientation by observations
of the ROESY spectrum at J,/d,, 1.55 (aglycone H-8)/0.94
(s, aglycone 18-Me), 6,/6, 1.55 (aglycone H-8)/1.41 (s,
aglycone 19-Me), 8,/d,, 1.55 (aglycone H-8)/1.15 (aglycone
H-14), ¢,/0, 1.15 (aglycone H-14)/0.94 (s, aglycone
18-Me), o,/0, 1.15 (aglycone H-14)/1.41 (s, aglycone
19-Me), and 6,,/6,,0.94 (s, aglycone 18-Me)/1.41 (s, aglycone
19-Me) (Fig. 5). Furthermore, the cross peak observed in the
ROESY spectrum between d,, 4.86 (q, J/=7.0 Hz, aglycone
H-16), and 6, 3.30 (s, aglycone methoxyl proton) confirmed
the C-22a configuration. Thus, the structure of the aglycone
in compound 1 was confirmed to be 22-O-methylfurosta-
5,25(27)-diene-1B,3B,220a,26-tetrol.
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Fig. 5. Three-dimensional structure of compound 1 (HMBC correlations in red, ROESY correlations in blue).

The '"H NMR spectrum in the sugar region of compound
1 exhibited the presence of three anomeric protons at d,, 4.67
(d, /=7.0 Hz), 4.90 (d, J=7.6 Hz), and 6.29 (br s), which
were further revealed to be one arabinose (Ara), one glucose
(Gle), and one rhamnose (Rha) unit, respectively. These
were delineated through systematic 'H-C HMBC and
"H-"H ROESY spectra mapping from the anomeric proton
signals. Acid hydrolysis and comparison with antecedent
research data [9] elucidated their absolute configurations
as o-L for Rha and Ara, and B-D for Glc [9]. The Ara
moiety’s connection to the C-1 position of the aglycone
was confirmed through the HMBC correlation between d,,
4.67 (d, J=7.0 Hz, Ara H-1) and J,. 83.7 (aglycone C-1),
and a ROESY correlation with 6, 3.71 (dd, J=11.3, 2.9 Hz,
aglycone H-1). The sugar sequence extending from the
C-1 position of the aglycone was conclusively identified as

a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl. This
was validated by the HMBC correlation from d,, 6.29 (br s,
Rha H-1) to .. 74.7 (Ara C-2), and the ROESY correlation
between 6, 6.29 (br s, Rha H-1) and 6, 4.52 (Ara H-2).
Furthermore, the linkage of the Glc unit to the C-26 position
of the aglycone was established via the HMBC correlation
from 6, 4.90 (d, J=7.6 Hz, Glc H-1) to J. 72.1 (aglycone
C-26), complemented by the ROESY correlation with J,
4.59 (br d, J=12.3 Hz, aglycone H-26a). Consequently,
the complete molecular architecture of compound
1 was resolved as 26-O-B-D-glucopyranosyl-22-O-
methylfurosta-5,25(27)-diene-1p,33,220,26-tetrol 1-O-{O-
a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl}
(Fig. 6), analogous to the compound isolated from the
subterranean segments of Ruscus aculeatus, a member of
the Asparagaceae family, sourced from Japan [10].

Fig. 6. Structure of compound 1.
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Saponins are recognized for their hemolytic,
antimicrobial, piscicidal, molluscicidal, insecticidal,
antifeedant, antifertility, cytotoxic, and antitumor

properties. Notably, three steroidal saponins including
namonin A, namonin B, and (23S,245)-spirosta-5,25(27)-
dien-1p-33-23,24-tetrol 1-0-{[2,3,4-tri-O-acetyl-a-L-
rhamnopyranosyl-(1—2)]-[B-D-xylopyranosyl-(1—3)]-
a-L-arabinopyranoside} 24-0-B-D-fucopyranoside
isolated from the roots and rhizomes of D. angustifolia
showed significant antiproliferative activity against HT-
1080 fibrosarcoma cells with IC, values of 0.2, 0.3, and
0.6 uM, respectively, compared to doxorubicin with IC
values of 0.2 pM [11]. The biological activity of saponins
correlates with their chemical structure. For example,
mannioside A and other compounds such as pennogenin,
floribundasaponin A, and spiroconazole A, isolated from
the stem bark of D. mannii collected in Cameroon, were
evaluated for anti-inflammatory effects. Results indicated
that after one-hour post-carrageenan injection, the maximal
inhibitory activity of 80.57, 71.22, 66.19, and 30.21%
was achieved for mannioside A, floribundasaponin A,
spiroconazole A, and pennogenin, respectively. It was
inferred that the attachment of a Glc unit to the aglycone
markedly enhances the anti-inflammatory efficacy of these
compounds. Additionally, the inclusion of a Rha unit to the
C-3 position of the Glc unit in mannioside A resulted in
marginally greater activity compared to floribundasaponin
A. Interestingly, two Rha units connected at the C-2 and
C-3 positions of Glc in spiroconazole A slightly diminished
the anti-inflammatory effect [12]. Further studies on the
cytotoxic activity of saponins from the Dracaena genus were
conducted by Y. Luo, et al. (2014) [13] on D. cambodiana’s
dragon’s blood collected in China, which led to the isolation
of thirteen steroidal saponins. Among these, diosgenin-3-
O-a-L-rhamnopyranosyl-(1—2)-[a-L-rhamnopyranosyl-
(1-3)]-B-D-glucopyranoside, pennogenin-3-0O-a-
L-rhamnopyranosyl-(1—2)-[a-L-rhamnopyranosyl-
(1—-3)]-B-D-glucopyranoside, and spirost-5,25(27)-
dien-1p,3B-diol-1-0-a-L-rhamnopyranosy-(1—2)-[B-D-
xylopyranosyl-(1—3)]-a-L-arabinopyranoside exhibited
significant inhibitory activities against various cancer cell
lines with IC_  values indicating potent efficacy, whilst
other compounds were inactive (IC,>10 uM), on par with
paclitaxel [13]. This overview suggests that the Dracaena
genus is a promising source of saponins with remarkable
biological activities, particularly in cytotoxicity against
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cancer celllines. Consequently, future testing of the biological
activity of saponin  26-O-B-D-glucopyranosyl-22-O-
methylfurosta-5,25(27)-diene-1p,3B,220,26-tetrol 1-0O-{O-
a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl} is
warranted to augment chemotaxonomy data on the chemical
composition and biological activity of the D. draco L.
species and the Dracaena genus at large.

4. Conclusions

In this study, a steroidal saponin was extracted from the
foliage of D. draco L. using some chromatographic and
spectroscopic methods. The structure of this compound
was determined to be 26-O-B-D-glucopyranosyl-22-O-
methylfurosta-5,25(27)-diene-1p,33,220,26-tetrol 1-O-{O-
a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl},
which is similar to the saponin isolated previously from
the underground portions of Ruscus aculeatus collected in
Japan.
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