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Verticilloside, a New Daucosteryl Derivative from the Seeds of Malva verticillata.
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Abstract — A new daucosteryl derivative, verticilloside (1), was isolated from the seeds of Malva verticillata L.
(Malvaceae). The structure was determined to be 3-O-[B-D-(6'-linoleoyl)glucopyranosyl]-p-sitosterol based on
spectroscopic analyses (*H and BC-NMR, DEPT, COSY, HMQC, and HMBC) and chemical reactions.
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Introduction

The seed of Malva verticillata L. (Malvaceae) is an
oriental crude drug used as diuretic, laxative, and
galactopoietic (Jeong et al., 2011). The isolation of pure
neural polysaccharides from the seeds of this plant has
been mainly investigated as the principal ingredients
(Gonda et al., 1990; Tomoda et al., 1992). However, the
study on phytochemistry and bioactivity of the
compounds isolated from M. verticillata has not been
reported so far. As a part of ongoing research to
characterize the chemical components of M. verticillata,
seeds were extracted and processed, resulting in the
isolation of a new daucosteryl derivative (1) and five
known compounds (2-6) (Fig. 1). The current study deals
with the isolation and structure elucidation of 3-O-[B-D-
(6'-linoleoyl) glucopyranosyl]-B-sitosterol, named as
verticilloside (1).

Materials and Methods

General procedures — Optical rotations were obtained
using a DIP-360 digital polarimeter (Jasco, Easton, MD).
NMR spectra were recorded on INM-ECA 600 NMR
spectrometers (JEOL Ltd., Japan). High resolution-
electrospray ionization (HR-ESI)-MS was carried out on a
IMS-T100TD spectrometer (Tokyo, Japan). ESI-MS
spectra were recorded on a LCMS-2010EV spectrometer
(Shimadzu, Japan). GC (Shimadzu-2010, Tokyo, Japan)
using a DB-05 capillary column (0.5 mm i.d. x 30 m)
[column temperature: 210 °C; detector temperature: 300
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Fig. 1. Structures of components (1 - 6) isolated from the seeds of
M. verticillata.

°C; injector temperature: 270 °C; He gas flow rate: 30
mL/min (splitting ratio: 1/20)] was used for sugar
determination. Column chromatography was performed
on silica gel (70 - 230 and 230 - 400 mesh, Merck) and
YMC RP-18 resins (30 - 50 um, Fuji Silysia Chemical
Ltd., Aichi, Japan). TLC was performed on Kiesel gel 60
Fpsq4 (1.05715; Merck, Darmstadt, Germany) or RP-18
Fas4s (Merck) plates. Spots were visualized by spraying
with 10 % aqueous H,SO, solution, followed by heating.

Plant material - The seeds of M. verticillata were
purchased at market of oriental herbs, Samsundang,
Daejeon, Korea, in November 2010, and were taxono-
mically identified by one of us (Young Ho Kim). Voucher
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specimens (CNU10105) have been deposited at the
herbarium in College of Pharmacy, Chungnam National
University.

Extraction and isolation — The seeds of M. verticilata
(2.3 kg) were ground and extracted with ethanol for 6 hrs
under sonification (3 x 4 L). The macerate was concentrated
in vacuo (53.0 g) and partitioned to afford a methylene
chloride extract (27.0 g), ethyl acetate extract (2.7 g), and
an aqueous extract (23.0 g). The methylene chloride (27.0
g) was fractionated by a silica gel column chromato-
graphy eluting with a gradient system of n-hexane-
EtOAc-MeOH-H,0 (9.5:0.5:0:0,9:1:0:0,4:1:0:
0,1:1:0:0,0:1:0:0,0:9:1:0,0:4:1:0,0:1:
1:0,0:0:1:0,0:0:9.5:0.5, v/v) to give ten fractions
(Fr.1 - Fr.10). Fr. 4 (2.6 g) using silica gel columns with n-
hexane-EtOAc (9.5:0.5, v/v) as an eluent gave 3 (200.0
mg). Fr. 7 (0.9 g) was purified by recrystallization from
cold MeOH to afford 2 (350.0 mg). Fr. 5 (0.8 g) and Fr. 6
(0.6 g) were combined and chromatographed on silica gel
column chromatography eluting a mixture of CH,Cl,-
MeOH (9.6 : 0.4, v/v) to yield four fractions (F5A-F5D).
F5B (494.5 mg) were purified by using silica gel column
chromatography (n-hexane-EtOAc, 1 : 1, v/v) to obtain 1
(40.0 mg). Fr. 8 (1.6 g) was chromatographed on silica gel
column chromatography eluting a mixture of CHCl;-
MeOH-H,O0 (7 :3:0.3, v/v) to afford 4 (340.0 mg). Fr. 9
(1.6 g) were subjected to silica gel column chromato-
graphy with CHCI;-MeOH-H,O (7:3:0.3, v/v) to give 5
(130.0 mg) and 6 (220.0 mg).

Compound 1 — White amorphous powder, [o]3° —12.0
(c 0.2, CHCL); ESI-MS m/z 837 [M-H]; 'H-NMR
(600 MHz, CDCl;) and *C-NMR (150 MHz, CDCl;), see
Table 1.

Sugar analysis (Kim et al., 2010) — A solution of 1
(3.0 mg) in 1.0 M HCI (3.0 mL) was heated under reflux
for 4 h. The reaction mixture was then concentrated to
dryness under reduced pressure. The residue was
extracted with EtOAc and H,O (5 mL each, 3 times).
Next, the sugar residue, obtained by concentration of the
water layer, was dissolved in dry pyridine (0.1 mL) and
L-cysteine methyl ester hydrochloride in pyridine (0.06
M, 0.1 mL) was added to the solution. After heating the
reaction mixture at 60 °C for 2h, 0.1 mL of trimethy-
Isilylimidazole was added. Heating at 60°C was
continued for another 2 h, and the reaction mixture was
evaporated to give a dried product, which was then
partitioned between hexane and H,O. The hexane layer
was analyzed by GC (Shimadzu-2010, Tokyo, Japan)
using a DB-05 capillary column (0.5mm ID x30m
length; column temperature: 210 °C; detector temperature:
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Table 1. 'H (600 MHz) and "*C (125 MHz) NMR data for com-
pound 1 (5 values in CDCI;).

Position H e
1 1.85 (m), 0.98 (m) 37.2
2 2.05 (m), 1.60 (m) 31.9
3 3.57 (m) 79.6
4 2.28 (m) 39.7
5 140.3
6 5.37 (m, overlapped) 122.2
7 1.46 (m) 31.5
8 31.8
9 50.1
10 36.6
11 21.0
12 1.13 (m, overlapped) 38.8
13 423
14 56.7
15 1.07 (m) 24.8
16 1.30 (m, overlapped) 29.1
17 56.0
18 0.68 (s, CH3) 11.9
19 1.02 (s, CH3) 19.3
20 36.1
21 0.91 (d, J=6.6 Hz, CH;) 18.7
22 1.13 (m, overlapped) 34.1
23 1.30 (m, overlapped) 28.2
24 458
25 29.1
26 0.83 (d, J=7.1 Hz, CH;) 19.7
27 0.81 (d, J=7.1 Hz, CH;) 18.9
28 1.44 (m) 23.0
29 0.85 (t, J="7.1 Hz, CH3) 11.8
I 439 (d, J=17.6 Hz) 101.2
2' 3.36-3.46 (m) 73.5
3 3.36-3.46 (m) 76.0
4 3.36-3.46 (m) 70.1
5' 3.36-3.46 (m) 75.4

4.45(dd, /=122, 1.2 Hz)

6 429 (dd, J=12.2,4.4 Hz) 632
1" 174.8
2" 236 (t,J=7.3 Hz) 34.2
3" 1.63 (m) 24.9
4"-7" 1.27 (br s) 29.5-29.7
8" 2.07 (m) 339
9", 13" 5.35 (m, overlapped) 130.1 or 130.3
" 2.78 (t,J=6.4 Hz) 37.2
10", 12" 5.39 (m, overlapped) 128.0 or 128.1
14" 2.07 (m) 33.9
15"-16" 1.27 (br s) 29.5-29.7
17" 1.31 (br s) 22.6
18" 0.88 (t, J=6.2 Hz, CH3) 14.0
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Fig. 2. Selected '"H-'H COSY (bold lines) and HMBC (HC) correlations of 1.

300 °C; injector temperature: 270 °C; He gas flowrate: 30
mL/min). The peak of the hydrolysate was detected at
14.12min for D-glucose. The retention times of the
authentic samples (Sigma-Aldrich), after being treated in
a similar manner, were 14.12 min (D-glucose), and 14.25
min (L-glucose).

Alkaline methanolysis — A solution of 1 (2.0 mg) in 5
% dry NaOMe-MeOH (2mL) was stirred at room
temperature for 5 h. The reaction mixture was neutralized
with 2N HCI-MeOH and partitioned between MeOH and
n-hexane. The n-hexane layer containing the fatty acid
methyl esters was analyzed by the GC-MS procedure
(General procedures). The peak of the hydrolysate was
detected at 8.85 min for methyl linolenate.

Results and Discussion

Six compounds (1 - 6) were isolated from the methylene
chloride extract of the seeds of M. verticillata using a
combination of silica gel and reverse C18 column
chromatographies. Compounds 2 - 6 were identified by
comparison of their physical and spectral data with
literature values as daucosterol (2) (Voutquenne er dl.,
1999), B-sitosterol (3) (Kovganko et al., 1999), sucrose
(4) (De Bruyn et al., 1991), raffinose (5) (Wu et dl.,
2006), and myristoleic acid (6) (Vlahov et al., 2009).

Compound 1, [a]3’ —12.0 (c 0.2, CHCl;), was obtained
as an amorphous white powder. The ESI-MS mass
spectra of 1 showed a quasi-molecular ion peak at m/z
837 [M —H], which was consistent with a molecular
formula of Cs3HgO4.

The 'H and *C NMR data (Table 1) were identical to
daucosterol (2) except for the presence of a unsaturated
fatty acid. The '"H NMR spectrum showed an olefinic
proton signal at & 5.37 (1H, m, overlapped, H-6), an
oxymethine proton signal at 6 3.57 (1H, m, H-3), and six
methyl signals as follows: Me-18 at § 0.68 (s), Me-19 at 6

1.02 (s), Me-21 at 6 0.91 (d, J= 6.6 Hz), Me-26 at 6 0.83
(d, J=7.1 Hz), Me-27 at § 0.81 (d, J=7.1 Hz) and Me-
29 at § 0.83 (t, J=7.1 Hz). The possible peaks in 'H-
NMR for linoleic acid showed four olefinic protons [
5.35 (2H, m, overlapped, H-9" and H-13") and 5.39 (2H,
m, overlapped, H-10" and H-12")], proton attached to the
bis-allylic carbons [6 2.78 (2H, t, J=6.4 Hz, H-11")],
protons attached to the allylic carbons [ 2.07 (4H, m, H-
8" and H-14")], and the terminal methyl group proton [
0.88 (3H, t, J=06.2 Hz, H-18")]. Furthermore, methylene
(CH,) proton signals of saturated fatty acid showed at &
1.27 (br s, H-4"-7" and H-15"-16"). The large coupling
constant (J=7.6 Hz) of the anomeric proton at & 4.39
indicated the B configuration of sugar hexose unit.

The *C NMR spectrum showed the presence of 53
carbon atoms in the molecule. Out of these, six carbon
signals were glycosidic group corresponding to a hexose
moiety, 29 carbons signals for aglycone moiety and the
remaining 18 carbon signals were due to the fatty acid
residue. The spectrum showed an ester carbonyl signal at
6 174.8 (C-1"), four olefinic signals 6 128.0 or 128.1 (C-
10" or 12"), 130.1 or 130.3 (C-9" or 13"), and two olefinic
signals at & 140.3 and 122.2 corresponding to the
endocyclic double bond between C-5 and C-6 of sterols
(Ahmed et al., 1992) It also showed deshielded oxymethine
signal at & 79.6 for C-3 and the anomeric carbon signal
appeared at 6 101.2.

The structure was further confirmed by assignment of
peaks in 'H-'H COSY, HMQC, and HMBC spectra. As
shown in Fig. 2, selected HMBC correlations were
observed between the following protons and carbon
atoms: H-1' and C-3; H-6' and C-1"; H-2" and C-1"; H-3"
and C-1". These data and comparison with those of
literature (Sultana et al., 2007) suggested that compound
1 was a daucosterol with a linoleic acid ester bonded
group. The sugar unit obtained from acid hydrolysis was
identified as D-glucose by GC analysis. The o and
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configuration of the glucose unit was deduced from the
coupling constant value of the anomeric proton as above.
In addition, alkaline hydrolysis with NaOMe-MeOH of 1
yielded methyl linolenate, which was identified by GC-
MS analysis. Based on the above evidences, compound 1
was determined to be 3-O-[B-D-(6'-linoleoyl) glucopy-
ranosyl]-B-sitosterol, which was named verticilloside (1).

Acknowledgement

This work was supported by Priority Research Centers
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education,
Science and Technology (2009-0093815).

References

Ahmed, W., Ahmed, Z., and Malik, A., Stigmasteryl Galactoside from
Rhynchosia minima, Phytochemistry 31, 4038-4039 (1992).

De Bruyn, A. and Van Loo, J., The identification by 'H- and "*C-n.m.r.
spectroscopy of sucrose, 1-kestose, and neokestose in mixtures present
in plant extracts. Carbohydr. Res. 211, 131-136 (1991).

Gonda, R., Tomoda, M., Shimizu, N., and Kanari, M., Characterization of
an acidic polysaccharide from the seeds of Malva verticillata
stimulating the phagocytic activity of cells of the RES. Plana. Med.
56, 73-76 (1990).

Jeong, Y.-T. and Song, C.-H. Antidiabetic activities of extract from Malva

353

verticillata seed via the activation of AMP-activated protein kinase. J
Microbiol Biotechnol 21, 921-929 (2011).

Kim, J.A., Yang, S.Y., Koo, J.-E., Koh, Y.-S., and Kim, Y.H., Lupane-type
triterpenoids from the steamed leaves of Acanthopanax koreanum and
their inhibitory effects on the LPS-stimulated proinflammatory
cytokine production in bone marrow-derived dendritic cells. Bioorg.
Med. Chem. Lett 20, 6703-6707 (2010).

Kovganko, N.V,, Kashkan, Zh. N., Borisov, E.V,, and Batura, E.V,, ’C
NMR spectra of B-sitosterol derivatives with oxidized rings A and B.
Chem. Nat. Comp. 35, 646-649 (1999).

Sultana, N. and Afolayan, A.J., A novel daucosterol derivative and
antibacterial activity of compounds from Arctotis arctotoides. Nat.
Prod. Res. 21, 889-896 (2007).

Tomoda, M., Asahara, H., Gonda, R., and Takada, K., Constituents of the
seed of Malva verticillata. VIII. Smith degradation of MVS-VI, the
major acidic polysaccharide, and anti-complementary activity of
products. Chem. Pharm. Bull. 40, 2219-2221 (1992).

Vlahov, G, ">C nuclear magnetic resonance spectroscopy to determine
fatty acid distribution in triacylglycerols of vegetable oils with “High -
Low Oleic Acid” and “High Linolenic Acid”. Open. Magn. Reson. J.
2, 8-19 (2009).

Voutquenne, L., Lavaud, C., Massiot, G, Sevenet, T., and Hadi, H.A.,
Cytotoxic polyisoprenes and glycosides of long-chain fatty alcohols
from Dimocarpus fumatus. Phytochemistry 50, 63-69 (1999).

Wu, Q., Chen, Z.-C., Lu, D.-S., and Lin, X.-F., Chemo-enzymatic
synthesis of raffinose-branched polyelectrolytes and self-assembly
application in microcapsules. Macromol. Biosci. 6, 78-83 (2006).

Received December 1, 2011
Revised December 20, 2011
Accepted December 22, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


