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A systematic molecular fragmentation pathway (SMFP) was desighed as an identifier to detect
isoflavan-cinnamylphenols in methanol extract of Dalbergia congestiflora. Comprehensive mass
spectral fragmentation patterns for extract of D. congestiflora were established using high-performance
liquid chromatography (HPLC)/mass spectrometry (MS) equipment. Seven (1 to 7) tautomeric forms of
isoflavan-cinnamylphenols (IFCPs) were identified by electron ionization mass spectroscopy (ESI-MS).
These compounds were cytotoxic to the HelLa cervical cancer cell line. Compounds 1, 2 and 3 showed
significant activity against HeLa cancer cell line in vitro with ICs, values in the range 1.70 to 3.34 pg/ml.
Compounds 4 to 7 showed moderate cytotoxicity with ICs, values ranging from 2.23 to 8.67 ug/ml.
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INTRODUCTION

Dalbergia species (Leguminosae) are known for their
deeply pigmented heartwood of varying colours, which
are valued for use in wooden crafts, decoration and
traditional medicine (Flynn and Holder, 2001). The genus
has a wide distribution, native to the tropical regions of
Central and South America, Africa, Madagascar and
Southern Asia, but has become threatened due to
overexploitation of its valuable timber (Buzatti et al.,
2012). In Mexico, the wood of Dalbergia congestiflora is
also used to manufacture musical instruments such as
guitars and their purple pigment is used for hand-made
crafts. Ethnobotanical reports mentioned, among other
uses, the bark as a treatment to snakebites, and as a
diuretic, febrifuge and anti-diarrhea remedy. Other cul-
tures have been using Dalbergia spp. in their traditional
medicine. In China, for example, medical remedies
derived from this genus of plants are named Jianxiang for

the treatment of various diseases, including cardio-
vascular diseases (Li et al., 2012). The heartwood of
Dalbergia candenatensis, which is a deep red colour, has
been used in folkloric medicine as an antimicrobial
(Rasamiravaka et al., 2013) and an anti-inflammatory
(Lee et al., 2013), and exhibits cytotoxic activity against
HT-29 (colon cancer), KB (human oral cancer), MCF-7
(breast adenocarcinoma) and Hela (human cervical
cancer) cell lines (Songsiang, 2011).

Chemical investigations of D. congestiflora have led to
the isolation of obtusaquinone and vestitol (Bekker et al.,
2002) and neocandenatone (Barragan-Huerta et al.,
2001). Isoflavan-cinnamylphenols (IFCPs) are a kind of
isoflavones that exhibit oestrogenic, antiangiogenic,
antioxidant and anticancer activities (Dixon, 1999; Dixon
and Ferreira, 2002). Because of these properties, they
have recently become popular as dietary supplements
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(Palevitz, 2000). Dalbergia spp. have exhibited cytoto-
xicity against various cancer cell lines in vitro (Songsiang
et al., 2009, 2011), therefore this study was intended to
examine the cytotoxic activity of the isoflavan-
cinnamylphenols isolated from D. congestiflora, in an
assay with HelLa cells. By considering the general use of
hyphenated techniques such as HPLC-MS in the analysis
of plant extracts, a systematic molecular fragmentation
pathway (SMFP) for seven candenatone and
retusapurpurin A tautomeric forms under electron impact
is reported for the first time. This SMFP was used as an
identifier to detect isoflavan-cinnamylphenols in a
methanol extract obtained from the dried bark of D.
congestiflora.

MATERIALS AND METHODS
General experimental procedures

The HPLC/MS equipment was an HPLC 1100 series by Agilent
Technologies, (Waldbronn, Germany) equipped with an auto-
injector, quaternary HPLC pump, column heater, UV detector and
HP Chem Station for data collection and handling. The HPLC was
interfaced to a mass-selective detector equipped with an API-ES
chamber. For the analysis of compounds, the conditions in the
positive mode were as follows: capillary voltage 4 kV, fragment
voltage 80 V, nebulizing pressure 50 psi, drying gas temperature
350°C, and drying gas flow 10 I/min. Data were collected using both
the scan mode and selected ion monitoring mode. In the present
analysis, the effluent from the HPLC passed through the UV
detector directly into the MS detector. The spectra were scanned
through a range of m/z 100 to 600.

Plant

Heartwood of D. congestiflora (Leguminosae) was purchased from
a medicinal plants store in Mexico City. The plant was identified in
the herbarium of the National School of Professional Studies,
Ixtacala, UNAM, and a voucher specimen was deposited with the
number 7653.

Extraction and isolation

A section of heartwood (350 g) of D. congestiflora was powdered;
the obtained powder was extracted with methanol at room
temperature with overnight agitation. Extracts were evaporated
under reduced pressure conditions and the resulting crude
methanol extract was passed through a 45 cm x 4 column of
Sephadex LH-20 that was pre-equilibrated with water (yield was
15.2%). The column was successively eluted with a gradient of
chloroform-methanol with increasing amounts of methanol. The final
elution was performed with methanol and increasing amounts of
water at a flow rate of 100 ml/h. Each fraction was collected and
monitored by two-dimensional thin-layer chromatography. Extracts
were concentrated in a rotary evaporator to produce nine pooled
fractions (F1 to F9). Further HPLC/MS analysis was performed to
obtain seven compounds: 1 (30 mg), 2 (37 mg), 3 (42 mg), 4 (23
mg), 5 (12 mg), 6 (9 mg) and 7 (18 mg).

Compound 1

551 [M + CoHs-H] (1), 524 [M+2 +H, C32H2507] (33), 523 [M + H,
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CazHz707] (100), 507 [C 51H2307] (6), 473 (10), 463 [C 20H1506] (9),
429 [CosH2106] (8), 413 [CasHi706] (5), 393 [CasHzsOs] (6), 385
[Ca4H170s] (10), 349 [C2zH2104] (9), 242 [C 15H1405] (30), 305 (6)
(MS 1).

Compound 2

523 [M + H, Cs2H2707] (100), 551 [M + C2Hs -H] (6), 524 [M+2 +H,

Cs2H2s0O7]  (36), 481[M-C2oHxO] (8), 429 [CoeH210¢] (4), 413

[CasH1706] (6), 393 [CasH2s0s] (11), 385 [CasHi7Os] (1), 349

E%A%Hz;od (16), 305 (9), 284 [C17H1604] (5), 242 [C 15H140s] (38)
2).

Compound 3

523 [M + H, CaoHz707] (100), 524 [M+2 +H, CsoH2507] (30), 551 [M
+ CoHs -H] (4), 481[M-CoHO] (5), 429 [CosHz1Os] (4), 393
[CaaHas0s] (9), 349 [CaoHa1O04] (16), 284 [Ci7H:604] (3), 242 [C
15H1403] (62) (MS 3).

Compound 4

523 [M + H, CazHz707] (100), 537 [M + Me, CssH2907] (86), 515 (24),
381 [CasH130s] (95), 376 [CasH130s] (8), 359 [CzeHisOs] (18), 301
[Ci7H170s] (15), 261 [CisHi7O4] (23), 245 [CisHizO0s] , 217
[C13H1305] (39), 149 [CoHsOy] (39) (MS 4).

Compound 5

523 [M + H, CsoHz707] (100), 537 [M + Me, CasHas0-] (78), 515 (33),
381 [CasH130s] (60), 359 [CozH150s] (9), 301 [Ci7H:70s] (94), 261
[C1sH1704] (16), 245 [CisHi70s] (16), 217 [CisHi30s] (15), 149
[CoHsO2] (29) (MS 5).

Compound 6

523 [M + H, Cs2Hp707] (100), 537 [M + Me, CasHzo07] (13), 381
[C24H130s] (11), 301 [Ci7Hi70s] (26), 261 [CisH1704] (5), 245
[C15H1703] (5), 217 [C13H1305] (5), 149 [CoHsOz] (9) (MS 6).

Compound 7

523 [M + H, Cs2H2707] (100), 437 (10), 381 [C24H130s] (41), 359 (7),
242[C15H1704] (7), 230 (4) (MS 7).

Cytotoxic assay

The human cervical cancer cell line, HeLa, was grown in RPMI
1640 medium (Gibco Invitrogen: Carlsbad, CA, USA) containing
10% foetal bovine serum (FBS, HyClone: Legan, Utah, USA), 100
units/ml penicillin, and 100 pg/ml streptomycin sulphate. Cultures
were incubated at 37°C in 5% COy/air. HeLa cells (1.5 x 10% were
seeded in 96-well tissue culture plates. After 24 h, 100 pl of
dimethyl sulfoxide (DMSO) solution containing the test compounds
was added to final concentrations of 0.01 to 10 umol/ml. DMSO
(100 pl) was added into control wells. The cells were treated with
various concentrations of the test compounds for 96 h, after which
cell growth was evaluated by an 3-[4,5-dimethylthiazol-2—-yl]-2,5-
diphenyl tetrazolium bromide (MTT) assay procedure (Tengchaisri
et al., 1998). Then 200 ul of 0.2% MTT was added to every well
with RPMI 1640 medium, and the plate was further incubated at
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Figure 1. Chemical structures of the tautomeric from candenatone (1 to 3).

37°C in 5% COy/air for an additional 4 h. The plate was centrifuged
to precipitate cells and formazan. An aliquot of 150 pl of the
supernatant was removed from every well, and 200 ul DMSO was
added to dissolve the formazan crystals. The plate was mixed on a
microshaker for 10 min and measured on a microplate reader at
570 nm. The tautomeric forms, 1 to 7, were tested at five different
concentrations, and each compound was tested in triplicate. The
results were plotted and a dose-response curve was obtained for
each compound, and the ICsy value was calculated as the
concentration of the tested compound that resulted in 50%
reduction of optical density compared with the negative control.
Etoposide (Sigma, St. Louis, USA; purity >98%) was used as the
reference drug.

RESULTS AND DISCUSSION

The methanol extract of the bark of D. congestiflora was
extensively chromatographed over Sephadex LH-20
columns, followed by HPLC-MS, to yield seven (1 to 7)
tautomeric forms of isoflavan-cinnamylphenols. The
interpretation of the MS of IFCPs previously isolat-
ed from Dalbergia retusa (Czako and Marton, 2001),
Dalbergia parviflora (Czako and Marton, 2001), D.
congestiflora (Barragan-Huerta et al., 2004), Dalbergia
nitidula (Bekker et al., 2002) and Dalbergia horrida
(Narayanan et al., 2007) revealed a systematic
molecular fragmentation pathway analogous to
that observed for candentone and retusapurpurin A.

Similarly, the SMFP permits structures of
fragment ions for IFCPs under electronic ionization
(El) to be proposed. The molecular formula indicates
that compounds 1 to 7 (Figures 1 and 2) have the same
substitution pattern, which only differ from each other in
the positions of the methoxyl and hydroxyl groups.
Figures 3 and 4 summarize the most characteristic
fragments observed for the [M+H]" ions of the seven
types of isoflavan-cinnamylphenols, and as an example,
the fragmentation pathways proposed for candentone
and retusapurpurin A are shown in Figures 3 and 4,
respectively. lts fragmentation behaviour could be
extended to the other isoflavan-cinnamylphenols. The
variety of minor fragment ions could be explained by the
fact that there are many possible cleavage sites in these
compounds and that different fragments can be lost
simultaneously. In the positive mass, some common
features, such as the protonated molecular ion peak of
the isoflavan-cinnamylphenols 1 to 6 [M+H]" at m/z 523
(100%) was always the dominant peak and therefore it
was chosen to monitor these components, whereas in
compound 7, the most abundant peak was at m/z 537
[Ca3H2907]. lon 242 [C 45H1403] was observed as a
common fragment in derivatives from candentone, while
it was absent in the case of retusapurpurin A tautomeric
forms. The positive mass spectra of all compounds
display a quasi-molecular ion [M+1] at m/z524, which
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Figure 2. Chemical structures of the tautomeric from

confirms the monohydroxylation implying a hydroxylated
ring. The spectra of these peaks only differ in the
intensities of the fragment ions. The absence of peak m/z
381 in candenantone suggests a different fragmentation
pathway from that of retusapupurin A. The interpretation
of the MS of isoflavan-cinnamylphenols revealed a
systematic molecular fragmentation pathway analogous
to that observed for candenatone (1) previously isolated
from D. candenatensis (Hamburger et al., 1988) where its
molecular formula was deduced from the pseudo-
molecular ion [M +H]" peak at m/z 523 in the MS spectra.
Upon electron impact, the molecular ions of the
candentone derivative, dissociate through a limited
number of assumed pathways, and as a rule, the origin of
diagnostically valuable fragments is explained by a retro-
diene reaction (RDR) in the molecular ions and in the
fragment ions (Wallerand and Dermer, 1980). Cleavage
forms a set of fragments including the A-, F- and D-rings.
The combination of the mass values of the set (m/z) and
the relative intensities are characteristic of each class of
flavonoids (Saitoh et al., 1976). Cleavage of the pyran
ring at the F-ring gave a peak at m/z 349.

The MS data established that retusapurpurin A is a
quinonemethide represented by the structural formula 4
(Figure 2) previously isolated from D. candenatensis
(Czako and Marton, 2001). A retro-diene reaction was not
observed in retusapurpurin A. The molecular formula of
retusapurpurin A (Cs2H2;0O7) was deduced from the

retusapurpurin A (4 to 7).

pseudo-molecular ion [M+H]" peak at m/z 523. The MS
spectrum indicated four tautomeric structures of 4. The
positive ion of 4 exhibited abundant [M + H]" ions, and
fragmentation occurs predominantly by cleavage of inter-
flavonoid bonds to produce sequence ions. The
fragmentation characteristics for 4 are shown in Figure 4.
M/z 359 ions are produced by quinonemethide (QM)
fission, and m/z 149 by heterocyclic ring (HRF) fission
(Karchesy et al., 1986).

The cytotoxic activity of the aforementioned seven
isoflavonoids (1 to 7) against HelLa cells was evaluated
by the MTT method. The results showed that the seven
compounds were cytotoxic against HelLa cells in vitro. In
particular, compounds 1, 2 and 3 were highly cytotoxic,
with ICsy values ranging from 1.70 to 3.34 ug/ml (Table
1). Despite their structural differences in the F-, A- and C-
rings, compounds 4 to 7 showed moderate cytotoxicity
with ICsy values ranging from 2.23 to 8.67 pg/ml (Table
1). Therefore, further anti-tumour activity of IFCPs should
be performed to elucidate the structure/activity
relationship and the possible action mechanisms that
may explain their cytotoxic activity.

In conclusion, in the present study, HPLC/MS analysis
was found to be a suitable method for the
characterization of isoflavan-cinnamylphenols from D.
congestiflora. Compounds 1, 2 and 3 showed better
cytotoxic activity than compounds 4 to 7 against HelLa
cells.
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Figure 3. Proposed fragmentation of tautomeric from candenatone.



m'r 350
oMty

OH

Mal o

m'z 376
CasHally

Figure 4. Proposed fragmentation of tautomeric from retusapurpurin A

'z 242
CaH

Gutierrez and Baez

m'z Ix1
CaqHpalh

MIE 261
Tyl o000y
H

o OMD]
—_—
—

CoHai0;
miz = 149

2997



2998 J. Med. Plants Res.

Table 1. Cytotoxicities of compounds 1to 7.

Compound Cytotoxicity (ICso ug/ml) HeLa cell line
1.70 £0.07

3.34+0.98

2.25+0.21

16.72 £4.32

18.67+ 3.19

14.43 £ 2.67

12.23 £4.02

0.50 + 0.01

NOoO ok WO =

Etoposide

Etoposide was a positive control.
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