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Bioassay-guided fractionation of Bowdichia virgilioides Kunth, Fabaceae, extracts has led to the iso-
lation of cathepsin V inhibitors. The investigation of the hexane and ethyl acetate extracts allowed
the characterization of eleven compounds: lupeol, lupenone, 3-sitosterol and stigmasterol in mixture,
trans p-coumaric acid ester derivative, syringaresinol, bowdenol, 8-methoxycoumestrol, 3,4-hydroxy-
7-methoxyisoflavone, 7,3'-dihydroxy-4’-methoxyisoflavone, and 5,4'-dihydroxy-7'-methoxyisoflavone.
Structures of compounds were stablished by 1D and 2D NMR, and MS experiments. Among the iso-
lated compounds, trans p-coumaric acid ester derivative and 8-methoxycoumestrol showed significant
inhibition on cathepsin V, which is up to now unexplored.

© 2019 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Lysosomal cysteine peptidases are enzymes from papain family
(C1) found in different organisms, these enzymes have as pri-
mary function protein degradation. Human cathepsin V (CatV, EC
3.4.22.43) is specifically expressed in thymus and testis and its
functions are linked to oncology, type 1 diabetes, auto-immune
and neurological diseases (Turk et al., 2012). Several secondary
metabolites from plants have been described as Cat V inhibitors,
such as acridone alkaloids (Severino et al., 2011) chalcones and
flavones (Alvim et al., 2010). Although inhibitors of cathepsins have
been discovered, many issues restrict these drug-like compounds to
advance into clinical usage (Li et al., 2016). In the search for novel
potent, selective and reversible inhibitors of cathepsins, we have
selected Bowdichia virgilioides, a plant with ethnopharmacological
relevance to be investigated.

Bowdichia virgilioides Kunth, Fabaceae, is a Brazilian medicinal
plant from Cerrado biome also known as sucupira-preta. The tea of
seeds of B. virgilioides is used in folk medicine for the treatment of
rheumatism, arthritis and skin diseases and its bark is used against
ulcers and diabetes (Barbosa-Filho et al., 2004; Thomazzi et al.,
2010). The aqueous extracts of B. virgilioides have showed previ-
ously biological activities such as, antinociceptive activity in stem
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Fig. 1. Inhibitory activity of cathepsins by isolated compounds from Bowdichia vir-
gilioides (1-7).

bark (Silva et al., 2010), analgesic and anti-inflammatory activities
in leaves and bark (Thomazzi et al., 2010).

In this work, the phytochemical investigation of stems of B. vir-
gilioides was conducted through the screening of fractions with
inhibitory activityon cathepsins K, L and V. Triterpenes, coumaric
acids, furofuran lignans, benzofuran derivative, coumestrol and
isoflavones were isolated from hexane and ethyl acetate extracts
and identified by 1D and 2D NMR spectra and MS (Fig. 1).

The chemical investigation of the hexane extract of stems guided
by enzyme assays lead to trans p-coumaric acid ester derivative (1)
which showed to be inhibitor of cat Land V, and from EtOAc extract
was obtained the active compound 8-methoxycoumestrol (4).

0102-695X/© 2019 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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Materials and methods

General materials

The NMR experiments (1D and 2D) were acquired on a Bruker
DRX-400 NMR spectrometer (1H: 400 MHz; 13C: 100 MHz) using
TMS as internal reference and the deuterated solvents (CDCls,
(CD3),CO, CD30D). These solvents have been obtained from
Merck.MS spectrum was acquired on API2000 LC/MS/MS system
with triple quadrupole mass spectrometer (MDS-Sciex/Applied
Biosystems). HPLC equipment was a model SPD-M10A, Photodi-
ode Array (PDA) detectors (Shimadzu), software Class-VP and a
ShimadzuGC-17A. Chromatographic procedures were carried out
using HPLC, (columns: phenyl, 5 w and 10 w; phenyl-hexyl, 5 w and
10 W), silica gel 60 (Merck, 230-400 mesh) and Sephadex LH-20
(Amersham Pharmacia Biotech AB). Solvents used were from Vetec.
Thin-layer chromatography (TLC) on pre-coated aluminum silica
60 Fp54 (Merck) was used to visualize compounds by UV;s54/366 and
reaction with sulfuric vanillin solution.

Plant material

Bowdichia virgilioides Kunth, Fabaceae, stems were collected in
December 2010 in the cerrado at Federal District-Gama/DF (DF 480,
lot 01, SMA), Brazil. The plant material was identified by Dr. Helder
Nagai Consolaro and deposited at the EMBRAPA (Empresa Brasileira
de Pesquisa Agropecuaria) Herbarium of the Genetic Resources and
Biotechnology (CENARGEN) (voucher n° EG676).

Extraction and isolation

The stems were kept in an oven at 40 °C until completely dried.
Afterwards, the stems were converted into a powder (854 g). The
powder was extracted with ethanol in a macerating process, after
solvent filtration and evaporation in a rotavap under reduced pres-
sure afforded the ethanolic extract (69.6 g). Ethanolic extract was
resuspended in MeOH:H,0 (1:3) solvents at room temperature.
Liquid-liquid partition of ethanolic extract (30.2 g) was performed
generating hexane, EtOAc and hydroalcoholic extracts. The EtOAc
extract (BvSEa) and hexane extract (BvSH) showed significant inhi-
bition of cathepsins L and V. BvSH (1.3 g) was fractionated using
silica gel 60 (SiO;) column chromatography (CC) (230-400 mesh,
16.0 x 7cm, hexane/EtOAc/MeOH, gradient), affording four frac-
tions (H1until H4).

Fractions H2 and H3 showed inhibitory activity of cathepsins
(K, L and V) and were chromatographed over conditions (H2: SiO,
230-400 mesh, 28.0 x 4 cm, 7.5:2.5 hexane/EtOAc, isocratic) and
(H3: Si05, 230-400 mesh, 25.0 x 2 cm, 9.7:0.3 hexane/EtOAc, iso-
cratic), respectively. From CC of H2 (0.7 g) was obtained lupeol

(256 mg) and lupenone (14.5mg). From CC of H3 (0.4g) was
obtained B-sitosterol and stigmasterol in mixture (15.3 mg),and
trans p-coumaric acid ester derivative (1) (0.8 mg).

BvSEa (11.6g) was chromatographed (SiO,, 230-400 mesh,
20 x 5cm, 9:1 CH,Cl,/MeOH isocratic) yielding ten fractions (A1l
until A10). TLC was used for analytical analysis and enzymatic assay
of fractions was carried out. The fractions with more than 70% of
inhibition (A2, A4 and A6) were fractionated again.

HPLC of A2 (11.5mg) was performed (phenyl-hexyl, 10,
25 x 0.46 cm, 4.7:5.3 MeOH/H, 0 isocratic) and the compound 5,4'-
dihydroxy-7'-methoxyisoflavone (7) (0.9 mg) has been identified
in the first fraction obtained from HPLC. Fraction four deriva-
tive of HPLC was subjected to CC (SiO,, 230-400 mesh, 30 x 2 cm,
3.0:2.0 hexane/acetone, isocratic) giving seven fractions. Among
the seven, fraction 4 was fractionated (phenyl, 5 i, 25 x 0.46 cm, 7:3
MeOH/H,O0 isocratic) leading to 4-hydroxy-7-methoxyisoflavone
(5) (0.5mg), and CC of fraction 6 (Sephadex® LH-20, 53 x 1.5cm,
MeOH, isocratic) led to syringaresinol (2) (0.3 mg).

The fraction A4 (104 mg) derived from BvSEa was fractionated
using CC (SiO,, 230-400 mesh, 36 x 1.5 cm, 9.8:0.2 CH,Cl,/MeOH,
isocratic) and the first and sixth fraction obtained of this CC was
further purified by HPLC (phenyl-hexyl, 10 w, 25 x 0.46 cm, 4.7:5.3
EtOH/H, O isocratic) affording 8-methoxycoumestrol (4) (0.5 mg)
and 7,3'-dihydroxy-4’-methoxyisoflavone (6) (1 mg), respectively.

The fraction A6 (111.5mg) from BvSEa was submitted to CC
with sephadex LH20 and SiO, and after two chromatographic
steps were obtained bowdenol (3) (1.2mg) and 4-hydroxy-7-
methoxyisoflavone (5) (0.6 mg). The CC conditions to isolate these
compounds: A6 fraction (sephadex LH20, 50 x 3 cm, MeOH, iso-
cratic); fraction 8 from column A6 was submitted to CC (SiO,
230-400 mesh, 23 x 2 cm, 3:2 hexane/acetone, isocratic) leading
to compound 3; fraction 10 from A6 column was purified with CC
(Si0;, 230-400 mesh, 30 x 1.5cm, 3:2 hexane/acetone, isocratic)
leading to compound 5. The isolated compounds were character-
ized by 1D and 2D NMR and MS and comparison with literature data
(Prakash and Prakash, 2012; Costa et al., 2010; Kort et al., 1996;
Durango et al., 2002; Park et al., 2010; Melo et al., 2001; Ingham
et al, 1981; Du et al., 2006; Vitor et al., 2004).

Cathepsins assay
Cathepsins V, K and L were obtained by expression in Pichia pas-

toris and detailed conditions of assay were the same as previously
described (Ramalho et al., 2014; Severino et al., 2011).
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Table 1
TH NMR spectroscopic data for isoflavones 5 and 7 (400 MHz, CD30D), and for isoflavone 6 (400 MHz, (CD3),CO).
H 5 6 7

2 8.17(s) 8.04 (s) 8.12(s)
5 8.07 (d, 9.0) 7.97 (d, 8.8)
6 6.95 (dd, 9.0, 2.0) 6.90 (dd, 8.8, 2.4) 6.37(d, 2.5)
7 3.84 (s) OMe 3.88 (s) OMe
8 6.85 (d, 2.0) 6.76 (d, 2.4) 6.37 (d, 2.5)
2 7.49 (d, 8.5) 7.15(d, 1.9) 7.39(d, 8.5)
3 7.01(d, 8.5) 6.86 (d, 9.0)
4 3.85 (s) OMe
5 7.01(d, 8.5) 6.95(d, 8.3) 6.86 (d, 9.0)
6 7.49 (d, 8.5) 7.05 (dd, 8.4, 1.8) 7.39(d, 8.5)

Results and discussion

Seven compounds 1-7 were isolated from B. virgilioides extracts.
Hexane and EtOAc extracts of stems of B. virgilioides were tested ina
concentration of 125 pg/ml against cathepsins K, L and V. The less
polar extract showed significant inhibition on Cat L and V, with
91% and 97% of inhibition, respectively. Likewise, the EtOAc extract
inhibited Cat K, L and V (70, 97 and 99%, respectively).

Compounds from hexane extract were characterized as lupeol
(Prakash and Prakash, 2012), lupenone (Prakash and Prakash,
2012), B-sitosterol and stigmasterol in mixture (Costa et al., 2010),
and an active compound was isolated and identified from bioguided
study asa derivative of trans p-coumaric acid (1) (Kort et al., 1996)
showing 78% of inhibitory activity on cat L and 94% of inhibition
on cat V when evaluated at the concentration 50 wg/ml (Fig. 1). It
was observed by TH NMR experiment that compound 1 had a long
carbon chain, however we could not determine it by MS.

Several chromatographic steps of EtOAc extract guided by enzy-
matic assay conducted to the isolation of the active compound
8-methoxycoumestrol (4) (Durango et al., 2002), together with
other constituents, syringaresinol (2) (Park et al., 2010;), bowdenol
(3)(Meloetal.,2001),4-hydroxy-7-methoxyisoflavone (5) (Ingham
et al., 1981), 7,3’-dihydroxy-4’-methoxyisoflavone (6) (Du et al.,
2006), and 5,4’-dihydroxy-7’'-methoxyisoflavone (7) (Vitor et al.,
2004).

Except for compound 3 and the terpenes from hexane extract,
all compounds characterized from B. virgilioides were not identified
previously in this species. Among the compounds, syringaresinol
(2), 8-methoxycoumestrol (4) and the isoflavones 5, 6 and 7 are new
in Bowdichia genus (Barbosa-Filho et al., 2004; Melo et al., 2001;
Velozo et al., 1999a,b; Juck et al., 2006). Experiments of MS and
NMR such as 'TH NMR, HSQC, HMBC, and 1D NOE were performed
for these compounds and results were compared to literature data
(Prakash and Prakash, 2012; Costa et al., 2010; Kort et al., 1996;

Durango et al., 2002; Park et al., 2010; Melo et al., 2001; Ingham
et al.,, 1981; Du et al., 2006; Vitor et al., 2004).

Previously, isoflavones, isoflavone glucoside and isoflavanones
have been identified in B. virgilioides (Velozo et al., 1999a,b; Juck
et al., 2006). From the roots of B. virgilioides were isolated odor-
atin, afromosin, cladrastin, fujikinetin and isoflavones glucosides
(Velozo et al., 1999a,b). From the wood, isoflavones with different
substitution pattern in the aromatic ring moieties were reported
by Juck et al. (2006), such as, 7,8,4'-trimethoxyisoflavone and 7,3'-
hydroxy-4’-methoxyisoflavone.

Compounds 5 and 7 showed a spin coupling system AA’BB’ for
ring B integrating for two hydrogens each, with similar chemi-
cal shifts for H-3’, H-5’, more shielded and for H-2’, H-6' more
deshielded, respectively.

The position of methoxyl group for compounds 5 and 7 was
assigned by NOE experiments, which selective irradiation of the
resonance frequency of H-8 (8 6.85 and & 6.37, compounds 5 and
7, respectively) caused an enhancement of the signal related to
OMe group at 8 3.84 and 8 3.88 (compounds 5 and 7, respectively).
In addition, when OMe was irradiated, a NOE was also observed
at chemical shifts of H-8 (& 6.85 and & 6.37, compounds 5 and 7,
respectively).

The ring A for compounds 5 and 6 revealed the same substi-
tution pattern characterized by the presence of an ABX coupling
pattern, with two doublets related to meta coupling (H-8 and H-
6) and ortho coupling (H-5 and H-6), and a doublet of doublets
by coupling of H-6 to both, ortho and meta protons (H-5 and H-8,
respectively) (Table 1). The methoxyl group of compound 6 in the
ring B was established comparing chemical shifts as well by HMBC
correlations. It was observed a long-range heteronuclear coupling
of hydrogens at 8 3.85 (OMe) and & 6.95 (H-5") with the same carbon
at 8 146.19 (C-4').

The LC/MS/MS data for compound 4 showed the molecular ion
[M—H]~ at 297 m/z providing its molecular formula as C1gHgOg.

Table 2
TH NMR spectroscopic data for 8-methoxycoumestrol (4) (400 MHz, (CD3),CO).
C HSQC HMBC 1D NOE
S¢ Sy 2Juics 3Juci e
1 123.2 7.88 (d, 8.5) H-2
2 114.1 7.01 (dd, 8.5, 2.3) H-4 H-1
3 155.9 H-1,H-4
4 103.8 6.94 (d, 2.3) H-1, H-2
4a 161.1 H-1, H-4
6
6a 104.1 H-7
6b 115.5 H-7
7 102.5 7.44 (s) H-10
8-OCHj3 147.3 3.99 (s) H-7 H-7
9 151.1 H-7
10 99.0 7.24 (s) H-7
10a
11a
11b 105.9 H-1, H-2, H-4
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The 'H NMR for compound 4 showed the presence of two aro-
matic rings. The multiplicity of the signals as two doublets at &
6.94 and & 7.88, and a doublet of doublets (& 7.88) suggested the
trisubstituted ring moiety related to the coupling of H-1, H-2 and
H-4. The singlets at d 7.44 and & 7.24 belong to hydrogens posi-
tioned para each other (H-7 and H-10, respectively). The singlet at
8 3.99indicated the presence of a methoxyl group at C-8, which was
determined by the selective irradiation of the resonance frequency
of OMe (& 3.99), that generated a NOE signal of H-7 (& 7.44). The
13C NMR chemical shifts were obtained from projections of HSQC
and HMBC data (Table 2) suggesting the structure of compound as
8-methoxycoumestrol (Durango et al., 2002).

The enzyme inhibitory activity of 8-methoxycoumestrol (4) was
determined for cathepsin V showing ICsy value of 17.44 1.0 wM.
In previous work, a fraction containing 9-methoxycoumestrol
and isoflavones showed cytotoxic effects on the cell lines eval-
uated KB, K562 and HL60 with ICsg values of 17.6, 8.3 and
9.7 wg/ml, respectively (Lu et al., 2009). Likewise, the EtOAc frac-
tion from B. virgilioides containing similar phenolic compounds
(8-methoxycoumestrol and isoflavones) showed inhibition on Cat
K, L and V (70%, 97% and 99%, respectively, in concentration of
125 pg/ml) (Fig. 1).

This is the first report of coumaric acid derivatives and coume-
strol as cathepsins V and L inhibitors. Cytotoxicity and cathepsins V
and L activities are closely related to cancer and metastasis process,
suggesting that our results of inhibitory activities of Cat Vand Cat L
could be correlated with cytotoxic activity in tumor cell lines found
previously (Lu et al., 2009; Turk et al., 2012).
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