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The secondary metabolites of the aerial parts of Phyllanthus acuminatus Vahl (Phyllanthaceae) and the biological activity of one of
them were characterized in this study. This chemical investigation led to isolation of two lignans, luclaricin (1), a new arylnaphtalene-
typelignan, and justicidin B (2). The structures of isolated compounds were determined based on 1D and 2D-NMR, HRESIMS and IR.
The cytotoxic activity of justicidin B was assessed against tumor cell lines (MCF-7, U251, NCI-ADR/RES, NCI-H460, OVCAR-3,
HT29 and K562) and a non-tumor cell line (HaCat) using sulforhodamine B assay. Justicidin B showed strong cytotoxic activity

against the tumor cell lines HT29, K562 and U251 with Gl values of 2.28, 3.29 and 5.76 mol L', respectively.
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INTRODUCTION

The Phyllanthaceae family is composed by herbs, shrubs and
non-latex bearing trees. It has a predominantly pantropical distribution
and 55 genus and 1.745 species belong to it. In Brazil, there are 13
genus and 100 species, mainly belonging to the genus Phyllanthus,
Hyeronima, Savia, and Richeria spp.'

The genus Phyllanthus is the largest among the Phyllanthaceae
family, standing out due to the great number of dispersed species
across all regions of the world and its taxonomic complexity. In the
Northeastern region of Brazil, there are about 36 species and most
of them can be found in Cerrado and Caatinga vegetation.> This
genus is characterized by the presence of certain metabolites classes
such as anthraquinones, lignans, saponins, flavonoids, tannins,
and alkaloids.** From Phyllanthus acuminatus Vahl roots, several
constituents have been isolated, among them phyllanthostatins with
potent cytotoxic activity in murine P388 leukemic cells and B16
melanoma cells, in addition to phyllanthoside with similar activity.>”

As part of our work, which consists on searching for bioactive
molecules from the Paraiba state flora, in this paper we described
the isolation and structural characterization of a new arylnaphtalene-
typelignan (1) and one known (2). Compound 2 cytotoxic activity in
different cell lines is also described.

RESULTS AND DISCUSSION

Compound 1 was isolated as an oil. The high resolution ESI mass
spectrum showed a peak of the adduct ion [M+Na]*at m/z 447.1065
(calcd. for C;H,,)NaOgNa, 447.1055) which was compatible
with this molecular formula C,;H,,O;. In *C-NMR spectrum, the
presence of twenty-three signals were observed. Twelve of them
were assigned to non-hydrogenated carbons, six to methine carbons,
two to oxymethylene carbons, two to methoxylic carbons, and one
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to a methyl carbon. The chemical non-hydrogenated carbon shifts
between 8. 127.7 and 150.4 were compatible with carbon skeleton
of an arylnaphthalene lignan. The corresponding signal to C-9 at 8.
65.0 suggested the presence of a primary alcohol. Also, signals at 5.
171.0 and 20.7 were observed and when they were associated to the
C-9 chemical shift, it inferred the insertion of an acetoxy group in
that position.® Also, corroborating with infrared spectrum that showed
a broad band at 3100-3500 cm™ and a strong band at 1680 cm!, the
signal at 8. 172.3 indicated a carboxylic acid at C-9’. The other
carbons chemical shifts were similar to phyllanthostatin A and they
are compiled in Table 1. In "H NMR spectrum, it was observed three
singlets corresponding to only one proton each and their chemical shift
were determined at §,;6.86, 7.11 and 7.68. Also, signals corresponding
to an ABX system at 9, 6.83 (sl), 6.85 (d, J = 8.0) and 6.79 (dd,
J=28.0 and 2.0) were detected. All these signals, when compared to
literature values® confirmed the arylnaphtalene-type lignan skeleton
for compound 1 and they were assigned as H-3, H-6, H-7, H-2",
H-5’, and H-6’, respectively. This hydrogenation pattern was also
inferred from substitution of carbons C-4, C-5, C-3’, and C-4’. The
signals at §,;, 5.99 (d, J = 1.0) and 5.95 (d, J = 1.0) were compatible
to the methylenedioxy substituent, and the signals centered at &,
3.73 and 3.96 were assigned to two methoxyl groups. Two doublets
in 8y 5.34 (d, J=12.5) and 8, 5.31 (d, J = 12.5) were assigned to the
methylene group at C-9. Also, there was a singlet at 3;; 2.03, which is
characteristic of acetyloxy group. In HMQC spectrum, the following
correlations were observed: d;, 6.86 (H-3) with the signal at . 105.4,
H-6 (,, 7.11) with the signal at 8. 106.3, and H-7 (§,, 7.68) with the
carbon at 8 126.7. These correlations supported the assigned signals
for H-3/C-3, H-6/C-6 and H-7/C-7 of the arylnaphthalene structure
substituted at C-4 and C-5. The signal at 8. 126.7 (C-7) corroborated
with the lactone ring-opening and the oxidation in C-9” (§. 172.3).°
The observed correlations for 8, 5.34/5.31 (2H-9) with the carbon at
8¢ 65.0 as well as signals centered at §,; 5.95 and 5.99 (OCH,0) with
the carbon in 8. 101.0 and J 3.73 and 3.96 with carbons at 8. 55.6 and
55.8, confirmed the presence of methylenedioxy and two methoxyl
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substituents. A HMBC experiment was used for the total assignments
of 'H and "*C NMR spectra and the following signal correlations
were observed: 8 7.68 (H-7)/ 8. 65.0 (C-9) and 106.3 (C-6);6,,7.11
(H-6) /¢ 150.1 (C-4) and 150.4 (C-5). Methoxyl groups location were
identified by correlations of signals at 8, 3.73 with C-4 (8. 150.1)
and &8 3.96 with C-5 (8. 150.4). The methylenedioxy substituents
are located at C-3” and C-4" by signal correlations of §;; 5.99 and
5.95 with & 147.3 and 147.1, respectively. Correlations of signals
centered at d,; 5.34 / 5.31 (2H-9) with 8. 128.7 assigned position of
C-8’ and with the carbon at 8. 171.0, it was assigned the position
for the esterification by acetoxyl group. The remaining correlations
are summarized in Table 1. The signal at 8;;7.11 was assigned to
H-6 and through NOESY experiment (Figure 1), it was possible to
observe the following correlation with 8, 3.96 (OCH;-5). H-6 was
also correlated with the signal at ,,7.68 (H-7), and this one interacted
with 5.34 (H-9). The signal at 8, 3.73 (OCH,-4) was correlated with
signal at 8,6.86 (H-3). In this context, an early event that happens
during arynaphtalene lignans biogenesis, it is the primary alcohol
oxidation that leads to the acid, which is followed by lactonization.
However, this lactonization is not possible for compound 1 due to the
acylation of one of hydroxymethylene group at C-9, which precludes
the lactone ring formation. Thus 1 is an arylnaphthalene lignan called
luclaricin, a new natural product.

Compound 2 was identified by comparison to literature as
justicidin B.® This compound has already been isolated in other
species of this genus (P. ansiolobus, P. myrtifolius, P. piscatorum
and P. polyphyllus), and it was isolated in the roots’ of the species
studied in this work and recently it has also been reported in its
leaves.!” This compound presented cytostatic activity with values of
G, varying from 2.28 to 184.44 mol L' for colorectal and ovary cell
lines, respectively (Table 2). Cytotoxic effect was observed specially
for glioma cell line at a concentration of 5.76 mol L. Literature data
have shown justicidin B cytotoxic effects in tumor and non-tumor
cell lines.!! However, its effect on glioma cell line is described for
the first time here. Justicidin B showed cytotoxicity by inducing
apoptosis and NF-B modulation in human non-hodgkin lymphoma
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Table 1. NMR Data (CDCl,; 500 MHz) of compound 1. 8 in ppm, J in Hz

HMQC HMBC

Position
¢ 8y (mult, J) Jen e

C(1) 129.5 - - H-3
C(2) 127.7 - - H-6; H-7
CH(@3) 105.4 6.86 (s) - -
C4) 150.1 - - H-6; MeO-4
C(5) 150.4 - - H-3; MeO-5
CH(6) 106.3 7.11 (s) - H-7
CH(7) 126.7 7.68 (s) - H-6
C(8) 127.9 - - -
CH,(9) 65.0 5.34(d,J=125) - -

531(d,J=125)
C(17) 131.5 - H-2’ H-5’
CH(2") 110.4 6.83 (sl) - -
C(3’) 147.3 - - H-5
C4) 147.1 - - H-6
CH(5") 108.1  6.85(d,J =8.0) - -
CH(6") 1234 6.79 (dd,J = 8.0 H-5 -

and 2.0)

C(7) 136.9 - - H-3; H-2’
C(®) 128.7 - - 2H-9; H-7
C(©9) 172.3 - - -
OCH,O 101.0 599 (d,J=1.0) - -

595(d,J=1.0)
(OCOCH;) 171.0 - CH; (OCOCH,) 2H-9
(OCOCH,;)  20.7 2.03 (s) - -
OCH,-4 55.6 3.73 (s) - -
OCHj;-5 55.8 3.96 (s) - -

Figure 1. Luclaricin (1) and justicidin B (2) isolated from the P. acuminatus. Some key NOESY (# ) and HMBC (-~ ) correlations for compound 1
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cells (DOHH-2),'? and breast cancer derived cell lines (MDA-MB-231
and MCF-7)." In addition, justicidin B showed significant fungicidal
and antiprotozoal effects,'" anti-inflammatory activity'* and low in
vivo toxicity in mice.'

Table 2. GI,,values (mol L") for justicidin B (2) and doxorubicin

GI, (mol L)

LINE / TREATMENT
JUSTICIDIN B DOXORUBICIN

U251 (glioma, CNS) 5.76 0.05
MCF-7 (breast) 7.96 0.06
NCI-ADR/RES (resistantovary) 86.10 >46.00
NCI-H460 (lung) 57.91 0.08
OVCAR-3 (ovary) 184.44 1.16

HT29 (colorectal) 2.28 0.46

K562 (leukemia) 3.29 0.40
HaCat (non-tumor cell line) 10.50 0.15

CONCLUSIONS

In this work, it was possible to isolate a new arylnaphtalene-
typelignanm, luclaricin, and justicidin B, which was already reported
in another phytochemical studies of this species. In addition, it was
analyzed for the first time the cytotoxic effect of compound 2 in
U251 lineage (glioma), showing that justicidin B is promising for this
activity. Strong cytotoxic activity was also observed HT29 e K562
with Gl values of 2.28 and 3.29 mol L', respectively.

EXPERIMENTAL
General information

Conventional chromatographic methods were used, such as
column chromatography (CC) (silica gel 60, Merck, 0.063-0.20
and 0.04-0.063 mm). Silica gel TLC (thin layer chromatographic)
plates Whatman AL SIL G/UV stained with iodine and viewed PF,s,
under UV light (254/366 nm) were used to monitor chromatographic
purification procedures. One-dimensional ('"H and "*C) and two-
dimensional (gHMQC, gHMBC, gCOSY and gNOESY) NMR
analyses were performed on a Bruker-System spectrometer operating
at 500 MHz (‘H) and 125 MHz (**C). CDCl;was used as solvent with
TMS as an internal standard. HR-ESI-MS was obtained using the
microTOF-II system of Bruker.

Plant material

The P. acuminatus aerial parts were collected in the city of
Matureia (7° 11°10” S and 37° 08°22” W, altitude: reaching: 1.197
m), Paraiba, Brazil in June 2011, and they were identified by the
botanist Dra. Maria de Fitima Agra, from Federal University of
Paraiba. A voucher was deposited at the Herbarium Lauro Pires
Xavier, University of Paraiba (voucher Agra 7432).

Extraction and isolation

The aerial parts of P. acuminatus (4 kg) were extracted by
maceration with 95% ethanol at room temperature to obtain the crude
ethanol extract (CEE). Then, an aliquot of CEE (50.0 g) was dissolved
in a hydromethanolic solution (MeOH:H,0, 7:3, v/v). After this
procedure, it was subjected to a liquid-liquid partition process using
several solvents (hexane; hexane / ethyl acetate: 8:2, 1:1, 2:8; ethyl
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acetate; ethyl acetate / MeOH: 1:1; and MeOH), thereby obtaining
the respective phases.

The hex / ethyl acetate phase (8:2, v/v) (2.6 g) was subjected to
a CC, using silica gel 60 as stationary phase and as eluents: hexane,
ethyl acetate and methanol. From this CC, 94 fractions (100 mL
each) were obtained and later concentrated in a rotary evaporator.
After analysis in TLC, they were assembled in 11 different groups.
Fraction group 33-53 (102.9 mg) eluted with a 20-40% (v/v) gradient
of ethyl acetate in mixture with hexane, resulted in compound 2.

Another group of reunited fractions from the preceding column,
fractions 54-68 (994.7 mg), eluted with a 40-60% (v/v) gradient of
ethyl acetate in mixture with hexane, were then subjected to another
CC, under the same conditions previously described. There were
obtained 252 fractions (10 ml each), which were reunited into 12
groups after analysis of TLC. The group with fractions 111-133,
eluted with a 47-54% (v/v) gradient of ethyl acetate in mixture with
hexane, afforded compound 1 (20.0 mg).

Luclaricin (1): amber oil; IR, 3100-3500, 1680 cm™; '"H and
BC NMR data (500 MHz and 125 MHz, respectively, in CDCL,),
see Table 1; HRESIMS m/z 447.1065 [M + Na]* (calcd. for
C,3H,(NaOgNa, m/z 447.1055).

Cell lines

U251 (glioma, CNS), MCF-7 (breast), NCI-ADR/RES (multidrug
resistant ovariancells); NCI-H460 (lung, non-small cell type);
OVCAR-3 (ovary); HT29 (colorectal); K562 (leukemia); HaCat
(immortalized human keratinocytes, the only non-tumor cell line we
used) was cultivated in RPMI-1640 supplement with 25 mM HEPES,
2 mM L-glutamine, 100 U mL"! penicillin, 100 ug mL' streptomycin
and 10% of fetal bovine serum (FBS).

Cytotoxic activity

Cells were incubated with different justicidin B concentrations at
0.5% of DMSO: 0.25, 2.5, 25.0, and 250.0 pg mL" in quadruplicate.
Doxorubicin was used as positive control. After 48 h of incubation,
cells were fixed with trichloroacetic acid (TCA) solution (50%, v/v).
The plates were kept at 4 °C for 1 hour. After this period, they were
subjected to four consecutive water washes and they were completely
dried. Fixed cells were stained with 50 uL of sulforhodamine B (0.4%
weight/volume), dissolved in 1% of acetic acid, for 30 minutes at
room temperature.'> Then, plates were washed for three consecutive
times with a solution of acetic acid 1% and dried at room temperature.
150 pL of Trizma Base (10 umol L") was added and absorbance
spectrophotometric reading was performed in a microplate reader at
540 nm." Values were calculated from a semi log plot of the drug
concentration (ug mL"') against the growth inhibition percentage.
Values below 50% cell growth and above zero represent growth
inhibition (cytostatic activity). Negative values represent cell death
(cytocidal activity). The results for doxorubicin and justicidin B
were also expressed as Gly, (concentration that inhibits growth of
50% of the cells).

SUPPLEMENTARY MATERIAL

IR, NMR and MS spectra for compounds 1 and 2 can be found at
http://quimicanova.sbq.org.br in pdf format, with free access.
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