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Abstract

Context: Species of the Costaceae family have been traditionally used for
the treatment of infections, tumors and inflammatory diseases.
Chamaecostus subsessilis (Nees & Mart.) C. D. Specht & D.W. Stev.
(Costaceae) is a native medicinal plant with distribution in the Cerrado
forest ecosystem of Central Brazil. In our previous work, the antitumor
potential of the chloroform fraction (CHCls Fr) from rhizomes ethanol
extract (REEX) of C. subsessilis was determined against a series of tumor
cell lines (HL60, Jurkat, MDA-MB231, MCF-7, HTC-116 and THP-1)
using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) colorimetric assay.

Aims: To isolate and identify the cytotoxic compounds present in CHCls
Fr from REEX of C. subsessilis.

Methods: The bio-guided chromatographic fractionation of the CHCls Fr
was performed by High-Performance Liquid Chromatography (HPLC)
and preparative Thin Layer Chromatography (prep-TLC). The
cytotoxicity of the isolated compounds was evaluated against human
promyelocytic leukemia cells (HL60) and human embryonic renal non-
tumor cell lineage (HEK-293) by MTT assay.

Results: Dioscin and gracillin were identified as active compounds from
CHCI; Fr from REEX of C. subsessilis. They showed ICso values of 5.3 ptM
and 14.0 pM, respectively, against HL60 cells, but they did not
demonstrate selectivity compared to HEK-293 cells.

Conclusions: These results corroborate with the popular use of species of
the Costaceae family as a source of antitumor agents. To the best of our
knowledge, this is the first time that these saponins are isolated from
this species.

Keywords: Chamaecostus subsessilis; Costaceae; cytotoxic activity; saponins;
tumor cell line.

Resumen

Contexto: Las especies de la familia Costacese se han utilizado
tradicionalmente para el tratamiento de infecciones, tumores y
enfermedades inflamatorias. Chamaecostus subsessilis (Nees y Mart.) C. D.
Specht y D.W. Stev. (Costaceae) es una planta medicinal nativa con
distribucién en el ecosistema forestal Cerrado del centro de Brasil. En
nuestro trabajo anterior, el potencial antitumoral de la fraccién de
cloroformo (CHCIs Fr) del extracto de etanol de rizomas (REEX) de C.
subsessilis se determiné frente a una serie de lineas celulares tumorales
(HL60, Jurkat, MDA-MB231, MCF-7, HTC -116 y THP-1) utilizando el
ensayo colorimétrico baseado en bromuro de 3-(4, 5-dimetiltiazol-2-il) -2,
5-difeniltetrazolio (MTT).

Objetivos: Aislar e identificar los compuestos citotoxicos presentes en
CHCl; Fr de REEX de C. subsessilis.

Meétodos: El fraccionamiento cromatografico bioguiado del CHCls Fr se
realiz6 mediante cromatografia liquida de alta resolucién (HPLC) y
cromatografia preparativa de capa fina (prep-CCF). La citotoxicidad de
los compuestos aislados se evalu6 frente a las células de leucemia
promielocitica humana (HL60) y el linaje de células no tumorales renales
embrionarias humanas (HEK-293) mediante el ensayo MTT.

Resultados: Dioscina y gracillin se identificaron como compuestos activos
de CHCI; Fr de REEX de C. subsessilis. Ellos mostraron valores de Cls de
53 pM y 14,0 pM, respectivamente, contra células HL60, pero no
demostraron selectividad en comparacién con las células HEK-293.

Conclusiones: Estos resultados corroboran con el uso popular de especies
de la familia Costacene como fuente de agentes antitumorales. Hasta
donde sabemos, esta es la primera vez que estas saponinas se aislan de
esta especie.

Palabras Clave: actividad citotoxica; Chamaecostus subsessilis; Costaceae;
linea celular tumoral; saponinas.
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INTRODUCTION

MATERIAL AND METHODS

Several plants have been sources for the discov-
ery of new drugs since they produce structurally
complex compounds and can have high specificity
for therapeutic targets (Newman and Cragg, 2016).
Our research group has been driving to seek com-
pounds of natural origin with activity against can-
cer. In our previous work, we showed that the
rhizomes ethanol extract (REEX) from Chamae-
costus subsessilis had cytotoxic activity against the
six cell lines (HL60, Jurkat, MDA-MB231, MCEF-7,
HTC-116 and THP-1) by the MTT colorimetric as-
say with ICso values varying from 8.2 to 53.8
ng/mL. The REEX also induced DNA fragmenta-
tion in HL-60, Jurkat and THP-1 cell lines at the
concentration of 20 ug/mL with higher apoptotic
activities than etoposide in these cell lines. In addi-
tion, the CHCI; Fr from REEX showed a highlight-
ed cytotoxic activity with ICso value of 2.6 pg/mL
against HL-60 cells (Siqueira et al., 2016).

The Chamaecostus genus has seven known spe-
cies, all endemic from South America, among them
Chamaecostus subsessilis (Nees & Mart.) C. D.
Specht & D.W. Stev. (synonyms: Costus subsessilis,
Globba subsessilis) is a native plant that has distri-
bution in the Cerrado forest ecosystems of Central
Brazil. This species is unusual ginger that has
small stature (not exceeding 30 cm in height) with
elliptical and adaxially strigose to glabrous leaves
and belongs to the Costaceae family (Zingiberales)
(André et al., 2015).

The roots and tubers of the several species of
the Costaceae family have been traditionally used
for the treatment of infections, tumors and in-
flammatory diseases (Pilla et al., 2006). It is known
that some species from the Costaceae family, such
as Costus pictus and Costus speciosus have cytotoxic
properties (Jha et al., 2010; Nadumane et al., 2011;
Sathuvan et al., 2012), but there are few studies of
pharmacological properties of Chamaecostus genus.
In this work, we describe the bioassay-guided pu-
rification of saponins responsible for the cytotoxi-
city of REEX.

http://jppres.com/jppres

Materials and instruments

Semipreparative purifications were performed
on an HPLC system (Shimadzu, Kyoto, Japan)
coupled with an LC6AD pump (Shimadzu, Kyoto,
Japan) and an SPD-10A-UV detector (Shimadzu,
Kyoto, Japan), using a Shimpack® silica (5 pm, 20
x 250 mm, id) column. TLC analyses were con-
ducted on pre-coated silica gel G-60/Fas4 plates
(0.25 mm, Merck, Darmstadt, Germany). The spots
were visualized under UV light at 254 nm, 360 nm,
visible, or by means of spraying the plates with a
mixture of equal volumes of an ethanol solution of
vanillin 1% w/v and sulfuric acid 10% v/v. The
optical rotations were performed using an Anton
Paar MCP 300 circular polarimeter (Anton Paar,
Ashland, Virginia, USA). One- and two-
dimensional nuclear magnetic resonance (NMR)
experiments were run on a Bruker Avance 400
MHz spectrometer (Bruker Biospin, Rheinstetten,
Baden-Wiirttemberg, Germany), using tetrame-
thylsilane as an internal standard. High-Resolution
Mass Spectral (HRMS) data were measured using
a Bruker maXis ESI-QTOF (Bruker Daltonics, Bre-
men, Germany) coupled to a Shimadzu Nexera
UHPLC system (Kyoto, Japan) equipped with a
Finnigan Surveyor PDA Plus diode-array detector.
Dioscin (= 95%, HPLC) was purchased from Sig-
ma-Aldrich Co. (St. Louis, MO, USA).

Plant material

The fresh and healthy rhizomes of C. subsessilis
were collected in the surrounding area of Zoo-
Botanical Foundation (BHZB, 19°51'31.0"S,
44°00'40.0"W) at Belo Horizonte, Minas Gerais,
Brazil, in December 2013, under the governmental
authorization Sisgen, receiving the number
A83017A. The plant was identified by botanists of
BHZB since it was a species adapted to BHZB area.
A voucher specimen under the code BHZB 8018
was deposited at BHZB Herbarium.
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Preparation of the crude ethanol extract and its
fractions

Fresh rhizomes (748 g) were washed in water,
dried at room temperature and chopped into small
pieces of 1-5 cm. The slices were extracted three
times with absolute ethanol (EtOH) at room tem-
perature. The suspensions were filtered through a
cellulose filter paper, and the EtOH was evapo-
rated at 45°C under reduced pressure using a rota-
ry evaporator. The residual solvent was removed
in a vacuum centrifuge at 40°C to yield 7.3 g of
extract. An aliquot of the crude ethanol extract (5
g) was dissolved in methanol: water (80:20 v/v)
and sequentially partitioned (3 times) with sol-
vents of increase polarity: hexane (HE), dichloro-
methane (CH>Cl), chloroform (CHCls), ethyl ace-
tate (EtOAc), and water (H20). The solvents were
removed in a vacuum centrifuge at 40°C. This pro-
cedure yielded five fractions: HE (0.4 g), CHxCl»
(1.1 g), CHCI; (2.0 g), EtOAc (0.4 g) and H>O (3.0

g)-

Bioassay-guided isolation of bioactive
compounds

An aliquot of the CHCI; fraction (300 mg) was
chromatographed on an HPLC system using silica
column (250 x 20 mm, 5 um, Shim-Pack®) and an
isocratic elution with a mixture of dichloro-
methane: chloroform: methanol: water (4: 4: 3: 0.8)
during 60 min. The eluent was pumped at 7
mL/min and the effluent absorption measured at
A 260 and 280 nm. One hundred and twenty frac-
tions of 3.5 mL each were collected and pooled
into 17 subfractions based on their TLC behavior
after spraying the plates with a mixture of vanillin-
sulfuric acid. Subfraction 4 showed cytotoxic activ-
ity against HL-60 at a concentration of 20 pg/mL
(Fig. 1). It (100 mg) was purified by prep-TLC (sili-
ca gel G-60/Fas plates, 0.50 mm) using a mixture
of dichloromethane: chloroform: methanol: water
(4:4:3:0.8) and eluted twice. This separation yield-
ed the active compounds 1 (24 mg) and 2 (15 mg).

In vitro cytotoxicity assays

HL60 (human promyelocytic leukemia) and
HEK-293 (human embryonic renal non-tumor) cell

http://jppres.com/jppres
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lines were maintained in the logarithmic phase of
growth in RPMI 1640 o rD-MEM medium sup-
plemented with 100 IU/mL penicillin and 100
ug/mL streptomycin enriched with 2 mM of L-
glutamine. Leukemia cells were cultured in RPMI
and 10% fetal bovine serum. The cultures were
maintained at 37°C in a humidified incubator with
5% COz and 95% air. The media were changed
twice weekly, and the cells were examined regu-
larly. All cell lines were used for 20 passages.

The cell lines were inoculated using 5 x 10*
(HL60) or 1 x 10¢ (HEK-293) cells per well. The
plates were pre-incubated for 24 h at 37°C to allow
the adaptation of cells prior to the addition of the
test compounds. All samples were tested at a con-
centration of 20 pg/mL. The half-maximum inhibi-
tory concentration (ICsp) of the isolated com-
pounds was determined over a range of concentra-
tions (eight nonserial dilutions from 100.0 to 0.6
ug/mL). Etoposide was evaluated under the same
experimental conditions as positive control. All
cell cultures were incubated in a 5% CO,/95% air
humidified atmosphere at 37°C for 48 h. The nega-
tive control included treatment with 0.5% (v/v)
DMSO. Cell viability was estimated by measuring
the rate of mitochondrial reduction after the addi-
tion of 10 pL of tetrazolium dye (MTT) at 2.5
mg/mL.

All the samples were tested in triplicate in three
independent experiments. The results were ex-
pressed the mean of the percentage of viability in
relation to the negative control (DMSO, 0.5% v/v),
calculated as follows: percentage of cell viability
(%) = [(OD of treated mean/OD negative control)
x 100] (Mosmann, 1983).

All ICsp values were calculated using the
GraphPad Prism 7.0 statistical package (GraphPad
Software, San Diego, CA, USA) according to the
recommended protocol for nonlinear regression of
a log (inhibitory) versus inverse response curve
and were expressed as mean + standard deviation
(SD).

The selectivity index (SI) was defined as the ra-
tio of the ICs5 value observed in HEK-293 cells to

J Pharm Pharmacogn Res (2020) 8(5): 468
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the ICso value observed in the experiment with
HL60 cell line for the same compound tested.

Statistical analysis

Results were expressed as mean * standard de-
viation (SD) values of three independent experi-
ments performed in the total of nine technical rep-
licates. Statistical analysis was performed using
the GraphPad Prism 7.0 statistical package
(GraphPad Software, San Diego, CA, USA). Statis-
tical differences were evaluated by one-way analy-
sis of variance (ANOVA) followed by Dunnett's
multiple comparisons post-tests. Differences were
considered to be significant at a limit of p<0.05.

RESULTS

The CHCl; Fr was chosen for chromatographic
fractionation aiming the identification of active
compounds since it demonstrated highlighted cy-
totoxic activity against HL60 cell line. The purifica-
tion of the CHCl; Fr by normal-phase liquid chro-
matography yielded seventeen subfractions that
were tested in vitro cytotoxicity assays against
HL60 cells at a concentration of 20 pg/mL. Sub-
fractions 2-4 showed the highest cytotoxic effect
against HL60 cells with inhibition percentages
above 90% (Fig. 1). These subfractions were ana-
lyzed by analytical TLC, showing a little complex
profile and two main brown spots after revelation
with vanillin/sulphuric acid. Preparative TLC of
subfraction 4 yielded two compounds that re-
vealed as brown spots after TLC analyses with the
same condition of used for CHCl; Fr analysis.

The structures of the isolated compounds (1
and 2) were identified by a combination of spec-
troscopic methods, comparison with literature
data and optical activities. The 1D and 2D data of
spectra (Figs. 2 - 3) of isolated compounds were in
accordance with the literature (Mahato, et al., 1980;
Zou et al., 2003).

Compound 1 was obtained as a white amor-
phous powder. The HRMS displayed a protonated
ion peak [M + H]* at m/z 869.4907, under a molecu-
lar formula of C4sH72016. The fragments ions at m/z
7234318 [M+H-146]*, 577.3734 [M+H-146-146]*,

http://jppres.com/jppres
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415.3208 [M+H-146-146-162]* indicated the elimi-
nation of two deoxyhexoses and one hexose moie-
ties, respectively. The presence of three sugar resi-
dues in compound 1 was confirmed by the HMQC
experiment, where the anomeric protons at ou 6.44
(br, s), ou 5.89 (s) and ou 4.98 (overlapped signal),
correlates with anomeric carbon signals at oc 102.4,
oc 103.2 and o&c 100.6 of a-rhamnopyranose, a-
rhamnopyranose, and S-glucopyranose, respec-
tively (Fig. 2). Compound 1 showed similar exper-
imental optical activity [15 = 99 4° (c 047,
MeOH) to the literature [5 = —102.2° (c 1.00,
MeOH) (Pettit et al., 2005) for dioscin (diosgenin 3-
O-o- L- rhamnopyranosyl- (1—-2)- O-[a~L-rhamno-
pyranosyl-(1—4)]-p-D-glucopyranoside) (Fig. 4)
and gave the same MS/MS fragmentation pattern
when compared with an authentic sample by
UHPLC-MS.

Compound 2 was obtained as a white amor-
phous powder. The HRESI-MS displayed a proto-
nated ion peak [M+H]* at m/z 885.4854 [M+H]* in
accordance with a molecular formula of CysH72017.
Other fragments ions at m/z 723.4317 [M+H-162]*,
557.3738 [M+H-162-146]*, 415.3205 [M+H-162-146-
162]* and 397.3101 [M+H-180-146-162-18]*, pre-
senting the respective elimination of a terminal
hexose, a deoxyhexose, and a hexose moieties.
Compound 2 showed to contain three sugar resi-
dues from the HMQC spectrum. The anomeric
protons at ou 6.41 (br s), o1 5.14 (d, J= 7.83 Hz) and
on 4.97 (d, = 7.46 Hz), giving correlations with
carbon signals at oc 102.6, oc 104.9 and oc 100.3,
were assigned as the anomeric protons of o-
rhamnopyranose, f-glucopyranose, and f-gluco-
pyranose, respectively (Fig. 3). Compound 2
showed to have the same MS/MS fragmentation
pattern of gracillin and showed negative specific
rotation [%15° = —46.9° (c 0.7, MeOH)] as literature
[[alb' ™= (-83.2 — 88.6°, pyridine)] (Du et al., 2002;
Hernandez et al., 2004). From these data, com-
pound 2 was identified as gracillin (diosgenin 3-O-
a-L-rhamnopyranosyl-(1—2)-O-[f-D-glucopyrano-
syl-(1—3)]-p-D-glucopyranoside) (Fig. 4).

After the characterization of the two saponins,
they were tested against HL60 cell line. Dioscin (1)
and gracillin (2) showed ICso values of 5.3 and 14.0
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uM, respectively, and the positive control, etopo- and SI values to etoposide in this cell line were not
side showed an ICsy value of 1.3 uM (Table 1). The possible to be calculated once that at the highest
isolated compounds (1 and 2) did not demonstrate  concentration tested (100 uM), it did not reach 50%
selectivity comparison to HEK-293 cells since their  of inhibition of cell viability.

SI values were 1.1 and 0.6, respectively. The 1Csp

Cell

viability 5, HL60
0,
% 1850
100

50

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 DMSO
-50

20 pg/mL

Figure 1. Profile of the cytotoxic activity of the subfractions 1 - 17 obtained from chromatographic
fractionation of chloroform fraction of C. subsessilis against HL60 cells.

Three independent experiments were performed in nine technical replicates (n = 9). *Statistically different of control DMSO

(**p<0.005; *p<0.05).
Intt:.'ns‘1 1 +MS, Dissect, 9.3-9.5min #2530-2557
X104
1251 (A) 577.3734
1.004 869.4907
] 4153208
0.754 7234318
0.50
0.251 p
1 170.0964 2934227
0.00- T T T T T T T T T T
200 400 600 800 1000 1200 1400 miz
B &
(B) 3
. 2“@%%@ VY m.Ja: e
= 2 e S Tneruagsts 3g8 ﬂlﬁ.‘u%.ﬁ.??'n asl o7
na T TS - o 7 i i S o 2
0.05 3 y “J,)I =
_LAJ HLFMJU"UN_,J mﬂ—,m\\__ﬁ__w L"" bﬂ\"‘}' \ L""fj
T 55 g0 55 so a5 R 30 25 2 s Chemical Shit (ppr)
< >
= B resp =
Q@ .
s . te8 2
2 e g S.@ x
<3 = g T g8
0.005 ]
36 s 10 112 104 9% 88 80 2 e sb 48 40 3 Chemical Shift 1’ppm!
Figure 2. (A) HRESIMS spectrum of dioscin (1) in the positive mode. (B) 'H NMR spectrum of dioscin (1) in
pyridine-ds. (C) 13C NMR spectrum of dioscin (1) in pyridine-ds.
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Figure 4. Structures of dioscin (1) and gracillin (2)
isolated from chloroform fraction of crude rhizomes
ethanol extract from Chamaecostus subsessilis.

and SI = 7.2), and thus it was selected to isolate the
active compounds.

There are some previous studies about Costaceae
species that have demonstrated the cytotoxic activ-
ity of the Costus pulverulentus against PC3 cells
(ICso value of 179 pg/mL) (Alonso-Castro et al.,
2016), Costus pictus against HT1080 cells (ICs value
of 120 ng/mL), HT-29 (ICso value of 125 pg/mL)
and Ab549 cells (ICso values of 125 pg/mL) (Na-
dumane et al., 2011; Sathuvan et al, 2012) and,
Costus malortieanus against Hep G2 cells(ICso value

of 800 pg/mL) and WRL 68 cells (ICs value of

DISCUSSION

1260 ng/mL) (Al-Rashidi et al., 2011). However,

these works do not state which compound is re-

In our previous studies about bioactive natural sponsible for the cytotoxic activity of the plant.

compounds, we demonstrated the cytotoxic prop-
erties of the C. subsessilis against some cancer cell
lines (Siqueira et al., 2016). Between all fractions
tested, the CHCls Fr showed the best cytotoxicity
result against the HL60 cell line (ICso= 2.6 pg/mL

http://jppres.com/jppres

Dioscin (1) and gracillin (2) were isolated as ac-
tive compounds from REEX of C. subsessilis. They
are spirostanol saponins with a AD-glucopyra-
noside as the first sugar, o-L-rhamnopyranose
substituted at the 2-position and another terminal
sugar at the 4-position (dioscin) or 3- (gracillin)

J Pharm Pharmacogn Res (2020) 8(5): 471
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Table 1. ICsq values of the chloroform fraction and isolated compounds from C. subsessilis

against cancer cell lines using MTT assay.

HL602 HEK-293b
Sample SI
Clso pg/mL (uM)
CHCl; Fr 151+7.7* 6.0+1.0 0.4
Dioscin (1) 4.6£0.5 (5.3) 5.0+29 (5.8) 1.1
Gracillin (2) 124 £5.0 (14.0)* 75%3.1(8.5) 0.6
Etoposide 0.8+0.7 (1.3) - -

aHuman promyelocytic leukemia; "Human embryonic renal non-tumor. Samples were tested at
eight nonserial dilutions from 100 to 0.6 pg/mL. All results were presented as mean + SD, of three
individual experiments. Triplicate samples were tested in each individual experiment (n = 9).
*Statistically significant compared with etoposide as control (p<0.05). No differences were

observed among the samples against HEK-293.

(Zou et al., 2003). They were first isolated from
Dioscorea species (Honda, 1904) and isolated for the

first time in a plant of the family Costaceae (Costus
speciosus) by Tschexhe and Pandey (1978).

In a previous work, gracillin showed cytotoxic
activity (ICso value of 4.0 £ 0.4 uM) against HL-60
cell line (Hernandez et al., 2004) and against the
most eight solid tumor cell lines tested (with Glso <
100 uM), but it was not considered a potential an-
ticancer candidate due to lack of selectivity against
these cancer lines (Hu and Yao, 2003), corroborat-
ing with our results since we found a SI < 10 for
compound 2. It is also known the cytotoxic
(Chiang et al., 1991) and hemolytic (Takeshi et al.,
1991) activities of dioscin. However, it was
demonstrated that a 90-day subchronic toxicity
study with dioscin in rats at a dose of 300
mg/kg/day (highest dose tested) caused gastro-
intestinal tract distension and hemolytic anemia
only in male group comparison to the female
group, providing evidence on the safety of this
saponin for potential clinical application (Xu et al.,
2012).

Based on a phylogenetic analysis of the family
Costaceae (Zingiberales) Specht and Stevenson
(2006) showed that Costus genus is found to be
paraphyletic, with species occurring in the four
clades: the Cheilocostus clade, the Chamaecostus
clade, the Paracostus clade, and the Costus clade.
The phylogenetic analyses of the South American
Costaceae proposed Chamaecostus (four-taxon) as a

http://jppres.com/jppres

new genus (Specht, 2006). Thus, the chemical
study of the C. subsessilis could help further chem-
otaxonomic classification studies to better under-
stand the phylogenetic relationships of Costaceae
family.

CONCLUSIONS

The chloroform fraction from the rhizomes eth-
anol extract of C. subsessilis showed promising
cytotoxic activity corroborating the popular use of
plant species of the Costaceae family for the treat-
ment of tumors. The bio-guided chromatographic
fractionation using MTT assay with HL60 cells of
chloroform fraction from C. subsessilis furnished
two saponins, dioscin and gracillin, responsible for
its cytotoxic activity. To the best of our knowledge,
this is the first time that these saponins are isolated
from this species, and these findings could support
the Costaceae family chemotaxonomic studies.
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