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ABSTRACT

Hancornia speciosa is a medicinal species traditionally used in
Brazilian folk medicine to treat a variety of conditions. Com-
pounds isolated from the leaves, bark, and trunk of this plant
have shown therapeutic properties, but only recently have the
fruits of H. speciosa been explored for potential pharmacologi-
cal applications. The present study investigated the effects of
an ethanolic extract from the fruits, fractions, and compounds
thereof in bone resorbing cells. Primary osteoclast cultures
from bone marrow cells and osteoclasts derived from a mono-
cyte/macrophage cell line, RAW 264.7, were incubated with
different concentrations of the ethanolic extract, ethyl acetate
fraction, water fraction, quinic acid, and L-(+)-bornesitol. In
RAW 264.7 cell cultures, quinic acid significantly reduced os-
teoclast formation. In bone marrow cell-derived osteoclasts,
the ethyl acetate fraction induced a decrease in the number of
osteoclasts, promoting a remarkable reduction in the mean
area of those cells and in their resorption activity. The com-
pounds quinic acid and bornesitol also affected bone marrow
cell-derived osteoclasts. In both cell cultures, the substances
tested did not affect cell viability/proliferation. In conclusion,
components extracted from H. speciosa fruit affected the cells
responsible for bone resorption, making them promising tools
for interference in osteoclastogenesis.
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ABBREVIATIONS

BMC bone marrow cell

EA ethyl acetate fraction

EEF ethanolic extract

ESI electrospray ionization

HILIC hydrophilic interaction liquid chromatography
M-CSF  macrophage colony-stimulating factor

o-MEM  minimum essential medium alpha

MRM multiple reaction monitoring

RANKL  receptor activator of nuclear factor kappa-B ligand

Rt retention time

TRAP+  tartrate-resistant acid phosphatase
UPLC ultra-performance liquid chromatography
Introduction

Hancornia speciosa Gomez (Apocynaceae) is an arborous species,
vulgarly known as mangabeira in Brazil [1]. Its fruits, called mang-
aba, are extensively consumed by the Brazilian population, either
in natura or in culinary preparations [2], and it is considered an im-
portant source of vitamins C and E, along with minerals such as cal-
cium and zinc [3].

H. speciosa is a medicinal species traditionally used to treat a
plethora of conditions, including skin diseases, tuberculosis, hyper-
tension, and gastrointestinal problems [4, 5]. Previously, our re-
search group has demonstrated the chemopreventive [6], antihy-
pertensive [7], antidiabetic [8], and wound healing [9] properties
of the species.

To date, only a few studies have investigated the potential ther-
apeutic properties of H. speciosa fruits. A recent publication showed
that rutin and chlorogenic acid, isolated from the aqueous extract
of the fruits, were able to decrease edema and cell migration in dif-
ferent models of inflammation, and also reduce the levels of pro-
inflammatory cytokines such as IL-1p, IL-6, IL-12, and TNF-a[10].
Another study showed that mangaba pulp has a potential antimuta-
genic effect [11].

Bone remodeling is a physiological process that involves synthe-
sis and resorption of bone, responsible for maintaining its structure
and function during adult life. Osteoclasts are pivotal cells in this
process due to promoting bone resorption [12], and inflammatory
mediators have animportant role in the differentiation and activa-
tion of these cells [13]. Since mangaba fruits have shown anti-in-
flammatory properties [10], we herein investigated the effects of
the fruitin bone resorbing cells. The fruits extract along with some
fractions and compounds thereof had their activity tested in pri-
mary osteoclasts cultures from BMCs and also in osteoclasts de-
rived from a monocyte/macrophage cell line, RAW 264.7.

Results and Discussion

The chemical composition of EEF and EA was investigated by UPLC-
ESI-MS in the negative mode of ionization (> Fig. 1a, b). We initial-
ly employed an ODS (octadecylsilane) column for separation, but

several compounds eluted in the dead time (data not shown).
Therefore, the analyses were performed on an HILIC column, given
that it affords longer Rts for polar compounds, thus enabling their
elution after the dead time. HILIC columns can operate in the nor-
mal phase and separate polar compounds based on 3 possible
mechanisms: a) analyte partitioning between the mobile and sta-
tionary phases, b) analyte adsorption onto the adsorbent surface,
and c) adsorption of the organic mobile phase onto the adsorbent
surface and analyte partitioning onto this thin adsorbed layer [14].
Based on these probable mechanisms, it was possible to separate
and identify some polar constituents found in the extract and frac-
tions from H. speciosa fruits.

The presence of quinic acid (Rt=0.51 min; » Fig. 1c), (iso)chlo-
rogenic acid (Rt=1.93 min; » Fig. 1d), and rutin (Rt=2.74 min;
»Fig. 1e) at EEF was evidenced by the deprotonated molecules,
respectively, at m/z 191.16 [M - H]", m/z 353.22 [M - H]", and m/z
609.37 [M-H]-, which are not present in the water fraction (> Fig. 1S,
Supporting Information). Bornesitol (Rt=2.98 min) was identified
employing distinct chromatographic and spectroscopic conditions,
specifically MRM. The transition selected to MRM analysis corre-
sponds to the loss of methanol from bornesitol, resulting in the
fragment detected at m/z 161.01 [M - CH30H-H], as described by
usin a previous publication [15]. The MRM approach based on this
transition allows the unambiguous identification of bornesitol,
even in complex matrices. The analysis of EA by UPLC-ESI-MS led
to the identification of the same compounds found in EEF.

Our next goal was to investigate the effect of H. speciosa fruits
and their constituents in cells related to bone resorption. For this,
we firstly exposed osteoclasts differentiated from a monocyte/mac-
rophage cell line (RAW 264.7) to different concentrations of EEF
and fractions thereof. As far as cell viability/proliferation was con-
cerned, neither EEF nor its fractions had an impact on the cells. Cell
proliferation and viability are important indicators for evaluating
biological effects and, primarily, pharmacological safety during
drug development [16].

To evaluate the effect of the compounds in osteoclast differen-
tiation, TRAP + cells were counted after 7 days of culture. The re-
sults showed that the highest concentration (90 ug/mL) of EEF
showed a trend to reduce the number of TRAP + cells (> Fig. 2a).
Similarly, the EA and water fractions also showed a trend to de-
crease the osteoclast count (> Fig. 2b, c), although none of the re-
sults were statistically significant. On the other hand, the lowest
dose of quinic acid significantly reduced osteoclast formation
(» Fig. 2d), while bornesitol had no effect on the osteoclast num-
ber (> Fig. 2e).

Many plant-derived substances have been shown to exhibit po-
tential effects in cells related to bone metabolism, as demonstrat-
ed by in vitro and in vivo studies. Some compounds have indeed
been described to inhibit osteoclast resorption activity. In this re-
gard, a water extract from Malva verticillata L. (Malvaceae) seeds
inhibited osteoclastogenesis stimulated by RANKL in bone marrow
macrophages [17]. Moreover, a water extract from Acer tegmento-
sum Maxim (Sapindaceae) stems demonstrated a protective effect
on bone destruction by inhibiting osteoclast differentiation and
function [18]. Also, caffeic, chlorogenic, and isochlorogenic acids
extracted from Simon sweet potato suppressed severe bone de-
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»Fig. 1

Identification of the chemical constituents of EEF a and EA b by UHPLC-ESI-MS operating in the negative ionization mode. The presence of

quinic acid (Rt=0.51 min), (iso)chlorogenic acid (Rt=1.93 min), and rutin (Rt=2.74 min) was evidenced by the deprotonated molecules observed,
respectively, at m/z 191.16 Da ¢, m/z 353.22 Da d, and m/z 609.37 Da e. The identification of bornesitol (Rt=2.98 min) was achieved by the chroma-
togram registered in the MRM mode f, corresponding to the transition m/z 193 — 161 Da.

struction mediated by abundant osteoclasts in a model of adjuvant-
induced arthritis in rats [19].

Osteoclasts are the main cells related to bone resorption, and
most adult skeletal diseases are due to increased osteoclastic ac-
tivity, leading to animbalance in bone remodeling favoring resorp-
tion [20]. Thus, searching for substances that interfere with osteo-
clastic activity is of great interest, especially for those with a high
pharmacological effect but minimal side effects. In this sense, sub-
stances derived from commonly consumed fruits, such as those
isolated in the present study, can be promising pharmacological
tools to treat bone destructive-related diseases. As far as we know,
no constituent from H. speciosa fruits has been reported to date to
affect the major bone resorbing cells.

Besides the effects in bone resorbing cells, plant compounds
such as flavonoids and phenolic acids have been shown to favor os-
teoblastic bone formation [21]. Consistently, the latex extracted
from the H. speciosa trunk has been previously reported to stimu-
late bone formation [22] and the effect was credited to its constit-
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uents, chlorogenic acid and naringenin-7-O-glucoside, although
the isolated compounds were not tested by the authors. In future
studies, we intend to investigate the effect of H. speciosa fruit de-
rivatives in bone forming cells.

Although only one of the compounds isolated from EEF had a
significant effectin reducing osteoclast counting in RAW 264.7 cell
cultures, we sought to verify the effect of the same previously test-
ed samples in the differentiation of osteoclasts from BMCs. Cell
lines are genetically manipulated and this may alter their pheno-
type, native functions, and their responsiveness to stimuli [23]. In
this sense, the use of primary cells could provide results not ob-
served with the cell line RAW 264.7. In BMC-derived osteoclasts, in
addition to TRAP + cells counting, we also measured the area of
these cells and their resorption activity. The results showed that
EEF did not significantly affect either the mean number (> Fig. 3a)
or the mean total area of the TRAP + cells (> Fig. 3b), although a
trend to decrease the mean area could be observed with the high-
est tested concentration of EEF (> Fig. 3c, d). To verify the func-
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»Fig.2 Effect of H. speciosa ethanolic extract (EEF), ethyl acetate fraction (EA), water fraction (WF) and constituents quinic acid (QA) and bornesitol
(B) on RANKL - induced osteoclast differentiation in RAW 264.7 cells. PBS was used as control - C for EEF, QA and B, while DMSO was used as control
for WF and EA. *p<0.05 indicates statistically significant differences from the control group (PBS or DMSO).

tional resorption activity of differentiated cells, the detection of re-
sorption pits was performed. The results showed no effect of the
extractin decrease pit formation (> Fig. 3e, f). However, when the
cells were exposed to the EA, a decrease in the number of
TRAP + cells was achieved with the lowest assayed concentration
(> Fig. 4a). Furthermore, the highest concentration of EA caused a
remarkable decrease in the mean area of TRAP + cells (> Fig. 4b-d)
and resorption pit formation (> Fig. 4e, f), despite an increase in
the mean number of TRAP + cells (> Fig. 4a). Other plant extracts
have also been reported to elicit a decrease in the resorptive activ-
ity of osteoclasts, without interfering with their number [17,18].
Herein, we demonstrate for the first time that a fraction derived
from EEF of H. speciosa fruits was able to decrease osteoclast activity.

Only recently the fruits of H. speciosa have been investigated for
their potential pharmacological activity. Rutin and chlorogenic acid
were the bioactive constituents isolated from an aqueous extract
of the fruits that showed a role in controlling inflammatory events

el0

[10]. The fruit pulp, in which phenolic compounds such as gallic
acid, catechin, chlorogenic acid, vanillic acid, o-coumaric acid, ros-
marinic acid, and rutin were identified, has shown an antimutagen-
iceffect[11].

Regarding quinic acid and bornesitol, two cyclitols found in EA
from H. speciosa fruits, each one had a different effect on BMC-de-
rived osteoclasts (> Figs. 2S and » 3S, Supporting Information).
Bornesitol decreased the number of TRAP + cells at the highest con-
centration tested (10 pM), despite an increase in resorption pits,
but it decreased the mean area of those cells at the lower assayed
concentration (3 pM). Quinic acid had no effect in the total num-
ber of TRAP + cells and their areas, although anincrease in resorp-
tion pits could be observed.

Osteoclast bone resorption is a multistep process that initiates
with the differentiation of monocyte/macrophage precursors cells
ator near the bone surface and their further fusion to one another
to form a multinucleated cell, which attach to bone and starts to

Alves e Silva Micena Roberta M et al. Effect of The Extract... Planta Med Int Open 2019; 6: e7-e14
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»Fig. 3 Effect of the ethanolic extract from H. speciosa fruits (EEF) on differentiation and activity of BMC-derived osteoclasts. a Number of TRAP
positive cells. b Mean total area of TRAP positive cells. c Representative pictures of TRAP positive cells (20 % magnification). d Mean area/TRAP posi-
tive cells. e Quantification of resorptive activity. f Representative images of resorption pits (20 x magnification).

resorb it [24, 25]. Lately, a network of over 60 proteins has been as-
sociated with pathways regulating this process [26, 27]. In this
sense, each component of H. speciosa fruit that impacted the os-
teoclasts might have had different targets along the osteoclas-
togenesis pathway, and the inhibitory effects elicited by the EA
might be a sum of each one of them. It should also be remembered
that, in addition to bornesitol and quinic acid, several other com-
pounds are present in the fraction. Hence, other components might
be acting synergistically to cause inhibition of the resorption here-
in reported.

Taking the results of quinic acid and bornesitol in both cell cul-
tures, it is feasible to suppose these cyclitols might interact syner-

Alves e Silva Micena Roberta M et al. Effect of The Extract... Planta Med Int Open 2019; 6: e7-e14

gistically, thus resulting in the broader spectrum of activity ob-
served with EA. Actually, synergism has already been proposed to
occur between other compounds from mangaba fruits [11].

The water fraction increased the mean number of TRAP +cells,
butit did notincrease either the mean area of those cells or the re-
sorption pits (> Fig. 4S, Supporting Information). As similarly ob-
served to RAW 264.7 cell culture, none of the substances showed
an effect on cell viability/proliferation.

In conclusion, our study showed that components extracted
from H. speciosa fruit had an impact on the cells responsible for
bone resorption, making them promising tools for interference in
pathological bone resorption.

ell



& Thieme

a
150
v
¢
= *
g 100
42
< T
&z Y *
&
~ 50
3
=
0
c 10 30
EA (ug/mL

b

% 15000

)

=]

g5

8 10000

o=

g5

< £ *

g5

g 0

o c 10 30
EA (ug/mL)

ethyl acetate (ug/mL)

P
7
5
LR
d
[
2 L
T 150
o
o
S 2 100 4
=
£ 50 o
=
5
= 0
C 10 30
EA (ug/mL)
f

E\-A TeaTt TS ,--
. (L 7

i""-

Resorption pits
(arbitrary units)

ethyl acetate (ug/mL)

Control

»Fig. 4 Effect of the ethanolic extract from H. speciosa fruits (EEF) on differentiation and activity of BMC-derived osteoclasts. a Number of TRAP
positive cells. b Mean total area of TRAP positive cells. ¢ Representative pictures of TRAP positive (20 x magnification). d Mean area/TRAP positive

cells. e Quantification of resorptive activity. f Representative images of resorption pits (20 x magnification).

group; #p<0.05 compared with EA 10 pg/mL.

Materials and Methods

Plant material, extract preparation, and fractionation

The mature fruits of H. speciosa were collected in Brasilia de Minas,
Minas Gerais state, Brazil. The plant species was identified by Dr. Maria
das Dores Magalhdes Veloso and a voucher specimen is deposited
at the Herbarium Montes Claros (UNIMONTES), Brazil, under num-
ber3816.

The selected fruits were sliced and dried in a ventilated oven at
40°Cfor 15 days. After drying, 50 g of the material was submitted

el2
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*P<0.05 compared with the control

to turbo-extraction with ethanol 96 °GL for 2 min. The extract was
filtered over paper and the residue was reextracted twice employ-
ing the same procedure. The extracts were combined and the sol-
vent was removed in a rotatory evaporator under reduced pressure,
at a maximal temperature of 50 °C, to afford EEF (9.14 g).

EEF was submitted to fractionation by partition between immis-
cible solvents. A portion of it (1 g) was dissolved in 50 mL of water/
methanol (8:2) and sequentially partitioned with dichloromethane
and EA (4x40 mL each). The solvents were removed under reduced
pressure in a rotatory evaporator to give the dichloromethane
(DCM 165.3mg), EA (39.4mg), and water (795.3 mq) fractions.

Planta Med Int Open 2019; 6: e7-e14



Analysis of the ethanol extract and ethyl acetate
fraction by UPLC-ESI-MS

The chemical composition of EEF and EA were investigated by UPLC
coupled to mass spectrometry. Chromatographic separation was
carried out on a Waters Acquity UPLC system (Waters) composed
of a binary pump, autosampler, in-line degasser, and photodiode
array detector (190-500 nm; Waters). The analyses were per-
formed on an Acquity UPLC BEH C18 column-ethylene bridged hy-
brid octadecyl silane column (2.1 x50 mm i.d., 1.7 um; Waters) at
40 °C, eluting with a linear gradient of water (A) and acetonitrile
(B), both containing 0.1 % v/v formic acid, at a flow rate of 0.3 mL/
min, as follows: 5 to 95 % of Bin 10 min, and return to the initial
conditions in T min. A reequilibration time of 2 min was kept be-
tween runs. Spectroscopic conditions were employed as described
previously by our research group [8].

MRM analyses were carried out on an Acquity UPLC BEH HILIC
(150% 2.1 mm, 1.7 um; Waters) in combination with a security
guard column Acquity UPLC® BEH HILIC (5% 2.1 mm, 1.7 ym; Waters)
at 20°C. Alinear gradient of water containing 0.1 % v/v formic acid
(A) and acetonitrile (B), at a flow rate of 0.3 mL/min, was employed:
0-5.25min, 13%B; 5.25-5.50 min, 75 % B; 5.50-9.00 min, 75 % B;
9.00-9.25,13%B; 9.25-15,13%B.

A mass spectrometer Xeco Triple Quadrupole MS (Waters)
equipped with an ESI source, operating in the negative ionization
mode, was used in the analysis. The cone gas flow was set to 90 L/h
and desolvation gas flow to 900 L/h at 450 °C. The capillary voltage
was set to 3500V, cone gas voltage to 27V, and the source tem-
perature was 120 °C. The data were accomplished in the multiple
reaction mode using a specific transition (collision energy 14V),
which corresponds to methanol lost.

Bornesitol (>98 % purity), employed as a reference compound
for both the chemical analysis and biological assays, was previously
isolated by our group [28], whereas quinic acid (>98 % purity), chlo-
rogenic acid (>95 % purity), and rutin trihydrate (>95 % purity)
were purchased from Sigma-Aldrich.

Mouse macrophage cell line RAW 264.7

The murine monocyte/macrophage cell line RAW 264.7 was pur-
chased from ATCC and grown in DMEM (Gibco) supplemented with
10 9% FBS, 40 units/mL of penicillin, and 40 g/mL of gentamicin. For
osteoclast differentiation, RAW 264.7 cells were suspended in
DMEM containing 10 % FBS, seeded (1 x 10° cells/well) in 24-well
culture plates over 13 mm glass coverslips, and cultured with
50 ng/mL of soluble RANKL (PeproTech). Afterwards, cells were in-
cubated with the following samples from H. speciosa fruits: EEF (3,
10,30, or 90 ug/mL), EA (3, 10, or 30 ug/mL), water fraction (3, 10,
or 30 yg/mL), quinic acid (3, 10, or 30 uM), and bornesitol (3 or
10uM), along with either PBS or DMSO (5 % in PBS) as controls. For
all cell cultures, PBS was used as the vehicle for the following con-
stituents: EEF, quinic acid, and bornesitol; while DMSO was the ve-
hicle for the water and EA. After 48 h, a new stimulus with RANK-L
(50ng/mL) plus the isolated components was performed. The fresh
medium containing DMEM plus 10 % FBS with RANKL (50 ng/mL)
was supplied at 2 day intervals. 7 days after the first stimulus, the
cells were fixed and stained for TRAP (Sigma-Aldrich), following the
manufacturer's instructions. TRAP positive multinucleated cells

were captured under a light microscope (40 x magnification) for
further analysis.

Bone marrow cell-derived osteoclasts

Mouse BMCs were isolated from femurs and tibiae of C57BL6 mice
and cultured with a-MEM (Invitrogen), supplemented with 10%
FBS, 100 units/mL of penicillin, and 100 mg/mL of streptomycin.
For osteoclast differentiation, cells were seeded with 10 mL of a-MEM,
containing 10 % FBS with 30 ng/mL of M-CSF (R&D Systems) and
cultured for 3 days. The adherent cells (osteoclast precursors) were
then plated in 96-well plates at a density of 2 x 104 cells/well and
cultured in @a medium containing M-CSF (30 ng/mL) and RANKL
(10ng/mL). Afterwards, cells were exposed to EEF (30 or 90 ug/mL),
the water fraction (10 or 30 ug/mL), EA (10 or 30 ug/mL), quinic
acid (3 or 10uM), and bornesitol (3 or 10 uM), as well as to either
PBS or DMSO as a control. Cells were incubated with each substance
for 48 h when a new stimulation was performed for another 48 h.
Then, the cells were fixed, stained for TRAP (Sigma-Aldrich), and
counted as described above.

The experiments were approved by the local Institutional Ani-
mal Ethics Committee (CEUA) under protocol number 84/2014.

Cell viability assay

The effect of the tested samples on cell viability/proliferation was
evaluated in both cell cultures, after 7 days of incubation, using the
MTT assay [29]. Spectrophotometric absorbance of each sample
was then measured at 595 nm.

Osteoclast number and cell area

Multinucleated (3 or more nuclei) TRAP + cells were considered os-
teoclasts [30] in both BMC and RAW 264.7 cell cultures. They were
counted in the images captured from 9-10 nonconsecutive fields
of each well of BMC-derived osteoclasts using Image | software (Na-
tional Institutes of Health). RAW 264.7-derived TRAP +cells were
counted in 9-10 nonconsecutive fields directly from the micro-
scope view (40 x magnification, Olympus BX 51 TF) using a manu-
al cell counter (VWR). Results are expressed as the average of
TRAP + cells/well. Additionally, determination of the cell area in
TRAP + cells was conducted in BMC-derived osteoclast images using
Image J. The mean total cell area of each group is expressed as the
total cell area divided by the total number of TRAP + cells per well.

Pit formation assay

For the pit resorption assay, BMC cells were plated on a Corning
Osteo Assay Surface (Corning Life Sciences) in a 96-well plate, and
treated with the samples in the same concentrations and condi-
tions mentioned above. In order to observe the formation of the
resorption pits, after 10 days of culture, cells were washed with PBS
followed by treatment with 10 % sodium hypochlorite for 5 min to
remove the cells from the resorption plate. The wells were washed
twice with distilled water and allowed to dry at room temperature
overnight. The pits were observed and photographed under a mi-
croscope with 20 x magnification. The pit areas were determined
using contouring tools in Fiji software (National Institute of Health).
The data are expressed as the mean of the total resorbed area for
each study group in arbitrary units.
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Statistics

Each experiment was repeated at least twice using triplicates for
each substance. Statistical significance was assessed by the soft-
ware GraphPad Prism using one-factor analysis of variance (ANOVA)
followed by the Student-Newman-Keuls test. Data are expressed
as mean values * standard error of mean (SEM). Values of p<0.05
were considered statistically significant.
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