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a  b  s  t  r  a  c  t

The  Pterodon  genus  comprises  two  native  species  in  Brazil,  known  as “sucupira-branca”  or  “faveira”.
Their  fruits  have  long  been  used  in  Brazilian  natural  medicine,  mainly  for the  treatment  of  infections
and  inflammations.  The  pharmacological  properties  of  these  fruits  have  often  been  linked  with  vouaca-
pane  diterpenoids.  This  review  evaluated  the scientific  research  in  the  period  from  1973  to February
2017,  aiming  to answer  how  difficult  it still  is  to develop  a  scientifically  supported  product  based
on  Pterodon  vouacapanes.  Therefore,  this paper  reviews  purification,  identification,  and  quantification
methods  applied  to  vouacapane  diterpenoids  from  Pterodon,  as well  as the  performance  of  these  phyto-
chemicals  in  pharmacological  tests  described  in the literature.  Data  analysis  results  support  conventional
notions  that  suggest  vouacapane  diterpenoids  from  Pterodon  have  anti-inflammatory  properties.  How-
ever,  the studies  carried  out  so far  still  represent  partial  assessment  of  the  vouacapane  activities  and

further  studies  need  to  be  completed.  Pterodon  diterpenoids  have  also  been  associated  with  larvicidal,
leishmanicidal,  cardiovascular,  and  antitumor  activities,  which  reinforces  the  genus’  potential  as  a  source
of phytomedicines.  Some  remaining  gaps  about  the  reviewed  activities  were  mentioned,  while  trends
and perspectives  for  future  research  were  proposed.

©  2017  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

The use of medicinal plants has been common since ancient
imes; the earliest references can be found in Egyptian papyruses,
hinese scriptures, and Sumerian clay tablets (Hamburger and
ostettmann, 1991). Among the medicinal plants used in many
ountries, the Fabaceae family presents the second largest group
f species, with approximately 490 members described in the lit-
rature (Gao et al., 2010). This family includes the Pterodon genus,
hich comprises important medicinal plants, particularly in South
merica.

According to the website The Plant List (2013), Pterodon has two

ative Brazilian species, known as “sucupira-branca” or “faveira”:
terodon abruptus (Moric.) Benth. (synonym: Commilobium abrup-
um Moric.) and P. emarginatus Vogel [synonyms: Acosmium

∗ Corresponding author.
E-mail: mbara@ufg.br (M.T. Bara).

https://doi.org/10.1016/j.bjp.2017.05.014
102-695X/© 2017 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

inornatum (Mohlenbr.) Yakovlev; C. polygalaeflorus Benth.; C.
pubescens Benth.; P. apparicioi Pedersoli.; P. polygalaeflorus (Benth.)
Benth.; P. polygaliflorus (Benth.) Benth.; P. pubescens (Benth.)
Benth.; and Sweetia inornata Mohlenbr.].

Ethnobotanical and ethnopharmacology studies are approaches
to find active compounds to deal with health problems. Many rele-
vant medicines were originated from a natural compound isolated
from medicinal plants (Rai et al., 2011). An ethnobotanical study
conducted in southeastern Brazil indicated that hydroalcoholic
macerate of Pterodon fruits have been used in popular medicine
as anti-inflammatory, mainly in the treatment of rheumatism, sore
throat, bronchitis and asthma (Grandi et al., 1989). Other surveys
also attribute such properties to Pterodon fruits (Corrêa, 1975;
Hansen et al., 2010; Raposo et al., 2011; Fagg et al., 2015).

Research on Pterodon fruit oil and extract has confirmed several

biological activities, e.g.  anti-inflammatory (Carvalho et al., 1999;
Hoscheid et al., 2013; Pascoa et al., 2015), antinociceptive (Silva
et al., 2004; Coelho et al., 2005; Oliveira, 2012; Nucci et al., 2012;
Martins et al., 2015), effect on arthritis treatment (Sabino et al.,
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999), antiproliferative (Vieira et al., 2008; Spindola et al., 2011;
ereira et al., 2011; Pereira et al., 2012), antioxidant (Dutra et al.,
008), antimicrobial (Dutra et al., 2009; Toledo et al., 2011), larvi-
idal against Aedes aegypti (Pimenta et al., 2006), and antiparasitic
gainst Trypanosoma cruzi (Barreto et al., 2008; Oliveira, 2014),
eishmania amazonensis (Dutra et al., 2009; Oliveira et al., 2017)
nd L. braziliensis (Oliveira et al., 2017).

Among the compounds probably related to the biological prop-
rties of Pterodon are vouacapane diterpenes (Euzébio et al., 2009;
pindola et al., 2010; Galceran et al., 2011; Nucci et al., 2012).
ouacapanes can be found in other genera of the family Fabaceae,
eyond Pterodon. These diterpenoids are also distributed in the fol-

owing species: Bowdichia nitida (Matsuno et al., 2008), Caesalpinia
onduc (L.) Roxb (Balmain et al., 1967; Pudhom et al., 2007), C. crista
. (Jadhav et al., 2003; Cheenpracha et al., 2006; Das et al., 2010),
. echinata L. (Cota et al., 2011; Mitsui et al., 2015), C. minax H.
Jiang et al., 2001; Jiang et al., 2002; Dong et al., 2015; Lian et al.,
015; Zhang et al., 2015), C. platyloba S.W. (Hurtado et al., 2013),
. pulcherrima (L.) Sw. (Mcpherson et al., 1986; Ragasa et al., 2002;
agasa et al., 2003; Das et al., 2010), C. volkenssi H. (Ochieng et al.,
012), Dypteryx odorata (A) W.  (Godoy et al., 1989), D. lacunifera
. (Mendes and Silveira, 1994), Stuhlmania moavi V. (Odalo et al.,
009) and Vouacapoua americana A. (Kido et al., 2003).

Maurya et al. (2012) reviewed the studies involving natural
ccurrence of cassane and norcassane diterpenes up to September
011. This review focused on Caesalpinia genus, from which only 12
ut of its 322 cited structures were also reported to Pterodon genus.
ecently, Bao et al. (2016) have reviewed the naturally occur-
ing furanoditerpenoids, and reported only six compounds from
terodon. Therefore, this review summarizes the available data
bout vouacapane diterpenoids isolated from Pterodon aiming to
rovide an overview of their structural diversity, procedures used

n their extraction, isolation, structural elucidation, and quantifica-
ion, as well as the biological activities reported for these natural
roducts. The assessment spanned the period from 1973 to Febru-
ry 2017. Thus, the present paper aims to encourage future research
bout this genus and their chemical compounds, indicating trends
nd trying to answer how difficult it still is to develop a scientifically
upported product based on Pterodon vouacapanes.

ouacapane biosynthesis

Diterpenoids constitute a vast class of isoprenoid com-
ounds, biosynthesized from mevalonic acid through 2E,6E,10E-
eranylgeranyl pyrophosphate (GGPP) and deoxyxylulose phos-

hate (Dewick, 2002). Diterpenes’ molecular structure contains
keletons with twenty carbon atoms and may  reveal acyclic:
hytane (1), bicyclic: labdane (2) and clerodane (3), tricyclic: abi-
tane (4), pimarane (5) and cassane (6), tetracyclic: gibberellane (7),
armacognosia 27 (2017) 663–672

kaurane (8) and vouacapane (9), and macrocyclic: lathyrane (10)
and taxane (11) forms (Hanson, 1995; García et al., 2007; Ramawat
and Mérillon, 2013).

The basic cassane skeleton (6) may  be derived from pimarane
(14) through methyl migration from C-13 to C-14 (14’) in the
biosynthetic pathway. Pimaranes are formed through the cycliza-
tion of the labdane pyrophosphate (12) (Xu et al., 2011; Maurya
et al., 2012). Labdane-type diterpene biosynthesis consists of an
initial cyclization of GGPP promoted by a class II diTPS (diter-
pene synthase) to produce a cyclic diphosphate intermediate,
followed by conversion of this intermediate (13) into the final
diterpene skeleton by a class I diTPS (Peters, 2010). Cassanes con-
taining a furan ring are called furanocassanes or vouacapanes
(Scheme 1).

Vouacapanes represent an important group of tetracyclic
cassanes and their structure is characterized by a skeleton con-
structed from the fusion of three cyclohexane rings and one
furan ring (Jiang et al., 2001). Vouacapanes previously identi-
fied in Pterodon species are summarized in Table 1, according
to structure 15,  in addition to the lactones 37 (Mahajan and
Monteiro, 1973) and 38 (Demuner et al., 1996; Omena et al.,
2006).

Extraction, quantification and structural elucidation of
vouacapanes

Extraction

Vouacapanes are low to medium polarity compounds, thus
being mainly soluble in hydrophobic solvents. Vouacapane diter-
penes are commonly isolated from the fruits of different Pterodon

species through similar procedures. Fruits are ground and extracted
by the Soxhlet method using various solvents, such as petroleum
ether (Mahajan and Monteiro, 1973), hexane (Demuner et al., 1996;
Arriaga et al., 2000; Pimenta et al., 2006), and ethanol (Vieira et al.,
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Scheme 1. Biosynthetic pathw

008). Other extraction procedures include percolation using hex-
ne (Fascio et al., 1976) and ethanol 90% (Omena et al., 2006), heat
xtraction using ethanol (Campos et al., 1994), and cold extraction
sing dichloromethane (Spindola et al., 2009, 2010).

Following the Soxhlet extraction, the solvent may  be removed
nd the extract submitted to column chromatography to yield
ouacapanes (Mahajan and Monteiro, 1973; Fascio et al., 1976;
emuner et al., 1996; Rubinger et al., 2004; Pimenta et al., 2006;
pindola et al., 2009, 2010; Servat et al., 2012). Moreover, fraction-
tion by liquid–liquid extraction (Omena et al., 2006; Vieira et al.,
008) or acid–base extraction (Mahajan and Monteiro, 1973; Fas-
io et al., 1976; Campos et al., 1994; Arriaga et al., 2000) may  also
e performed before purification by column chromatography. The
�,7�-diacetoxyvouacapane (18) was obtained by direct crystal-

ization following extraction (Mahajan and Monteiro, 1973; Fascio
t al., 1976).

Chromatographic purification of these compounds is usu-
lly performed using silica gel as a stationary phase (Fascio
t al., 1976; Rubinger et al., 2004; Vieira et al., 2008). However,
ahajan and Monteiro (1973) used alumina to purify 6�,7�-

iacetoxyvouacap14(17)-ene (16) and 18,  while Vieira et al.
2008) used florisil column in one of the stages of vouacapane-
�,7�,14�,19-tetraol (29) purification.

Open column chromatography is often a challenging and
ime-consuming technique because fractions have to be analyzed
ollowing fractionation, not during it. Furthermore, the various
tages of this process may  favor the occurrence of chemical
eactions involving secondary metabolites, hence leading to the for-
ation of artifacts (Pizzolatti et al., 2002). To avoid these setbacks,
liveira et al. (2017) proposed a semipreparative high-performance

iquid chromatography (HPLC) method for isolating P. emarginatus
iterpenoids.

Classic chromatographic elutions are commonly monitored by
hin layer chromatography, which uses default wavelengths for
hoosing the fractions containing pure compounds. However, as
e have noticed (Oliveira et al., 2017), some wavelengths may  not

llow to discriminate different vouacapanes in a sample. The UV
iode array HPLC detectors enable assessing the chromatogram in

 wide wavelength range, enhancing the assurances in the eval-
ation of purity of the peaks. The assessment of the peaks in

heir optimal absorbance wavelength, instead of default values,
lso decreases detection limits, favoring the isolation of minor-
ty compounds. In addition, the separation power of high-pressure
olumns is superior to the ones achieved through open columns.
the basic cassane skeleton (6).

Since just very recently HPLC isolation has been applied to Pterodon
fruits (Oliveira et al., 2017), it is likely that many vouacapanes were
not yet described for this genus.

Structural elucidation

Following extraction and isolation, the next step consists in elu-
cidating the structure of vouacapanes. The structure of vouacapane
diterpenes has mainly been determined via nuclear magnetic reso-
nance (NMR) (Campos et al., 1994; Vieira et al., 2008; Euzébio et al.,
2009; Galceran et al., 2011). Vouacapanes may  be characterized by
their furan ring signals. The 1H NMR  spectra for vouacapanes show
hydrogen furans at approximately �H 6.4 ppm (1H, d, J = 1.9 Hz, H15)
and �H 7.2 ppm (1H, d, J = 1.9 Hz, H16), while the 13C NMR  spectra
show furan ring signals at �C 148.2 ppm (C-12), 141.9 ppm (C-16),
123.9 ppm (C-13), and 107.2 ppm (C-15) (Spindola et al., 2009; Hur-
tado et al., 2013; Oliveira et al., 2017).

Moreover, NMR  analysis can be used together with other spec-
troscopic techniques, such as infrared (IR) (Spindola et al., 2010)
and mass spectrometry (MS) (Fascio et al., 1976; Arriaga et al., 2000;
Servat et al., 2012; Oliveira et al., 2017), on their own or combined
(Demuner et al., 1996; Omena et al., 2006; Spindola et al., 2009).

On the other hand, infrared spectroscopy provides limited infor-
mation for structural elucidation. However, it is very useful in
verifying the identity of compounds by comparing spectra from
new samples with those from referenced substances. Omena et al.
(2006) and Spindola et al. (2009, 2010) have used IR spectroscopy
to obtain structural information about isolated vouacapanes, e.g.
evidence for hydroxyl (absorption close to 3450 cm−1) and car-
bonyl functionalities (absorption close to 1710 cm−1). Demuner
et al. (1996) have observed that vouacapanes’ IR spectrum shows
hydroxyl absorption bands at 3560 (sharp, due to free OH) and
3425 (broad, due to hydrogen-bonded OH) cm−1 and 1678 and
1510 cm−1 (C C) for a furan ring.

Mass spectrometry has also been used to elucidate the struc-
ture of vouacapanes. High-resolution electron impact ionization
(HREIMS) has proved to be a useful tool (Arriaga et al., 2000;
Spindola et al., 2009; Servat et al., 2012), as well as, more recently,
electron spray ionization (Cabral et al., 2013; Oliveira et al., 2017).
Analytical studies and quantification

Accurate and reproducible analytical methods are required to
identify and quantify vouacapane diterpenes in Pterodon fruits
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Table 1
Structure of vouacapanes previously identified in Pterodon species, in accordance with the basic structure of vouacapane diterpenes (15).

Diterpenes R1 R2 R3 R4 R5 R6 Ref.

6�,7�-Diacetoxyvouacap14(17)-ene (16) (�) OAc (�) OAc C CH2 (�) Me (�) Me  Mahajan and Monteiro (1973)
7�-Acetoxyvouacapane (17) (�) H (�) OAc (�) Me (�) H (�) Me (�) Me  Mahajan and Monteiro (1973),

Fascio et al. (1976), Spindola et al.
(2009)

6�,7�-Diacetoxyvouacapane (18) (�) OAc (�) OAc (�) Me (�) H (�) Me (�) Me  Mahajan and Monteiro (1973),
Fascio et al. (1976), Spindola et al.
(2009)

Vouacapane-6�,7�,14�-triol (19) (�) OH (�) OH (�) Me (�) OH (�) Me (�) Me  Mahajan and Monteiro (1973),
Fascio et al. (1976)

6�,7�-Dihydroxyvouacapan-17�-oate
sodium (20)

(�) OH (�) OH (�) COONa (�) H (�) Me (�) Me  Duarte et al. (1992, 1996)

6�,7�-Dihydroxyvouacapan-17�-oic acid
(21)

(�) OH (�) OH (�) COOH (�) H (�) Me (�) Me  Mahajan and Monteiro (1973),
Fascio et al. (1976), Campos et al.
(1994), Demuner et al. (1996),
Belinelo et al. (2002), Rubinger
et al. (2004), Omena et al. (2006),
Díaz et al. (2006, 2010), Branco
et al. (2008), Santos et al. (2008),
Euzébio et al. (2009, 2010),
Galceran et al. (2011)

Methyl
6�,7�-dihydroxyvouacapan-17�-oate
(22)

(�) OH (�) OH (�) COOMe (�) H (�) Me (�) Me  Mahajan and Monteiro (1973),
Fascio et al. (1976), Arriaga et al.
(2000), Rubinger et al. (2004),
Omena et al., 2006, Santos et al.
(2008), Spindola et al. (2009, 2010,
2011), Díaz et al. (2010)

Methyl 7�-acetoxy-6�-
hydroxyvouacapan-17�-oate
(23)

(�) OH (�) OAc (�) COOMe (�) H (�) Me (�) Me  Mahajan and Monteiro (1973),
Servat et al. (2012)

6�,7�-diacetoxyvouacapan-14�-al (24) (�) OAc (�) OAc (�) H (�) CHO (�) Me (�) Me  Fascio et al. (1976)
6�,7�-Diacetoxyvouacapan-14�-oate (25) (�) OAc (�) OAc (�) H (�) COOMe (�) Me (�) Me  Fascio et al. (1976)
Methyl 6�-acetoxy-7�-

hydroxyvouacapan-17�-oate
(26)

(�) OAc (�) OH (�) COOMe (�) H (�) Me (�) Me  Fascio et al. (1976), Campos et al.
(1994), Hoscheid et al. (2012),
Servat et al. (2012), Oliveira et al.
(2017)

Methyl 6�-hydroxy-7�-
acetoxyvouacapan-17�-oate
(27)

(�) OH (�) OAc (�) COOMe (�) H (�) Me (�) Me  Fascio et al. (1976), Hoscheid et al.
(2012), Servat et al. (2012)

6�-Hydroxy-7�-acetoxyvouacap-14(17)-
ene
(28)

(�) OH (�) OAc C = CH2 (�) Me (�) Me  Campos et al. (1994)

Vouacapane-6�,7�,14�,19-tetraol (29) (�) OH (�) OH (�) Me (�) OH (�) CH2OH (�) Me  Demuner et al. (1996), Arriaga
et  al. (2000), Vieira et al. (2008)

6�-Acetoxyvouacapane (30) (�) OAc (�) H (�) Me (�) H (�) Me (�) Me  Pimenta et al. (2006)
6�-Hydroxyvouacapane (31) (�) OH (�) H (�) Me (�) H (�) Me (�) Me  Arriaga et al. (2000), Pimenta et al.

(2006)
Vouacapane (32) (�) H (�) H (�) Me (�) H (�) Me (�) Me  Pimenta et al. (2006)
6�,7�-Dihydroxyvouacapan-17�-

methylene-ol
(33)

(�) OH (�) OH (�) CH2OH (�) H (�) Me (�) Me  Spindola et al. (2009)

6�-Acetoxy-7�-hydroxyvouacapan (34) (�) OAc (�) OH (�) Me (�) H (�) Me (�) Me  Spindola et al. (2009)
6�,19�-Diacetoxy-7�,14�-

dihydroxyvouacapan
(35)

(�) OAc (�) OH (�) OH (�) Me  (�) Me (�) OAc Oliveira et al. (2017)

6�-Acetoxy-7�,14�-dihydroxyvouacapan
(36)

(�) OAc (�) OH (�) OH (�) Me  (�) Me (�) Me  Oliveira et al. (2017)
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r biological samples. Fingerprinting is indicated for the qualita-
ive distinction of samples with complex chemical composition
Sawaya et al., 2010). It covers the scanning of a vast number of
ntracellular metabolites detected by a selected analytical tech-
ique or by a combination of different techniques (Villas-Boas et al.,
005).

Cabral et al. (2013) used mass spectrometry for fingerprinting P.
marginatus fruit oil. The fruit surface or paper imprinted with the
il was directly analyzed by infusion electrospray ionization mass

pectrometry (DIESI-MS), as well as by desorption/ionization via
asy ambient sonic-spray ionization mass spectrometry (EASI-MS).
ypical profiles were obtained from the crude oil via these direct MS
echniques. The main advantages of MS  over other techniques used
for fingerprinting are its high sensitivity and selectivity (Villas-Boas
et al., 2005; Dettmer et al., 2007).

Few studies have focused on quantifying Pterodon vouaca-
panes. Hoscheid et al. (2012) developed and validated a gas
chromatography method to quantify methyl 6�-acetoxy-7�-
hydroxyvouacapan-17�-oate (26) and methyl 6�-hydroxy-7�-
acetoxyvouacapan-17�-oate (27) in a semipurified extract of P.
emarginatus fruits. Samples were quantified following purifica-
tion, which included liquid–liquid partitioning and open-column

chromatography. Oliveira (2014) proposed an alternative HPLC-
PDA method to quantify 26 in P. emarginatus fruits. The main
advantage of this approach over the previous one is that it does
not require prior purification stages.
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harmacological activities

Authors have suggested that the vouacapane skeleton of furan
iterpenes is linked with certain pharmacological properties of
xtracts from Pterodon fruits (Carvalho et al., 1999; Euzébio et al.,
009; Spindola et al., 2010; Galceran et al., 2011; Nucci et al., 2012).
his section describes the possible pharmacological activities and
ction mechanisms of vouacapanes isolated from Pterodon fruits,
ased on in vitro and in vivo studies.

nti-inflammatory, antinociceptive and analgesic activities

Due to potential side effects and low efficacy of synthetic and
hemical drugs, consumption of other complementary drugs, espe-
ially herbal remedies, to control pain is increasing (Bahmani et al.,
014). Pain is defined as “an unpleasant sensory and emotional
xperience associated with actual or potential tissue damage, or
escribed in terms of such damage” (Merskey and Bogduk, 1994).
hus, pain has sensory, affective and a cognitive component asso-
iated with the anticipation of future harm (Garland, 2012). The
ociception is the sensory component (Loeser and Treede, 2008).

nflammatory responses in the peripheral and central nervous sys-
ems play key roles in the development and persistence of many
athological pain states (Zhang and An, 2007).

Various neurotransmitters and receptor systems take part in
he modulation of pain processes in the central nervous system
nd peripheral nervous system, such as the vanilloid, opioid,
on-opioids (i.e.  �-adrenergic, dopaminergic), glutamate, protein
inase C, potassium ion (K+) channels, and nitric oxide/cyclic
uanosine monophosphate pathways (Julius and Basbaum, 2001;
akaria et al., 2016). The antinociceptive action of the vouacapans
solated from Pterodon was assessed in chemical and thermal mod-
ls of nociception in mice, such as acetic acid-induced abdominal
onstriction, paw compression, formalin and hot plate test.

The first evidence that vouacapan has an analgesia effect
as demonstrated by inhibition of acetic acid writhing response

n mice (Duarte et al., 1992). The authors assessed the role of
ndogenous opioid peptides in the antinociceptive effect induced
y 6�,7�-dihydroxyvouacapan-17�-oate sodium (20), using acetic
cid-induced abdominal contortion and paw compression tests on
ice. In both models, compound 20 caused a dose-dependent anal-

esia when administered through oral (p.o.), intraperitoneal (i.p.),
nd subcutaneous (s.c.) routes (ranging from 62.5 to 500 �mol/kg).
esults showed that opioid antagonists only partially blocked
he antinociceptive effect. The authors suggested that endorphin
elease may  be involved in the vouacapane’s analgesic effect. In
nother study, Duarte et al. (1996) assessed the possible involve-
ent of biogenic amines in the antinociceptive effect of 20,  using

cetic acid-induced abdominal contortion on mice. This compound
xhibited an antinociceptive effect (500 �mol/kg, i.p.)  when com-
ared with the control group. Results suggested that vouacapane’s
ntinociceptive response may  be associated with dopamine.

Spindola et al. (2010) examined the contribution of
eranylgeraniol (acyclic diterpene) and methyl 6�,7�-
ihydroxyvouacapan-17�-oate (22) isolated from P. emarginatus
ruits in the extract’s antinociceptive activity. The open field
est was performed to rule out the possibility that the antinoci-
eptive effects of geranylgeraniol and 22 are linked to specific
isturbances in animals’ locomotion (30 mg/kg or 82.8 �mol/kg,

.p.). Compounds reduced acetic acid-induced abdominal con-
ortions on mice treated via i.p. and p.o. routes, with differences
n potency being linked to administration routes (10, 30, 100,

nd 300 mg/kg). Results suggested that the diterpenes essayed
ay  produce synergistic activity. Following the use of naxolone

ydrochloride (1 mg/kg or 2.75 �mol/kg, p.o.), a non-specific
pioid antagonist, in the hot-plate test, it was concluded that the
armacognosia 27 (2017) 663–672 667

antinociceptive activity is unrelated to opioidergic routes and
can be linked to the involvement of VR1 vanilloid receptors and
peripheral glutamate receptors.

In a follow-up to the previous study, Spindola et al. (2011)
investigated the possible action mechanisms involved in the
antinociceptive activity of geranylgeraniol and 22.  The allodynia
test, which assessed the touch response of mice submitted to a
subplantar injection of complete Freund’s adjuvant (CFA; Mycobac-
terium tuberculosis, 1 mg/ml), showed that compounds tested
(30 mg/kg, or 103.3 �mol/kg of geranylgeraniol and 82.8 �mol/kg
of compound 22; i.p.) reduced pain sensitivity during the acute
phase. In the hyperalgesia test, which verified response to a
painful stimulus, mice treated with geranylgeraniol showed a
significant reduction in carrageenan-induced hypernociception.
Regarding the action mechanism, the antinociceptive activ-
ity of geranylgeraniol and 22 during the acetic acid-induced
contortion test may  be related to serotonergic and imidazole
systems.

Servat et al. (2012) assessed the antinociceptive activity of
the mixture of isomers methyl 7�-acetoxy-6�-hydroxyvouacapan-
17�-oate (23) and 26.  The treatment did not significantly change
animals’ locomotion and reduced acetic acid abdominal contortions
in mice in a dose-dependent manner, when compared with the con-
trol group, presenting an effective dose 50 (ED50) of 35.6 mg/kg (or
88 �mol/kg). Moreover, the formalin test showed that the antinoci-
ceptive activity of the isomer mixture is more closely linked to
neuropathic pain than to inflammatory pain. In the allodynia test,
the doses tested (30 mg/kg or 74.2 �mol/kg; i.p.) proved effective
in the first two  phases: acute and subacute (4 and 24 h follow-
ing CFA administration). In the hyperalgesia test, the mixture of
vouacapane isomers was not effective in reducing pain, which
suggests that the sample shows a higher affinity for neuropathic
components.

Galceran et al. (2011) assessed the anti-inflammatory and anal-
gesic potential of 6�,7�-dihydroxyvouacapan-17�-oic acid (21).
Oral administration of 50 mg/kg (equivalent to 143.5 �mol/kg)
of 21 inhibited the inflammatory mechanisms triggered by car-
rageenan and prostaglandin E2, while not significantly inhibiting
the edema produced by dextran. The acetic acid-induced contor-
tion test showed dose-dependent inhibition in mice treated orally
with the diterpene (50, 200 or 400 mg/kg p.o.). In the formalin test,
21 showed antinociceptive activity on neurogenic and inflamma-
tory pain models in mice given oral treatment (50 and 100 mg/kg
p.o.). However, in the 100 mg/kg (or 287 �mol/kg) dose (p.o.), the
compound was not able to increase the latency time during the hot-
plate test. Together, these results suggest that 21 has peripheral
anti-inflammatory and analgesic effects.

To date, few vouacapane diterpenes from Pterodon have been
evaluated for anti-inflammatory and antinociceptive activities.
Since the tests evaluated only one vouacapane at a time, there is
not a comparison regarding the potential of different vouacapanes.
The antinociceptive effect of vouacapans may involve multiple
mechanisms of action as opioid, catecholaminergic, vanilloid, glu-
tamate, serotonergic and imidazole systems. These data show that
vouacapans have a promising effect as antinociceptive substances.
It is expected that further studies involving toxicity trials will be
carried out in order to ensure a safe use of these substances. Thus,
despite significant results, the evaluations made so far have been
limited to preliminary tests, involving only five compounds.

Larvicidal activity
Aedes aegypti mosquitoes are vectors for transmitting several
arboviruses such as zika (ZIKV), chikungunya (CHIKV), and dengue
(DENV). According to the World Health Organization (WHO), DENV,
one of the most aggressive re-emerging pathogens worldwide,
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auses more than 390 million infections each year (WHO, 2016a).
he zika virus is continuing to spread to areas where vectors
re present (WHO, 2016b), whereas CHIKV has been identified in
ver sixty countries (WHO, 2016c). The spread of these viruses is
ependent upon the relation of the human host, and the vector
nd efforts have been placed on strategies to reduce the number of
osquitoes. One such strategy is the search for human-safe com-

ounds that are capable of eliminating mosquito larvae.
Omena et al. (2006) assessed the larvicidal activity of three voua-

apane diterpenes against stage 4 Aedes aegypti larvae. Compounds
1, 22,  and 6�-hydroxyvouacapan-7�,17�-lactone (38) presented
C50 of 14.69 �g/ml (42.2 nmol/ml), 21.76 �g/ml (60 nmol/ml), and
0.08 �g/ml (151.6 nmol/ml), respectively. Given that substances
ith LC50 values lower than 100 �g/ml are considered active

gainst Aedes aegypti (Cheng et al., 2003), such results indicated that
hese compounds are potentially interesting for anti-Aedes aegypti
roducts.

Pimenta et al. (2006) tested the larvicidal activity of 6�-
cetoxyvouacapane (30) against stage 3 Aedes aegypti larvae,
n concentrations ranging from 12.5 to 500 �g/ml. Compound
0 showed median lethal concentration (LC50) of 186.21 �g/ml
540.5 nmol/ml). Featuring an LC50 of 24 �g/ml in this study, the
exanic extract showed to be more promising than the isolated
ouacapane. This study did not investigate whether such a remark-
ble value was due to synergic action of the constituents from the
exanic fraction or to the presence in the oil of some more potent
ouacapanes. It seems clear that the choice of a natural product
or effectively controlling Aedes mosquito should take into account

any other factors besides lethal concentration, like resources
vailability and the costs for obtaining this product. In the study
f Pimenta et al. (2006), 1.5 kg of fruits yielded 364 g of hexanic
xtract and only 181 mg  of compound 17 after a chromatographic
lution. Therefore, this hexanic extract seems to be more promis-
ng than the Pterodon vouacapanes assessed until now. In this study,
lain oil was not evaluated against the larvae.

In partnership with our group, Oliveira et al. (2016) found
hat LC50 for a nanoemulsion of Pterodon oil is about 35 �g/ml,
hich reinforces the potential of non-purified Pterodon products.

hus, further larvicidal studies should involve chemically well-
haracterized oils instead of isolated vouacapanes, which could
lso be assessed against other species of mosquito. Surveys on the
vailability of the plants that produce a suitable oil as well as on
he economic feasibility of the approach based on larvae control
re required. Due to the low miscibility of Pterodon oil in water,
anoemulsions prepared by a low energy and solvent-free method,
s optimized by Oliveira et al. (2016), should be considered in fur-
her studies.

eishmanicidal activity

Leishmaniasis is widely distributed across 88 tropical, subtrop-
cal and temperate countries, affecting about 12 million people

orldwide (Georgiadou et al., 2015). Leishmaniasis is caused by
 protozoa parasite from over 20 Leishmania species and is trans-
itted to humans by the bite of infected female phlebotomine

andflies (WHO, 2017a). In 2014, more than 90% of new cases
eported to WHO  occurred in six countries: Brazil, Ethiopia, India,
omalia, South Sudan and Sudan (WHO, 2017b). Current clini-
ally used drugs against leishmaniasis are related to numerous
hortfalls including toxicity, must be administered over prolonged
eriods and are often associated with serious side effects (Croft and
oombs, 2003). Thus, it is necessary to development new leish-

anicidal agents.
Oliveira et al. (2017) tested the leishmanicidal activity of com-

ound 26 against promastigotes of Leishmania amazonensis and L.
raziliensis, in concentrations ranging from 8.0 to 128.0 �g/ml, and
armacognosia 27 (2017) 663–672

showed parasite growth inhibitory concentration 50% (IC50) less
than 30 �g/ml (equivalent to 74.16 nmol/ml). Amphotericin B (con-
trol) showed an IC50 value of 5.41 nmol/l. The amphotericin B is
highly active, but its clinical use is limited due to its high toxicity
(Croft and Coombs, 2003; Caldeira et al., 2015).

These results indicated that the compound 26 inhibits the grow-
ing of promastigotes of L. amazonensis and L. braziliensis,  which are
the principal agents of leishmaniasis in Brazil (Ministério da Saúde,
2009). However, besides the determination of the leishmanicidal
effect itself, it is important to determine the cytotoxicity of voua-
capanes toward a mammalian cell line. Taking both measures into
account, the selectivity index (SI) can be calculated by dividing the
IC50 value of a compound for a mammalian cell line through the
IC50 for its parasitocidal action. Compounds with high SI values are
suitable for in vivo studies (Hrckova and Velebny, 2013). Therefore,
new studies aiming toward the development of a new drug against
leishmaniasis, in addition to including other Pterodon vouacapanes,
should encompass a cytotoxicity assessment of them.

Cardiovascular-related activity

Cardiovascular diseases cover a range of heart and blood vessel
disorders e.g.  coronary heart, cerebrovascular, peripheral arterial,
and rheumatic heart diseases, and WHO  estimates that 17.5 million
people worldwide die from heart-related diseases each year (WHO,
2016d). Some of these disorders involve one or more risk factors
such as hypertension, diabetes, hyperlipidemia or other established
diseases. Several natural products have been used to alleviate or
prevent some of these disorders or related events, such as cardiac
glycosides and reserpine.

Reis et al. (2015) assessed blood vessel relaxation and the
possible action mechanisms of compound 26 in isolated mouse
aorta preparations. Results suggested that 26 induces endothelium-
independent vascular relaxation by blocking the L-type Ca2+

channel (Cav1.2). These results support a possible cardiovascular
effect of compound 26 and Pterodon oil through vascular dilata-
tion; however, none of the many other Pterodon vouacapanes was
assessed. Since this class revealed a potential for use as a cardio-
vascular relaxation agent, other vouacapanes should also be tested
in preliminary studies. Further investigations of the most promis-
ing substances should include assessments in human tissues and
in vivo systems.

Cytotoxicity and antitumor activity

Certain substances, such as verapamil or cyclosporine, have
been used to overcome multidrug resistance (MDR), an important
obstacle to the success of cancer chemotherapy. However, these
P-gp modulating agents have not shown significant potential in
clinical practice (Meschini et al., 2003), and the identification of
new compounds with few side effects is highly desirable. The induc-
tion of apoptosis represents a critical factor in cancer therapy and
contributed to significant anti-tumor activity for the compounds
associated with cytotoxicity properties with potential to inhibit
cellular events related to the progression of tumors.

Vieira et al. (2008) assessed the antiproliferative activity of
29 via MTT  (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl tetrazolium
bromide) colorimetric assay by using SK-MEL-37 human melanoma
cells, in concentrations ranging from 1.4 to 92 �mol/l, and showed
inhibitory concentration 50% (IC50) of 32 �mol/l. Doxorubicin
(positive control) showed an IC50 value of 35 �mol/L, similar to that
of the vouacapane tested. This result showed that the vouacapanes

tested displayed cytotoxicity activity against the tested cell line.

Spindola et al. (2009) tested the activity of
7�-acetoxyvouacapane (17), 18,  22,  6�,7�-dihydroxyvouacapan-
17�-methylene-ol (33), and 6�-acetoxy-7�-hydroxyvouacapan



a de F

(
(
H
(
w
t
m
t
l
w

a
i
t
e
e
t
t
c
P
d
s

n
w

t
a
7
d
c
m
i
c
w
g
c
a
t
g

s
3
7
6
d
(
l
7
h
w
a

L.A. Oliveira et al. / Revista Brasileir

34) against human tumor cell lines UACC-62 (melanoma), MCF-7
breast), NCI-H460 (lung), OVCAR-03 (ovary), PC-3 (prostate),
T-29 (colon), 786-0 (kidney), K562 (leukemia), and NCI-ADR/RES

ovary with multidrug resistance phenotype). Cell proliferation
as determined by spectrophotometric quantification of cell pro-

ein content via sulphorhodamine B. Compound 34 was  26 times
ore potent in inhibiting 50% growth (GI50) of PC-3 (prostate), 15

imes more cytostatic (total growth inhibition – TGI), and six times
ess toxic than the concentration leading to 50% cell death (LC50)

hen compared with the control (doxorubicin).
This study also assessed the cytotoxicity of compounds 22,  33,

nd 34 against normal murine cell line (3T3) using the MTT  method,
n concentrations ranging from 0.25 to 250 �g/ml. Regarding cyto-
oxicity against 3T3, 34 had less toxicity (IC50 of 34.33 �g/ml,
quivalent to 95.2 nmol/ml), followed by 33 (IC50 of 23.55 �g/ml,
quivalent to 70.4 nmol/ml) and 22 (IC50 of 22.83 �g/ml, equivalent
o 63.0 nmol/ml). Compounds 22,  33,  and 34 presented high selec-
ivity for prostate cancer. The selective activity against prostate
ancer cells and the lower cytotoxicity over normal cells show
terodon vouacapanes merit further investigations in an effort to
evelop selective medicines that treat cancer with greater patient
afety in the future.

For more information on the antiproliferative activity of fura-
oditerpenes against different cell lines, new active constituents
ere synthesized from 21 isolated from P. emarginatus fruits.

Euzébio et al. (2009) synthesized three lactones deriva-
ives from 21: 6�-hydroxyvouacapan-7�,17�-lactone (38), 6�-
cetoxyvouacapan-7�,17�-lactone (37), and 6-oxovouacapan-
�,17�-lactone (39). The antiproliferative activity of 21 and its
erived lactones was assessed against the same human cancer
ell lines used by Spindola et al. (2009). Compound 38 was the
ost active of the four furanoditerpenes, as well as more potent

n inhibiting 50% growth (GI50) of adriamycin-resistant ovary can-
er cells (NCI-ADR/RES) and erythromyeloblastoid leukemia (K562)
hen compared with doxorubicin. Compound 37 only showed a

rowth inhibition effect against erythromyeloblastoid leukemia
ells (GI50 of 27.4 �g/ml, or 73.6 nmol/ml). Results indicated 38
s the most promising derivative for future studies, in addition to
he importance of 7�, of 17�-lactone ring, and of the C-6 hydroxyl
roup for the antiproliferative activity of 38.

In a follow-up to the previous study, Euzébio et al. (2010)
ynthesized six new derived amines from lactone derivative
8: 16-(N,N-diethylaminomethyl)-6�-hydroxyvouacapan-
�,17�-lactone (40); 16-(N,N-dipropylaminomethyl)-
�-hydroxyvouacapan-7�,17�-lactone (41); 16-(N,N-
iisobutylaminomethyl)-6�-hydroxyvouacapan-7�,17�-lactone
42); 16-(1-pyrrolidinylmethyl)-6�-hydroxyvouacapan-7�,17�-
actone (43); 16-(1-piperidinylmethyl)-6�-hydroxyvouacapan-

�,17�-lactone (44); 16-(4-morpholinylmethyl)-6�-
ydroxyvouacapan-7�,17�-lactone (45). These compounds
ere tested on the same cancer cell lines from the previous study

nd were more potent against most of them, showing lower GI50
armacognosia 27 (2017) 663–672 669

values than those obtained for 38 (Euzébio et al., 2009). Compounds
40–45 were, like doxorubicin (control), potent growth inhibitors
of adriamycin-resistant ovary cancer cells (NCI-ADR/RES), lung
cancer cells (NCI-H460), and erythromyeloblastoid leukemia
(K562). Theoretical calculations showed that C-16 amino groups
may  be crucial to the antiproliferative activity of vouacapane
derivatives.

The results presented in this topic contributed to show the
potential of the cited molecules to obtain prototypes for antitu-
mor  drugs. The usual substances employed nowadays in antitumor
therapy present several side effects, and in this context the search
for new structures with more specificity could be a good strategy
in future investigations regarding cytotoxicity effects.
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Technological applications

Vouacapanes can be used as phytochemical marker for quality
control and standardization of the products derived from Pterodon
due to their pharmacological activities. Aiming to mask the taste
of the extracts standardized in vouacapans, some technological
alternatives have been developed for the oils of Pterodon species,
such as microcapsules in polymeric systems (alginate/medium-
molecular-weight chitosan (F1-MC), alginate/chitosan with greater
than 75% deacetylation (F2-MC), and alginate/low-molecular-
weight chitosan (F3-MC)) (Reinas et al., 2014).

Nanoemulsions are an alternative to drug delivery for lipophilic
compounds, which can be administrated via oral, ocular, and
intravenous in order to reduce side effects and to improve pharma-
cological properties (Solans et al., 2005; Horman and Zimmer, 2016;
Singh et al., 2017). Hoscheid et al. (2017) optimized a nanoemulsion
with P. pubescens oil, which provided faster injections during intra-
muscular administration, comparing to conventional formulation.
In this study, the nanoemulsion system was  evaluated for anti-
inflammatory activity through peritonitis model, after preparation
and after 365 days of storage at 25 ◦C. The authors demonstrated

that proper storage (25 ◦C) was capable to preserve the character-
istics of the nanoemulsion containing 7.5% PEG-40H castor oil, 5%
lecithin, and 5% P. pubescens oil, also standardized in vouacapans.
In other work from the same authors (Hoscheid et al., 2015), the
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anoemulsions were tested as a potential delivery system for the
reatment of rheumatoid arthritis using the intramuscular admin-
stration, and chemically stable nanoemulsions were obtained.

Despite the pharmacological potential of the raw material
btained from Pterodon genus, there are few studies regarding to
echnological development of formulations containing such prod-
cts. Moreover, studies involving formulations containing isolated
terodon vouacapanes were not found. This development and the
valuation of the safety and the efficiency of these formulations
ust be necessary to start the development of the final products.

onclusion and perspectives

This review showed that vouacapanes have great potential
or medicinal applications, and their presence in plants from the
terodon genus may  explain several properties observed in extracts
nd justify certain ethnomedicinal uses of Pterodon species. We
xpect that other vouacapanes will still be reported, since HPLC
nly recently has been used in their obtainment. New studies
re encouraged to carry out a phytochemical assessment of the
aw material and to consider the possibility of purifying minor-
ty vouacapanes to be tested, since the studies accomplished so
ar only encompass a small portion of Pterodon vouacapanes.
nti-inflammatory, antinociceptive and analgesic activities were
onfirmed by scientific studies in animals. However, there is still

 lack of scientific support justifying the production of a medicine
ith these compounds. Toxicity and safety evaluation studies are

till needed to assure safety for clinical application. The pharma-
eutical technology aiming at suitable delivery of the vouacapanes,
n the different applications, is also very scarce. New preliminary
tudies regarding the cardiovascular and leishmanicidal activities
hould be carried out with other vouacapanes, before more spe-
ific assessments with the ones which prove to be most potent. In
ur opinion, Pterodon oil or oil’s fractions are more convenient than
ouacapanes for larvicidal activity, and seems to be more promis-
ng for future research. As the latest trends and perspectives for
uture research of Pterodon vouacapanes we suggest the need for
tudies regarding the sustainability of the plant species aiming at
he production of medicines.
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