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Abstract: Systemic fungal infections caused by fungal species of the genus Candida sp. and
Cryptococcus sp. have important epidemiological significance, because they affect
immunocompromised patients and present high mortality rates. The available drugs used for the
treatment of the diseases caused by these fungi species are restricted of three classes of antifungals.
Besides the limited number of therapeutic alternatives, these drugs are associated with several
factors that limiting its use, such as the incidence of serious adverse effects, drug interactions,
development of resistance and high cost, justifying the search for new chemical entities. Natural
products are historically relevant sources of compounds for the development of new drugs, and
studies with these organisms has resulted in the discovery of new molecules with anti-cryptococcus
and anti-candida activity. In this review, 125 molecules with minimal inhibitory concentration
(MICs) in the range of 0.63 to 50 pg mL* were compiled. 88% of these molecules were active
against the different species of Candida sp. and 35.2% were active against fungi of the genus
Cryptococcus sp.. 77.6% were molecules isolated from plants, 8% isolated from microorganisms

and 13.6% isolated from algae and marine sponges.
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Introduction



More than 2 million invasive fungal infections are estimated to occur globally every year
and are responsible for ~ 1.5 million deaths, particularly in immunocompromised individuals. This
population mainly includes HIV-infected individuals, those undergoing organ transplants or
receiving anticancer chemotherapy. The introduction of highly active antiretroviral therapy
(HAART) for HIV has reduced rates of fungal diseases, but the increasing number of transplant
recipients and patients receiving immunosuppressive medications has created an at-risk population
with a high incidence of fungal infection (George et al., 2017). Approximately 90% of invasive
mycoses are caused by species that belong to one of four genera:
Aspergillus, Candida, Cryptococcus and Pneumocystis. However, epidemiological data for fungal
infections are notoriously poor because fungal infections are often misdiagnosed (Brown et al.,
2012).

C. albicans is part of the normal microbiota and is therefore the most common etiologic
agent of fungal infections not only in immunocompromised patients but also in patients who have
undergone some invasive clinical procedure or who have suffered some kind of extensive trauma
whose treatment involves permanence in intensive care units - being therefore one of the main
agents of nosocomial infection (Brown et al., 2012). In addition to C. albicans other species of the
genus also involved in candidemia are C. krusei, C. parapsilosis and C. glabrata. The incidence of
candidemia ranges from 1 to 14 per 100,000 inhabitants, depending on the population studied, and
mortality at 30 days of infection may reach 60% (Enoch et al., 2017). Commonly prescribed drugs
for the treatment of candidiasis include a variety of imidazole and triazole drugs that disrupt
biosynthesis of ergosterol, a fungal-specific sterol of cellular membranes, and the echinocandins
(caspofungin, micafungin, anidulafungin) which inhibit synthesis of cell wall £-(1,3)-glucans.
Formulations of amphotericin B are given less often due to the risk of toxicity. Both the
echinocandins and the azoles are better tolerated than amphotericin B formulations (Mellinghof et
al., 2018).

Cryptococcosis is one of the most serious fungal diseases worldwide and afflicts not only
immunocompromised individuals but also apparently immunocompetent individuals (Park et al.
2009). Cryptococcal meningitis is a disease considered neglected in HIV carriers, which causes
over 600,000 deaths per year worldwide (Armstrong-James et al., 2014). Caused by Cryptococcus
neoformans and Cryptococcus gattii species complexes, this infection presents substantial
therapeutic challenges (Kwon-Chung et al., 2017). The antifungal arsenal for treatment against
cryptococcosis currently is largely limited to three old and off-patent drugs, used singly or in
combination: amphotericin B, which complex with membrane sterols resulting in cellular leakage,
5-fluorocytosine (5FC), which interacts as 5-fluorouridinetriphosphate with RNA biosynthesis thus

disturbing the building of certain essential proteins, and azoles (Perfect and Bicanic., 2015).



Despite the increasing importance of opportunistic fungal pathogens, there is a limited
number of effective antifungal drugs available for the treatment of systemic fungal infections.
Therefore, the development of new antifungal agents with novel chemical scaffolds and new
mechanisms of action is vital due to increased incidence and mortality of invasive fungal infections
and severe drug resistance, and the severe side effects, limited spectrum of action and drug—drug
interactions of conventional drugs (Liu et al., 2016).

Natural products have attracted considerable attention and have been introduced on the
research of new drugs over the past decades. Due to chemical diversity, they are advantageous
sources for the discovery of various bioactive molecules (Thammasit et al., 2018).

In view of this, the aim of this review is not only to list promising anti-candida or/and anti-
cryptococcal candidates or natural compounds that can be use as prototype for the development of
new antifungal drugs, but also to explore the diverse sources that may provide more effective and
less toxic antifungal compounds. We’ve searched for original results from peer-reviewed papers
published between 2010 and 2018 by international journals using five databases (PubMed,
SienceDirect, Web of Science, Scopus and Scielo) using the key words "Cryptococcus” "Candida™

"antifungal™ "natural products”. Inclusion criteria were papers reporting metabolites that have
potentially useful antifungal activity, namely those with minimum inhibitory concentration (MIC) <
50 ug mL™. These compounds, which total 125 from 7 structural classes, are arranged according to

class and then source.

Alkaloids

Alkaloids are a group of naturally occurring chemical compounds that contains mostly basic
nitrogen atoms. This group also includes some related compounds with neutral and even weakly
acidic properties (Roy, 2017). They have a wide distribution which includes bacteria, fungi, plants
and animals (Fattorusso, 2008; Hesse, 2003; Tadeusz, 2007). Many of these compounds possess
potent pharmacological effects and several alkaloids from natural sources are reported to possess
potent antimicrobial properties and could therefore be good candidates to new drugs or will be
useful as prototype for new drugs development.

Isolated from Prosopis glandulosa Torrey var. glandulosa (Fabaceae) and Prosopis
juliflora, the indolizidine alkaloids A®—juliprosopine (1) and juliprosine (2) showed strong anti-
cryptococal activity with MIC value of 1.25 ug mL? and 0.63 pg mL™ respectively, against C.
neoformans ATCC 90113 (positive control amphotericin B MIC 1.25 ug mL™). Compound 2 also
exhibited antifungal activity against C. albicans ATCC 90028 with MIC value of 20 ug mL* and C.
krusei ATCC 6258 with MIC value of 10 pg mL™* (Rahman et al., 2011).



The apomorphine alkaloids O-methylmoschatoline (3) and liriodenine (4) isolated from
Guatteria blepharophylla (Annonaceae) bark exhibited antifungal activity against Candida
dubliniensis ATCC 777 and ATCC 778157 with MIC value of 12.5 pg mL*and 25 ug mL™* for 3
and 50 ug mL*and 100 pug mL™ for 4, respectively (Costa et al., 2010). The difference in activity
level and structural features suggest that substitutions in ring A may be important for the antifungal
activity of these alkaloids. Compound 4 was also active against C. albicans (MIC of 6.25 pug mL™)
and C. neoformans (MIC of 12.5 pg mL™) (Zhang et al., 2002). Isolated from the same source,
isomoschatoline (5) showed MIC value of 50.8 UM (14.8 ug mL™?) against C. albicans (Costa et al.,
2011). Tripathi and collaborators (2017) observed that liriodenine methiodide (4a), a methiodide
salt of 4, mediate it antifungal activities by disrupting mitochondrial iron-sulfur (Fe-S) cluster
biosynthesis. The compound targets a cellular pathway that is distinct from the pathways commonly
targeted by clinically used antifungal drugs and is considered a new potential target for the
development of new antifungal therapies.

The new apomorphine alkaloid 2-hydroxy-9-methoxyaporphine (6), isolated from
Beilschmiedia alloiophylla (Lauraceae), inhibited the growth of C. albicans with MIC of 8 ug mL™.
In this same study, other known alkaloids such as laurotetanine (7), boldine (8), secoboldine (9),
isoboldine (10), asimilobine (11), 6-epioreobeiline (12) and (S)-3-methoxynordomesticine (13), also
showed activity against C. albicans with MIC ranging from 16 to 32 pg mL* (Mollataghi et al.,
2012).

The alkaloid 6-methoxyldihydrochelerythrine (14), found in plants of the genus Macleaya,
presented activity against C. albicans CMCC (F) 98001 exhibiting an MIC value of 8.27 pg mL™*
(Sai et al., 2016). In a previous study, using the disk-diffusion method, compound 14 did not show
activity against C. albicans EDCL (Islam et al., 1997). This can be explained, in part, by the fact
that the disk-diffusion agar method is strongly dependent of physical-chemical properties of
molecules, like molecular weight and lipophilicity. Therefore, lipophilic compounds would have
problems to diffuse against solid agar which may be a cause of the discrepancy of the results
observed in the two studies.

The study of the root bark of Cordia alliodora (Boraginaceae) yielded the isolation of the
isoindoline alkaloid 5-O-[f-D-apiofuranosyl-(1—6)-f-D-glucopyranosyl]-1-isoindolinone (15) with
anti-candida activity, which present an MIC range of 4.98 to 5.23 ug mL™ against C. albicans
ATCC 10231, C. tropicalis ATCC 13861 and C. glabrata ATCC 28838 (Fouseki et al., 2016).

Antifungal alkaloids have also been isolated from marine sources. From marine sponge
Pseudaxinella reticulata (Axinellidae), four guanidine alkaloids analogues of crambescin A2 with
anti-cryptococcal activity were obtained: (+)-crambescin A2 392 (16), (+)-crambescin A2 406 (17),

(+)-crambescin A2 420 (18) and (+)-Sch 575948 (19). Compounds 16 and 17 showed MICg value
4



of 32 uM (12.6 pg mL™?) and 26 uM (10.6 pug mL1), respectively, against C. albicans ATCC 14503
and an MIC value of 2.3 uM (0.9 pug mL™) and 2.2 uM (0.9 pug mL™), respectively, against C.
neoformans var. gattii. Compounds 18 and 19 also demonstrated activity against C. albicans, C.
glabrata and C. krusei, with an MICg range of 22 (9.3 ug mL?) to 27 uM (11.4 pg mL™) for
compound 18 and 41 (14.9 pg mL?) to 59 uM (21.5 pg mL™Y) for compound 19. Against C.
neoformans, compound 18 exhibited an MICgo of 2.6 uM and compound 19 had an MICy of 4.9
uM. Crambescins exhibited potent antifungal activity against C. neoformans var. gattii that showed
a modest dependence upon the length of the alkyl side chains in the structures (Jamison et al.,
2015). Compound 19 has previously been isolated from fungi of the genus Aspergillus sp., where
demonstrated activity against C. albicans C43, with an MIC value of 32 ug mL™ (Yang et al.,
2005). Another natural source of compound 19 is the marine sponge Ptilocaulis spiculifer
(Axinellidae) (Yang et al., 2003).

The alkaloids hyrtioseragamine A (20) and hyrtioseragamine B (21), isolated from the
marine sponge Hyrtios sp., demonstrated antifungal activity against C. neoformans (unspecified
strain) with MIC value of 33.3 and 16.6 pg mL™, respectively (Takahashi et al., 2011).

Isolate of the endophytic fungus Penicillum vinaceum, the quinazolinic alkaloid, (-)-(1R,
4R)-1,4-(2,3)-Indolmethane-1-methyl-2,4-dihydro-1H-pyrazino-[2,1-b]-quinazoline-3,6-dione (22),
demonstrated antifungal activity against C. albicans ATCC 76615 (MICg 32 pg mL™) and against
C. neoformans ATCC 32609 (MICgo 16 pug mL™) (Zheng et al., 2012).
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Several
mechanisms have already been described for alkaloids, including changes in membrane
permeability, impair mitochondrial function, production of oxidative stress, targeting cell wall
integrity pathway, heme modulations and shock transcription factor HSF1 - a key determinant of

virulence that protects the fungi cells during the fever (Khan et al., 2017).
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Flavonoids

Flavonoids are one of the biggest classes of secondary metabolites compounds, which have
a wide distribution in the plant kingdom. Several functions have been assigned to flavonoids, such
as protection against UV radiation and other environmental stresses and significant antioxidant
properties. They have also been identified as potent antitumor, anti-inflammatory, antiviral and
antimicrobial agents (Mierziak et al., 2014).

The flavonoid sorbifolin (23) showed to be active against C. albicans ATCC 90028 (MIC
31.20 pg mLY), C. gatti 118 (MIC 3.9 pg mL™?), C. krusei ATCC 6258 (MIC 7.8 ug mL?), C.
parapsilosis ATCC 22019 (MIC 7.8 ug mL™) and C. neoformans ATCC 90012 (MIC 7.8 pug mL™?)
(Lima et al., 2016). Compound 23 has been isolated from various plants of the families Rutaceae
(Chan et al, 1967; Zaitsev et al, 1969; Arisawa et al, 1970; Box and Taylor, 1973), Acanthaceae
(Chothani et al, 2010), Lamiaceae (Corticchiato et al, 1995; Jin et al, 2015), Asteraceae (Eshbakova
et al., 1996; Nazaruk and Galicka, 2014), Fabaceae (El-Hawiet et al., 2010) and Leguminosae
(Limaet al., 2016).



The flavonoids pedalin (24), nitensoside B (25) and isoquercitrin (26), isolated from
Pterogyne nitens (Fabaceae) showed activity against C. neoformans ATCC 90012, with an MIC of
7.8, 7.8 and 15 pg mL™, respectively. Compound 25 was also active against C. krusei ATCC 6258
with an MIC of 31.2 ug mL™* (Lima et al., 2016). In the study performed by Tracanna et al. (2015),
compound 26 showed no activity against C. neoformans H99 and neither against C. albicans.
Compound 26 induces depolarization of membrane potencial, affecting permeability and leading to
cell death (Yun et al., 2015).

From Rhynchospora corymbosa (Cyperaceae) was isolated the flavonoid tricin (27), which
showed anti-cryptococcal activity against C. neoformans IP 90526 (MIC 8 pg mL™) and
anticandida activity against C. albicans ATCC 9002 and C. parapsilosis (MIC 4 pug mL™ for both)
(Pagning et al., 2016). The C-7 monoacetyl semisynthetic analog of 27 (27a), presented better
activity (4 pg mL™) against C. neoformas and 2 pug mL? for both Candida species tested,
suggesting that these regions are important for the observed antifungal activity.

The flavonoids kaempferitrin (28) and kaempferol 3-O-a-L-(3-acetyl)rhamnopyranoside-7-
O-a-L-rhamnopyranoside (29) both exhibited an MIC of 32 ug mL*against C. albicans ATCC9002
and an MIC of 16 pug mL™ against C. parapsilosis ATCC22019 and C. neoformans IP 95026.
Kaempferol 3-O-a-L-(4-acetyl)-rhamnopyranoside-7-O-a-L-rhamnopyranoside (30) and afzelin
(31) exhibited an MIC of 32 pug mL* and 4 pg mL™ against C. parapsilosis and C. neoformans,
respectively. The flavonoid a-rhamnoisorobin (32) showed excellent activity against the three fungi
tested, with MIC range of 1 to 2 pug mL?. Kaempferol 3-O-a-D-glucopyranoside-7-O-o-L-
rhamnopyranoside (33) exhibited an MIC of 2 pg mL* against C. parapsilosis and C. neoformans
and 8 pug mL? against C. albicans. All compounds were isolated from Bryophyllum pinnatum
(Crassulaceae) (Tatsimo et al., 2012).

Two prenylisoflavones with antifungal activity were isolated from Derris eriocarpa
(Fabaceae): 4'-hydroxy-5,7-dimethoxy-6-(3-methyl-2-butenyl)-isoflavone (34) and derrubon 5-
methyl ether (35). Compound 34 showed activity against C. neoformans IP 90526 (MIC 50 pg mL-
1) and also against C. albicans ATCC 2091 and C. guilliermondii (MIC of 12.5 pg mL* for both
fungi). Compound 35 exhibited activity only against Candida species, with an MIC of 25 pg mL*
for C. guilliermondii and 50 pg mL* for C. albicans (Zhang et al., 2014).

Candida guilliermondii is one of the components of human microbiota. Although this yeast
present low virulence and has been infrequently associated with human infections, reports suggest
that C. guilliermondii may exhibit decreased susceptibility to several different classes of antifungal

agents, such as fluconazole and echinocandins (Marcos-Zambrano et al., 2017).



Teodoro et al. (2015) reported the activity of the common phytochemical (-)-epicatequin
(36) against C. glabrata ATCC 90030, with an MIC of 31 pg mL™. This compound demonstred no
cytotoxicity on Vero Cells at the highest concentration tested (200 ug mL™) (Pendota et al., 2017).

From Dorstenia mannii (Moraceae), five flavonoids with activity against C. albicans ATCC
9002 were isolated. 6,8-diprenyleriodictyol (37) and dorsmanin | (38) exhibited MICs of 32 pg mL"
! dorsmanin F (39) presented MIC of 16 ug mL™ and dorsmanin E (40) exhibited MIC of 8 ug mL"
! (Mbaveng et al., 2012).

The common phytochemical, quercetin-3-O-a-L-rhamnopyranosyl-(1—6)-4-D-
galactopyranoside (41), isolated from Pyrostegia venusta (Bignoniaceae), exhibited an MIC of 6 pg
mL? against C. albicans, strains OF M7-19, OF M3-20 and USP 1 (Pereira et al., 2014). The
unusual chlorinated flavonoid 7-O-methyl-8-chlorogenistein (42), isolated from Streptomyces sp.
YIM GS3536 showed antimicrobial activity towards C. albicans with an MIC range of 23 to 35 uM
(7.51 - 11.13 pg mL™?) (Huang et al., 2013).

Funari et al. (2012) described the isolation of asebogenin (43), a dihydrochalcone active
against C. neoformans 90012, with an MIC value of 15.6 pg mL™. Compound 43 can be found in
several species of the family Piperaceae: Piper aduncum (Orjala et al., 1994), Piper longicaudatum
(Joshi et al.,, 2001) and Piper carpunya (Quilez et al., 2010), besides in Greyia flanaganii
(Francoaceae) (Mapunya et al., 2011), Lippia salviaefolia (Verbenaceae) (Funari et al., 2012),
Pityrogramma calomelans (Pteridaceae) (Hitz et al., 1982) and Pieris japonica (Ericaceae) (Yao et
al., 2005).

The neoflavonoid 5-O-methyllatifolin (44) showed activity against C. albicans ATCC 26555
with an MIC of 5 pug mL* (positive control fluconazole MIC 100 ug mL™). Compound 44 has been
isolated from Ficus drupacea (Moraceae) (Yessoufou et al., 2015), Belamcanda chinensis
(Iridaceae) (Lee et al., 2015) and from genus Dalbergia (Fabaceae): Dalbergia cochinchinensis
(Donnelly et al., 1968), Dalbergia parviflora (Muangnoicharoen and Frahm, 1982) and Dalbergia
odorifera (Lee et al., 2013).

It is known that some flavonoids induce fungal apoptosis by mitochondrial damage in C.
albicans by generation of ROS, metacaspases activation, cytochrome c release and mitochondrial
membrane depolarization. ROS damage iron-sulfur clusters, making ferrous iron available for
oxidation by the Fenton reaction, which leads to hydroxyl radical formation. The hydroxyl radicals
damage DNA, proteins, and lipids, which results in cell death. The cytochrome c is an essential
component of respiratory chain and a lethal factor involving the activation of apoptotic protease
factor. The release of cytochrome c is due the increase of the mitochondrial outer membrane
permeability. The increase of the mitochondrial transmembrane potential has been predicted to

promote an osmotic matrix swelling (Hwang et al., 2012).



Besides, this class of compounds seems to damage the cell wall, structure that protects
fungal protoplasts from external osmotic shocks and defines fungal morphogenesis. Changes in the
organization or functional disruption of the cell wall induced by these antifungal agents are
involved in fungal osmotic-induced death (Sitheeque et al., 2009).
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Lignans

Lignans are a large class of secondary metabolites in plants that have numerous biological
effects in mammals, including antitumor, antioxidant and antimicrobial activity (Ono et al., 2010).

The lignans oxomatairesinol (45), massonianoside B (46), (2R, 3R)-2,3-dihydro-7-hydroxy-
2-(4-hydroxy-3-methoxyphenyl)-3-hydroxymethyl-5-benzofuranpropanol-4'-O-(3-O-methyl)-a-L-
rhamnopyranoside (47) and lariciresinol-4'-O-4-D-glucoside (48) exhibited activity against C.
albicans with range MICgo of 9.90 to 33.58 uM (5 to 12.5 ug mL™). Compounds 45 to 48 were
isolated from the branches of Pseudolarix kaempferi (Pinaceae) (He et al., 2011) and can also be
found in Cedrus deodara (Pinaceae) (Wu et al., 2015), Forsythia suspensa (Oleaceae) (Chang et al.,
2014), Hlicium henryi (Schisandraceae) (Xiang et al., 2010), Nepeta cadmea (Lamiaceae) (Takeda
et al., 1998), Osmanthus asiaticus (Oleaceae) (Sugiyama and Kikuchi et al., 1993), Pedicularis
artselaeri (Scrophulariaceae) (Su et al., 1998), Picea abies (Pinaceae) (Pan and Lundgren, 1995),
Picea neoveitchii (Chen et al., 2012), Pinus massoniana (Pinaceae) (Bi et al., 2001), Pinus
thunbergii (Pinaceae) (Hong et al., 2014), Stellera chamaejasme (Thymelaeaceae) (Qiao et al.,
2011), Styrax perkinsiae (Styracaceae) (Zhang and Zhang, 2015), Taiwania flousiana
(Cupressaceae) (Xiang et al., 2004), Taxus cuspidata (Taxaceae) (Kawamura et al., 2004), Taxus

wallichiana (Taxaceae) (Dang et al., 2017) and Tsuga chinensis (Pinaceae) (Fang et al., 1985).

13



A new lignanamide N-(2E)-3-[(2S,3R)-2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-
7-methoxy-2,3-dihydro-1-benzofuran-5-yl]acryloylglycine (49) was isolated from the methanolic

extract of Cordia alliodora (Boraginaceae) root bark, and showed strong anti-candida activity with
range MIC of 5.36 to 5.80 ug mL™ against C. albicans ATCC 10231, C. tropicalis ATCC 13861

and C. glabrata ATCC 28838 (Fouseki et al., 2016).
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Macrolides are large and structurally diverse class of macrocyclic natural products that have
a lactone ring (14-16 atoms) bonded to one or more deoxy sugar molecules. These compounds
belong to the polyketides class of natural products and have been isolated from plants, insects and
bacterias. Many members of this class exhibit antibiotic properties (Sanchez et al., 2007).

Laevicarpin (50) is a macrocyclic lactam isolated from the leaves of Piper laevicarpu
(Piperaceae) that presented a strong activity against C. gattii FIOCRUZWM 178, with MIC value of
7.4 pg mLt (25 pM), I1Cso = 2.3 pg mL? (7.9 puM). In this work, the gold-standard drug,
amphotericin B, resulted in a MIC value for C. gattii strain of 1 ug mL™ (1.1 uM). The cytotoxicity
was tested agains mice conjunctive cells NCTC ATCC 929 and resulted in an 1Cso of 100.3 pg/mL
(337.7 uM). Thus, the selectivity index (SI) of laevicarpin, which is the ratio between the I1Cso in
mammalian cells and the ICso against fungi resulted in a value of 42. Considering the elevated
toxicity of amphotericin B and the selectivity index of laevicarpin observed in these trials, the
obtained results suggest this compound as a possible scaffold for development of new drugs to be
used against C. gatti (Maciel et al., 2016).

Co-culture of the fungi Penicillium fuscum and Penicillium camembertii yielded the
isolation of three new 16-membered-ring macrolides with anti-candida activity: berkeleylactone A
(51), berkeleylactone B (52), and berkeleylactone C (53), as well the known antibiotic macrolide
A26771B (54). Compound 51 showed activity against C. glabrata with an MIC value of 6 ng mL™*
and an MIC of 26 pg mL™* against C. albicans. Compounds 52 and 54 showed an MIC of 31 pg mL"
Land 48 pug mL™, respectively, against C. glabrata. Both were inactive against C. albicans. The
absence of activity observed for 52 and 54 against C. albicans appears to be associated with the
insertion of a substituent at C-5, suggesting that the a-cetol system may be involved in important
interactions with the molecular target. Compound 53 had an MIC of 26 ug mL™ against C. glabrata
and 50 pg mL™ against C. albicans (Stierle et al., 2017). The activity against C. albicans observed
for 53 suggest that the hydroxyl at C-14 increments the activity against this specie of Candida,
despite the absence of the a-cetol system. Compound 54 has already described for the fungi
Penicillium turbatum (Michel et al., 1977).

15
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Phenolics (other than flavonoids and lignans)

Phenolic compounds are secondary metabolites ubiquitous in all higher plants. The role of
these compounds in plants is not fully understood, but it is known that many of them act as
defensive compounds, e.g. against plant pathogens, and they are often induced as a response to
stress condition (Boudet, 2007).

The common phenolic acids ferulic acid (55) and chlorogenic acid (56) were isolated from
the leaves of Pterogyne nitens (Leguminosae) and both exhibited an MIC of 31.2 pg mL? against
C. neoformans ATCC 90012 and C. gattii (strain not specified) (Lima et al., 2016). Semisynthetic
analogs of 56, 56a and 56b, have been synthesized and showed potent activity against C. albicans
ATCC90028 (2 pg mL™?) and C. neoformans ATCC32045 (1 pug mL™). Compound 56a also
demonstrad activity against C. krusei ATCC6258 with an MIC of 2 ug mL™). These results confirm
the potential of the molecules to generate bioactive compounds (Ma et al., 2007).

The stilbenoids stemofuran E (57), stemofuran J (58), stemofuran M (59), stemofuran P (60)
and stemofuran R (61) isolated from the roots of Stemona aphylla (Stemonaceae), showed activity
against C. neoformans, with MIC value of 7.8 ug mL™* for 57, 58 and 60, 31.3 pug mL* for 59 and
15.6 pg mL* for 61. These compounds were also tested against C. albicans, were 57, 58 and 59
presented an MIC of 31.3 ug mL?, and 60 and 61 showed an MIC of 15.6 pg mL* (Sastraruji et al.
al., 2010).

The small molecule N-B-D-glucopyranosyl-p-hydroxyphenylacetamide (62) showed an MIC
of 8 ug mL* against C. albicans, whereas the compounds p-hydroxyphenylacetic acid (63), p-
hydroxyphenyl-acetonitrile (64), p-hydroxyacetophenone (65), 3,4,5-trimethoxyphenol (66) and
dolichandroside A (67) showed a range MIC of 8 to 16 pg mL™. All of these compounds were
isolated from the Drypetes gossweileri (Euphorbiaceae) tree (Ata et al., 2011). Compounds 64, 66
and 67 have already been described from Brassica campestris (Brassicaceae) (Nagatsu et al., 2004),
Xylosma controversum (Flacourtiaceae) (Xu et al., 2008), Dolichandrone falcata (Bignoniaceae)
and Odontonema cuspidatum (Acanthaceae) (Aparna et al., 2009; Refaey et al., 2017). Compound

67 has also been isolated from the fungus Cladosporium sp. (Ding et al., 2008, Ata et al., 2011).
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The caffeoyl phenylethanoid glycosides isoverbascoside (68) and verbascoside (69)
presented strong antifungal activity against C. albicans (strains ATCC 10231, USP 1, USP 1565,
OF M3-20, OF M7-19) with a range MIC of 0.7 to 3 pug mL™. These compouds are active against
other Candida species, as compound 68 present an MIC of 1.5 pg mL™ against C. krusei ATCC
6258 and C. guilliermondii USP 2234, and an MIC of 6 ug mL™ against C. tropicalis USP B3.
Compound 69 showed an MIC of 1.5 ug mL™ towards C. krusei, C. parapsilosis USP 1933 and C.
tropicalis and a potente activity against C. guilliermondii with an MIC of 0.7 ug mL™. In C.
albicans strains USP 1, OF M3-20, OF M7-19, C. guilliermondii and C. parapsilosis species, the
isolated compounds showed an MIC lower than the control drug amphotericin B (1 to 4 ug mL™)
(Pereira et al., 2014). Funari et al. (2012) described for 69 no significant activity against C.
albicans ATCC 90028, C. krusei ATCC 6258 and C. parapsilosis ATCC 22019 (MICs = 125 ug
mL?), while the compound exhibited activity against C. neoformans 90012, with an MIC of 15.6 ug
mL™. In general, compound 69 exhibit more potent activity than compound 68 against the fungals
tested, indicating that the presence of the double bound between the C-7' and C-8' in verbacoside is
important for the activity. Comparing the related compounds 67 and 69, there is a decrease in
activity towards C. albicans, probably associated with the methylation of the catechol system.

Compounds 4,5-(methylenedioxy)-o-coumaroylputrescine (70) and 4,5-(methylenedioxy)-o-
coumaroyl-4'-N-methylputrescine (71) were isolated for the first time from bark and trunk of
Drypetes staudtii (Putranjivaceae) and showed antifungal activity against C. albicans with an MIC
value of 32 ug mL™* (Grace et al., 2016).

The study of the essential oil of Trachyspermum copticum (Apiaceae) and the trunk of
Dendrobium denneanum (Orchidaceae) yielded the isolation of two compounds with activity
against C. albicans ATCC 10231: 2,5-dihydroxy-4-methoxy-phenanthrene-2-O-p-D-
glucopyranoside (72), which exhibited MIC of 5.5 ug mL™, and 4-methoxy-2,5,7,9S-tetrahydroxy-
9,10-dihydrophenanthrene (73) which exhibited MIC of 4.5 pg mL™. An additional compound was
also isolated from the oil of T. copticum, trans-ethyl cinnamate (74), which obtained an MIC of 2
ug mL?* (Moghadam, 2017; Lin et al., 2013). Isolation of compound 73 has also been described in
the specie Liparis regnieri (Orchidaceae) (Ren et al., 2016).

Besides the previously mentioned flavonoids (compound 34 and 35) were also isolated from
the stems of Derris eriocarpa (Leguminosae) the phenolic compound 1-(3',4',5'-trimethoxyphenyl)-
2-methoxy-2-(4"-methoxyphenyl)-ethane-1-ol (75), which presented activity against C. albicans
ATCC 2091 and C. guilliermondii (clinically isolated), exhibiting an MIC of 50 ug mL* for both
species (Zhang et al., 2014).

Buanmycin (76), isolated from the bacterium Streptomyces sp. SNR69, exhibited antifungal

activity against C. albicans ATCC 10231 with MIC value of 21.1 puM (12.5 pg mL™1) (Moon et al.,
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2014). From Bacillus sp., were isolated the compounds 3,5-dihydroxy-4-ethyl-trans-stilbene (77)
and 3,5-dihydroxy-4-isopropylstilbene (78), that showed an MIC of 8 ug mL? and 16 pug mL™
against C. albicans MTCC 277, respectively (positive control amphotericin B presented an MIC of
32 pg mL™Y) (Kumar et al., 2014).
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Saponins

Saponins are steroid or triterpenoid glycosides common in a large number of plants that are
important in human and animal health and nutrition. Concerning to antifungal activity, it is
associated with the ability of saponins to cause disorganization of cell membranes in consequence
of the complexation with steroids presents in membranes, causing the formation of pores and loss of
membrane integrity (Coleman et al., 2010). This complexation are thought to be a micelle-like
aggregation of saponins and cholesterol in the plane of the membrane, possibly with the saponin
molecules arranged in a ring with their hydrophobic moieties combined with cholesterol around the
outer perimeter (Mert-Turk, 2006).

The saponin vernoguinoside A (79) was active against C. neoformans IP 95026 and C.
parapsilosis ATCC 22019 with an MIC of 7.81 pg mL* for both fungi and an MIC of 15.62 pug mL"
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! against C. albicans ATCC 2091. Vernoguinoside (80) and stigmasterol 3-O-p-D-glucoside (81)
are active only against C. albicans ATCC 2091, with an MIC of 31.25 pg mL?. This stigmastane
saponins were isolated from Vernonia guineensis (Asteraceae) (Donfack et al., 2012). In addition,
compound 81 has also been described in Fagonia indica (Zygophyllaceae), Elephantopus scaber
(Asteraceae) (Kabeer, 2014) and Acacia cochliacantha (Fabaceae) (Manriquez-Torres et al., 2007).

Five triterpene pentacyclic saponins, 3-O-[a-L-rhamnopyranosyl(1-2)-a-L-
arabinopyranosyl]-echinocystic acid (82), 3-O-a-L-arabinopyranosyl-hederagenin (83), 3-O-[a-L-
rhamnopyranosyl(1-2)-a-L-arabinopyranosyl]-hederagenin (84), 3-O-[a-L-rhamnopyranosyl(1-2)-
a-L-arabinopyranosyl]-28-0-[O-a-L-rhamnopyranosyl(1-4)-O-4-D-glucopyranosyl-(1-6)-4-D-
glucopyranosyl]-hederagenin (85) and 3-O-[a-L-rhamnopyranosyl(1-2)-a-L-arabinopyranosyl]-28-
O-[a-L-4-O-acetyl-rhamnopyranosyl (1-4)-p-D-glucopyranosyl-(1-6)-4-D-glucopyranosyl-
hederagenin (86) were isolated from Polyscias fulva (Araliaceae) stem bark (Njateng et al., 2015)
and presented antifungal activity. Both 82 and 84 inhibited the growth of C. albicans ATCC 1663 at
concentration 50 pg mL* and 12.5 pg mL-1, respectively. Against C. glabrata IP 35, 83 and 84
showed an MIC of 12.5 pug mL* while 86 showed an MIC of 25 pug mL™. Both 83 and 84 exhibited
an MIC of 50 pg mL™ towards C. lucitaniae ATCC 200950. Against C. parapsilosis ATCC 22019,
84 showed an MIC of 50 pg mL™. Compounds 82 - 84 had a MIC value of 12.5 pg mL* against C.
guilliemondii (clinical isolated), while compound 86 had a MIC of 50 pug mL™ against this specie.
Compound 84 display an MIC of 25 ug mL™ towards C. krusei ATCC 6258. Both 84 and 85
display activity against C. neoformans AP 95026 (MIC 6.25 pg mL™), while compound 83
exhibited an MIC of 12.5 ug mL™* (Njateng et al., 2015).

In vivo screening of natural compounds with antifungal activity made it possible to identify
eleven saponins active against C. albicans DAY 185: sakurasosaponin A2 (87) (MIC 27.5 ug mL™?),
aginoside A8 (88) (MIC 5.8 ug mL™), aginoside A16 (89) (MIC 47 ug mL™), aginoside A24 (90)
(MIC 13.3 ug mL™), aginoside A11 (91) (MIC 38.9 ug mL™?), aginoside A20 (92) (MIC 4.8 ug mL"
1) arvensoside B A7 (93) (MIC 3.1 ug mL™), barrigenol A19 (94) (MIC 26.5 pug mL™?), barrigenol
A25 (95) (MIC 28.7 pg mL™), maesabalide A17 (96) (MIC 31 pug mL™?) and maesabalide A21 (97)
(MIC 16.5 ug mL?). Compounds 94 and 96 were able to inhibit biofilm formation at the same MIC
concentration (Coleman et al., 2010). Development of new antifungals that specifically disrupt the
formation and/or maintenance of biofilms are interesting, once the microrganisms which produce
biofilms are intrinsically resistant to conventional antifungal therapeutics and the host immune
system, due to the upregulation of efflux pumps, the presence of the extracellular matrix and the

presence of recalcitrant persister cells (Nobile and Johnson, 2015).
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Terpenoids

Terpenes are major compounds of essential oils, and are produced to avoid injuries
promoted by external agents, thus possessing antimicrobial activity and insecticide. It has a wide
distribution, being found in plants, animals and microorganisms. Chemically they are formed by
blocks of five carbons - the isoprene units - that are linked together by head-to-tail order, and may
also exhibit tail-to-tail structural variations (Buck and Vall, 2009).

Three abietane diterpenoids isolated from the roots of a small tree Clerodendrum
eriophyllum (Verbenaceae) showed antifungal activity (Machumi et al., 2010). Taxodione (98) was
active against C. glabrata ATCC 90030 (MIC 10 ug mL™) and C. neoformans ATCC 90113 (MIC
1.25 pg mL?). This compound has the ability to form bonds with DNA, interfering with cell
replication (Zaghloul et al., 2008). Compound 6-hydroxysalvinolone (99) showed strong activity
against C. neoformans ATCC 30113 (MIC 2.5 ug mL™), while 6,11,12,16-tetrahydroxy-5,8,11,13-
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abietatetra-en-7-one (100) was active against C. glabrata, C. krusei and C. neoformans (MIC 20 pg
mL?). Compound 98 is also found in Taxodium distichum (Cupressaceae) and in Salvia sp.
(Lamiaceae) as well as 99, which may also be isolated from the roots of Premna obtusifolia
(Lamiaceae) (Tayarani-Najaran, 2013; Moujir et al., 1996).

The pimarane diterpenes isopimara-7,15-dien-19-ol 19-O-a-L-arabinofuranoside (101) and
its aglycone 102, isolated from Sagittaria latifolia (Alismataceae) exhibited antifungal activity
against C. gattii ATCC 32609 with an MIC of 20.0 ug mL™. The cytotoxicity of both compounds
was evaluated against mammalian cells and it was observed that they are not cytotoxic at MIC
concentration (Ravu et al., 2015).

Of branches of Pseudolarix kaempferi (Pinaceae), two new triterpenes 25-epi-pseudolarolide
Q (103) and pseudolarolide P (104) were isolated and showed activity against C. albicans, with an
MICg 20.40 uM (10.5 ng mL™?) and 21.96 pM (10.3 pg mL?), respectively (He et al., 2011).
Another triterpene, oleanane 3-(3'R-hydroxy)-hexadecanoate (105), isolated from Rhynchospora
corymbosa (Cyperaceae), showed anti-cryptococcal activity against C. neoformans IP 90526 and C.
albicans ATCC 9002, with an MIC of 16 pg mL™ for both organisms (Pagning et al., 2016).
Cassane diterpenes (5S,10S)-11,15(S)-dihydroxy-12-methoxyswartziarboreol G (106) and
simplexene D (107) isolated from Swartzia simplex (Fabaceae) tree exhibited activity against C.
albicans CAF2 -1 with an MIC of 32 ug mL™* (Favre-Godal et al., 2015).

16a-hydroxycleroda-3,13(14)-Z-dien-15,16-olide (108), isolated from Polyalthia longifolia
var. pendula (Annonaceae) showed activity against C. albicans NCIM3557 with an MICg of 50.3
uM (15.9 ug mL™?). SAR studies showed that the double bond at C-3-C4 and the free hydroxyl
group at C-16 are crucial for observed activity, probably mediated by intracellular production of
reactive oxygen species, which compromises the integrity of celular membrane (Bhattacharya et al.,
2015). The cytotoxicity of 108 was evaluated in the study of Misra et al. (2010), where was found
that this compound was devoid of any cytotoxic effect against macrophages J774A.1 at the
maximum concentration tested (200 mg mL™?).

The common oleanane triperperne oleanolic acid (109) demonstrated activity against C.
albicans ATCC 26555 with an MIC of 15 ug mL™ (Yessoufou et al., 2015). In another antifungal
study, 109 did not demonstrate activity against C. albicans ATCC 1663, but showed activity against
C. glabrata IP 35 and C. guilliermondii (clinical isolate) with an MIC of 12.5 ug mL™ for both
microorganisms (Njateng et al., 2015). The antifungal activity of epifriedelanol (110) and epilupeol
acetate (111) was demonstrated against C. albicans ATCC 26555 with MICs on 9 e 15 pg mL?,
respectively. Compounds 109 - 111 were isolated from stem bark and leaves of Ficus drupacea
(Moraceae) (Yessoufou et al., 2015) and can also be found in Pseuderanthemum palatiferum

(Acanthaceae) (Mai et al., 2011), Heteropappus altaicus (Asteraceae) (Huang et al., 2013),
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Euphorbia maddeni (Euphorbiaceae) (Sahai et al., 1981), Vicoa indica (Asteraceae) (Chowdhury et
al., 1990), Cirsium nipponicum (Asteraceae) (Lee et al., 2005) and Bursera copallifera
(Burseraceae) (Romero-Estrada et al., 2016).

In the study of Mollataghi et al. (2012), the common triterpene -amyrone (112) isolated
from Beilschmiedia alloiophylla (Lauraceae) showed activity against C. albicans with an MIC of 32
ng mL™2. Ata et al. (2011) described for 112 an MIC of 8 ug mL* against the same microorganism.
Compound 112 can also be found in Stillingia oppositifolia (Euphorbiaceae) (Cota et al., 2011) and
Drypetes gossweileri (Putranjivaceae) (Ata et al., 2011).

The prenylated p-xylene caulerprenylol B (113) isolated from the marine alga Caulerpa
racemosa (Caulerpaceae) showed an MICg of 4 ng mL? for both C. neoformans 32609 and C.
glabrata 537, equal to the positive control amphotericin B (Liu et al., 2013). The sesquiterpene
hydroquinone avarol (114), isolated from the marine sponge Dysidea avara (Dysideidae) showed
strong anti-candida activity against C. albicans MH2, 4/07, 4/16, 2/24, ATCC 10231, C. glabrata,
C. krusei, and C. tropicalis ATCC 750, with a range MIC of 0.8-6.0 ug mL™* (Pejin et al., 2016).

The cembrane diterpenoid nephthenol (115) and the triterpene gorgost-5-ene-3p-ol (116)
isolated from the marine sponge Lobophytum pauciflorum (Alcyoniidae) both exhibited an MIC of
50 ng mL* against C. albicans (Hassan et al., 2016). Compound 115 has already been isolated from
the corals Nephthea sp. (Nephtheidae) (Tani et al., 2018), Eunicea sp. (Plexauridae) (Shi et al.,
2001), Sclerophytum sp. (Rao et al., 1990), Lobophytum catalai (Alcyoniidae) (Anjaneyulu et al.,
1998), Sarcophyton glaucum (Alcyoniidae) (Kobayashi and Osabe, 1989), and from the plants
Croton laui (Euphorbiaceae) (Yang et al., 2017) and Bursera multijuga (Burseraceae) (Hernandez
et al., 2014). Compound 116 can also be found in Isis hippuris (Isididae) (Tanaka et al., 1982),
Sarcophyton trocheliophorum (Alcyoniidae) (Wang et al., 2004) and Heteroxenia fuscescens
(Xeniidae) (Mohammed et al., 2012).

The aminosesquiterpene aminobisabolene (117) exhibited activity against C. glabrata and
C. krusei with a range MICgo of 36 to 38 pM (8.46 to 8.93 ug mL?) (Jamison et al., 2016).
Compound 117 has already been isolated from the sponges of the genus Halichondria sp.
(Halichondriidae) and Theonella sp. (Theonellidae) (Kitagawa et al., 1987).

Laurepoxyene (118), 3B-hydroperoxyaplysin (119), 3a-hydroperoxy-3-epiaplysin (120), 10-
Bromoisoaplysin (121), Laurokamurene A (122) and Laurokamurene C (123) were isolated from
the red alga Laurencia okamurai (Rhodomelaceae). Against C. glabrata 537, 118 exhibited an
MICso of 2 pg mL?, 119 presented an MICgo of 4 ug mL™, 121 showed an MICgo of 32 pg mL* and
123 exhibited potent activity with an MICg of 1 pg mL™. Towards C. neoformans 32609, 119
presented an MICgo of 4 pg mL™?, 120 exhibited an MICgo of 8 pg mL™* and 122 exhibited an MICso

of 32 ug mL? (Yu et al,, 2014).
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The indolditerpene drechmerin B (124), isolated from the fungus Drechmeria sp.
(Clavicipitaceae), showed activity against C. albicans with an MIC of 12.5 pg mL? (Zhao et al.,
2018).

The sesquiterpene  (15,45,4a/5,8aa)-4,8a-dimethyl-octahydro-naphthalene-1,4a(2H)-diol
(125) was isolated from a culture of Streptomyces albolongus (Streptomycetaceae) and showed
strong antifungal activity against C. parapsilosis ATCC 22019 and C. albicans ATCC MY A-2876
with an MIC of 3.13 pg mLtand 12.5 pg mL?, respectively. The 7-OH analogue of 125, showed
no activity against the fungi tested (MIC > 100 pg mL™), indicating that substitution at this carbon
may modify pharmacodynamic properties, thereby interfering in the activity (Ding et al., 2016).
Isolation of compound 125 has also been described from a culture of Nocardiopsis chromatogenes
(Nocardiopsaceae) (Sun et al., 2017).

Mitochondria is a major source of ROS generation in eukaryotic cells. Is known that
terpenoids can play a role in diminishing the mitochondrial content (Lenaz, 2001). The excessive
production of ROS, such as superoxide anion (O2’), hydrogen peroxide (H20.) and hydroxyl radical
(OH) plays an important role as early signal mediators of apoptosis. Several pathogenic fungi, such
as Candida albicans and Cryptococcus neoformans, are known as “petite-negative” yeasts because

they cannot survive upon damage of mitochondrial genome (Haque et al., 2016).
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Conclusions

We described here more than a hundred compounds, with range MICs of 0.63 to 50 pg mL™

that may be potential candidates for development of new anti-candida and anti-cryptococcal drugs.
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The most potent compound against Candida sp. was the phenolic compound verbascoside which
present an MIC range of 0.7 to 1.5 pg mL™. The most potent compound agains Cryptoccosu sp. was
the alkaloid juliprosine (MIC 0.63 ug mL™). 88% of these molecules were active against fungal
species of the genus Candida sp. and 35.2% were active against fungi of the genus Cryptococcus
sp. Of all the isolated metabolites, 77.6% were molecules from plants, 8% from microorganisms
and 13.6% from marine sources. The decrease in the proportion of molecules active against
Cryptococcus in relation to the number of molecules active against Candida can be explained by the
lower number of studies that test the secondary metabolites isolated from Cryptococcus species, that
disadvantages the process of discovering new chemical entities with potentials of clinically
significant activity against this pathogen in particular. It is important to note that many of the
studies analyzed here had some methodological flaws when it comes to the determination of
antifungal activity. For example, the non-comparison with drug control, few strains of fungi from
clinical origin. Several of the molecules analyzed have previously been isolated from different plant
species, and some of these molecules already have their complete published synthesis, which is an
advantage in the production of these new drugs aimed at infection control, since the stage of mass
production by synthesis becomes a possibility. Faced with so many promising in vitro chemical
entities, further preclinical studies are required to gather information about these promising drug
candidates, like pharmacodynamics and pharmacokinetics properties, besides toxicologic

informations.
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Revista Brasileira de Farmacognosia

Instructions for Authors

Introduction

The Revista Brasileira de Farmacognosia-Brazilian Journal of Pharmacognosy is a
periodical dedicated to the publication of original scientific work, reviews and
communications in the field of Pharmacognosy (the study of crude drugs and substances
derived from natural sources used as medicines).

Types of articles

The Brazilian Journal of Pharmacognosy accepts for publication original scientific work,
reviews and communication articles written only in English.

e Original papers: Original papers are research articles describing original experimental
results. The manuscript should be arranged in the following order: Graphical abstract,
Title, Abstract, Keywords, Introduction, Material and Methods, Results, Discussion,
Acknowledgements, Authorship, References, Figures with Legends, Tables, Structural
Formulae and Supplemental files (if applicable). Results and Discussion sections may
appear as a combined ‘Results and Discussion’ section. The normal length of the main text
of an Original Paper (excluding references, tables, figures and figure legends) is
approximately 3,000 words. Longer manuscripts may be accepted only in exceptional and
well justified cases.

e Short communications: This section will cover mainly the isolation of known compounds
from new neotropical sources, or complementary results of on-going work. The text
should be arranged as follows: Graphical abstract, Title, Abstract of 200 words, Keywords,
Introductory Remarks, Material and Methods with brief experimental details without
subheadings, Results and Discussion as one body of text without headlines,
Acknowledgements, Authorship, References (up to 20 citations) and Figures and/or Tables
(up to 3). The text should not exceed 2,000 words.

e Reviews: Authors are invited to submit a review article that provides concise and critical
updates on a subject, and with around 100 references. The main purpose of reviews is to
provide a concise, accurate introduction to the subject matter and inform the reader
critically of the latest developments in the field. They should be concise and include details
of the search strategy used, such as time frame, search terms, used databases. A review
should be an article that produces knowledge and not just a kind of survey of the existing
literature. The review must be a response to an initial question. Reviews of a particular
herbal drug will be considered if they contain the newest issue and a perspective on future
directions.

Authors are strongly recommended to prepare a manuscript using a A4- sized paper,
double-spaced, with Times New Roman size-12 font, fully justified, with margins of 2 cm.

Submission checklist



You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more
details.

Ensure the following:

i. One author has been designated as the corresponding author with contact details:
Institutional e-mail address; full postal address.

ii. All authors, with their respective email addresses, should be entered into the system.

iii. All necessary files have been uploaded: Graphical abstract, Manuscript; Include
keywords; All figures with Legends; All tables (including titles, description, footnotes); and
Supplemental files (if applicable).

iv. All figure and table citations in the text match the files provided;

v. Manuscript has been 'spell checked' and 'grammar checked;

vi. All references mentioned in the Reference List are cited in the text, and vice versa;

vii. Permission has been obtained for use of copyrighted material from other sources
(including the Internet);

viii. Relevant declarations of interest have been made;

ix. Journal policies detailed in this guide have been reviewed.

Before you begin

Ethics in publishing

Please see our information page on Ethical guidelines for journal publication.
Human and animal rights

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving humans; Uniform
Requirements for manuscripts submitted to Biomedical journals. Authors should include a
statement in the manuscript that informed consent was obtained for experimentation with
human subjects. The privacy rights of human subjects must always be observed. All
articles involving studies with humans or animals should have the approval and
authorization of the Ethics Committees on Research on Human Beings or on Animals of
the institution to which the author(s) belong.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding. If there
are no conflicts of interest then please state this: 'Conflicts of interest: none'. For more
information, please contact the Managin Editor at revista@sbfgnosia.org.br.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or
as an electronic preprint, that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published
elsewhere in the same form, in English or in any other language, including electronically
without the written consent of the copyright-holder. To verify originality, your article may
be checked by the originality detection service CrossCheck.



Contributors

Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article preparation, so
roles for all authors should be described. The statement that all authors have approved
the final article should be true and included in the disclosure.

Authorship

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation of
data, (2) drafting the article or revising it critically for important intellectual content, (3)
final approval of the version to be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship
list should be made only before the manuscript has been accepted and only if approved
by the journal Editor. To request such a change, the Editor must receive the following
from the corresponding author: (a) the reason for the change in author list and (b)
written confirmation (e-mail, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed. Only in exceptional circumstances
will the Editor consider the addition, deletion or rearrangement of authors after the
manuscript has been accepted. While the Editor considers the request, publication of the
manuscript will be suspended. If the manuscript has already been published in an online
issue, any requests approved by the Editor will result in a corrigendum.

Article Transfer Service

This journal is part of an Article Transfer Service. This means that if the Editor feels your
article is more suitable in one other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your article will be
transferred automatically on your behalf with no need to reformat. Please note that your
article will be reviewed again by the new journal.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this) to assign to the Brazilian Society of
Pharmacognosy the copyright in the manuscript and any tables, illustrations or other
material submitted for publication as part of the manuscript (the "Article") in all forms and
media (whether now known or later developed), throughout the world, in all languages,
for the full term of copyright, effective when the Article is accepted for publication. An e-
mail will be sent to the corresponding author confirming receipt of the manuscript
together with a 'Journal Publishing Agreement' form or a link to the online version of this
agreement.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the



sponsor(s), if any, in study design; in the collection, analysis and interpretation of data; in
the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement then this should be stated.

Open Access

This is an open access journal: all articles will be immediately and permanently free for
everyone to read and download.

Article Processing Charges

The Brazilian Society of Pharmacognosy (SBFgnosia) pays for most of the publishing costs
incurred by the journal. But, authors are required to pay a small publication fee to the
Brazilian Society of Pharmacognosy in order to share in the costs of production: Payments
will be received through the PayPal system for Overseas, which is a safe, flexible and well-
established service for on-line payments, or by Bank transfer. Brazilian authors could
make a bank deposit/transfer to Banco do Brasil account.

Sociedade Brasileira de Farmacognosia (CNPJ: 76.259.381/0001-90)

Processing fees:

e Corresponding author non-member of the SBFgnosia: US$ 450

e Corresponding author member of SBFgnosia: US$ 350

e Corresponding author member of SBFgnosia for more than two successive years US$
300

e Corresponding author: member of the SBFgnosia for more than five successive years
R$ 250,00

A limited number of waivers for article processing charges are also available at the editors'
discretion, and authors wishing to apply for these waivers should contact the editors prior
to submit their manuscripts. Editors and reviewers have no access to whether authors are
able to pay; the acceptance of a manuscript is based exclusively on scientific criteria for
quality, novelty and relevance.

Permitted third party (re)use is defined by the following Creative Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) For non-
commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided
they do not alter or modify the article.

Language services

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from journal’s
webpage.

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to
typeset your article for final publication. All correspondence, including notification of the
Editor's decision and requests for revision, is sent by e-mail.



Please submit your article via: https://www.evise.com/evise/jrnl/BIP
Additional information

- All plant, microorganism and marine organism materials used in the described research
should be supported by an indication of the site (including GPS coordinates, if possible)
and country of origin, the name of the person identifying the biological material and the
location of the voucher specimen.

- Authors should be prepared to provide documentary evidence that approval for collection
was afforded from an appropriate authority in the country of collection and, if applicable,
to follow the rules concerning the biodiversity rights.

- The journal will not accept responsibility for research works that do not comply with the
legislation of the country of residence of the author.

- We strongly recommend that authors avoid stating that the popular or traditional use of
a certain herb was confirmed by pre-clinical, in-vitro or in vivo tests using animals.

- The Brazilian Journal of Pharmacognosy strongly encourages the submission of original
works in which the experimental procedures were conducted taking into consideration
green chemistry principles, such as by employing green solvents and environmental
resource saving experimental designs in any step of the investigation.

- The following immediate rejection criteria apply

i. the manuscript does not fall into the areas of interest of the journal;

ii. manuscripts not formatted in accordance with the standards of the journal;

iii. the manuscript results are preliminary;

iv. manuscripts reporting activity data without comparison with a reference, without a
positive control/appropriate control or not based on adequate statistics;

v. the biological source (e.g. plant, microorganism, marine organism etc.) is not clearly
identified, authenticated and documented;

vi. experimental work on antioxidant activity of crude extracts without isolation,
identification and content estimation of the active compounds; phenolic compounds are
widely spread in nature and fully recognized as antioxidants or scavengers.

vii. experimental work on antimicrobial activity with crude extracts without isolation and
identification of the active compounds, with large MIC values (ug/ml) for antimicrobial
activity (=250 pg/ml for plant extracts and =50 pg/ml for pure compounds) and without
appropriate identification of culture collections/strain designation codes;

viii. experimental work on essential oils with only one sample of a single plant specimen
with a single chromatographic analysis and without appropriate statistical analyses;
without oil yield (%) and characterization and component quantification not undertaken
using GC-MS-FID. Analyses of the retention indices of the components not calculated
using n-alkane homologous series together with analyses of some of the isolated natural
components. Biological activity of essential oil without chemical characterization.

iX. too preliminary data using in-vitro assays will not be acceptable if (i) no information on
the type of activity is given; (ii) single dose or very high concentrations (must show dose-
response studies); (iii) repetition of a simple bioassay (usually one assay with replicates);
(iv) lack of appropriate controls (solvents; positive or negative substances according to
the study); (v) no IC50 values (if applicable).

x. use of only the brine shrimp assay (Artemia salina) to access the toxicity of extracts;

xi. isolation and bioassay of well-known compounds with small or no relationship to the
activity, or to the medicinal use of the plant without clear justification;

xiii. manuscripts reporting pharmacological or biological activities of crude extracts without
chemical and technical standardization. Standardization of the plant extracts is considered
to be the complete description of manufacturing parameters such as granulometry,
solvent-plant ratio, time of extraction, solvent composition etc., together with marker



quantification and chromatographic fingerprint analyses. In addition to these Guidelines, a
template (for original papers) is available at
http://www.sbfgnosia.org.br/revista/templates.html.

Preparation
Peer review

This journal operates a single blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the scientific
quality of the paper. The Editor is responsible for the final decision regarding acceptance
or rejection of articles. The Editor's decision is final.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us
with an editable file of the entire article. Keep the layout of the text as simple as possible.
Most formatting codes will be removed and replaced on processing the article. The
electronic text should be prepared in a way very similar to that of conventional
manuscripts. To avoid unnecessary errors you are strongly advised to use the 'spellcheck’
and 'grammar-check’' functions of your word processor.

Article structure

The manuscript should be arranged in the following order: Graphical abstract, Title,
Abstract, Keywords, Introduction, Material and Methods, Results, Discussion,
Acknowledgements, Authorship, References, Figures with Legends, Tables, Structural
Formulae and Supplemental files (if applicable).

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading.
Each heading should appear on its own separate line. Subsections should be used as much
as possible when cross-referencing text: refer to the subsection by heading as opposed to
simply 'the text'.

Essential title page information

Title: Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

Author names and affiliations: Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. Present the
authors' affiliation addresses (where the actual work was done) below the names. Indicate
all affiliations with a lower-case superscript letter immediately after the author's name and
in front of the appropriate address. Provide the full postal address of each affiliation,
including the country name and, if available, the e-mail address of each author. Author
affiliations should be presented in decreasing hierarchical order (e.g. Harvard University,
Harvard Business School, Boston, USA) and should be written as established in its own
language (e.g. Université Paris- Sorbonne; Harvard University, Universidade de Sao
Paulo).

Corresponding author: Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the institutional e-mail
address is given and that contact details are kept up to date by the corresponding author.



Present/permanent address: If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript Arabic
numerals are used for such footnotes.

Abstract

A structured abstract of < 300 words, by means of appropriate headings, should provide
the context or background for the research and should state its purpose, basic procedures
(selection of study subjects or laboratory animals, observational and analytical methods),
main findings (giving specific effect sizes and their statistical significance, if possible), and
principal conclusions. It should emphasize new and important aspects of the study or
observations. The journal does not accept abbreviations in the abstract. Immediately after
the abstract, provide a maximum of six keywords in alphabetical order and separated by
commas, to represent the content of the article. Please avoid using the plant name
species in the keywords as it should be already in the title and/or in the abstract. Choose
representative words to help indexation and readers to reach your article.

Graphical abstract

A Graphical abstract is mandatory for this journal. It should summarize the contents of the
article in a concise, pictorial form designed to capture the attention of a wide readership
online. Authors must provide images that clearly represent the work described in the
article. Graphical abstracts should be submitted as a separate file in the online submission
system. Image size: please provide an image with a minimum of 531 x times; 1328 pixels
(h &times; w) or proportionally more. The image should be readable at a size of 5 &times;
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or
MS Office files. BJP does not accept Graphical abstract using images of animals.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.

Plant name species

Plant names should be complete, including author name and family, according to
http://www.theplantlist.org/ or http://www.tropicos.org, and
http://floradobrasil.jbrj.gov.br/2010/

Structural Formulae

Chemical structures are not considered as figures, should be numbered sequentially in
bold letters according to their citations in the manuscript, and placed closed to the desired
point in the manuscript body. Structures should be drawn according to the style set by the
American Chemical Society. Chemical structures of well-known compounds will not be
published.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.



Units
Follow internationally accepted rules and conventions: use the International System of
Units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae
in line with normal text where possible and use the solidus (/) instead of a horizontal line
for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics.
Powers of e are often more conveniently denoted by exp. Number consecutively any
equations that have to be displayed separately from the text (if referred to explicitly in the
text).

Results
Results should be clear and concise.
Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations
and discussion of published literature.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.).

Authors contributions

The role of each author involved in the development of the study and/or the elaboration of
the manuscript must be clearly described, and he/she should be referred to by his/her
initials.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill &amp; Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].lt is not necessary to
include detailed descriptions on the program or type of grants and awards. When funding
is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the
funding. If no funding has been provided for the research, please include the following
sentence: This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Artwork

The journal uses recycled paper, so colour figures are accepted and will abe available only
on the online version.

Image manipulation



Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and
will be dealt with accordingly. For graphical images, this journal is applying the following
policy: no specific feature within an image may be enhanced, obscured, moved, removed,
or introduced. Adjustments of brightness, contrast, or color balance are acceptable if and
as long as they do not obscure or eliminate any information present in the original.
Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed in the figure
legend.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.

e Please note that individual figure files larger than 10 MB must be provided in separate
source files.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save
as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300
dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of
500 dpi is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then the journal will ensure, at no additional
charge, that these figures will appear in color online (e.g., ScienceDirect and other sites)
regardless of whether or not these illustrations are reproduced in color in the printed
version.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the illustrations

themselves to a minimum but explain all symbols and abbreviations used.

Tables



Please submit tables as editable text and not as images. Tables can be placed either next
to the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented
in them do not duplicate results described elsewhere in the article. Please avoid using
vertical rules.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may
be mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or 'Personal communication'. Citation of
a reference as 'in press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,
please be careful as they may already contain errors. Use of the DOI is encouraged. A DOI
can be used to cite and link to electronic articles where an article is in-press and full
citation details are not yet known, but the article is available online. A DOI is guaranteed
never to change, so you can use it as a permanent link to any electronic article. An
example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo
R.M., James D.E., Ambeh W.B., Franke M., 2003. Aseismic continuation of the Lesser
Antilles slab beneath northeastern Venezuela. J. Geophys, Res.
http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such citations should
be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. This
identifier will not appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference style



Text: All citations in the text should be chronologically and refer to: Author in lower case,
followed by the publication year between parenthesis, e.g. Pereira (1999); at the end of
the citation: Author in lower case and year, both between parenthesis. e.g. (Silva, 1999)
or (Silva and Souza, 1998) or (Silva et al., 1999) or (Silva et al., 1995a,b); textual
citation: the page must be provided, e.g. (Silva, 1999, p. 24).

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a', 'b', 'c' etc., placed after the year of
publication.

Examples:

Reference to a journal publication: Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010.
The art of writing a scientific article. J. Sci. Commun. 163, 51-59.

Reference to a book: Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed.
Longman, New York.

Reference to a chapter in an edited book: Mettam, G.R., Adams, L.B., 2009. How to
prepare an electronic version of your article, in: Jones, B.S., Smith , R.Z. (Eds.),
Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Reference to a website: Cancer Research UK, 1975. Cancer statistics reports for the UK.
(accessed 13
March 2003).

Reference to a dataset: [dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T.,
2015. Mortality data for Japanese oak wilt disease and surrounding forest compositions.
Mendeley Data, v1. https://doi.org/10.17632/xwj98nb39r.1.

Scientific meetings: Oliveira, R.M.M.W., Lolli, L.F., Santos, C.A.M., 2006. Possible
involvement of GABAAbenzodiazepine receptor in the anxiolytic-like effect induced by
Passiflora actinia extracts in mice. 19« ECNP Congress. Paris, France.

Patents: whenever possible the Chemical Abstracts Service number should be informed.
Ichikawa, M., Ogura, M., Lijima, T., 1986. Antiallergic flavones glycoside from Kalanchoe
pinnatum. Jpn. Kokai Tokyo Koho JP 61,118,396, apud Chemical Abstracts 105: 178423q.

Journal abbreviations source

Journal names should be abbreviated according to the
https://www.library.caltech.edu/journal-title-abbreviations.

Supplementary material

Supplementary material can support and enhance your scientific research. Supplementary
files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Please note that such
items are published online exactly as they are submitted; there is no typesetting involved
(supplementary data supplied as an Excel file or as a PowerPoint slide will appear as such
online). Please submit the material together with the article and supply a concise and
descriptive caption for each file. If you wish to make any changes to supplementary data
during any stage of the process, then please make sure to provide an updated file, and do
not annotate any corrections on a previous version. Please also make sure to switch off
the 'Track Changes' option in any Microsoft Office files as these will appear in the
published supplementary file(s).



Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that
validate research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods and
other useful materials related to the project. Below are a humber of ways in which you
can associate data with your article or make a statement about the availability of your
data when submitting your manuscript. If you are sharing data in one of these ways, you
are encouraged to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation.

After acceptance
Availability of accepted article

This journal makes articles available online as soon as possible after acceptance. This
concerns the accepted article (both in HTML and PDF format), which has not yet been
copyedited, typeset or proofread. A Digital Object Identifier (DOI) is allocated, thereby
making it fully citable and searchable by title, author name(s) and the full text. The
article's PDF also carries a disclaimer stating that it is an unedited article. Subsequent
production stages will simply replace this version.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author or,
a link will be provided in the e-mail so that authors can download the files themselves.
The journal provides authors with PDF proofs which can be annotated; for this you will
need to download the free Adobe Reader. Instructions on how to annotate PDF files will
accompany the proofs (also given online). The exact system requirements are given at the
Adobe site. If you do not wish to use the PDF annotations function, you may list the
corrections (including replies to the Query Form) and return them by the system. Please
use this proof only for checking the typesetting, editing, completeness and correctness of
the text, tables and figures. Significant changes to the article as accepted for publication
will only be considered at this stage with permission from the Editor. We will do
everything possible to get your article published quickly and accurately. It is important to
ensure that all corrections are sent back to us in one communication: please check
carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility.

Authors Inquiries

You can check the status of your submitted article or find out when your accepted article
will be published.



