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1. Resumo

As plantas sdo uma fonte inesgotavel de compostos organicos com as mais variadas estruturas
quimicas e propriedades bioldgicas. Esses compostos sdo chamados de metabdlitos secundarios e
estdo envolvidos no metabolismo secundario das plantas sendo produzidos em resposta a agentes
externos como predadores, parasitas, outras plantas, fatores ambientais e de solo (nutrientes). A
diversidade de propriedades bioldgicas que eles apresentam nos vegetais chama a atengdo para uma
possivel aplicacdo no controle de algumas enfermidades que afetam também humanos e animais.

Dentre as principais classes de metabdlitos secundarios produzidos pelas plantas as lignanas
passaram a ser alvo de estudo de varios grupos de pesquisa depois da descoberta das propriedades
anticancer da podofilotoxina. Desde entdo, outras lignanas foram isoladas, identificadas e avaliadas
quanto as suas propriedades bioldgicas. Tais propriedades estdo estritamente relacionadas aos
esqueletos quimicos de cada subclasse, estereoquimica, natureza e posi¢do dos substituintes. Devido
as propriedades bioldgicas e ao desafio sintético relacionado aos centros assimetricos, inimeras
metodologias para a sintese de lignanas e de derivados tém sido propostas com o objetivo de obter
moléculas que possam ser utilizadas como alvos para o desenvolvimento de novos farmacos. Com o
avanco cientifico, ferramentas de modelagem molecular aliadas a ensaios in vitro vem facilitando o
planejamento dos alvos sintéticos, guiando a sintese para a obtencdo de compostos com maior
probabilidade de serem ativos in vivo contra o alvo bioldgico avaliado in silico.

No decorrer da minha pesquisa tenho trabalhado com extratos de plantas, lignanas naturais,
sintese total de lignanas, sintese parcial de derivados de lignanas naturais, sintese de analogos
heterociclicos de lignanas e com a avaliacdo bioldgicas desses compostos. Para alguns alvos
bioldgicos a modelagem molecular tem sido utilizada como guia para definir o tipo de composto a
ser sintetizado e avaliado in vivo. Tenho usado os frutos da Piper cubeba para obtencdo da lignana
cubebina a qual foi avaliada em varios ensaios biologicos e usada como material de partida para a
sintese de derivados e de outras lignanas. A partir dessa lignana publiquei muitos dos meus artigos
cientificos e ainda hoje esse composto continua sendo fonte de inspiracdo para outros dois projetos
que desenvolvo. As lignanas também tem sido inspiracdo para a sintese de analogos heterociclicos
gue possuem interessantes propriedades bioldgicas e luminescentes.

Neste texto, comento os artigos cientificos vinculados tanto a area de produtos naturais quanto
a &rea de sintese que publiquei nos ultimos anos com o intuito de evidenciar a evolugdo das pesquisas

realizadas e 0 seu contexto cronoldgico.



Abstract

Plants are an inexhaustible source of organic compounds with the most varied chemical structures
and biological properties. These compounds are called secondary metabolites and are involved in the
secondary metabolism of plants being produced in response to external agents such as predators,
parasites, other plants, environmental factors and soil (nutrients). The diversity of biological
properties that they present in plants calls attention to a possible application in the control of some
diseases that also affect humans and animals. Among the main classes of secondary metabolites
produced by plants, lignans became the target of study by several research groups after the discovery
of the anticancer properties of podophyllotoxin. Since then, other lignans have been isolated,
identified and evaluated for their biological properties. Such properties are strictly related to the
chemical skeletons of each subclass, stereochemistry, nature and position of the substituents. Due to
the biological properties and the synthetic challenge related to asymmetric centers, numerous
methodologies for the synthesis of lignans and derivatives have been proposed in order to obtain
molecules that can be used as targets for the development of new drugs. With scientific advances,
molecular modeling tools combined with in vitro assays have facilitated the planning of synthetic
targets, guiding the synthesis to obtain compounds with greater probability of being active in vivo
against the biological target evaluated in silico. In the course of my research, | have worked with
plant extracts, natural lignans, total synthesis of lignans, partial synthesis of derivatives of natural
lignans, synthesis of heterocyclic analogues of lignans and the biological evaluation of these
compounds. For some biological targets, molecular modeling has been used as a guide to define the
type of compound to be synthesized and evaluated in vivo. | have used the fruits of Piper cubeba to
obtain the cubebin lignan which has been evaluated in several biological assays and used as a starting
material for the synthesis of derivatives and other lignans. From this lignan | published many of my
scientific articles and even today this compound continues to be a source of inspiration for two other
projects that | develop. Lignans have also been the inspiration for the synthesis of heterocyclic
analogues that have interesting biological and luminescent properties. In this text, | comment on the
scientific articles linked to both the area of natural products and the area of synthesis that | have
published in recent years with the aim of highlighting the evolution of the research carried out and its

chronological context



2. Estudos com extratos de plantas e suas propriedades bioldgicas

Extratos de plantas apresentam em sua composicdo metabolitos secundarios que podem atuar
sobre diversos alvos biolégicos de forma individual, em sinergismo com outros metabolitos ou ainda
por efeito somatério de varios metabolitos ativos. A composicao fitoquimica desses extratos pode
guiar os ensaios biologicos mais adequados para a avaliagdo bioldgica. Por exemplo, extratos ricos
em flavonoides sdo candidatos a avaliacdo da atividade antioxidante, atividade anti-inflamatoria e
analgeésica, enquanto extratos com altas concentragdes de alcaloides podem ser avaliados em ensaios
sobre o sistema nervoso central (analgesia e sedacdo) e taninos em ensaios de atividade anti-
helmintica.

Meu primeiro contato com extratos de planta se deu com a Piper cubeba no meu Pés Doutorado
e depois no Jovem Pesquisador. Na UNESP passei a trabalhar também com outras plantas e dentre
elas o Psidium Cattleianum Sabine (arac4) e a Opuntia ficus indica (figo da india) com as quais

publiquei os trabalhos que apresento nesse topico.

2.1. In vivo analgesic activity, toxicity and phytochemical screening of the hydroalcoholic extract
from the leaves of Psidium cattleianum Sabine

Essa planta é utilizada na medicina tradicional por vérias comunidades no Brasil e em outros
paises para varias doencas e também como analgésico, entretanto seu uso como analgésico ainda néo
havia sido provado cientificamente. Essa planta foi alvo do estudo de um aluno de Mestrado em
Biotecnologia da UNIMONTES do qual fui coorientadora. Um estudo fitoquimico da planta indicou
a presenca de substancias com potencial acdo antioxidante, analgésico e anti-helmintico. Essa
composicao fitoquimica aliada ao uso tradicional da planta também guiou nossos estudos.

Neste trabalho investigamos a atividade analgeésica in vivo do extrato hidroalcoolico das folhas
do araca e determinamos sua toxicidade com a finalidade de validar seu uso tradicional. Neste
trabalho também foi avaliada a atividade antioxidante do extrato. Os ensaios in vivo confirmaram
acdo analgésica periférica do extrato que pode estar relacionada a presenca de substancias
antioxidantes atuando na inibicdo de mediadores periféricos. No modelo de DPPH o extrato
apresentou atividade antioxidante semelhante a atividade observada para o &cido ascorbico. Varios
estudos na literatura demonstram a relacdo entre radicais livres e a dor e que substancias antioxidantes
tém a capacidade de eliminar esses radicais livres e, assim, evitar danos oxidativos intracelulares que
resultam em dor. O estudo fitoquimico mostrou a presenca de varias classes de metabolitos
secundarios com propriedades antioxidantes. O extrato ndo apresentou toxicidade sobre fibroblastos

de acordo com 0 modelo de ensaio utilizado. Em concluséo, o extrato apresentou atividade analgésica,



de acordo com os modelos de atividade analgeésica in vivo utilizados, e esses resultados dao suporte

ao uso tradicional desta planta.
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Ethnopharmacological relevance: Psidium cattleianum Sabine is extensively used in Brazilian traditional
medicine to reat several diseases including painful disorders. Aim of the study to investigate the toxicity
and the possible analgesic activities of the hydroalcoholic extract from the leaves of Psidium cattleianum
Sabine (ELPCS), to support its use in folk medicine. To screen the major phytochemical constituents of
this extract and evaluate their antioxidant activity.

Materials and methods: ELPCS was assessed for its antioxidant activity using the DPPH model. Its
analgesic activity was examined using mouse models of acetic acid-induced writhing and hot plate paw
licking models. The major phytochemical constituents of the extract were screened; their toxicity on LLC-
MK2 mammalian cells was evaluated.

Results: ELPCS exhibited significant peripheral analgesic activity at doses of 60, 80, 100, 200 and 400
mg/kg in mice, but it did not display central analgesic activity and not was toxic to LLC-MK2 cell
(LDsg = 400 pg/mL). The extract exhibited free radical scavenging activity as evidenced by ICsy values
(159 pg/mL) obtained by the DPPH method. Phytochemical screening detected flavonoids, saponins,
cardiac glycosides, anthraquinones, and tannins.

Conclusions: The results of the experimental studies proved the analgesic activity of ELPCS and supported
the traditional use of this plant.

@ 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Psidium cattleianum Sabine (PCS) belonging to the Myriaceae
family is native to Brazil and occurs in the Atlantic Forest, espedially
in dense rain forest, restinga, and the Southern Plateau, but it can also
be found in several other countries. Popularly known in Brazil as
araca-rosa, araca-vermelho, or araca do campo, it is a medium-sized
shrub measuring no more than nine feet tall. PCS produces ovoid or
oblong fruit weighing less than 20 g; the fruit can be yellow or red.
The fruits has white pulp and tart taste, is rich in vitamin C (Luximon-
Ramma et al, 2003; Lapcik et al,, 2005; Pino et al., 2001), and contains
a large amount of phenolic compounds such as epicatechin and gallic
acid as the main component (Medina et al., 2011). Recent studies have
showed that the PCS extracts potentially reduce metastasis of lung
cancer cells (Im et al., 2012; Jun et al, 2011), display antimicrobial
activity (Brighenti et al., 2008; Desoti et al, 2011; Gaetti-Jardim et al.,
2011; Souza et al,, 2004), and exert anti-caries effects in rats (Menezes

* Corresponding author, Tel: +55 1837431907,
E-mail address: rosangela@dfq.feis.unesp.br (R.S. Laurentiz).

0378-8741/5 - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http:/{dx.doi.org/10.1016/j.jep.2013.08.044

et al, 2010). PCS is used in folk medicine in French Polynesia and
Brazil for several use as adstringent, hepatoprotective, antidiarrheal e
analgesic (Hanazaki et al., 2000; Pétard, 1986; Ritter et al., 2002;
Vendruscolo et al., 2005; Vend ruscolo and Mentz, 2006). The leaves of
PCS are used as tea, directly by chewing, ke pt in cold water or ethanol
for topical use of the plant or as drink for relief of pains as toothache,
bellyache, throat pain, and abdominal pain (Pétard, 1986; Vendruscolo
et al., 2005; Vendruscolo and Mentz, 2006).

Despite the publications on other biological activities of PCS
there is no scientific evidence on activities related to traditional
use as analgesic. Therefore, it is considered important to study the
analgesic activity of hydroalcoholic extract from the leaves of PCS
as well as determining its main constituents to provide scientific
support to the safe use of the plant for this purpose.

2. Methodology
2.1. Plant material

Psidium cattleianum Sabine specimens were collected in Glau-
cilindia (Minas Gerais, Brazil) and identified by Prof. Dr. Rubens
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Manoel dos Santos in UEMC (Universidade Estadual de Montes
Claros), Minas Gerais. A voucher specimen was deposited in the
UEMC herbarium under number 3533. The material was dried
naturally in the shade for 96 h, pulverized, stored in paper bags,
and refrigerated at —10°C.

2.2, Plant extracts

The hydroalcoholic extract was prepared by maceration
exhaustive method in which 100 g of powdered leaf were placed
in 1000 mL of ethanol/water (7:3 v/v). The extract was stored in
the dark at room temperature for 7 days, with occasional shaking.
The extract was filtered, evaporated and refrigerated at —10 °C.
This extraction process was repeated with the residue for another
three times (yield 12.15%. w/w).

2.3. Preliminary phytochemical analysis

Plant materials were screened for the presence of alkaloids,
saponins, tannins, total phenols, anthraquinones, flavonoids, and
sterols using the methods previously described by Tona et al. (1998).

2.4. Toxicity to mammalian cells

The LLC-MK2 fibroblast cells were grown in RPMI 1640 medium
supplemented with 100 U/mL of penicillin, 100 pg/mL of streptomycin,
and 5% of inactivated fetal calf serum, and maintained at 37 °C in 5%
C0,. A cell suspension was seeded at a concentration of 1 < 106 cells/
mL in a 96-well microplate containing RPMI 1640 medium. Thereafter,
the cells were treated with ELPCS at different concentrations (625,
12.5, 25, 50, 100, 200, and 400 pg/mL). The plates were incubated at
37 °C for 24 h, and the biological activity was evaluated by using the
MIT colorimetric method [MIT; 3-(45-dimethylthiazol-2-yl)-2,5
diphenyltetrazolium bromide] in a microplate reader at 540 nm.
RPMI 1640 medium plus DMSO and RPMI 1640 medium were used
as positive and negative controls, respectively (Twentyman and
Luscombe, 1987). All the experiments were performed in triplicate.
The percentage of cell viability was determined by the formula: % cell
viability=1—[[Y— N)(N—P)] = 100, where Y=absorbance of wells
containing cells and ELPCS at different concentrations; N=negative
control; P= positive control.

2.5, Antioxidant assay

To measure the antioxidant activity of the extract and stan-
dards (gallic acid and ethanol), the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging assay was carried out according to the
procedure described previously (Blois, 1958), with slight modifica-
tions. Briefly, the DPPH radical scavenging activity was measured
in a reaction mixture containing 0.1 mL of 1 mM DPPH radical
solution, 0.8 mL of ethanol 99%, and 0.1 mL of ELPCS (in methanol).
The same mixture was used for the standards. The solution was
rapidly mixed, and the scavenging capacity was measured spectro-
photometrically by monitoring the decrease in the absorbance at
517 nm. The antioxidant activity was expressed as ICsq, which was
defined as the concentration of the ELPCS required to inhibit the
formation of DPPH radicals by 50%.

2.6. Animals

Male albino mice (20-25g) were used for the experimental
study. The animals were maintained under standard husbandry
conditions in polypropylene cages with water ad libitum and food
until 8 h before the experiment. All the procedures were approved
by the Ethics Committee for Animal Use of Universidade Estadual
Paulista FEIS, Brazil (no. 001/2012) and were carried out in

accordance with intemational guidelines for the care and use of
laboratory animals, published by the US National Institute of Health.

2.7. Analgesic activity

2.7.1. Acetic acid-induced writhing in mice

The assay was performed as described by Koster et al. (1959).
The nocdceptive effect caused by injection of acetic acid was
detected by observing abdominal writhing associated with
stretching of the whole body. Animals were treated with different
doses of ELPCS (60, 80, 100, 200, and 400 mg/kg, p.o.), saline, or
indomethacin (5 mg/kg), which was used as a reference com-
pound. Thirty minutes after treatment, all the animals received
0.6% acetic acid i.p.; 10 min later, the number of abdominal
constrictions was recorded for 20 min, by visual observation of
the animals.

2.7.2. Hot plate method

This method was used to evaluate the central analgesic activity
(delay in the latency of pain response) according to a procedure
described earlier (Eddy and Leimback, 1953). The mice were
treated with different doses of ELPCS (100, 200, and 400 mg/kg,
p.0.). After 30 min, the animals were placed on a hot plate
maintained at 55 + 0.5 °C. The reaction time was recorded as the
time taken by the animals to blow or lick the fore or hind paw or
jump off the plate. A 5% Tween saline solution was used as normal
control; morphine (5 mg/kg) was employed as reference drug

3. Data analysis

The results were statistically analyzed by analysis of variance
(ANOVA) followed by the Tukey test, with significant differences
being considered if p < 0.05. All values are presented as mean + -
standard error of the mean (SEM). The level of significance used in
analysis of the data was less than 0.05 (p < 0.05).

4. Results
4.1. Acetic acid-induced writhing method

ELPCS presented significant peripheral analgesic activity at all
the evaluated doses (Fig. 1). The inhibition percentage of the
number of writhing of acetic acid-induced writhing in mice was
86, 91, 81, 99, and 73% at doses of 60, 80, 100, 200, and 400 mg/kg,
respectively. The smallest dose of ELPCS showed significant
analgesic activity with 86% (p <0.0001) inhibition of acetic acid
writhing compared to control, but the effect was lower than
produced by indomethacin (99%). An amount of 200 mg/kg ELPCS
showed the highest analgesic activity with 99% (p < 0.0001), same
value presented by standard drug indomethacin. The inhibitory
effect of the extract is not dose-dependent: increasing the extract
dose from 200 to 400 mg/kg reduces the inhibition percentage
from 99 to 73%.

4.2, Hot plate test

The hot plate tests were realized with the ELPCS at the doses
100, 200, and 400 mg/kg. The results shown in Fig. 2, demon-
strated that there is no significant differences between the ELPCS-
treated mice and the control group. Hence, we assume that ELPCS
has no analgesic effect on the central nervous system that would
contribute to its peripheral analgesic effect.
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4.3. Phytochemical study

The phytochemical study did not detect any alkaloids but
identified high concentrations of saponins, flavonoids, cardiac
glycosides, anthraquinones, and tannins.

4.4. Toxicity to mammalian cells

The cultures of LLC-MK2 mammalian fibroblast cells were
treated with ELPCS at concentrations of 625, 12.5, 25.0, 50.0,
100, 200 and 400 pg/mL for 24 h. The viability of the cultures was
determined by establishing a relation between the absorbance
values obtained in the treated and untreated (control) groups, as
shown in Fig. 3. No significant cytotoxicity was observed in the
concentrations evaluated after 24 h of treatment, only control 25%
DMSO display significant toxicity with p <= 0.05. These results
showed that the ELPCS no present toxicity at concentration
evaluated with ICsg = 400 pg/mL.

4.5. Antioxidant activity

DPPH is a free radical compound that is widely used to test the
free radical scavenging ability of various samples. Antioxidants
interacting with DPPH, they can either transfer an electron or
hydrogen atom to DPPH, thus neutralizing its free radical char-
acter. The color of the reaction changes from purple to yellow,
which can be quantified by the change in the absorbance at
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Fig. 1. Effects of ELPCS on the acetic acid-induced writhing assay. Vehicle (control),
ELPCS (60, 80, 100, 200, and 400 mgfkg), indomethacin (C+, 5 mg/kg) were
administered iLp. 0.5h before acetic acid injection. Each column represents
mean+ SEM (n=6) *p = 0.001 *p = 0.0001 vs. Control (ANOVA followed by Tukey's
test).
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517 nm. The ELPCS was capable of scavenging DPPH radicals in a
concentration-dependent manner. The scavenging effect on DPPH
radicals increased with increasing concentrations from 3.3 to
13 pg/mL, respectively, with values of 14 and 41% The ELPCS
displayed IC50=15.9 ng/mL, whereas the value of ICsp found for
gallic acid was 4.8 pg/mL, these results shown that DPPH radical
scavenging activity of the ELPCS, though lower than gallic acid, is
very satisfactory, indicating that their compounds may contribute
to neutralize the oxidant agents produced during pain and
inflammatory states.

5. Discussion

The analgesic activities of ELPCS were evaluated by two mouse
models, which could provide response to two different grades of
noxious stimuli including thermal stimulus and chemically
induced tissue damage (Zhou et al., 2008). The classification of
antinociceptive drugs is usually based on their mechanism of
action; these drugs can act on either the peripheral nervous
system or the central nervous system (Planas et al,, 2000).

The acetic acid writhing test is a standard sensitive test for both
opioid and non-opioid analgesics (Steranka et al., 1987), and the
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Fig. 3. Effects of ELPCS on the viability of LLC-MK2 mammalian fibroblast cells. The
percentage cell viability was determined using MTT assay after 24 h treatment with
the indicated concentrations, Values are expressed by mean +5.D. *p =005 vs,
control indicates statistically significant differences { ANOVA followed by Tukey's
test ).
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most commonly used for screening peripheral analgesics (Bentley
et al, 1981; Derardt et al., 1980; Habib and Waheed, 2013; Wang
et al, 2013). When animals are intraperitoneally injected with
acetic acid, a painful reaction and acute inflammmation emerge in
the peritoneal area. The stimulation of peritoneal nociceptors is
indirect and occurs with the release of endogenous substances,
which stimulate nervous endings (Berkenkopf and Weichman,
1988; Gyires and Torna, 1984). In this study, ELPCS significantly
inhibited the number of writhing responses in mice intraperito-
neally injected with acetic acid in all concentration evaluated,
showing a significant anti-nociceptive activity. However, this wri-
thing test alone does not substantiate the non-central analgesic
effect of ELPCS, as central analgesic drugs such as morphine also
display a potent analgesic effect in the writhing test. The hot-plate
test, when associated with the writhing test, can usually distin-
guish the central from peripheral effects (Srinivasan et al., 2003).
Hot-plate test is one of the most common tests of nociception that
are based on a phasic stimulus of high intensity (Mandegary et al.,
2004). Pain induced by thermal stimulus of the hot-plate is
specific for centrally mediated nodiception (Magaji et al., 2008).
Opioid analgesics, as well as drugs of predominantly central action,
such as tricyclic antidepressants and antiepileptic drugs, increase
the latency time of the animals on the hot plate, a result that is
interpreted as antinociception (Freitas et al., 2009). Our results
exhibited that ELPCS insignificantly prolonged latency period of
mice in the hot-plate test, suggesting its non-central analgesic
activity. The effective peripheral analgesic activity displayed by
ELPCS is probably mediated via the inhibition of peripheral
mediators which could be related to its antioxidant effect observed
in vitro. The DPHH model demonstrated that ELPCS exerted
significant antioxidant activity with [Csp=159 pg/mL. Recent stu-
dies have shown that free radicals are responsible for mechanisms
that cause inflammation and pain, and that high levels of ROS can
induce pain. ROS are also involved in persistent pain, induding
neuropathic and inflammatory pain (Fidanboylu et al, 2011;
Kurnar, 2011; Yowtak et al, 2011) are generated from many redox
processes and are known to be major free radicals in the human
body. Antioxidants substances have the ability to scavenge these
free radicals and thus prevent intracellular oxidative damage that
result in pain (Valko et al., 2007). The pharmacological inhibition
of ROS was reported to have anti-nociceptive effects in neuro-
pathic and inflammatory pain models (Gao et al, 2007).

The phytochemical study did not detect any alkaloids but
identified high concentrations of saponins, flavonoids, cardiac glyco-
sides, anthraquinones, and tannins. The presence of saponins and
flavonoids can be directly related to peripheral analgesia elicited by
ELPCS (Cody et al,, 1985; Mutalik et al., 2003; Owoyele et al., 2008;
Zayachkivska et al,, 2005). However, the central analgesia promoted
by many plant extracts is generally attributed to alkaloids (Almeida
et al, 2001), which were not detected in the EPLPCS which could
explain the absence of central analgesia of the exiract.

In addition, we also evaluated the toxicity of ELPCS using MTT
assays on LLC-MK2 mammalian fibroblast cells. This test provides
important information on the toxic effect of chemical compounds
in direct contact with the cell culture. Viable cells with active
metabolism convert MTT into a purple colored formazan product
with an absorbance maximum near 570 nm. When cells die, they
lose the ability to convert MTT into formazan, thus color formation
serves as a useful and convenient marker of only the viable cells.
The exact cellular mechanism of MTT reduction into formazan is
not well understood, but likely involves reaction with NADH or
similar reducing molecules that transfer electrons to MTT
(Marshall et al., 1995). It is one of the most commonly used tests
for determining cytotoxicity of drugs (Riss et al, 2013). In this
assay the ELPCS no showed toxicity at the concentrations evalu-
ated with ICsq = 400 pg/mL.

In conclusion, ELPCS exhibits strong analgesic effect and no
toxicity, which justifies the traditional use of this plant to treat
some pain disorders.
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2.2. Ovicidal and larvicidal activity of extracts of Opuntia ficus-indica against gastrointestinal
nematodes of naturally infected sheep

As plantas apresentam uma grande quantidade de substancias com potencial anti-helmintico,
por isso € crescente o numero de trabalhos utilizando plantas como alternativas ao uso de anti-
helminticos sintéticos para o controle da parasitose em ovinos. A escolha da planta para esse estudo
teve como base a grande quantidade de taninos e flavonoides (substancias com propriedades anti-
helminticas) presentes nos extratos dos cladodios e da polpa dos frutos da Opuntia ficus indica, além
do fato da planta também ser fornecida aos animais como alimento em periodos de seca em algumas

regides do Brasil.

Neste trabalho, o extrato bruto dos cladddios, da polpa dos frutos e fracbes de ambos foram
submetidos a ensaios de eclodibilidade de ovos, desenvolvimento larval e ensaios de migragéo larval
utilizando ovos e larvas de nematoides gastrointestinais obtidos de animais doadores com
contaminagdo natural sendo 95% Haemonchus contortus. Dentre todos os extratos e fragdes, as
fracdes residuais aquosas obtidas ao final dos fracionamentos dos extratos brutos dos cladddios e dos
frutos foram as mais ativas em todos os ensaios. Os resultados do trabalho demonstraram que 0s
extratos dos cladddios e da polpa dos frutos apresentaram atividade anti-helmintica, reforcando o
interesse nesta planta com o objetivo de aliar seu potencial nutricional a um possivel efeito anti-
helmintico in vivo. A acdo anti-helmintica apresentada pela planta pode ter relagdo com a presenca
de taninos, pois as fracbes mais ativas foram aquelas em que 0s taninos sdo mais sollveis. A
dificuldade em se trabalhar com extratos é justamente tentar relacionar a atividade biologica
apresentada pelos extratos e fracOes a seus componentes, ou seja, determinar se o feito bioldgico
observado € devido a um Unico composto, ao sinergismo entre varios compostos ou efeito somatorio

de varios componentes ativos.
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ARTICLE INFO ABSTRACT
Article history: This study describes the in vitro anthelmintic activity of extracts from Opuntia ficus indica against gas-
Received 20 October 2015 trointestinal nematodes of sheep. The anthelmintic activity was evaluated by inhibition of egg hatching,
Received in revised form 22 June 2016 larval development and larval migration assays. The residual agueous fractions from cladodes and fruits
Accepted 23 June 2016 showed higher ovicidal activity with ECsp values of 7.2 mg/mL and 1.5 mg/mL, respectively. The agque-
ous, hexane, and ethyl acetate fractions from fruits and the aqueous fraction from cladodes inhibited
gﬁz‘;rs:;a 100% of larval development at the lowest concentration tested (1.56 mg/mL). The crude cladode and fruit
Phytotheraﬁ; ethanolic extracts inhibited larval migration and showed ECsp values of 0.74 mg/mL and 0.27 mg/mL,

respectively. Phytochemical screening detected high concentrations of alkaloids, tannins, flavonoids, and
saponins in the fruits and cladodes. The results demonstrated that O. ficus exhibits anthelmintic activity
in vitro, suggesting that, beyond its nutritional potential, this plant can also be an ally for parasite control

Anthelmintic activity

in sheep.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The indiscriminate use of synthetic anthelmintics has selected
resistant parasites, further aggravating the problem of parasitosis
in small ruminants (Botura et al., 2013).

Medicinal plants have emerged as an alternative to the use of
synthetic anthelmintics worldwide, but there is a lack of scientific
evidence regarding their effectiveness and their excess ingestion
may pose arisk to animals (Rajeswari, 2014). Therefore, it is manda-
tory to evaluate whether medicinal plants are safe to use for the
control of parasitosis in small ruminants.

Opuntia ficus-indica, belonging to the family Cactaceae, is a com-
mon plant in the Cerrado and Caatinga biomes ( Griffith, 2004). This
plant displays anti-inflammatory, analgesic, antioxidant and antivi-
ral activities (Stintzing and Carle, 2005). Furthermore, a review on
folk veterinary medicine demonstrated the use of 0. ficus as a plant
for ethnoveterinary medicine in Italy (Viegi et al., 2003), and in
Brazil this species is widely used in feeding sheep (Veras et al.,

* Corresponding author.
E-mail address: rosangela@dfq.feis.unesp.br (R.S. Laurentiz).

http:f/dx.doi.org(10.1016fj.vetpar.2016.06.030
0304-4017/@ 2016 Elsevier BV. All rights reserved.

2002). Considering that sheep feed on 0. ficus in several places,
and that finding alternative ways to control parasitosis is neces-
sary, this study evaluated the ovicidal and larvicidal activity of 0.
ficus by means of in vitro assays.

2. Materials and methods
2.1. Plant materials

Plant materials were collected in the municipality of [Iha Solteira
in the state of S3o Paulo, Brazil in September 2014. Cladodes were
dried in a circulating air oven (50°C). The pulp was removed
from ripe fruits and frozen. The crude cladode ethanolic extract
(CCE) was prepared from 28 g of powdered cladodes in 200 mL
of ethanol (70%) by the exhaustive maceration method for seven
days. The crude fruit ethanolic extract (CFE) was obtained by cen-
trifuging the pulp (2054g) with 10 mL of ethanol (70%) for 15 min.
The supernatant was filtered and evaporated. The partition of the
extracts was performed by diluting 1.5 g of the crude extract with
20mlL of ethanol (70%) and successively extracting with hexane,
dichloromethane, and ethyl acetate. The extraction process was
repeated three times for each solvent. All extracts were frozen.
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2.2. Phytochemical analysis

Phytochemical assays were performed to detect flavonoids,
alkaloids, anthraquinones, saponins, coumarins and tannins in the
fruit and cladode extracts according to Harborne (1998).

2.3. Bromatological composition

The moisture content, mineral matter, crude fat, dry matter,
crude protein and crude fibre were determined according to Silva
and Queiroz (2006).

24. Egg hatch assay (EHA)

Eggs were collected from the donor sheep (95% Haemonchus
contortus and 5% Trichostrongylus sp.) and washed repeatedly with
distilled water according to Coles et al. (1992 ). The egg suspension
(100 p.L/100 eggs), and 100 pL of extract at different concentra-
tions (3.12, 6.25, 12.5, 25.0, 50.0 and 100 mg/mL) were incubated
for 48 h at room temperature. The eggs and L1 were counted under
a microscope. The controls were performed in parallel. Five repli-
cates for each concentration of the extracts and for each control
were performed.

2.5, Larval development assays (LDA)

The egg suspension (100 Ly 100 eggs), 90 LL of nutritive media
(1gof yeastin 90 mL of normal saline and 10 mL of Earle's balanced
salt) and 10 L of amphotericin (25 pg/mL) were added to each
well of a 24-well plate. The plates were incubated at 25 “C for 48 h.
Then, 200 p.L of extract was added at the same concentrations used
for the EHA. Ivermectin (10 j.g/mL) and distilled water were used
as positive and negative controls, respectively. Five replicates were
carried out for each concentration and the controls. The plates were
incubated for five days. The number of L1 and L3 in each well was
counted under a microscope (Costa et al., 2008).

2.6. Larval migration inhibition assays (LMIA)

One thousand live L3 were added to Falcon® tubes containing
the negative control (PBS; pH 7.2), an anthelmintic control (lev-
amisole at 1.25mg/mL) or the extract at different concentrations
(3.12,6.25,12.5,25.0,50.0 and 100 mg/mL) to be tested. After incu-
bation for 3h at 28°C, the L3 in each tube were washed with PES
and centrifuged (2054g) three times. The tubes were capped with a
25 pum steel mesh and placed on a Petri dish. After 3 h of incubation,
the number of larvae that migrated through the mesh was counted
at 40 magnification by means of the 15% aliquot technique ( Rabel
et al.,, 1994).

2.7. Statistical analysis

The data obtained during the in vitro assays were analyzed by
ANOVA and compared by the Dunnet test (5%). The ECsp values (at
a concentration that yielded a response of 50%) were calculated by
means of nonlinear regression analysis conducted with the aid of
the GraphPad Prism version 5.0.

3. Results
3.1. Yield of extracts

After the extraction with ethanol (70%), 28 g of the cladodes
furnished 3.0 g of CCE. The extraction of 30 g of fruit with ethanol

(70%) produced 3.8 g of CFE. The partition of 1.5 g of CCE in solvents
of increasing polarity furnished 0.27g, 0.28¢g, 0.30¢g and 0.31g,

Percentages of inhibition of larval migration (mean + SD) of sheep gastrointestinal nematodes (95% Haemonchus contortus) by the crude extracts from cladodes (CCE) and fruits (CFE) of Q. ficus.

Table 3

ECsp

Controls

Extracts

Concentrations (mg/mL)

3.12 1.56 0.78 039 Levamnisol e PBS

6.25

50 25

100

125

074
027

9565 £042% 89,9+ 0.488 86.2+0.18% 837 £0.4704 824 +£06°0 799+ 0495 6634 0340 44,94 1,850 38,14+ 019 95,2+ 0624 2344 067
a2 4+ 0558 48,04 1,276 3.2 £ 0944

CCE
CFE

95.2+0914

64,94 0,530

845 +0.540 838 +0.2674 832+024™ 745+ 0,455

85.6+0.420

955 +05M

Small letters compare mean between columns and capital letters lines columns (P< 0.05). Levamisole (0.025mg/mL) is a positive control; PBS is a negative control.
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respectively, of the fraction in hexane (HFC), dichloromethane
(DFC), ethyl acetate (EAFC) and residual aqueous solution (AFC).
The same procedure was repeated with 1.5 g of CFE to obtain 0.60 g,
063¢g, 0.24g and 0.27 g, respectively, of the fraction in hexane
(HFF), dichloromethane (DFF), ethyl acetate (EAFF) and residual
aqueous (AFF) solution.

3.2. Phytochemical analysis

The phytochemical analysis of CCE and CFE revealed the
presence of alkaloids, flavonoids, coumarins, tannins, phenolic
compounds and saponins in high quantity.

3.3. Bromatological composition

For the fruits, the values for crude fibre, crude protein, ether
extract, dry matter and moisture were 17.06%, 5.85%, 3.92%,7.75%
and 92.24%, respectively. For cladodes, these values were 9.91%,
3.79%, 1.51%, 5.28% and 94.72, respectively, with the SD lower than
1% for all parameters. These values are within an acceptable range
of variation (Galvao Junior et al., 2014).

34. Egg hatch assay

The percentages of egg hatch inhibition by the extracts are pre-
sented in Table 1. Opuntia ficus extracts and fractions significantly
(P <0.05) inhibited egg hatching with a dose-dependent effect.

3.5, Larval development assay

The CCE, CFE and fractions, with the exception of HFC and DFC
(Table 2), were effective at inhibiting larval development, even at
the lowest evaluated concentration.

3.6. Larval migration inhibition assay

The treatment of infective gastrointestinal nematode larvae
with CCE and CFE, as well as levamisole, led to a significant reduc-
tion in the number of larvae recovered by the migration test
compared to the negative control (P<0.05). The assays revealed
a dose-dependent behavior for the crude extracts (Table 3).

4. Discussion

The use of plants and their extracts has been an adopted
alternative for the treatment of ovine gastrointestinal parasites
in several places around the world (Rajeswari, 2014). Our study
clearly showed that O. ficus extracts were effective against eggs and
larvae of H. contortus based on the assay results. The crude extracts
CCE and CFE possess several classes of phytoconstituents that were
responsible for the anthelmintic activity demonstrated.

The AFC and AFF-containing flavonoids, saponins and tannins
were the fractions with the greatest activity in all of the in vitro
assays. These substances are known for anthelmintic properties
that act synergistically to inhibit eggs from hatching (Botura et al.,
2013). The less polar fractions were the least active with the excep-
tion of HFF, whose action can be related to the presence of terpenoid
pigments in the fruits.

The CCE and CFE showed significant inhibition of larval migra-
tion with a dose-dependent response. Saponins and tannins in
these extracts may act in conjunction; the saponins interact
with cell membranes, resulting in destabilization and subsequent
increased cell permeability that eases the action of tannins onintra-
cellular proteins of the parasite (D’Addabbo et al., 2011).

Numerous biological properties of the 0. ficus fruit has been
associated with the presence of betalains (Stintzing and Carle,

2005; Goncalves et al., 2015); however, the literature does not con-
tain any mention of the anthelmintic action of these substances.
The results of the phytochemical screening for cladodes and fruits
are in accordance with Chiteva and Wairagu(2013), however minor
variations can occur due to age, environment conditions and matu-
ration stage of the fruits. Nutritional parameters are also affected by
the age of the plant as demonstrated by Galvao Junioretal.(2014)in
that younger plants present higher crude protein levels than used
in this study.

Many studies have shown the anthelmintic action of plants
(Rajeswari, 2014); however, our study is the first to analyses and
test 0. ficus for its anthelmintic activity. We demonstrated that O.
ficus showed ovicidal and larvicidal activity. Furthermore, studies
conducted by Bispo et al. (2007) showed that the inclusion of up
to 56% of 0. ficus in ovine feed does not cause toxicity or delete-
rious effects on the animals’ performance, which further supports
the use of the O. ficus.

In conclusion, our results provide support for conducting in vive
assays to verify the anthelmintic activity of this plant and for using
edible plants in parasite control.
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3. Isolamento de compostos da Piper cubeba e atividades biol6gicas

Os frutos da Piper cubeba sdo usados como condimento e também na medicina popular da
Indonésia para o tratamento da gonorreia, disenteria, sifilis, dor abdominal, diarreia, enterite e asma.
Os frutos séo ricos em lignanas e este foi o fato que nos chamou atencdo, pois as propriedades
bioldgicas atribuidas aos frutos poderiam ter relacdo justamente com a presenca desses compostos.
As lignanas apresentam uma grande variedade estrutural e de propriedades bioldgicas que as tornam
potenciais alvos para o desenvolvimento de novos farmacos.

Dentre as varias lignanas dos frutos da P. cubeba extraimos 10 delas com as quais trabalhamos
nos Gltimos 10 anos, com maior énfase para a cubebina, diidrocubebina, hinoguinina, O-etilcubebina,
O-metilcubebina e iateina. Nos proximos tépicos comento alguns artigos que publicamos com as

lignanas da P. cubeba.

3.1. COX Inhibition Profiles and Molecular Docking Studies of the Lignan Hinokinin and Some
Synthetic Derivatives

Em um de nossos estudos sobre as lignanas da P. cubeba idealizamos 500 estruturas anélogas
desses compostos para a realizacdo de estudos in silico com as enzimas COX-1 e COX-2 a fim de
selecionar dentre esses compostos aqueles com comportamento semelhante a anti-inflamatérios
seletivos COX-2. Nos ensaios preliminares utilizando o programa GOLD, somente 10 estruturas
apresentaram bons resultados, porém apenas 3 delas foram selecionadas, de inicio, para um estudo
mais aprofundado. O trabalho que comento contem estudos in silico com esses 3 compostos utilizando
docking consensual com trés diferentes programas de modelagem molecular e ensaios in vitro com
as enzimas COX-1e 2.

A partir do extrato hidroetanélico da P. cubeba foi extraida a hinoquinina, a partir da qual foram
obtidas a diidrocubebina e a dinitrohinoquinina. O docking consensual usando como alvo bioldgico
as enzimas COX-1 e 2, os trés compostos selecionados e os padrdes de comparacdo (rofecoxibe,
celecoxibe e meloxicam) forneceu resultados que indicam similaridade de comportamento entre
dinitrohinoquinina e o rofecoxibe. Nos ensaios in vitro a dinitrohinoquinina foi cerca de 13 vezes
mais seletiva para a COX-2 do que para a COX-1.

De acordo com os resultados obtidos no modelo in vitro utilizado aliado aos resultados do
estudo in silico pode se concluir que a dinitrohinoquinina apresenta caracteristicas interessantes e

pode ser um potencial alvo para o desenvolvimento de farmacos seletivos para COX-2.



www.molinf.com

DOI: 10.1002/minf.201800037

15

COX Inhibition Profiles and Molecular Docking Studies of
the Lignan Hinokinin and Some Synthetic Derivatives

Alexandre Borges,* Rosana Casoti,”” Marcio Luis Andrade e Silva,” Nayane Larissa da Cunha,
Ana Paula da Rocha Pissurno, Daniel Fabio Kawano,” and Rosangela da Silva de Laurentiz”

Abstract: Encouraged by the anti-inflammatory activity of
hinokinin in vivo, which is also observed for the analogues
dinitrohinokinin and diidrocubebin, herein we used in vitro
and in silico methods to assess their selectivity profiles and
predict their binding modes with Cyclooxygenases (COX-1
and 2). The in vitro assays demonstrated dinitrohinokinin is
about 13 times more selective for COX-2 than for COX-1, a
similar profile observed for the drugs celecoxib (selective
index == 9) and meloxicam (selective index == 11). Predictions

of the binding modes suggested dinitrohinokinin interacts
with COX-2 very similarly to rofecoxib, exploring residues at
the hydrophilic pocket of the enzyme that accessible to
ligands only in this isoform. This lignan also interacts with
COX-1 in a similar mode to meloxicam, blocking the access
of the substrate to the catalytic cleft. Therefore, dinitrohino-
kinin is a promising lead for the design of selective COX-2
inhibitors.

Keywords: Oximeductases - Inflammation - Molecular Docking - Lignans - Cyclooxygenases

Cyclooxygenases (COXs) (EC 1.14) are endogenous enzymes
that catalyze the first step in the conversion of arachidonic
acid into prostaglandins, leukotrienes and thromboxanes.
The amino acid residues that compose their active sites and
closely adjacent areas in the isoforms of COX (COX-1 and 2)
are nearly identical, except for the exchange of lle**, lle**
and His*™® in COX-1 by, respectively, valine, valine and
arginine in COX-2. COX-1 is predominantly a constitutive
enzyme, which is associated with the homeostasis of many
tissues including the gastrointestinal tract (gastric cytopro-
tection), kidneys (maintenance of the renal plasma flow and
the filtration rate under systemic conditions of vasoconstric-
tion) and platelets (platelet aggregation). The COX-2
isoenzyme is tissue specific, being widely induced by
inflammatory agents and expressed in many types of
cancer, in the hippocampus and in the female reproductive
tissue.™

As COXs play a role in the inflhmmatory processes, they
were targeted for the development of non-steroidal anti-
inflammatory drugs (NSAIDs). However, while classic NSAIDs
inhibit COXs in a non-selective way, promoting undesirable
side effects due to COX-1 inhibition (e.g. gastric irritation
and ulcers), the chronical use of fully selective COX-2
inhibitors is associated with increased risks for cardiovascu-
lar diseases. Therefore, current researches focus on the
search for compounds that inhibit COX-2 more efficiently
than COX-1, hindering the gastric side effects due to the
strong inhibition of COX-1 and the cardiovascular effects
resulting from the very marked inhibition of COX-2.["~

MNature has been a source of inspiration for the design of
COX inhibitors and, although several natural products were
assayed for anti-inflammatory activities inwvivo, little is
known about their mechanism of action. Among these
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compounds is hinokinin (1) (Figure 1), a lignan found in
Piper cubeba that exhibits analgesic and anti-inflammatory
activities in vivo, as well as some of its synthetic derivatives,
dinitrohinokinin (2) and diidrocubebin (3)." In addition to
their anti-inflammatory actions, these lignans have interest-
ing structures since 1 and 2 enclose cores that resemble the
structures of rofecoxib (4) and celecoxib (5), selective COX-2
inhibitors (Figure 1).

Structurally, the coxibs display two aromatic rings, one
with hydrogen acceptor groups, and a central heterocycle
with hydrogen acceptor substituents. "** For meloxicam
(6), which is also a COX-2 selective NSAID, an amide links a
heterocycle to a bicycle system containing H acceptor
groups.
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Figure 1. Structures of hinokinin (1), dinitrohinokinin (2), dihydrocu-
bebin (3), rofecoxib (4), celecoxib (5) and meloxicam (6).

Herein we hypothesized the lignans 1 and 2 could
display similar binding modes to 4 and 5. We also studied 3,
where the lactone of 1 and 2 was reduced to a less
conformationally restricted butanedioic group. Such com-
parison would permit assessing if the replacement of the
central ring by a linker where carbons freely rotate around
the axis of the o bond would alter the in vitro COX-1/2
inhibition profile, which would also reflect its divergent
binding modes with the COXs. In this context, we assessed
the inhibition affinities of 1-3 against COX-1/2 and
evaluated their selectivity profiles. To predict their binding
modes with COXs, consensus molecular docking studies
were also performed using rofecoxib (4), celecoxib (5) and
meloxicam (6) as reference ligands.

In Vitro Assays for COX-1/2 Inhibition and Selectivity
Profiles. The COX-1/2 inhibition affinities of lignans 1-3
were assessed using the immunoenzymatic assay (EIA)
method, with the samples tested in triplicates (N=3). The
IC,; (half-maximal inhibitory concentration) and selectivity
indices were calculated, respectively, from experimental
data and the rate of ICsycgx.1/1Csocox (Table 1)

Table 1. In vitro inhibition profiles for COX-1/2 and the correspond-
ing selectivity indices calculated for 1, 2, 3, 4" 59 and 6=

Compound 1Csq (M) Selectivity Index
COX-1 COX-2 COX-1/COX-2

1 105.54 28.95 3.65

2 157.56 11.66 13.51

3 4424 3271 135

4 63 0.31 =50.00

5 1.2 0.34 9.33

6 57 0.23 11.00

*Values for the positive controls are reported in the supplementary
material.

The tested compounds displayed affinities for COX-1 in
the 40-160 micromolar range, following the inhibition
order: diidrocubebin (3)= hinokinin (1) > dinitrohinokinin
(2). Concerning COX-2 inhibition, binding affinities were in
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the range of 10-35 micromolar and the order was
dinitrohinokinin  (2) > diidrocubebin  (3) = hinokinin  (1).
Therefore, dinitrohinokinin was the most selective lignan,
with a inhibition profile very similar to celecoxib (5) and
meloxicam (6), which are dlinically useful NSAIDs.™

According to Warner et al." selectivity indices ranging
from 5 to 50 are associated with compounds that markedly
inhibit more the COX-2 isoform than COX-1, and represents
the ideal range for the development of safe and selective
COX-2 inhibitors. Selectivity indices below of 5 are found for
non-selective inhibitors, which bind to both isoforms of the
enzyme (e.g. indomethacin). The strong inhibition of COX-1
will then affect the biosynthesis of prostanoids related to
several homeostatic processes, such as gastric cytoprotec-
tion and coagulation.”'?

Selective indices above of 50 are indicatives of a high
degree of selectivity for COX-2, such as observed for
rofecoxib (4).” However, a strong inhibition of COX-2 (with
a minimal or insignificant inhibition of COX-1) will con-
stantly trigger platelet aggregation to, ultimately, cause
atherosclerosis, then increasing the risks for cardiovascular
events such as myocardial infarction and stroke.”™ There-
fore, one may consider hinokinin (1) and diidrocubebin (3)
as non-selective COX inhibitors, while dinitrohinokinin (2)
has a COX inhibition profile similar to the safest COX-2
selective NSAIDs.

Studies of the Binding Modes at the Catalytic Site of
COX-1/2. To gain a better insight concerning the in vitro
results of 1-3, molecular docking studies were performed
for the two COX isoforms using a consensus docking
strategy." Results for the lignans were analysed and
compared to those obtained for NSAIDs 4-6. Meloxicam (6),
despite of being a selective inhibitor of COX-2, display a
different mode of inhibition than the coxibs, since it does
not interact the hydrophilic pocket of COX-2. As a result, it
was also selected as a reference compound."*'

The choice for consensus docking allows a better
reliability concerning the study of the binding modes since
individual docking software commonly fails in accurately
describing protein-ligand interactions. This typically occurs
because their scoring functions are designed to work with a
large set of target proteins and not to a particular protein
or class of specific proteins (e.g. soluble enzymes versus
membrane receptors).'**? Therefore, the individual limita-
tions of each software or algorithm can be minimised by
replacing the final result with an average of the multiple
scoring functions.”

AutoDock 4.2 GOLD 5.3"*™ and Maestro 10.1"* were
then used to perform the consensus analyses of the binding
modes. Their sampling algorithms, although specific, are all
considered as stochastic methods, where random searches
in the conformational space are performed to find the best
pose for the ligands” Both AutoDock and GOLD use
search algorithms based on theories originally postulated in
the fields of natural genetics and biological evolution,"'*
while Maestro selects the most energetically favourable

Mol. Inf. 2018, 37, 1800037 (2 of 8) 1800037
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conformations using a Monte Carlo-based sampling algo-
rithm."¥ As described for the sampling algorithms, the
scoring functions of these programs are also different,
which helps to improve the reliability of their predictions.

The accuracy of the docking programs regarding the
precise generation of the binding poses was validated by
redocking,”' where a root mean square deviation (RMSD)
value of 20A was established as the threshold.”" The
redocking results for the celecoxib-COX-1 and rofecoxib-
COX-2 complexes are described in the supplementary
material. According to these results, the poses calculated by
the docking programs were able to describe binding modes
similar to those observed in the COX-ligand crystallographic
complexes. For the analyses of the intermolecular inter-
actions, only poses considered as equivalent from the three
software packages were chosen, which were then ranked
for selection using the consensual rank-by-rank average
method.™"

Poses with RMSD < 2.0 A were assumed as equivalent
while 2.0A<RMSD<3.0A indicated a partial equiva-
lence.”**" These criteria were established by the work of
Vieth et al™ while assessing the selectivity/efficiency of
docking algorithms. However, although an RMSD<2.0 is
widely used to suggest the success of a docking method in
reproducing a known binding mode, such generalizations
have inherent biases since they are highly dependent on
the number of rotatable bonds of the ligand. Consequently,
docking programs usually find troubles in the correct
positioning of very flexible ligands.” RMSD values from the
poses of 1-6 for COX-1 and COX-2 are displayed in the
Tables 2 and 3, respectively.

Table 2. *RMSD values of 1, 2, 3, 4, 5 and 6 for COX-1. AutoDock
(AD), GOLD (G) and Maestro (M).

Compound AD/G AD/M G/M
1 2.04 1.95 0.54
2 1.29 3.00 3.00
3 257 288 0.56
4 0.63 0.75 0.36
5 0.58 1.01 0.99
6 0.89 1.36 0.81

*RMSD - Root Mean Square Deviation.

As observed, all compounds displayed RMSD values
within the threshold stablished for the analysis, except by
the poses of compound 2 for COX-2 (Table 3) generated by
the Maestro 10.1 software.”**" Therefore, this particular
docking output was discarded for the analyses. Scores from
the three software packages for the poses chosen for
analysis of interactions with both COX-1 and COX-2 are
reported in the supplementary material.

Regarding the analysis of interactions from the poses
considered as equivalent or partially equivalent at the COX-
1 complexes, it is interesting to note all compounds can be
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Table 3. *RMSD values of 1, 2, 3, 4, 5 and 6 for COX-2. AutoDock
(AD), GOLD (G) and Maestro (M).

Compound AD/G AD/M G/M
1 1.60 1.07 1.51
2 077 6.87° 7.05°
3 1.98 0.7 2m
4 0.46 0.79 0.63
5 1.30 0.79 1.01
6 132 2.54 273

*RMSD - Root Mean Square Deviation, "RMSD values above the
stablished threshold for the analyses of the intermolecular
interactions using consensus poses.

categorized in only two different fitting patterns at the
protein-binding site. Compounds 4 and 5 (Figures 2-D and
2-E) fill the whole active site, interacting with residues
positioned both at the mouth (entrance) of the catalytic site
(Val"™, Arg™®, Val*”, Leu*?, Ser'® Tyr'™ and Leu®™") and at
the roof (top) (Phe®, Leu®™, Tyr**, Trp* and Met™),
besides of the differences in their interaction modes.

Compound 6 and lignans 1-3 (Figures 2-A, 2-B, 2-C and
2-F) interact only with residues close the mouth of the
active site (Val''®, Arg'®, Val**, Leu®? Ser'™ Tyr** and
Leu*). These compounds are predicted inhibiting the
activity of COX-1 by blocking the entrance of the active site,
then preventing its substrate, arachidonic acid, from reach-
ing the catalytic cleft of the enzyme.

Unlike the observed for COX-1, all compounds filled the
COX-2 binding site in a very similar arrangement (Figure 3-A
through 3-F). Comparisons between the poses from 4
(Figure 3-D) and 2 (Figure 3-B) suggest these compounds
display very similar binding modes, since both perform a
classic hydrogen bond with His®, a non-classical hydrogen
bond with Ser®™ and hydrophobic interaction with the
Ala** residue. Concerning Arg®", a residue at the bottom of
the hydrophilic pocket that plays a fundamental role in the
selectivity of some coxibs for COX-2,""" the consensus
poses of 4 suggest an hydrogen bond between its
methylsulfone group and the guanidine group of the amino
acid residue.

Alternatively, compound 2 displays an hydrogen bond
with the backbone of Phe®, which is also a residue from
the hydrophilic pocket of COX-2 and, accordingly, is relevant
for the selectivity for COX-2"""® Comparisons between the
poses of 2 and 5 (Figure 3-E), highlight that both display
classical hydrogen bonding with the His® residue and
hydrophobic interactions with Ser'®, VaF* and Ala*".

For 1 (Figure 3-A), it is suggested the existence of
classical hydrogen bonding with the guanidine group of
Arg™" as well as hydrophobic interactions with Ser**, Val**
and Ala*”, similarly as described for 4. Compound 3
(Figure 3-C), in spite of displaying a similar binding mode to
meloxicam (6) concerning the absence of interactions with
the residues from the hydrophilic pocket of COX-2, also

Mol. Inf. 2018, 37, 1800037 (3 of 8) 1800037
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performs fewer/weaker interactions than the reference
NSAID.

Therefore, concerning COX-2, compounds 1 and 2
qualitatively displayed similar binding modes to the coxibs
4 and 5. However, it is important to highlight that 2 is
predicted to interact more intensively with the COX-2
hydrophilic pocket than 1 and, accordingly, display a closer
fitting pattern to 4. As previsouly stated, both compounds
have groups interacting with His®, but while 4 display an
additional interaction with Arg®"®, the corresponding one in
2 would be with Phe®'®,

Wiley Online Library
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The concerted analysis of the in vitro and in silico results
for lignans suggest that, although compound 1 interacts
with the hydrophilic pocket of COX-2, as highlighted by the
docking simulations, such interactions are not substantial
enough to confer a high degree of selectivity, as demon-
strated by the in vitro assays. For compound 3, the absence
of interactions with the hydrophilic pocket of COX-2 in
association with fewer/ weaker interactions than the
reference ligand used for the study of the binding modes
(6), results in a nearly complete absence of selectivity.
Therefore, the lactone ring per se does not significantly

Mol. Inf. 2018, 37, 1800037 (4 of 8) 1800037
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affect the selectivity by the COXs, considering its replace-
ment by a linker with an equivalent length.

Compound 2 achieved a selective index comparable to
the ones from celecoxib (5) and meloxicam (6). However,
in spite of a very similar binding mode to the rofecoxib (4)
at the catalityc cleft of COX-2, this compound was predicted
to interact with residues near or at the mouth of COX-1, as
it was also observed for 1, 3 and even 6. In fact, bulkier
substituents (as the 1,3-dioxolane substituents in lignans
when compared to the corresponding groups of the coxibs)
tend to impact more on the interaction with COX-1 because

Wiley Online Library
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of its narrower access to the catalytic cleft in comparison to
cox-2.1

Therefore, lignan 2 may be considered as a promising
compound for the design of selective COX-2 drugs. As we
have demonstrated herein, even miner medifications, as the
insertion of the nitro groups at the C6/C6’ for the design of
2, can yield lignans with substantial selectivity for the COX-
2 isoenzyme.

Mol. inf. 2018, 37, 1800037 (5 of 8) 1800037
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Experimental Section and Computational
Methods

Isolation and Semisynthesis of Lignans. According to the
methods reported by Da Silva et al," 1 was extracted from
the Piper cubeba fruit and, after subsequent teratment with
nitric acid, 3 was isolated. The reduction of 1 with lithium
aluminum hydride in THF provided (after purification by
silica gel column chromatography in hexane:ethylacetate,
1:1) dihydrocubebin (2), as previusly reported by Laurentiz
et al”™ All compounds displayed purity >95%, as deter-
mined by HPLC and NMR analyses and are in agreement
with data published in the literature. (supplmentary materi-
al).

In Vitro Assay for Cyclooxygenase Inhibition. The anti-
inflammatory assays were performed using the COX-1 and
COX- 2 (catalogue #560101) screening kits from Cayaman
Chemical's ACETM according to manufacturer's instructions
and a previously reported method,”” using triplicates in five
concentrations (100, 10, 1, 0.1 and 0.001 pg/mL). Com-
pounds 1, 2 and 3 and standard compounds were inially
dissolved in DMSO and, subsequenlty, in the buffer. The
IC50 wvalues were determined by the sigmoidal dose-
response curves (GramPadPrism 5.0). The standard inhibitor
for COX-1 was indomethacin (purity >99%, TLC; Sigma®)
and celecoxib (purity = 98 %, HPLC; Sigma®) for COX-2.

In Silico Methods. Consensus docking studies™™" for
the COX-1 and COX-2 complexes with compounds 1-6
were performed using the AutoDock 4.2,"" GOLD 5.11*
and Maestro 10.1" software packages. Ligand binding sites
were calculated using Discovery Studio 2016 software.

The crystallographic structure of the rofecoxib in
complex with the human COX-2 (PDB ID 5KIR) and the
homology-modelled structure of COX-1 in complex with
celecoxib were used for the analyses. The model of human
COX-1 was built using the COX-1 from sheep (=91% of
identity) as the 3-D template (PDB ID 3KK6;), using the web
servers MUSCLE and SWISSMODEL. Model validation was
performed using the QMEAN scoring function value (—0.74)
and the Ramachandran plot (99.8% of residues in allowed
regions).?"*” The Q-Mean (Qualitative Model Energy ANaly-
sis) is a scoring function that describes the major geo-
metrical aspects of a single protein structure and, con-
sequently, reflects the general reliability of the model.”" The
Ramachandran plot relays on the principle that, due to
steric hindrance, the main chain of a polypeptide typically
assumes preferred, energetically favorable conformations.
Deviations from these ideal conformations (expressed as
allowed regions in the plot) are used as indicators of
potential errors in the model.* For the docking simulations,
proteins were prepared excluding water molecules and
ligands other than the reference NSAIDs, followed by the
addition of polar hydrogen atoms. For each compound, the
best consensus arrangements were selected for the analysis
of the poses using the Discovery Studio 2016 software
package.
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3.2. In vitro anthelmintic activity of the crude hydroalcoholic extracts of Piper cubeba fruits and
isolated natural products against gastrointestinal nematode in sheep

O objetivo deste trabalho foi a avaliacdo anti-helmintica tanto do extrato dos frutos quanto das
lignanas isoladas. As lignanas e o extrato foram escolhidos para essa avaliagdo devido as atividades
antiparasitarias que apresentaram contra outros parasitas em estudos anteriores publicados pelo nosso
grupo de pesquisa. Neste trabalho, comprovamos a atividade anti-helmintica in vitro tanto do extrato
quanto das lignanas. Os resultados dos ensaios in vitro foram essenciais para o desenvolvimento do
ensaio in vivo que culminou na solicitagdo de patente junto ao INPI intitulada “Produto
Compreendendo Extrato de Piper Cubeba e seu Uso, 2019” em parceria com pesquisadores da
UNESP-Dracena.
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ARTICLE INFO ABSTRACT

Keywords: This study describes the in vitro anthelmintic activity of a hydroaleoholic extract from the fruit of Piper cubeba
Cubibin and its major isolated components against the eggs and larvae of gastrointestinal nematodes obtained from
Hinokinin naturally-infected ovines. In vitro anthelmintic activity was evaluated using the egg hatch test (EHT), larval
Dihydrocubehin development test (LDT) and L3 migration inhibition test (LMT). The extract showed ovicidal and larvicidal
:’g:‘iﬁgf;f:‘m test activity, with an ECs; of 200 pg/mL and 83.00 pg/mL in the EHT and LDT, respectively. The extract inhibited

100% of larval migration at the lowest tested concentration (95 pg/mL). The crude extract was purified using
successive silica gel chromatographic columns, which revealed the lignans hinokinin, cubebin and dihy-
drocubebin as the major compounds that were present, which were then used in in vitro tests. Cubebin, dihy-
drocubebin and hinokinin showed higher activity than the crude extract, with an ECs for ovicidal activity of
150.00 pg/mL, 186.70 pg/mL and 68.38 pg,/mL, respectively. In the LDT, cubebin presented an ECsq of 14.89pg/
ml and dihydrocubebin of 30.75 pg/mL. Hinokinin inhibited 100% the larval development at all concentrations
evaluated. In the LMT, dihydrocubebin inhibited 100% the larval migration in all concentrations evaluated
while cubebin and hinokinin showed ECs o values of 0.89 pg/mL and 0.34 pg/mL, respectively. P. cubeba extract
is rich in several classes of active compounds, but here we demonstrate that the described anthelmintic activity
may be related to the presence of these lignans, which are present in larger concentrations than other compo-
nents of the extract. Our results demonstrate for first time the anthelmintic activity against gastrointestinal
nematodes in sheep for this dass of special metabolites that are present in P. cubeba fruit. However, future
detailed studies are needed to evaluate the effectiveness of P. cubeba fruits extract and active lignans in in viwo
Tests.

Larval development test

1. Introduction

The administration of synthetic anthelmintics has for decades
helped to control parasitic infections of gastrointestinal nematodes
(GINs) in small ruminants. However, the indiscriminate use of synthetic
anthelmintics without epidemiological criteria has selected resistant
parasites, further aggravating the problem of parasitosis (Jabbar et al.,
2006; Demessie et al, 2016). Haemonchus contortus is the most

* Corresponding author.
E-mail address: rosangela @dfy. feis.unesp.br (R. da Silva de Laurentiz).

https://doi.org/10.1016/j.vetpar.2019.108932

prevalent and pathogenic nematode found in small ruminants in the
tropics (Besier et al., 2016); it is the main cause of loss of sheep due to
its hematophagous behaviour, causing severe anaemia in animals,
which at high levels of infection causes death.

In recent decades, plants have been used as a promising source of
target molecules for development of new drugs to treat cancer, pain and
parasitic infections. Several research groups around the world have
carried out studies on the use of plants and extracts for the treatment of
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gastrointestinal parasites in sheep. These studies have demonstrated the
importance of this research area as an alternative in the control of the
infection (Qi et al., 2015; Féboli et al., 2016; Katiki et al., 2017; Oliveira
et al.,, 2017; Abidia et al., 2018). Studies examining plant extracts, plant
essential oils and condensed tannins have been carried out to evaluate
their in vitro anthelmintic activity against H. contortus (Katiki et al.,
2013; Qi et al., 2015; Féboli et al., 2016 Katiki et al., 2017; Mengistu
et al., 2015; Oliveira et al,, 2017). The anthelmintic activity of these
plants is generally associated with the presence of tannins (Katiki et al.,
2017; Mengistu et al., 2015; Oliveira et al., 2017). Among these tan-
nins, the main emphasis has been on condensed tannins due to their
occurrence in forages used to feed sheep and their effect on the various
life stages of nematodes (Alonso-Diaz et al., 2008; Chan-Pérez et al.,
2016). However, some studies have also been conducted using non-
tanniferous plants, such as Cymbopogon citratus, whose anthelmintic
properties are related to essential oil components (Macedo et al., 2015),
or plants used in ethnoveterinary practices such as Cissus guad-
rangularis, used in livestock against helminthosis in Ethiopia, with fla-
vonoids as the active compounds (Zencbe et al., 2017).

In addition to the plants described above, Piper cubeba is non-tan-
niferous plant of Asian origin whose fruit is used in Asian cuisine and
Indian traditional medicine to relieve gastric pain, enteritis, diarthoea
and inflammation, and to treat acute jaundice (Chopra et al., 1956). P.
cubeba fruit contains an oil that is rich in terpenes, with sabinene and
encalyptol being of the highest proportion (Magalhaes et al, 2012).
Moreover, P. cubeba fruit hydroalcoholic extract presents about 24
lignans with highly varied chemical structures (Elfahmi Ruslan et al.,
2007). Despite the structural diversity of the components present in the
P. cubeba extract, the biological activities of this extract are generally
attributed to the lignans cubebin and hinokinin, which are the com-
pounds at the highest concentrations (Lima et al., 2018).

The biological properties attributed to P. cubeba fruit extracts, both
in terms of its essential oil and isolated compounds, are analgesic, anti-
inflammatory (Silva et al., 2005), antimicrobial (Silva et al., 2007;
Laurentiz et al.,, 2015), antioxidant (AlSaid et al., 2015) and anti-
parasitic (Magalhdes et al., 2012; Esperandim et al.,, 2013a). Due to
these properties and its low toxicity (Graidist et al., 2015), P. cubeba
fruit appears to be a promising candidate for evaluation against gas-
trointestinal nematodes in sheep. Therefore, the aim of this study was to
evaluate the in vitro anthelmintic activity of the hydroalcoholic extract
and isolated compounds from P. cubeba fruit against gastrointestinal
nematodes eggs and larvae obtained from the faeces of naturally in-
fected sheep using the egg hatch test (EHT), larval development test
(LDT) and L3 migration inhibition test (LMT).

2. Materials and methods
2.1. Plant materials and isolation of major compounds

The dried fruits of the P. cubeba were purchased from Floral Seed
Company, Dehradun, India. The powdered P. cubeba fruits were ex-
haustively extracted by maceration for five days with 70% aqueous
ethanol (500 g seed for 2L ethanol). The extract was filtered and con-
centrated under vacuum to furnish the crude hydroalccholic extract
(PCE), which was fractionated by the partition between the phases of
hexane and methanol/water (9:1) (Laurentiz et al., 2015). The crude
methanol/water fraction (50 g) was submitted to silica gel column
chromatography Bajpai et al. (2016). Elution with increasing propor-
tions of hexane, hexane/ethyl acetate and ethyl acetate yielded 16
fractions (200 mL), of which six, with similar chromatographic profile,
were pooled, concentrated under vacuum and again submitted to silica
gel column chromatography using a gradient crescent of the mixture of
hexane/ethyl acetate. This latter chromatography sequentially pre-
sented three compounds as major products. Compound 1 was eluted
with hexane-EtOAc (9:1), compound 2 was elueted with hexane-EtOAc
{7:3) and compound 3 was elueted with hexane-EtOAc (1:1). These
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compounds were compared with known lignan standards by thin layer
chromatography (TLC) and submitted for analysis by 'H and '*C Nu-
clear Magnetic Resonance (NMR). The PCE and the isolated compounds
were kept frozen into use and after diluted in 0.5% DMSO to obtain the
concentrations used in the in viro tests.

2.2. NMR data

'H and "*C NMR analyses for structural determination of isolated
compounds were performed using a Bruker ARX 500 spectrometer
(Bruker-Germany). Samples for the analyses were prepared by dissol-
ving 10 mg of each isolated compound in 0.5mL of CDCl;. Proton
chemical shifts in CDCl; are associated with the middle of the residual
singlet (§ =7.28 ppm). Carbon chemical shifts were reported in parts
per million (§) relative to CDCl; (77 ppm), and J (coupling constant)
values were reported in hertz. The splitting patterns of protons are
described as s (singlet), brs (broad singlet), d (doublet), dd (doublet of
doublets), t (triplet) and m (multiplet) (Silverstein et al., 2005).

2.3. Recovery and preparation of eggs

The faeces used in in vitro tests were obtained from sheep naturally
infected with gastrointestinal nematodes, being 95% H. contortus and
5% Trichostrongylus sp, the nematode species were determined ac-
cording to Wyk & Mayhew (2013). The faeces samples were obtained
directly from the rectum of a donor animal. The eggs were recovered
with the sequential use of sieves, according to the method described by
Coles et al. (1992), with some modifications. The eggs retained in the
last sieve were washed with distilled water, transferred to Falcon tubes
(50mL) and centrifuged at 2054 x g for 5 min. Then, the supernatant
was removed and a saturated NaCl solution was added to resuspend the
sedimented eggs. After centrifugation under the same conditions, the
supernatant was transferred to 25 pm sieves; the eggs were again wa-
shed with distilled water and transferred to another wbe. The con-
centration of eggs in this tube was estimated by counting the number of
eggs in 50 pL aliquots (5 counts) using the McMaster slide technique
and the suspension was diluted to achieve a concentration of 100 eggs/
100 pL.

2.4. Egg haich test

The eggs suspension (100 eggs/100 pL), and 100 pL of PCE at dif-
ferent concentrations (190-12000g/mL) or lignans (75-1250 pg/mL)
were incubated for 48h at 28 °C in 24-well plate. The eggs and L1 were
counted under an inverted microscope. Albendazole (12.5pg/mL) was
used as a positive control, while 0.5% DMSO was used as a negative
control (Coles et al. (1992). Five replicates for the controls and for each
concentration of the PCE and lignans were performed.

2.5. Larval development test

This test was carried out according to the method described by
Lacey et al. (1995), with some meodifications. The egg suspension
(100 pL/100 eggs), 90pL of nutritive media (1 g of yeast in 90 mL of
normal saline and 10 mL of Earle’s balanced salt) and 10 pL of am-
photericin (Sigma-Aldrich) (25pg/mL) were added to each well of a 24-
well plate. The plates were incubated for 48 h under humidified con-
ditions at 28°C, after which 200 pL of PCE or lignans at same con-
centrations described for the EHT were then added to each well. Iver-
mectin (10 pg/mL) and 0.5% DMSO were used as a positive and
negative control, respectively. Five replicates were carried out for each
concentration and for the controls. The plates were incubated for 5
days. The number of L1/L2 and L3 in each well were counted under an
inverted microscope at 40x magnification.



M.S. de Paula Carlis, et al

2.6. Larval migration test

Infective L3 larvae were obtained by faeces coproculture and col-
lected by sedimentation using Baermann's devices (Van Wyk and
Mayhew, 2013). This material was washed three times with PBS and
transferred to a Falcon tube (Epprendorf #) reservoir. The number of L3
in the reservoir was counted under an inverted microscope at 40x
magnification through 10% aliquots (6-well plate, & counts) and then
the suspension in the wbe was diluted to reach a concentration of 500
L3 /mL. LMT was performed with live L3 stage larvae (1000/tube)
which were added to Falcon (Epprendorf ®) tubes containing either
2mL of the negative control (PBS; pH 7.2), an anthelmintic control
(levamisole at 1.25 mg/mL), PCE or lignans at concentrations as de-
scribed for the EHT. After incubation for 3 h at 28 °C, the L3 in each
tube were washed with PBS and centrifuged (2054 x g) three times. The
tubes were capped with 25pm steel mesh and placed on a Petri dish.
After 3 h of incubation, the number of larvae that migrated through the
mesh was counted under an inverted microscope at 40x magnification,
based on aliquots of 10% (5 counts) (Rabel et al,, 1994).

2.7. Scanning electron microscopy (SEM) processing of L3 stage larvae

The larvae (L3 stage) for SEM analysis were recovered from the
negative control and lignans (150 pg/mL) treatments in the larval mi-
gration test (five L3 for treatment). The L3 were individually preserved
in 2% glutaraldehyde solution in phosphate buffer (0.1 M, pH = 7.4)
and refrigerated at 4 °C until analysis. The fixed larvae were washed in
phosphate buffer (0.1 M, pH = 7.4) and dehydrated in a graded acetone
series (15%, 30%, 50%, 70%, 95% and 100%). The dehydrated larvae
were dried by critical point drying with Leica EM CPD300 (Leica-
Germany) and coated with gold for 2min at 10 A min~. Parasites were
then observed with an EVO L515 scanning electron microscope (ZEISS-
Germany) at an accelerating voltage of 15 kV.

2.8. Statistical analysis

The PCE and lignans concentrations used in the statistical analysis
were the initial concentrations divided in half due to the final dilution
performed during the in vitro tests. Comparisons of mean percentages of
hatching inhibition, larval development inhibition and larval migration
inhibidon at different concentrations with the controls were performed
by one-way ANOVA followed by Tukey’'s test (p < 0.05) using Sisvar
version 5.6 program (Universidade Federal de Lavras, MG, Brazil). The
results were expressed as means + S.E. ECyy (the effective concentra-
tions to inhibit 50% of larvae hatching, larval development and larval
migration of L3), RZ, hill slope (HS) and ECgs (the effective con-
centrations to inhibit 95% of larvae hatching, larval development and
larval migration of L3) were calculated using a nonlinear regression
analysis with 95% confidence (log(agonist) vs. response-variable slope),
using the Graphpad Prism version 8.0 (Graphpad software).

3. Resulis
3.1. Flant materials, compound isolation and NMR identification

After extraction with ethanol, 500 g of the powered P. cubeba fruit
furnished 75 g of PCE (15% vield). Sequential silica gel column chro-
matography of the crude methanol/water fraction from PCE (50 g) with
a mixture of solvent in a crescent polarity (hexane /ethyl acetate, di-
chloromethane) produced three major compounds with mass of 1.04g
{compound 1), 1.15 g (compound 2) and 1.00 g (compound 3). Results
of the NMR analysis (Table 1) confirmed the structures of compounds 1,
2 and 3 as those of hinokinin (HNK), cubebin (CB) and dihydrocubebin
(DHC), respectively, (Fig. 1). The NMR data obtained for these com-
pounds are in agreement with literature data (Silva et al, 2005;
Laurentiz et al., 2015).
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3.2, Egg hatch test

The percentages of egg hatch inhibition are presented in Table S1
and 52 (Supplementary material). PCE, in the highest evaluated con-
centrations, inhibited egg hatching by 100% (Table 5S1), showing ovi-
cidal activity similar to the albendazole control (6.25pg/mL); it had an
ECsy of 200.0 pg/mL with 95% confidence interval (95% CI) range from
190.0 to 210.0, R* = 0.99 and HS = 1.2. HNK was the most efficient
lignan to inhibit egg hatchability, with EC,, of 68.38 pg/mL (95% CI
58.00-85.70, R* = 0.98 and HS = 0.62). CB showed lower activity than
HNEK, with ECg, = 150.0pg/mL (95% CI 143.9-172.0, R®= 0.98,
HS = 0.87), however the lignan less active was the DHC with
ECsp = 186.7 pz/mL (95% CI 173.2-201.2, R® = 0.98, HS =0.90)
(Table 2). The values of HS and R® (Table 2) indicate that the PCE had
an effect dose-dependent higher than the lignans. ECys value for PCE
was 2300 pg/mL (95% CI 2059-2570), for CB, DHC and HNK could not
be determined because the evaluated concentrations did not reach in-
hibidons percentage (Table $2) values necessary for the accurate ECgg
calculations.

3.3. Larval development test

PCE inhibited the development of L1 to L3, even at the lowest
evaluated concentration (Table S1), with an ECg, of 83.00 pg/mL (95%
€1 60.50-114.10), R* = 0.89 and HS = 0.54. CB showed ECs, value of
14.89ug/mL (95% CI 10.87-20.38), R* = 0.93 and HS = 3.03, while
DHC with ECsy of 30.75 pg/mL (95% CI 26.86-35.2), R* = 0.95 and
HS = 1.25 (Table 2) was the lignan less active. ECsy value for HNK
could not be determined, because it exhibited 100% of activity at all
evaluated concentration. DHC showing higher dose-dependent effect
when compared to PCE (Table 2). Although HS for CB have been 3.03
this values cannot be used to evaluate dose-dependent effect, because
only in the concentration of 35.00pg/mL there was percentage of in-
hibidon different of 100% (Table S2). Among the ECy values de-
termined, CB showed EC, = 39.48 pg/mL (95% CI 37.48-41.59) while
for DHC and PCE the ECyg were 320.00 pg/mL (95% CI 233.2-437.3)
and 20,300 pg/mL (95% CI 9,610-42,880), respectively, (Table Z). PCE
was the least active with the highest confidence interval (95% CI).
Overall, larvae were more sensitive to PCE and lignans than eggs and
HMNK was the most active (Table S2).

3.4. Larval migration test

PCE and lignans significantly inhibited larval migration (P < 0.05).
PCE showed 100% efficacy, in all concentrations, with activity similar
to the positive control (Table 51). The ECg, values for CB and HNK were
respectively, 0.89 pg/mL (95% CI 0.55.60-1.43) and 0.34 pg/mL (95%
CI 0.09-1.02). The R* values of 0.9 for CB and 0.84 for HNK together
with HS values (0.19 and 0.20, respectively for CB and HNK) indicate a
lower dose-dependent effect of these compounds on LMT than on EHT
and LDT. The percentage of inhibition for PCE and DHC at the lowest
concentration (35 pg/mL) did not reach values below 50% for cbtaining
of accurate ECsy calculations, so their ECsy could not be determined
(Table 2). DHC showed ECgs = 240 pg/mL (95% CI 145.0-384.4), for
other lignans and PCE the ECys could not be determined, because the
evaluated concentrations did not reach inhibitions percentage values
necessary for the accurate ECys calculations (Table S1 and S2).

3.5. Larval migration test and scanning electron microscopy (SEM)

Structural changes induced in the L3 isolated from LMT performed
with the lignans were assessed using SEM (Fig. 2A-D). The main
changes observed between control (Fig. 2A) and treated L3 involved
mainly the surface of the body (cuticle) (Fig. 2B-D). L3 cuticle was
injured, with internal content exposure and loss of cylindrical shape
mainly after treatment with HNK and DHC (Fig. 2C and D).
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Table 1
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'H and *C NMR chemical shifts 8 (ppm), multiplicities and coupling constants J for hinokinin (1), cubebin (2) and dihydrocubebin (3) in CDCla.

8y (multiplicity, H number and J)

&

6.8-6.4 (m, H arom), 5.9 (br.s, 4H), 4.15 (dd, 1H, J = 7.1 Hz and J = 9.3 Hz), .85
(dd, 1H, J = 7.1 Hzand J = 9.1 Hz), 3.0 (dd, 1H, J = 51 Hzand J = 14.2 Hz),

178.4, 147.9, 147.8, 146.5, 146.4, 131.6, 131.3, 122.2, 121.55,
109.4, 108.8, 108.4, 108.3, 101.0, 71.2, 46.4, 41.3, 38.4, 34.8,

148.0, 147.9, 143.6, 146.1, 134.9, 134.5, 122.1, 121.8, 109.7,

Hinokinin (1) 2,85 (dd, H, J = 7.3 Hzand J = 14.2 Hz), 2.6 (d, 2H, J = 7.1 Hz), 2,55 (m, 1H),
2.45(d, 1H, J = 8.6 Hz), 2.4 (m, 1H).
B.86.5m (6H arom), 6.6 (s, 4H), 5.2 (s, 1H), 4.1 (dd, 1H,J = 7.1 Hzand J = 14.4
Cubebin (2) Hz), 4.0 (dd, 1H, J = 7.1 Hzand J = 8.6 Hz), 3.8 (dd,1H, ] = 7.8 Hzand J = 8.4

109.5, 108.6, 108.5, 101.3, 101.2, 99.2, 72.6, 51.5, 46.2, 39,6,

Hz), 3.6 (dd, 11, J = 7.1 Hz and J = 8.4 Hz), 2.7-2.2 (m, 4H), 2.0 (m, 1H). 34.0.

6.6 (m, 6H), 5.8 (s, 4H), 3.7 (dd, 2H, J = 1.3 Hz and J = 11.3 Hz), 3.4 (dd, 2H, J
=41 HzandJ = 11.3 Hz), 3.2 (s, 2H), 27 (d, 1H, J = 8.7 Hz), 2.65 (d, 1H, J =

Dihydrocubebin (3)

147.6, 145.7, 134.3, 121.9, 109.3, 108.1, 100.8, 60.2, 44.3, 35.9.

8.7 Hz), 2.56 (d, 1H, J = 5.7 Hz), 2.51 (d, 1H, J = 5.7 Hz), 1.75 (m, 2H).

4. Discussion

In the present study, we investigated the in vitro anthelmintic effects
of PCE and its isolated compounds against gastrointestinal nematodes
from sheep. The lignans CB, HNK and DHC were isolated from PCE as
the major constituents. The in vitro evaluatdon showed that PCE pre-
sented activity against eggs and larvae of the parasite, at all evaluated
concentrations. In addition, the lignans CB, HNK and DHC when eval-
uated separately showed significant in vitro anthelminthic activity, su-
perior to that presented by the crude extract, mainly in relation to their
ovicidal action.

Studies on anthelmintic activity of other plant of the Piper genus
were described by Gainza et al. (2016) which evaluated the effects of
the essendal oil of P. aduncum, against eggs and larvae of H. contortus.
The authors obtained results lower than those described in our study,
with EDs, values of 5.72 mg/mL and 0.1 mg/mL, respectively, for the
EHT and LDT. P. aduncum essential oil contains no lignans and an-
thelmintic activity has been attributed to its main constituent, dilla-
piole, which is a phenylpropanoic compound. In another study carried
out by Carvalho et al. (2012), the methanol extract of P. wberculum was
evaluated against GINs and presented excellent ovicidal activity with an
EDg, of 0.031 mg/mL. However, this activity was attributed to a set of
piperamide compounds and not the lignans. Other plants of the genus
Piper have been reported to have anthelmintic properties against sev-
eral types of parasites (Adate et al, 2012; Koorse et al., 2018; Paul
et al., 2018). However, our study is the first to report the activity of P.
cubeba on the eggs and larvae of gastrointestinal nematodes of sheep
and to relate this activity to the presence of individual lignans in the
compounds found in P. cubeba. There are no previous reports on the in
vitro evaluation of lignans against this class of parasite. The promising
activity we have presented for these lignans raises an interest in
studying the mechanism by which they act in the different stages of the
life cycle of parasite. It is clear that they are able to cross and damage
the cuticle of eggs and larvae, preventing hatching, larval development
and motility.

e
e

™~
!
\/? )

(=-Cubebin (1)

O\\I
|
;
oM a —0 oH
o OH
. (w] E 0

(=F-Hinokinin (2)

Although effective against all stages of the life cycle of the parasite
that were evaluated, both PCE and lignans were most active against
larvae. Differences in the structure of the egg membrane and the cuticle
of larvae may interfere with the anthelmintic activity of the compounds
evaluated and alter their mechanisms of action. The nematode cuticle is
an extracellular protein complex with trace amounts of lipid and car-
bohydrate that can vary between developmental stages (Mansfield
et al., 1992; Riou et al., 2005). These differences may have contributed
to higher PCE and lignan efficiency in larvae than in eggs, however is
not the only factor for be considerate. Just like in our result, Oliveira
et al. (2017) also found results with higher values of ECsq for EHT than
for LDT in the in vitro anthelmintic evaluation of eight plant extracts
from Brazilian savanna. However Araijo Filho et al. (2018) found
higher values of ECsy for LDT than EHT in the in vitre anthelmintic
evaluation of the Eucalyptus citriodora essential oil. The results of these
two studies demonstrate that the greater or lesser ovicidal or larvicidal
activity of a compound (plant extract or essential oil) depends not only
on the morphological differences between eggs or larvae, but also on
their chemical nature.

Lignans caused serious lesions in the integument of larvae that led
to death, as observed in SEM studies, especially in relation to treatment
with HNK (Fig. 2C) and dihydrocubebin (Fig. 2D). SEM assesses the
interaction of compounds with the helminth cuticle and has been used
to demonstrate direct effects of compounds with potential anthelmintic
effects (Martinez-Ortiz-de Montelhano et al., 2013; Andre et al., 2016).
The effect of the lignans on the cuticle of the larvae was different from
that obtained by Engstrom et al. (2019) when evaluating the effect of
tannins obtained from various plant sources. According to the authors,
the damage to the cuticle of the larvae caused by tannins was small and
isolated, while with lignans we observed that the lesions were over the
entire body of the parasite. The loss of motility of the L3 after treatment
with lignans occurred due to cuticle damage and cylindrical form al-
terations, and not due to paralysis as occurs with ivermectin (Laing
et al., 2017). The cuticle provides the worms their shape. It is also in-
volved in their motility and in the exchanges with the parasite

an
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Fig. 1. Chemical Structures of cubebin (1), hinokinin (2) and dihydrocubebin (3).
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'H and *C NMR chemical shifts & (ppm), multiplicities and coupling constants J for hinokinin (1), cubebin (2) and dihydrocubebin (3) in CDCla.

8y (multiplicity, H number and 1)

8¢

6.8-6.4 (m, H arom), 5.9 (br.s, 4H), 4.15 (dd, 1H, J = 7.1 Hz andJ = 9.3 Hz), 3.85
(dd, 1H, J = 7.1 Hz and J = 9.1 Hz), 3.0 (dd, 1H, J = 51 Hzand J = 14.2 Hz),

178.4, 147.9, 147.8, 146.5, 146.4, 131.6, 131.3, 122.2, 121.55,
109.4, 108.8, 108.4, 108.3, 101.0, 71.2, 46.4, 41.3, 38.4, 34.8.

148.0, 147.9, 143.6, 146.1, 134.9, 134.5, 122.1, 121.8, 109.7,

Hinokinin (1} 2.85(dd, H,J = 7.3 Hzand J = 14.2 Hz), 26 (d, 2H, J = 7.1 Hz), 2,55 (m, 1H),
2.45(d, 1H, J = 8.6 Hz), 2.4 (m, 1H),
£.8-6.5 m (6H arom), 6.6 (s, 4H), 5.2 (s, 1H), 4.1 (dd, 1H, J = 7.1 Hzand J = 14.4
Cubebin (2) Hz), 4.0 (dd, 1H, J = 7.1 Hzand J = 8.6 Hz), 3.8 (dd, 1H, ] = 7.8 Hz and J = 8.4

Hz), 3.6 (dd, 1H, J = 7.1 Hz and J = 8.4 Hz), 2.7-2.2 (m, 4H), 2.0 (m, 1H).
6.6 (m, 6H), 5.8 (s, 4H), 3.7 (dd, 2H, J = 1.3 Hz and J = 11.3 Hz), 3.4 (dd, 2H, J
=41 HzandJ = 11.3 Hz), 3.2 (s, 2H), 2.7 (d, 1H, ] = 8.7 Hz), 2.65 (d, 1H, J =

Dihydrocubebin (3)

109.5, 1086, 108.5, 101.3, 101.2, 99.2, 72.6, 53.5, 46.2, 30.6,
34,0,
147.6, 145.7, 134.3, 121.9, 109.3, 108.1, 1008, 60.2, 44.3, 35.9,

8.7 Hz), 2.56 (d, 1H, J = 5.7 Hz), 251 (d, 1H, J = 5.7 Hz), 1.75 (m, 2H).

4. Discussion

In the present study, we investigated the in vitro anthelmintic effects
of PCE and its isolated compounds against gastrointestinal nematodes
from sheep. The lignans CB, HNK and DHC were isolated from PCE as
the major constituents. The in vitro evaluation showed that PCE pre-
sented activity against eggs and larvae of the parasite, at all evaluated
concentrations. In addition, the lignans CB, HNK and DHC when eval-
vated separately showed significant in vitro anthelminthic activity, su-
perior to that presented by the crude extract, mainly in relation to their
ovicidal action.

Studies on anthelmintic activity of other plant of the Piper genus
were described by Gainza et al. (2016) which evaluated the effects of
the essential oil of P. aduncum, against eggs and larvae of H. contortus.
The authors obtained results lower than those described in our study,
with EDsg values of 5.72 mg/mL and 0.1 mg/mL, respectively, for the
EHT and LDT. P. aduncum essential oil contains no lignans and an-
thelmintic activity has been attributed to its main constituent, dilla-
piole, which is a phenylpropanoic compound. In another study carried
out by Carvalho et al. (2012), the methanol extract of P. uberculum was
evaluated against GINs and presented excellent ovicidal activity with an
EDg; of 0.031 mg/mL. However, this activity was attributed to a set of
piperamide compounds and not the lignans. Other plants of the genus
Piper have been reported to have anthelmintic properties against sev-
eral types of parasites (Adate et al, 2012; Koorse et al., 2018; Paul
et al., 2018). However, our study is the first to report the activity of P.
cubeba on the eggs and larvae of gastrointestinal nematodes of sheep
and to relate this actvity to the presence of individual lignans in the
compounds found in P. cubeba. There are no previous reports on the in
vitro evaluation of lignans against this class of parasite. The promising
activity we have presented for these lignans raises an interest in
studying the mechanism by which they act in the different stages of the
life cycle of parasite. It is clear that they are able to cross and damage
the cuticle of eggs and larvae, preventing hatching, larval development
and motility.
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Although effective against all stages of the life cycle of the parasite
that were evaluated, both PCE and lignans were most active against
larvae. Differences in the structure of the egg membrane and the cuticle
of larvae may interfere with the anthelmintic activity of the compounds
evaluated and alter their mechanisms of action. The nematode cuticle is
an extracellular protein complex with trace amounts of lipid and car-
bohydrate that can vary between developmental stages (Mansfield
et al., 1992; Riou et al., 2005). These differences may have contributed
to higher PCE and lignan efficiency in larvae than in eggs, however is
not the only factor for be considerate. Just like in our result, Oliveira
et al. (2017) also found results with higher values of ECsq for EHT than
for LDT in the in vitro anthelmintic evaluation of eight plant extracts
from Brazilian savanna. However Aradjo Filho et al. (2018) found
higher values of ECsy for LDT than EHT in the in virro anthelmintic
evaluation of the Eucalyptus citriodora essental oil. The results of these
two studies demonstrate that the greater or lesser ovicidal or larvicidal
activity of a compound (plant extract or essential oil) depends not only
on the morphological differences between eggs or larvae, but also on
their chemical nature.

Lignans caused serious lesions in the integument of larvae that led
to death, as observed in SEM studies, especially in relation to treatment
with HNK (Figz. 2C) and dihydrocubebin (Fig. 2D). SEM assesses the
interaction of compounds with the helminth cuticle and has been used
to demonstrate direct effects of compounds with potential anthelmintic
effects (Martinez-Ortiz-de Montelhano et al., 2013; Andre et al., 2016).
The effect of the lignans on the cuticle of the larvae was different from
that obtained by Engstrom et al. (2019) when evaluating the effect of
tannins obtained from various plant sources. According to the authors,
the damage to the cuticle of the larvae caused by tannins was small and
isolated, while with lignans we observed that the lesions were over the
entire body of the parasite. The loss of motility of the L3 after treatment
with lignans occurred due to cuticle damage and cylindrical form al-
terations, and not due to paralysis as occurs with ivermectin (Laing
et al., 2017). The cuticle provides the worms their shape. It is also in-
volved in their motility and in the exchanges with the parasite
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Fig. 1. Chemical Structures of cubebin (1), hinokinin (2) and dihydrocubebin (3).
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Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.vetpar.2019.108932.
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4. Sinteses de lignanas e de compostos anédlogos

Comeco agora a comentar alguns dos trabalhos que realizei relacionados a sintese de lignanas
e de compostos analogos.

4.1. Trypanocidal structure—activity relationship for cis- and trans-methylpluviatolide

O primeiro trabalho que descrevo tem relagdo ndo s6 com a sintese, mas também com o estudo
sobre a esteroquimica das lignanas. Lignanas dibenzilbutirolacténicas naturais geralmente possuem
estereoquimica trans em relacao aos hidrogénios ligados aos carbonos a e B do anel lactdnico devido
a maior estabilidade do estereoisdmero trans. Esse artigo que apresento agora traz justamente o efeito
da esteroquimica e da pureza enantiomeérica sobre as propriedades biologicas da lignana
metilpluviatolideo, um composto com acéo tripanocida. Neste artigo foram sintetizadas as misturas
racémicas do cis e trans metilpluviatolideo, as quais foram submetidas a ensaios tripanocida. O
racemato trans apresentou atividade tripanocida, porém o racemato cis foi completamente inativo. O
racemato trans entdo foi submetido a separacdo por cromatografia quiral onde os enantidmeros (+) e
(-) foram separados e novamente submetidos aos ensaios tripanocida. O enantidmero (+) foi inativo
e 0 (-) apresentou maior atividade tripanocida do que a mistura racémica, em doses equivalentes, o
gue comprova a importancia da estereoquimica visto que o enantidmero (+) além de ser inativo ainda

atua como um possivel antagonista do enantiémero (-).
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1. Introduction

The lignan class of compounds presents a conspicuous chemical
diversity, which varies substantially with respect to their enantio-
meric composition. Natural lignans usually occur as either pre-
dominantly one enantiomer or as enantiomeric mixtures of
various enantiomeric compounds (% e.e'. values) (Umezawa et al,
1997a).

In the last decade, the search for antiprotozoal compounds from
natural sources has intensified (Rocha et al,, 2005; Da Silva Filho
et al., 2004; Caniato and Puricelli, 2003). This search has been
mainly in plants, which continue to be a major source of biologi-
cally active metabolites that may provide lead compounds for
the development of new drugs.

The enantiomeric properties of lignans can be summarized into
four statements. First, dibenzylbutyrolactone lignans can be opti-
cally pure (>99% e.e.), while furofuran and furan lignans can be
found as a mixture of both enantiomers of varying enantiomeric
composition (Umezawa et al., 1997a). Secondly, most dibenzylbu-
tyrolactone lignans are levorotatory, except for the lignans present
in Thymelaeaceae plants and Selaginella doederleinii, which are dex-
trorotatory (Chen et al., 2001; Lin et al., 1994; Umezawa and Shi-

* Corresponding author, Tel.: #55 16 3711 B871; fax: +55 16 3711 BE7E.
E-muail address: mlasilva@unifran.br (M.LA. Silva).

0031-9422(8 - see front matter © 2008 Elsevier Led. All rights reserved.
doi: 10,1016/}, phytochem, 2008,04,002

mada, 1996; Umezawa et al,, 1997a; Xu et al, 2001). Third, the
predominant enantiomers of furofuran, furan, and dibenzylbutane
lignans vary among plant species, and they differ even within the
organs of a single plant species (Arctium lappa) (Umezawa et al.,
1991; Umezawa et al, 1992; Umezawa et al., 1997b). Fourth, the
absolute configurations of the predominant enantiomers of various
lignans isolated from a single plant specimen are sometimes
different.

In nature, it is possible to find two enantiomeric forms of the
same lignan, but these forms bear different stereochemistry,
depending on the plant species in which it occurs. In the mean-
time, only one of the lactone lignan enantiomers, (+)- or (=), has
been found to occur in the same plant. Therefore, biological assays
carried out with either plant extracts containing lignan lactones or
its isolated lignans generally allow the evaluation of only one
enantiomer, making it impossible to determine whether the other
enantiomer displays activity.

Although lignan lactones are present in numerous plants used
in popular medicine (Bianchi et al., 1968; Broomhead and Dewick,
1990; Cho et al., 1999), their trypanocidal activity against Trypan-
osoma cruzi has only recently been discovered by Bastos et al.
(1999), who has investigated the trypanocidal activity of the Zanth-
oxyllum naranjillo lignans, and discovered one of the most powerful
compounds regarding trypanocidal activity, (-)-methylpluviatolide
(1) (Bastos et al,, 1999; Silva et al., 2003), (Fig. 1).
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Fig. 1. Structural formulas of trans-methylpluviatolide (1) and cis-methylpluviato-
lide (2).

Lignans, one of the longest known classes of natural products,
have attracted much interest over the years on account of their
broad range of biological activities, such as antileishmanial (Barata
et al., 2000), antimalarial (Zhang et al., 2001), antitumor (Bastos
et al., 1996), and anti-inflammatory (Souza et al., 2004) activities,
among others. Recently, our group reported the significant trypan-
ocidal and antileishmanial activities of dibenzylbutyrolactone lign-
ans (Souza et al, 2005; Royo et al, 2003; Bastos et al., 1999). Such
results aroused the interest within our research group to study the
effect of the stereochemistry and the absolute configuration of
methylpluviatolide on its trypanocidal activity. To this end, meth-
ylpluviatolide was synthesized in its trans (1) and cis (2) racemic
forms (Fig. 1), allowing us to evaluate the trypanocidal activity
not only of a mixture of these two sterecisomers, but also of the
pure enantiomers, which were separated by chiral HPLC.

2. Results and discussion

The results obtained against T. cruzi show that the racemic cis-
stereoisomer (2) is inactive, while the racemic frans-stereoisomer
(1) displays trypanocidal activity, with an [Csg ~89.3 pM. Further-
more, the latter stereoisomer (1) presents low toxicity for LLC-MK;
cells, with an [Csp ~6.53 mM. (Fig. 2).

Our result is different from that obtained for the pure (- )-trans-
methylpluviatolide (1) by Bastos et al. (1999), who reported 100%
activity at a concentration of 50 pg and an [Csg value of 1.3 pg
mL~". This result indicates that the trans isomer of this compound
should display higher trypanocidal activity. However, it should be
pointed out that the obtained results were undertaken for the race-
mic mixture of cis and trans-methylpluviatolide isomers. The (+/-)-
cis (1) displayed the following percentage of lysis: 8.0uM
(14+1.2), 32.0puM (8.7 +2.7), 128.0uM (16.8 +3.9) and 256 uM
(322 £4.7), with an ICsp (uM mL™") of 641.0. The (+/-)-trans (2)
displayed the following percentage of lysis: 8.0 uM (246 +1.9),

ECsy=6.53mM
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Fig. 2. Cytotoxic potential of (=)-methylpluviatolide (1) for LLC-MEZ cells.

320uM  (392+1.0), 1280pM (55.0%56)
(67.9 £0.0), with an ICso (uM mL™") of 89.3.

Although the concentrations used by Bastos et al. (1999) dif-
fered from ours, the fact that the racemic mixture of the trans ste-
reoisomer evaluated this time displayed lower activity than the
pure compound evaluated before might indicate that the (+)-trans
enantiomer should compete for the active sites in the parasite and
might act as an antagonist in relation to the (-)-trans enantiomer.

On the basis of these results, a separation of the trans-stereoiso-
mer from the racemic mixture was undertaken by chiral HPLC
using an analytical Chiracel Q] (4.6 = 250 mm) column, aiming to
evaluate the trypanocidal activity of each enantiomer separately.
The chromatogram gave a well resolved peak separation, allowing
the isolation of both enantiomers. Therefore, it was possible to
compare the trypanoddal activity of both isomers, since in our pre-
vious work only the (-) isomer from Zanthoxylum narangillo was
isolated (Bastos et al, 1999). The results showed that the (+) -
trans-methylpluviatolide (1) displayed the following percentage
of lysis: 8.0uM (53£2.5), 32.0uM (7.6+34) and 128.0uM
(9.9 +2.5), with ICso (uM mL~") of 1.3 x 10%. The (-) - trans- meth-
ylpluviatolide (1) displayed the following percentage of lysis:
8.0uM (406+3.6), 32.0pM (523 +4.3) and 128.0puM
(79.7 £ 0.0), with ICsy (uM mL™") of 18.7.

The results show that the (+)-enantiomer is completely inactive,
whereas the (-)-enantiomer displayed good activity, with an [Csg
(uM)=18.7 and 79.7% lyses, at concentrations lower than those
used by Bastos et al. (1999), which corresponded to 50 pg/mlL,
[Csp=1.3 pg and 100% lyses. These results indicate that, despite
being completely inactive, the (+)-enantiomer of (1) blocks the ac-
tion of the (- }-enantiomer when they are present in a racemic mix-
ture. It should be taken into consideration that the (+}-enantiomer
might bind to the active sites as a competitive antagonist, which
may be confirmed by comparison of the ICs, value (M) of the race-
mic mixture with that of the (-)-enantiomer itself.

Some metabolic routes were evaluated, such as the methylpluv-
iatolide mechanism of action. In this regard, trypanosomatids are
highly dependent on glycolysis for ATP production (Opperdoes,
1987; Opperdoes and Michels, 2001). The enzyme glycosomal glyc-
eraldehyde-3-phosphate dehydrogenase (gGAPDH) catalyzes the
oxidative phosphorylation of p-glyceraldehyde-3-phosphate into
1,3-diphosphoglycerate in the presence of NAD™ and inorganic
phosphate, and can be one of the preferred steps for inhibition
(Bakker et al., 1999; Bakker et al., 2000). However, the obtained re-
sults demonstrated that methylpluviatolide does not exert inhibi-
tory activity on this enzyme, displaying 0% inhibition at 100 M.

The effect of methylpluviatolide (1) on nitric oxide and H,0,
production is shown in Figs. 3 and 4, respectively. The trypanocidal
activity of several types of natural and synthetic compounds has
been partly attributed to reactive oxygen species generated by
the reduction of drugs (Uchiyama et al, 2005). Regarding the ob-
tained results, the production of NO by cells was significantly low-
er when treated with methylpluviatolide (Figs. 3 and 4). Likewise,
the literature reports that benzonidazole, a drug used for the treat-
ment of Chagas disease, also inhibits the production of NO by mod-
ifying the balance between pro and anti-inflammatory mediators,
with important consequences for the development of the disease
(Piaggio et al., 2001; Stoppani, 1999). Fig. 4 shows that methyl-
pluviatolide displays a weak effect in enhancing the peroxide pro-
duction by T. cruzi. Some drugs, such as nifurtimox and gentian
violet, act in the parasite by increasing the production of free rad-
icals (Raether and Hanel, 2003).

Moreover, T. cruzi is more sensitive to free radicals, as it has a
deficient antioxidant mechanism in comparison with host cells.
This is espedally the case for hydrogen peroxide, as T. cruzi does
not produce catalase, an antioxidant enzyme responsible for the
conversion of hydrogen peroxide into water and molecular oxygen

and 256 uM
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Fig. 3. Nitric oxide production of mouse peritoneal macrophages treated with m-
ethylpluviatolide {1). (C: cells control without T. cruzi infection; Ci: infected cells
control).
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Fig. 4. Effects of methylpluviatolide (1) on H, 0, produced by T. cruzi. (RFU: relative
fluorescence unit; T-BOOH: t-butyl hydroperoxide).

(Turrens and Mccord, 2006). Therefore, we could conclude that the
trypanocidal mechanism of action of this class of compounds
might not be related to the increase in the production of peroxides.

Recently, we have described the racemic 7'-oxi-methylpluviato-
lide, racemic 7-hydroxi-methylpluviatolide and racemic 7' -oxi-6-
nitro-methylpluviatolide as potential respiratory chain complex I
inhibitors, a finding of possible relevance due to either the toxico-
logical or therapeutical importance of these compounds (Saraiva
et al, 2005).

Therefore, other metabolic routes should be evaluated to eluci-
date the mechanisms of action of (-)-methylpluviatolide.

3. Conclusion

In conclusion, it is possible to state that the trans-stereochemis-
try is the one responsible for the trypanocidal activity of methyl-
pluviatelide (1), probably because it allows the correct binding of
this compound to the active sites on the parasite, which is not pos-
sible with the cis-stereoisomer. As for the absolute configuration of
the trans-stereoisomers, the inactive (+)-enantiomer probably acts
as an antagonist, hindering the binding of the (-)-enantiomer to
the active sites on the parasite, therefore decreasing the trypanoci-
dal activity of methylpluviatolide when it is present as a racemic
mixture.

4. Experimental
4.1. Reagents, solvents and compound identification procedures

Sulfanilamide, L-glutamine, tetrazolium salt, Triton x, NaHCO;,
20,70-dichlorodihydrofluorescein diacetate (H,DCFDA), t-butyl
hydroperoxide and Hepes-KOH were purchased from Sigma-Al-
drich Co., St. Louis, MO, USA. Dimethy! sulfoxide (DMS0) isopropa-
nol and sucrose were purchased from Merck Co., whereas RPMI-
1640 and fetal calf serum were obtained from GIBCO. Penicillin
and streptomycin were acquired from Invitrogen. Optical rotations
were measured at k=589 nm on a Schmidt-Haensch polartronic
HHB8 polarimeter (Berlin, Germany) using a 1.0 cell. A high-perfor-
mance liquid chromatography (HPLC) apparatus equipped with an
LC-10ADVP pump, an SPD-M10AVP diode array detector and a
DGU-14A degasser (Shimadzu, Kyoto, Japan) was used for both iso-
lation and purity determination of the methylpluviatolide isomers,
using an analytical Chiracel Q] (4.6 = 250 mm) column at a mobile
phase flow rate (EtoH n-hexane: 65:35, v/v) of 0.9 mL/min and
sample volume injection of 20 pL. The solvents used were of chro-
matographic grade.

4.2, Preparation of compounds

Cis and trans-methylpluviatolide were prepared from interme-
diate 3, which was obtained by a procedure described by Landais
et al. (1991) and Charlton and Chee (1997). Hydrogenolysis of 3
under the conditions described in Scheme 1 furnished the trans-
steroisomer (1) in 80% yield. Acetylation of 3 followed by an elim-
ination reaction with DBU produced a benzylidenebenzyl! lignan,
which furnished the cis-steroisomer (2) in 78% yield after hydroge-
nation (scheme 1).

Coupling constants of 15.2Hz and 3.8 Hz between protons 8
and 8 confirmed the trans- and cis-geometries for sterecisomers
1 and 2, respectively.

The trans-methylpluviatolide racemic mixture was separated by
chiral HPLC, and the fraction corresponding to each peak was col-
lected and analyzed in the polarimeter for determination of the
specific rotation of each enantiomer. The peak with a retention
time of 36.20 min was identified as (+)-methylpluviatolide (1)
(%5 +20.8 (c 1.51, CHCly), and the peak with a retention time of
43,70 min was identified as (-)-methylpluviatolide (1) 3" -20.8
(c1.51, CHCl,).

4.3. Parasites and culture procedure

Trypomastigote forms of the Y strain of T. cruzi were used for
the trypanocidal assay and were cultivated in the LLMCK; cell
lineage (Norval, 1979). The cells were cultivated in RPMI-1640
medium (GIBCO), supplemented with 2 mM L-glutamine, 10 mM
NaHCO;, 100 U/mL penicillin, 100 pg/mL streptomycin, and 5%
inactivated fetal calf serum. The culture was kept at 37 °C in an
atmosphere of 5% C0O; and 95% humidity. Blood samples contain-
ing trypomastigote forms were added to the culture cell at a ratio
of 3:1, the supernatant was removed after 24 h, and the medium
was replaced. After 7 days under the same culture condition, the
supernatant was removed and centrifuged, furishing free trypo-
mastigote forms of the parasite for the bioassay. The free trypo-
mastigote forms were transferred to a 96-well microtitre plate,
each well was filled with 1 x 10° trypomastigote forms of the
parasite, and each test compound was added to the wells. After
24-h incubation, activity was evaluated by using a colorimetric
technique at 595 nm with the addition of a tetrazolium salt
[MTT; 3-(4,5-dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium bro-
mide], as described by Muelas-Serrano et al. (2000). Negative
(solvent plus medium) and positive (gentian violet at 250 pg/
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Reaction condition: (a) H,. 4 atm, Pd/C, EtOH, HC1Oy,, 60 h, rt: (b) THF, Ac,0, Et;N,
DMAP, 2h, rt; (¢c) DBU, CH,Cl,, 5h, rt: (d) H;. 4 atm, Pd/C, EtOH, 4h, rt.

Scheme 1.

mL) controls were also run in parallel. All the assays were under-
taken in triplicate.

4.4. Cytotoxicity assay

The cytotoxic action of the compound was evaluated by the
MTT method as described by Sieuwerts et al. (1995). In a 96-well
microtitre plate, LLC-MK2 cells (5 = 10° cells/well) were cultivated
in RPMI-1640 medium supplemented as described above. The
compound was evaluated at concentrations of 64, 256, 512, and
2560 uM for 24 h,at 37 °C, under a 5% CO; and 95% humidity atmo-
sphere. After this period, the cells were incubated with MTT (5 mg/
ml) for 240 min, and the reaction was interrupted by addition of
acidified isopropanol. A microtitre plate reader (TECAN-SUNRISE)
was used to obtain the results (570 nm). The negative (cells and
solvent) and positive (cells treated with Triton X-100 20% solution)
cytotoxicity controls were run in parallel. All assays were carried
out in triplicate.

The formula % cytotoxicity = [1 - (Y - My)/(N - M)] = 100 was
used to calculate the cytotoxicity percentage, where Y is the mean
optical density of wells with cells and different concentrations of
compound; My is the mean optical density of wells with medium
and different concentrations of compound; M is the mean optical
density of wells with medium only; and N is the mean optical den-
sity of wells with cells and no compound (negative control). The le-
vel of 50% cellular cytotoxicity (CCsp) was obtained by a sigmoidal
dose-response curve. Stock solutions were prepared by dissolving
the compound in pure dimethylsulfoxide (DMSO), and aliquots of
the stock solution were added to cultures to give a final concentra-
tion of DMSO lower than 0.2%.

4.5. Enzymatic inhibition studies

The enzymatic activities of the T. cruzi gGAPDH enzyme have
been determined according to a previously reported procedure
by Vieira et al. (2001), using the forward reaction. The percentage
of remaining activity was calculated by comparison with an inhib-
itor-free control experiment.

4.6. Production of H>0> and other peroxides

This activity was evaluated by quantification of the oxidation
product of HDCFDA, a dichlorofluorescein compound (Carthcart
et al,, 1983). To this end, trypomastigote forms of ¥ and Bolivian
strain of T. cruzi were cultured in the LLC-MK2 cell line (Hull
et al, 1962) and suspended (1 x 10° parasites/ml) in a medium
containing 125 mM sucrose, 65 mM KCl, and 10 mM Hepes-KOH,
pH 7.2. Then, methypluviatolide (1) was added to the medium at

a concentration of 32 pM, followed by addition of 5 pM H,DCFDA,
and the system was incubated at room temperature for 35 min.
The parasites were then removed by centrifugation (8000g, 4 °C,
10 min), and the fluorescence of the supernatant was determined
at 485 nm as described by Fang and Beattie (2003 ). t-Butyl hydro-
peroxide and a parasite-containing solution of 10% DMSO were
used as positive and negative controls, respectively. The assays
were performed in triplicate.

4.7. Nitric oxide measurement

The effects on the NO production by mouse peripheral macro-
phages were evaluated using the method previously reported by
Giorgio et al. (1998). Briefly, peritoneal exudate cells were col-
lected from the peritoneal cavities of male balb/c mice, previously
injected intraperitoneally with 3% thioglycolate medium 96 h be-
fore, and washed with 6 mL of ice-cold phosphate-buffered saline
(PBS). Cells were cultured in 96-well-flat-bottomed plates at
5 x 10° cells/well. The cultures were infected with T. cruzi at a
10:1 parasite:cell ratio. The methylpluviatolide was added to the
medium at a concentration of 8, 32, and 128 pM. Cultures were
incubated at 37 °C in 5% CO, for 24 h. Nitric oxide was measured
in the supematants by using the Griess reaction (Green et al.,
1982). The Griess reagent was prepared by mixing equal volumes
of 1% sulfanilamide in 5% H,PO4 and 0.1% naphthylethylene dia-
mine dihydrochloride. Equal amounts of culture supernatant and
Griess reagent were combined, and incubated for 10 min at room
temperature. Absorbance measured at 540 nm was compared to
a sodium nitrite standard curve and data were expressed in pM.

Acknowledgements

The authors are thankful to Dr. Ménica Tallarico Pupo from Fac-
uldade de Ciéncias Farmacéuticas de Ribeirdao Preto-USP for her
collaboration with the gGAPDH studies, as well as Fundacdo de
Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP Process 04/
13368-7, 03/01475-0, 98/14956-7 and 05/01550-8), Coordenado-
ria de Aperfeicoamento de Pessoal do Ensino Superior (CAPES),
and Conselho Nacional de Desenvolvimento Cientifico e Tecnolog-
ico (CNPq) for financial support.

References

Bakker, B.M., Michels, P.AM., Opperdoes, F.R., Westerhoff, H.V., 1999, What controls
glycolysis in bloodstream from Trypanosoma brucei? ). Biol. Chem. 274 (21),
14551-14559.

Bakker, BM., Westerhoff, H.V., Opperdoes, FR., Michels, P.AM. 2000. Metabolic
control analysis of glycolysis in trypanosomes as an approach to improve
selectivity and effectiveness of drugs, Mol. Biochem. Parasitol. 106 (1), 1-10,



34

1894 R. da Silva et al./Phytochemistry 69 (2008 ) 1890-1894

Barata, LES,, Santos, LS., Ferri, P.H,, Phillipson, |.D., Paine, A, Croft, 5.1, 2000,
Antileishmanial activity of neolignans from Virela species and synthetic
analogues. Phytochemistry 55, 589-595,

Bastos, J.K., Burandt, CL., Manayakkara, N.P.D., Bryant, L, McChesney, J.D., 1996.
Quantification of aryltetralin lignans in plant parts and among different
populations of Podophyilum peltatum by reversed-phase high-performance
ligquid chromatography. |. Nat. Prod. 59, 406-408.

Bastos, | K., Albuguergue, 5., Silva, M.LAE, 1999, Evaluation of the Trypanocidal
activity of lignans isolated from the leaves of Zonthoxylum noramjille, Planta
Med. 65, 541-544,

Bianchi, E, Caldwell, ME., Cole, R, 1968 Antitumor agents from Bursero
microphylla  (Burseraceae) 1. Isolation and  charactenzation  of
denxypodophyllotoxin. J. Pharm. Sci. 57, 678-679.

Broomhead, AJ., Dewick, P.M., 1990. Tumour-inhihitory aryltetralin lignans in
Podophyilum versipelle, Diphylleia cymosa and Diphylleia grayi. Phytochemistry
29, 3831-3837.

Caniato, R., Puricelli, L., 2003, Review: natural antimalarial agents, Crit. Rev. Plant.
S, 22, 79-105,

Carthcart, R., Schwiers, E, Ames, B, 1983. Detection of picomole levels of
hydroperoxides using a dichlorofluorescein fluorescent assay. Anal. Biochem.
134, 111-116

Charlton, JL., Chee, G.L, 1997. Asymmetric synthesis of lignans using
oxazolidinones as chiral auxiliaries. Aust. |. Chem. 75, 1076-1083.

Chen, Y-g., S5un, H-d,, Z-h, Xw, G-w, Qin,, 2001. Studies on chemical constituents of
Stellera chamejosma L China Zhongguo Zhongyao Zazhi 26, 477-479,

Chuo, J.Y., Yim, AE, Yoo, ES,, Baik, K.U, Park, M.H., 1999, Immunomodulatory effect
of arctigenin, a lignan compound, on tumour necrosis factor-alpha and nitric
oxide production, and lymphocyte proliferation. |. Pharm. Pharmacol. 51, 1267 -
1273

Da Silva Filho, A A, Bueno, P.CP, Gregorio, LE,, Silva, M.LA, Albuguerque, 5., Bastos,
J.K., 2004, In vitro trypanocidal activity evaluation of crude extract and isolated
compounds from Baccharis drocunculifolic D.C. | Asteraceae). ]. Pharm.
Pharmacol. 56, 1195-1199,

Fang, |., Beattie, D.5., 2003. Alternative oxidase present in procyclic Trypanosoma
brucei may act to lower the mitochondral production of superoxide. Arch
Biochem. Biophys, 414, 294-302,

Giorgio, S., Bardo, SC., Augusto, O, Kwee, | K., 1998. Leishmania amazonensis
infection is reduced macrophages treated with guanine ribonucleosides, Acta
Trop. 70, 119-122,

Green, LC.,, Wagner, D.A., Glogowski, |, Shipper, P.L, Wishnok, |5., Tannenbaum,
SR, 1982, Analysis of nitrate, nitrite, and [15N] nitrate in biological fluids.
Annal, Biochem. 26 (1), 131-138.

Hull, .M., Cherry, W.R., Tritch, O.)., 1962, Growth characteristics of monkey kidney
cell strains LLC-MEK1, LLC-MK2, and LLC-MEK2 (MCTC-3196) and their utility in
virus research. |. Exp. Med. 115, 903-918.

Landais, ¥, Robin, |.P.,, Lebrun, A, 1991, Ruthenium dioxide in fluoro acid medium:
L A new agent in the biaryl oxidative coupling. Application to the synthesis of
non phenolic bisbenzocyclooctadiene lignan lactones. Tetrahedron 47, 3787 -
3804,

Lin, RC, Skaltsoums, AL, Seguin, E, Tillequin, F, Koch, M., 1994, Phenolic
constituents of Seloginello doederleini, Planta Med., 60, 168-170.

Muelas-Serrano, S, Nogal-Ruiz, )], Gomez-Barno, A, 2000, Setting a colorimetric
method to determine the wiability of Trypanosoma cruzi epimastigotes.
Parasitol. Res. 86, 999-1002.

Morval, M., 1979. Mechanism of persistence of mubella virus in LLC-MK2 cells. |. Gen
Virol, 43, 289-208,

Opperdoes, F.R, 1987. Compartmentation of carbohydrate metabolism in
trypanosomes, Annu, Rev, Microbiol. 41, 127-151.

Opperdoes, F.R, Michels, PAM., 2001. Enzymes of carbohydrate metabolism as
potential drug targets, Int, |. Parasitol. 31, 482-490,

Piaggio, E., Anceay, |, Revelli, 5., Bottasso, 0., Wietzerbin, |., Serra, E, 2001.
Trypanocidal drug benznidazole impairs lipopolysaccharide induction of
macrophage nitric oxide synthase gene transcription through inhibition of
MF-KappaB activation. ]. Immunol. 167, 3422-3426.

Raether, W., Hanel, H., 2003, Nitroheterocyclic drugs with broad sectrum activity.
Parasitol. Res. 90, 19-39.

Rocha, LG., Almeida, |.RGC.S., Macedo, RO., Barbosa-Filho, M., 2005, A review of
natural products with antileishmanial activity. Phytomedicine 12, 514-535.
Royo, VLA, Souza, F.ES, Pereira, AC, Silva, R, Vinhdlis, AH.C, Donate, P.M.,, Silva,
M.LA., Albuguerque, S., Bastos, K., 2003. Biological activity evaluation of
dibenzylbutyrolactone lignans derivatives against Leishmania braziliensis, Braz.

J. Pharmacog, 13, 18-21.

Saraiva, |, Albuguerque, S, Uyemura, 5.A., Silva, R., Donate, P.M., Bastos, K., Silva,
M.LAE., Siqueira, C.M, Tudella, V.., 2005. The effects of cubebin derivatives on
mitochondrial respiration. Rev. Bras. Ciénc. Farm. 41 (1), 125.

Sieuwerts, A, Klijn, |.CM., Peters, HA, Foekens, LA, 1985, The MTT tetrazolium salt
assay scrutinized: how to use this assay reliably to measure metabolic activity
of cell cultures in vitro for the assessment of growth characteristics, ICs, values
and cell survival. Eur. |. Clin. Chem. Clin. Biochem. 33, 813-823.

Silva, M.LA., Albuguergque, S, Souza, G H.B., Silva, R., Bastos, J.K., 2003, Patente WO
03080600,

Souza, G.H.B., Da Silva Filho, AA., Souza, VA, Pereira, AC, Royo, V.A, Silva, M.LA.,
Silva, R., Donate, PM., Carvalho, J.C.T., Bastos, J.K, 2004, Analgesic and anti-
inflammatory activities evaluation of (-)-O-acetyl, (-)-O-methyl, (-)}-0-
dimet hy lethylamine cubebin and their preparation from (=) cubebin. Farmaco
59, 55-61.

Souza, VA, Silva, R, Pereira AC, Royo, VLA, Saraiva, |, Montanheiro, M., Souza,
G.H.B,, Da Silva Filho, A.A., Grando, M.D., Donate, P.M., Bastos, | K., Albuquergue,
5., Silva, MLA, 2005, Trypanocdal activity of {-)-cubebin denvatives against
free amastigote forms of Trypanosoma cruzi. Bioorg. Med. Chem. 15, 303-307.

Stoppani, AQ., 1999, The chemotherapy of Chagas disease, Medicina (B Aires) 59
(2), 147-165.

Turrens, J.F., MCcord, JM., 2006, The iron-containing superoxide dismutases of
trypanosomatidae, Free Rad. Biol. Med. 40, 193-185,

Uchiyama, M., Kabututu, Z, Kubata, B.K., Kiuchi, F., Ito, M., Nakajima-Shimada, |.,
Aocki, T., Ohkubo, K., Fukuzumi, 5., Marin, 5K, Honda, G, Urade, Y., 2005,
Antichagasic activity of komaroviquinone is due to generation of reactive
oy gen species catalyzed by Trypanosoma cruzi old yellow enzyme. Antimicrob,
Agents Chemother. 49 (12), 5123-5126.

Umezawa, T, Davin, LB, Lewis, N.G, 1991, Formation of lignans (-)-
secoisolardresinol and (-)-matairesinol with Forsythia intermedia cell-free
extracts, . Biol, Chem. 266, 10210-10217.

Umezawa, T, Isohata, T, Kuroda, H., Higuchi, T., Shimada, M., 1992, Chiral HPLC and
LC-MS analysis of several lignans. In: Kuwahara M., Shimada M. (Eds.),
Biotechnology in Pulp and Paper Industry. Uni. Publ,, Tokyo. pp. 507-512

Umezawa, T., Shimada, M., 1996. Formation of the lignan (+)-secoisolariciresinol by
cell-free extracts of Arctium lappa. Bioscl. Biotech. Biochem, 60, 736-737.

Umezawa, T, Okunishi, T., Suimada, M., 1997a. Stereochemical diversity in lignan
biosynthesis. Wood Res, 84, 62-75.

Umezawa, T., Okunishi, T, Shimada, M., 1997b. Mechanisms of lignan biosynthesis.
Ann, Rep. Interdiscipl, Res, Inst. Environ, Sd. 16, 65-71.

Viera, P.C., Mafezoly, )., Pupo, M.T., Fernandes, |.B, Silva, MFG., Albuguergue, S.,
Oliva, G, Pavao, F., 2001. Strategies for the isolation and identification of
trypanocidal compounds from the Rutales. Pure Appl. Chem. 73 (3], 617-622,

Xu, Z-h,, Gow, Qmn., X-y, Li, R-s, Xu, 2001. New biflavanones and bioactive
compounds from Stellera chamaejasme L. Acta Pharmac. Sin 36, 668-671.

Zhang, HJ., Tamez, P.A, Hoang, V.D., Tan, G.T,, Hung, M.V, Xuang, L.T., Huong, LM.,
Cuong, MM, Thao, D.T., Socerjano, D.D., Fong, H.H.S, Pezzuto, |M. 2001,
Antimalarial compounds from Rhaphidophoro decursiva. |. Nat. Prod, 66, 772-
77,



35

4.2. Convenient synthesis of ketal derivatives from cubebin using amberlite as heterogeneous catalyst

O artigo apresentado a seguir descreve a sintese parcial de derivados da (-)-cubebina. A
vantagem em se utilizar um produto natural como material de partida é que a esteroquimica ja esta
definida e se ndo houver modificacdo nos centros assimétricos ela permanece inalterada. A
modificacdo estrutural em produtos naturais pode fornecer derivados com propriedades bioldgicas
potencializadas em relacdo ao material de partida e, por isso tem grande importancia na area de
produtos naturais, assim como foi a obtencdo do etoposideo e do tenoposideo a partir da
podofilotoxina. Desta forma, neste trabalho o objetivo foi obter derivados semissintéticos da cubebina
onde a modificacdo estrutural na cubebina ocorreu na hidroxila do lactol a qual foi substituida por

um grupamento éter.
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CONVENIENT SYNTHESIS OF KETAL DERIVATIVES FROM CUBEBIN
USING AMBERLITE AS HETEROGENEOUS CATALYST
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Eleven ketal derivatives were prepared from the natural product cubebin using Amberlite IR-1204R as

heterogeneous catalyst and ROH as the source of the alkyi group.
Kevwords: cubebin, ketal derivatives, heterogeneous catalysis, Amberlite.

Cubebin [3,4-bis(benzo[d][1.3]dioxol-5-ylmethyl)-tetrahydrofuran-2-ol)] 1 is a dibenzylbutyrolactolic lignan that
occurs in the stems, leaves, fruits, and roots of many plant species; it is particularly more widely distributed among the
Asteraceae and Piperaceae [1-3]. Over the last decade, researchers have discovered that cubebin (1) displays new, important
biological activities [4—18].

Studies on the analgesic, anti-inflammatory, antimicrobial, and trypanocidal actions of cubebin (1) have demonstrated
that converting the lactol group into lactone or ketal provides derivatives with higher biological potential as compared with the
starting material [10—14]. However, few cubebin derivatives have been obtained so far. Therefore. to conduct a broader spectrum
of studies on the biological properties of these derivatives, it is necessary to synthesize a larger number of compounds.

When it comes to obtain ketal derivatives from cubebin, the (-alkylation promoted by hydride/alkoxide and alkyl
halides has been the most often employed route [10., 12—14]. However, this methodology has several limitations: alkyl halides
are toxic and expensive, anhydrous medium is mandatory, hydride or alkaline metals in excess are necessary, and secondary
products arise during the synthesis.

Amberlite IR-120AR is an inexpensive and commercially available resin that has emerged as an efficient reagent for
various chemical transformations, including ketal formation [19-21]. Cadote et al. used Amberlite IR-120 and methanol to
obtain methyl ketals in sugars [19]. albeit in low yields. We have adapted this method to synthesize 11 ketal derivatives of
cubebin (1) in excellent yields using Amberlite IR-120 as a heterogeneous catalyst and alcohol (R-OH) as the source of alkyl
groups and solvent at temperatures below 120°C.
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10: R = cyclohexyl: 11: R = CH;OCH,CH,: 12: R = CH4(CH,),
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TABLE 1. Optimization of the Reaction Conditions for the Synthesis of Ketal 2,* %

. Reaction temperature, °C
Amberlite, mg e

30 80 | 120
0 0 0 0
10 40 70 18
20 50 95 30
30 50 90 29

*Product yield after 2 h of reaction.

TABLE 2. Synthesis of Ketals 2-12 from Cubebin (1)

ROH Temperature, °C Reaction time, h Ketal Yield, %
Methyl alcohol 20 2 2 95
Ethyl alcohol 20 2 3 93
Allyl alcohol 20 2 4 93
Isopropyl alcohol 20 3 5 90
Benzyl alcohol 100 24 6 70
tert-Butyl alcohol &0 3 7 90
Trifluoroethanol 20 3 8 20
Propargyl alcohol 20 3 9 20
Cyclohexyl alcohol 100 24 10 75
Methyl glycol 80 3 11 95
Amyl alcohol 20 3 12 95

Reaction conditions: cubebin (100 mg, 0.28 mmol), ROH (3 mL), Amberlite IR-120AR (20 mg).

To establish the optimum amount of resin and best experimental conditions, we performed several tests using
methanol (3 mL) and cubebin (100 mg) while varying the amount of resin and the reaction temperature. We investigated the
model reaction with four different amounts of Amberlite IR-120AR (0, 10, 20, and 30 mg) and at three temperatures (30, 80,
and 120°C). We monitored the reactions by thin-layer chromatography every 15 min. Table 1 contains the results of the
optimization tests.

In the absence of the catalyst, we did not detect the desired product at the evaluated temperatures. The reaction
furnished the desired product for all amounts of Amberlite IR-120AR; however, 20 mg of the resin at a temperature of 80°C
(cubebin-resin, 8:2) gave the best yield (95%) after 2 h.

A temperature of 30°C afforded lower yields; the resin began to decompose at 120°C, as seen from the appearance of
a dark brown coloration and lower product yield. We used temperatures below120°C to synthesize the other ketals.

After optimization, we applied the reaction conditions to synthesize over 10 ketal derivatives from cubebin ( 1) using
alcohols of different structures (Table 2).

The reaction times were proportional to the size of each “R” group of the alcohols (R-OH) because of the steric effect.
Compounds with larger “R” group took longer to react and furnished lower product yields. The reactions with benzyl alcohol
and cyclohexyl alcohol completely ended only after 24 h. For most of the alcohols, the reaction time ranged from 2 to 3 h. The
size of the “R” group also affected the product yields: the yields decreased with increasing “R” size. Alcohols with smaller
“R” groups furnished preduct yields between 80 and 95%: benzyl alcohol and cyclohexyl alcohol furnished 70 and 75%
product yields, respectively. TLC analysis did not show any secondary product, but we recovered the starting materials after
the synthesis of compounds 6 and 10, during which we used benzyl alcohol and cyclohexyl alcohol, respectively. We confirmed
the structures of compounds 2—12 by MS, PMR,, and !3C NMR. Because we extracted cubebin (1) from Piper cubeba [12], we
obtained compounds 2-12 in the epimeric form at an epimer A—epimer B ratio of 60:40. Various signals overlapped in the
PMR and !*C NMR spectra. The 13C NMR data presented here are mostly relative to epimer A.
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EXPERIMENTAL

Amberlite IR-120AR was purchased from Carlo Erba Company. (—)-Cubebin (1) was isolated from the seeds of
Piper cubeba as previously described in the literature [12]. PMR and 13C NMR spectra were recorded on a Bruker DPX-400
spectrometer (CDCly and Si(CH,), were used as solvent and internal standard, respectively). CG-MS was conducted on a
Shimadzu GC-MS QP2010 Plus automatic injector AOC-20i spectrometer at 70 eV. Elemental analyses were performed on a
Thermoquest CE EA/1110 CHNS-O analyzer. The reactions were monitored using TLC on silica gel 60G F,5, aluminum
sheets (Merck) using hexane—cthyl acetate (9:1) as eluent.

Compounds were detected by sulfuric vanillin solution with subsequent heating at 100-120°C for 2-3 min. Silica gel
(70-230 mesh) was used for column chromatography.

General Procedure for Preparing Ketals 2-12 from Cubebin (1). The mixture containing (—)-cubebin (1) (0.100 g,
0.00028 mol), R-OH (3 mL), and resin Amberlite® IR-120AR (20 mg) was stirred under heating (80°C or 100°C) for some
hours (Table 2). After the reaction was complete (TLC monitoring), the resin was filtered, the excess R-OH was evaporated
under reduced pressure, and the residue was purified by column chromatography on silica gel, using hexane—ethyl acetate
(9:1) as eluent.

3.4-Bis(benzo|d]|| 1.3]dioxol-5-ylmethyl)-tetrahydrofuran-2-ol (1). White solid, mp 131-132°C. C,H,,0,.
PMR (400 MHz, CDCly, §, ppm, J/Hz): 2.20 (5H, m, OH, H-8", 7°B, Ter, 7), 2.70-2.00 (2H, m, H-8, 7'), 3.60 (1H, dd, J=7.1,
8.4, H-96, epimer B), 3.80 (1H, dd, J = 7.8, 8.4, H-9f, epimer A), 4.00 (1H, dd, J=7.1, 8.6, H-9¢, epimer B), 4.10 (1H, dd,
J=7.1, 144, H-9¢, epimer A), 5.20 (1H, brs, H-9"), 6.60 (4H, br.s, 2H-10, 10"), 6.80-6.05 (6H, m, H-2, 3. 6, 2’, 3, 6").
13C NMR (100 MHz, CDCly, §, ppm): 38.3 (C-7), 39.0 (C-7), 46.2 (C-8), 53.5 (C-8"), 72.6 (C-9),99.2 (C-9"), 101.2 (C-10"),
101.3 (C-10), 108.5 (C-6"), 108.6 (C-6), 109.5 (C-3"), 109.7(C-3), 121.8 (C-2"), 122.1(C-2), 134.5(C-1"), 134.9(C-1), 146.1
(C-57), 146.6 (C-3), 147.9 (C-4), 148.0 (C-4"). Mass spectrum (EL, 70 eV), m/z (_ , %): 356 ((M]7, 31), 203 (11), 161 (11),
135 (100), 77 (36).

5-((4-(Benzo|d][1.3]dioxol-5-ylmethyl)-5-methoxy-tetrahydrofuran-3-yl)methyl)-benzo|d][1.3|dioxole (2).
C5,H;,04. PMR (400 MHz, CDCly, 8, ppm, J/Hz): 2.70-1.90 (6H, m, H-7'ct, 7', Tax, 7, 8, 87), 3.10 (3H, s, OCHj, epimer B),
3.20 (3H, s, OCH,, epimer A), 3.50 (1H, m, H-9f), 3.90 (1H, m, H-9¢), 4.55 (1H, d, J = 4.6, H-9", epimer B), 4.60 (1H, d,
J=1.3,H-9", epimer A), 5.80 (4H, br.s, 2H-10, 10, 6.80-6.50 (6H, m, H-2, 3, 6, 2", 3, 6"). 13C NMR (100 MHz, CDCl,,
8, ppm): 39.1(C-7"), 39.6 (C-7), 46.1 (C-8), 52.8 (C-8),55.1 (OCH4), 72.4 (C-9), 101.2(C-10, 10%), 105.8 (C-9”), 108.4 (C-6"),
108.5 (C-6), 109.5 (C-3"), 110.2 (C-3), 121.8 (C-2"), 122.3 (C-2), 132.4 (C-1"), 133.2 (C-1), 144.7 (C-5"), 144.8 (C-5), 146.6
(C-4), 146.7 (C-4"). Mass spectum (EL, 70 eV), m/z (I ;. %): 370 ([M~], 10), 338 (14), 203 (45), 173 (19), 135 (100), 77 (28).

5-((4-(Benzo|d][1.3]dioxol-5-ylmethyl)-5-ethoxy-tetrahy drofuran-3-yl)methyl)-benzo[d||1.3]dioxole (3).
C,,H,,0¢. PMR (400 MHz, CDCly, 8, ppm, J/Hz): 1.20 (3H, t, CH, of ethyl group), 2.0 (2H, m, H-8, 76), 2.60-2.40 (3H, m,
H-7'8. 7e, 87),2.70 (1H, m, H-7"er), 3.40 (1H, m, H-9f), 3.65 (2H, m, CH, of ethyl group), 4.00 (1H, m, H-9c), 4.70 (1H,
d, J=4.2, H-9", epimer B), 4.82 (1H, s, H-9", epimer A), 5.94 (4H, s, 2H-10, 10", 6.60-6.50 (6H, m, H-2, 3, 6, 2", 3", 6").
13C NMR (100 MHz, CDCly, 8, ppm): 15.7 (CH,), 39.0 (C-7"), 39.6 (C-7), 46.2 (C-8), 52.7 (C-8), 63.2 (CH,), 72.4 (C-9),
101.2 (C-10, 107, 108.3 (C-9), 108.4 (C-6"), 108.9 (C-6), 109.3 (C-3"), 109.6 (C-3), 121.8 (C-2"), 122.1 (C-2), 133.9(C-1"),
134.7 (C-1), 146.1 (C-5"), 146.2 (C-5), 147.9 (C-4), 148.0 (C4"). Mass spectrum (EL, 70 eV), m/z (I ;. %): 384 ([M]", 10), 338
(23), 161 (38), 135 (100), 77 (28).

5-((5-(Allyloxy)4-(benzo|d|[1.3|dioxol-5-ylmethyl)-tetrahydrofuran-3-yl)methyl)-benzo|d|[1.3|dioxole (4).
C53H,,404. PMR (400 MHz, CDCl5, 8, ppm, J/Hz): 2.10 (1H, m, H-8), 2.80-2.20 (5H, m, H-8', 7, 78, 7't 7)., 3.58 (1H, t,
J=7.0, H-98, epimer B), 3.65 (1H, t, = 8.3, H-98, epimer A), 3.90 (1H, m, methylenic H), 4.00 (1H, dd, J = 7.8, 16.1, H-9¢),
4.50 (1H, m, methylenic H), 4.81 (1H, d, ] =4.6, H-9', epimer B), 4.85 (1H, s, H-9, epimer A), 5.15 (1H, m, H-vinylic CH,=,
epimers A and B), 5.22 (1H, dd, J = 1.5, 174, H-vinylic CH,=, epimer A), 5.30 (1H, dd, J = 1.3, 174, H-vinylic CH,=,
epimer B), 5.90 (1H, m, H-vinylic CH=), 5.90 (4H, br.s, 2H-10, 10"), 6.60 (6H, m, H-2, 3, 6, 2’, 3’ 6"). 13C NMR (100 MHz,
CDCly, 8, ppm): 39.0(C-7),39.6 (C-7), 46.1 (C-8), 52.7 (C-§), 68.4 (CH,-0), 72.5 (C-9), 101.1 (C-10"), 101.2(C-10), 104.1
(C-97). 108.4 (C-6"), 108.5 (C-6), 109.3 (C-3"), 109.6 (C-3), 116.9 (vinylic CH,), 121.8 (C-2), 122.1 (C-2), 133.8 (C-1"),
134.7 (C-1), 135.1 (CH=), 146.2 (C-5"), 146.3 (C-5), 147.9 (C-4), 148.0 (C4"). Mass spectrum (EI, 70 eV), m/z (I_, %): 396
([M]7, 5), 338 (20), 161 (31), 135 (100), 77 (20).

5-((4-(Benzo|d][1.3|dioxol-5-yImethyl)-5-isopropoxy-tetrahydrofuran-3-yl)methyl)-benzo|d][1.3|dioxole (5).
C53H,404. PMR (400 MHz, CDC13,5, ppm, J/Hz): 1.04 (3H, d,J = 6.2, CH; of isopropyl group, epimer A), 1.09 (3H,d, ] =6.2,
CH; of isopropyl group, epimer B), 1.19 (3H, d, ] = 6.5, CH; of isopropyl group, epimer A), 1.22 (3H, d, J = 6.2, CH; of
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isopropyl group, epimer B), 2.1 (2H, m, H-8, T7¢), 2.8-2.4 (4H, m, H-8", 7’8, 75, 7'e), 3.56 (1H, t, ] = 7.0, H-9f, epimer B),
3.65(1H, t, J =8.1, H-9f, epimer A), 3.80 (1H, m, CH of isopropyl group), 4.00 (1H, m, H-9¢, epimers A and B), 4.89 (1H,
d. J=4.7, H-9", epimer B), 491 (1H, s, H-9", epimer A), 5.90 (4H, br.s, 2H-10, 10", 6.60 (6H, m, H-2, 3, 6,2", 3’ 6). 13C NMR
(100 MHz, CDCly, 8, ppm): 22.0 (CHs), 24.2 (CH,), 38.9 (C-7), 39.4 (C-7"), 46.3 (C-8), 52.8 (C-8"), 69.3 (CH of isopropyl
group), 72.2 (C-9), 101.2 (C-10, 10", 107.3 (C-9), 108.3 (C-6"), 108.4 (C-6), 109.3 (C-3"), 109.6 (C-3), 121.8 (C-2"), 122.1
(C-2). 133.9 (C-1), 134.8 (C-1), 146.1 (C-5), 146.2 (C-5), 147.9 (C-4), 148.0 (C4"). Mass spectrum (EI, 70 eV), m/z (I ;. %0):
398 ([M]7, 5), 338 (15), 161 (32), 135 (100), 77 (21).
5-((4-(Benzo|d|[1.3]dioxol-5-ylmethyl)-5-benzyloxy-tetrahydrofuran-3-yl)methyl)-benzo[d|[1.3]|dioxole (6).
C,;H, ,O4. PMR (400 MHz, CDCly, 8, ppm, J/Hz): 2.20-2.00 (2H, m, H-7f, 8),2.30 (1H, dd, J = 7.8, 13.5, H-7"f), 2.70-2.50
(3H, m, H-8", 7, 7'ax), 3.60 (1H, t, ] = 9.9, H-96), 3.92 (1H, t, J = 9.9, H-9c), 4.30 (1H. d, J = 12.20, CH, of benzyl group),
4.60 (1H, d, J = 12.20, CH, of benzyl group), 4.80 (1H, d, J = 1.5, H-9, epimers A and B), 5.80 (4H, br.s, 2H-10, 10"), 6.50
(6H, m, H-2, 3, 6,2, 3, 6), 7.20 (SH, m, Ar-H of benzyl group). *C NMR (100 MHz, CDCly, 6, ppm): 38.6 (C-7), 39.04 (C-7"),
45.9 (C-8),52.5(C-8"), 69.0 (CH, of benzyl group), 72.2 (C-9), 100.8 (C-10), 100.9 (C-10), 103.9 (C-9"), 108.1 (C-6"), 108.2
(C-6),108.9 (C-3"), 109.2 (C-3),121.4(C-2"), 121.8 (C-2), 128.7, 1279, 127.5 (arom. C of benzyl group), 133.4 (C-1"), 1342
(C-1), 138.1 (arom. C of benzyl group), 145.7 (C-5"), 145.9 (C-5), 147.5 (C-4), 147.6 (C-4"). Mass spectrum (EL, 70 eV),
miz (I, %): 338 ([M7], 108, 5), 203 (19), 135 (73), 81 (100).
5-((4-(Benzo[d]||1.3|dioxol-5-ylmethyl)-5-terr-butoxy-tetrahydrofuran-3-yl)methyl)-benzo|d|[1.3|dioxole (7).
C54H,404. PMR (400 MHz, CDC1,, 8, ppm, J/Hz): 1.16 (9H, s, 3CH, of feri-butyl group, epimer B), 1.28 (9H, s, 3CH; of
reri-butyl group, epimer A), 2.80-2.00 (6H, m, H-8, 8", 7er, 78, 7'ex, 7'f, epimers A and B), 4.10-3.4 (2H, m, H-9 ¢, 96, epimers
Aand B), 5.2 (1H, br.s, H-9", epimers A and B), 5.90 (4H, br.s, 2H-10, 10), 6.60 (6H, m, H-2, 3, 6,2, 3’,6"). *C NMR (100 MHz,
CDCly, 8, ppm): 31.6 (CHy), 38.7 (C-7), 39.4 (C-7'), 46.1 (C-8), 52.7 (C-8"), 69.6 (C of rert-butyl group), 72.4 (C-9),
101.2 (C-10, 107, 104.7 (C-9), 108.4 (C-6"), 108.6 (C-6), 109.3 (C-3"), 109.7 (C-3), 121.8 (C-2"), 122.2 (C-2),133.9 (C-1"),
134.7 (C-1), 146.2(C-5), 146.3 (C-5), 147.9 (C4), 148.0 (C-4). Mass spectrum (EL, 70 eV), m/z (I, %): 412 ([M]", 5), 338
(19), 161 (31), 135 (100), 77 (31).
5-((4-(Benzo|d]|[1.3]dioxol-5-yImethyl)-5-(2,2.2,-trifluoroethoxy)-tetrahydrofuran-3-yl)methyl)-
benzo[d][1.3]dioxole (8). C,,H,,0,. PMR (400 MHz, CDCl,, 8, ppm, J/Hz): 2.00 (1H, m, H-8, epimers A and B), 2.5 (2H, m,
H-78, 7'B epimers, A and B), 2.60 (1H, m, H-8’, epimers A and B), 2.70 (2H, m, H-7e, 7'ex), 3.7 (2H, br.d, J = 7.3, CH,-CF;,
epimers A and B), 3.80 (1H, dd, J = 9.9, 16.6, H-9f, epimers A and B), 4.10 (1H, dd, J = 8.3, 16.6, H-9¢, epimers A and B),
4.85(1H,d, I =4.6, H-9, epimer B), 4.9 (1H, br.s, H-9', epimer A), 6.00 (4H, br.s, 2H-10, 10"), 6.70 (6H, m, H-2, 3, 6, 2,
3, 6"). 3C NMR (100 MHz, CDCl,. 8, ppm): 38.4 (C-7), 39.2 (C-7"), 45.2 (C-8), 51.9 (C-8"), 62.8 (CH,-CF,), 72.6 (C-9),
100.9 (C-10, 107), 104.2 (C-97), 108.6 (C-6"), 108.9 (C-6), 109.1 (C-3"), 109.2 (C-3), 121.6 (C-2), 121.8 (C-2), 132.8 (CF,),
133.9 (C-17), 134.2 (C-1), 145.8 (C-5"), 145.9 (C-5), 147.5 (C-4), 147.6 (C-4'). Mass spectrum (EL 70 eV), m/z (I, %): 438
([M]7, 30), 161 (30), 135 (100), 77 (29).
5-((4-(Benzo[d][1,3]dioxol-5-yImethyl)-5-(prop-2-ynyloxy)-tetrahydrofuran-3-yl)methyl)-benzo[d|| 1.3|dioxole
(9). C53H,,0,. PMR (400 MHz, CDCly, 8, ppm, J/Hz): 2.15 (2H, m, H-8", 8), 2.45 (3H, m, H-7'B, Tex, 7B), 2.53 (1H, d, ] = 7.8,
HC=),2.7 (1H, m, H-7c), 3.65 (1H, t. J = 8.3, H-9£), 4.00 (1H, dd, J = 8.3, 16.0, H-9a), 4.15 (1H, d, J=2.3, O-CH,-C, epimer B),
420(1H, dd, J=2.3,7.8, 0-CH,-C, epimer A), 4.24 (1H, dd, J= 2.3, 7.8, 0-CH,-C, epimer A), 4.28 (1H, d, ] =2.3, -0-CH,-C,
epimer B), 4.95 (1H, d, J = 4.6, H-9", epimer B), 5.90 (4H, br.s, 2H-10, 107, 6.60 (6H, m, H-2, 3, 6, 2*, 3", 6"). 1°C NMR
(100 MHz, CDCl;, 8, ppm): 33.8 (C-7), 39.6 (C-7"), 46.1 (C-8), 52.6 (C-8"), 54.3 (CH,~C=), 72.8 (C-9), 74.6 (HC=), 79.8
(C=), 100.9 (C-10, 10"), 107.2 (C-9"), 108.1 (C-6"), 108.1 (C-6), 108.9 (C-3"), 109.3 (C-3), 121.5 (C-2"), 121.8 (C-2), 133.2
(C-1), 1342 (C-1), 145.8 (C-5"), 145.9 (C-5), 147.5(C-4), 147.6 (C4"). Mass spectrum (EL, 70 ¢V), miz (. %): 394 (IM]", 12),
338 (12), 203 (47), 135 (100), 77 (24).
5-((4-(Benzo|d|[1.3]dioxol-5-ylmethyl)-5-cyclohexyloxy-tetrahydrofuran-3-ylymethyl)}-benzo|d|[1.3|dioxole (10).
Cy5H40g. PMR (400 MHz, CDC13,5,ppm, J/Hz): 1.2 (6H, m, 3CH,, of cyclohexyl group), 1.70 (4H, m, 2CH, of cyclohexyl
group), 2.1 (1H, m, H-8),2.75-2.40 (5H, m, H-T'ct, 7' 8. Tcx, 7, 8’), 3.30 (1H, m, CH of cyclohexyl group), 3.55 (1H, dd, ] =6.6,
8.6, H-96, epimer B), 3.65 (1H, t, J = 8.1, H-95, epimer A), 3.94 (1H, dd, J = 7.3, 8.6, H-9), 3.98 (1H, t, J = 8.3, H-9¢,
epimer B), 4.93 (1H, d, J = 4.6, H-9", epimer B), 4.94 (1H, d, J = 1.8, H-9", epimer A), 5.90 (4H, s, 2H-10, 107, 6.60 (6H, m,
H-2, 3, 6,2, 3, 6. 1*C NMR (100 MHz, CDCly, 8, ppm): 23.5,24.3,25.7,33.9, 34.0 (CH, of cyclohexyl group), 38.5 (C-7),
39.6 (C-7),43.8 (C-8), 52.3 (C-8"), 71.8 (C-9), 74.8 (CH of cyclohexyl group), 100.8 (C-10, 10"), 106.7 (C-9%), 107.9 (C-6"),
108.1 (C-6), 108.9 (C-3"), 109.2 (C-3), 121.4 (C-2"), 121.8 (C-2), 1344 (C-1"), 134.6 (C-1), 145.7 (C-5"), 145.8 (C-5),147 4
(C-4), 147.5 (C-4"). Mass spectrum (EL 70 eV), m/z (I, 4. %): 438 ([M]", 5), 338 (14). 161 (33), 135 (100).
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5-((4-(Benzo|d]|[1.3]dioxol-5-ylmethyl)-5-(2-methoxyethoxy)-tetrahydrofuran-3-yl)methyl)-
benzo[d|[1,3]dioxole(11). C,3H,,0,. PMR (400 MHz, CDCly, §, ppm, J/Hz): 2.20-2.00 (2H, m, H-8, 7'f8), 2.5 (3H, m, H-7, 8"),
2.7 (1H,m, H-7'e), 3.38 (3H, s, OCH,, epimer A), 3.39 (3H, s, OCH,, epimer B), 3.60-3.50 (4H, m, CH,—CH,), 3.70 (1H, m,
H-9f4),4.00 (1H, m, H-9¢a), 4.80 (1H, d, J=4.5, H-9’, epimer B), 4.85 (1H, d, J= 1.5, H-9", epimer A),5.90 (4H, s, 2H-10, 10"),
6.60 (6H, m, H-2, 3, 6,27, 3", 6). 13C NMR (100 MHz, CDCly, 8, ppm): 38.5 (C-7), 39.1 (C-7"),43.2(C-8), 52.1 (C-8"), 59.0
(OCH,), 66.3 (OCH,CH,0CH,), 71.9 (C-9), 72.0 (OCH,CH,0CH,), 100.8 (C-10, 10), 104.5 (C-9"), 108.0 (C-6"), 108.1 (C-6),
108.9 (C-3"), 109.2 (C-3), 1214 (C-2"), 121.8 (C-2), 133.4 (C-1"), 134.3 (C-1), 145.7 (C-5"), 145.8 (C-5), 147.5 (C-4), 147.6
(C-4"). Mass spectrum (EI, 70 V), m/z (I, %): 414 ([M]", 7), 338 (16.6), 203 (7.1), 161 (38), 135 (100).

5-((4-(Benzo|d][1.3|dioxol-5-ylmethyl)-5-pentyloxy-tetrahydrofuran-3-yl)methyl)-benzo[d][1.3|dioxole (12).
C,5H;,0,. PMR (400 MHz, CDCl;, 8, ppm, J/Hz): 2.10-2.00 (2H, m, H-8, 7°f), 2.8-2.4 (4H, m, H-T'et, Tex, 78, 8"), 3.28 (1H,
m, CH,-0 of amyl group), 3.60 (2H, m, H-9), 4.00 (1H, m, CH,-O of amy! group), 4.75 (1H,d, J=4.5, H-9’, epimer B), 4.79
(1H, d, J = 1.5, H-9, epimer A), 5.90 (4H, s, 2H-10, 10), 6.60 (6H, m, H-2, 3, 6, 2, 3", 6). 1*C NMR (100 MHz, CDCls,
8, ppm): 14.0 (CH4 of amyl group), 22.5 (CH, of amyl), 28.5 (CH, of amyl), 29.3 (CH, of amyl), 38.6 (C-7), 39.1 (C-7"),45.7
(C-8), 52.3 (C-8'), 67.5 (OCH, of amyl group), 71.8 (C-9), 100.8 (C-10, 10'), 108.0 (C-9"), 108.1 (C-6"), 108.7 (C-6), 108.9
(C-3,109.2 (C-3), 121.4 (C-2, 121.8 (C-2), 133.5 (C-1), 134.3 (C-1), 1454 (C-5"), 145.8 (C-5), 147.5 (C4), 147.6 (C4".
Mass spectrum (EL, 70 V), m/z (I_j, %): 426 ([M]", 10), 338 (19), 203 (19), 161 (40), 135 (100).
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4.3. Synthesis of 4-azo-butenolides

Neste artigo sintetizamos 4-azo-butenolidas de forma mais rapida e com maior rendimento do
que os descritos na literatura. Esses compostos sdo intermediarios para a sintese de diidroquinolinas
e de outros compostos heterociclicos.
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ABSTRACT ARTICLE HISTORY
An efficient, catalyst-free, microwave-assisted approach has been Recelved 2 May 2017
developed for the synthesis of 4-azo-butyenolides derivatives by
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condensing tetronic acid with various anilines. This approach ; . .

o . I Microwave irradiation;
exhibited good functional group compatibility and produced the quinolines synthons; short
desired products in good to excellent yields in just 30-40 min. This reaction time; substrate
approach can be seen as a better alternative to protocols with long scope
reaction times used for the synthesis of these compounds, which are
synthons for the obtaining of quinolines.
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R= alkyl, OCH; OCH;0, Halogen

Introduction

Heterocyclic natural or synthetic compounds are an important class of molecules for the
development of new drugs.[l_']\I Several of these compounds containing the quinoline
nucleus display innumerous biological properties and are used as drugs against malaria,
cardiovascular diseases, allergies, and vasodilators.[*'5! The search for new drugs more
potent and with less side effects requires chemical strategies of synthesis that facilitate
the obtaining of intermediates for the construction of heterocycles in a quick way and
in smaller reaction times, speeding up the process of the synthesis until the biological
evaluation.®!

4-Azo-butenolides are synthons for the synthesis of quinolines, dihydroquinolines,
lactones, and a large amount of derivatives of great pharmacological interest.['7~2°! Despite
the importance of these compounds, the syntheses described in the literature use reaction
conditions that involve long reaction times and expensive purification processes.[ZGI These
conditions make it difficult to obtain these intermediates for the construction of more
complex molecules in quantity and structural variety for biological evaluation. In this work,
a new method for the synthesis of 4-azo-butenolide derivatives from reaction between
tetronic acid (1) and anilines promoted by microwave is described.

CONTACT Rosangela da Silva de Laurentiz @ rosangela@dfq.feis.unesp.br @ Department of Physics and Chemistry,
530 Paulo State University (UNESP), llha Solteira 15385 000, Sao Paulo, Brazil.
@ Supplemental data (full experimental detall, "H and '*C NMR spectra) can be accessed on the publisher’s website.
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Results and discussion

First, the reaction between equimolar quantity of tetronic acid (1) and 4-bromoaniline (2a)
was used as a model for the evaluation of better solvent and temperature for the synthesis
(Scheme 1). Dioxane, water, ethanol, acetonitrile, and trifluoroacetic acid (Table 1) were
evaluated as a solvent at room temperature and under microwave heating. Results are
summarized in Table 1. The product 3a was purified and its structure was confirmed by
'H NMR and "C NMR,

Table 1 shows that in the reaction with dioxane has obtained good yield at room
temperature (entries 1, Table 1), but with a reaction time of 144 h. Under microwave
heating at 200 W, the reaction time decreases, however, the yield also decreases
with the formation of by-products as seen by thin-layer chromatography (TLC)
(entry 2, Table 1). Microwave heating of dioxane occurs due to the polarity of the
starting materials. Water, ethanol, and trifluoracetic acid at room temperature
furnished the product 3a in yield varying between 60 at 70% with reaction time of
72 h. Under microwave irradiation, these solvents provided the product 3a in shorter
reaction times in yields similar to those obtained at room temperature but with
by-product formation. Acetonitrile at room temperature furnished the product 3a in
better yield in the time of 48 h and 98% of yield after 30 min under microwave
heating. In protic solvents, used part of the aniline is ionized, while in acetonitrile
no ionization and nucleophilic character of nitrogen are maintained. In dioxane also,

NH, 0

0]
CH;CN
e e
S 20 A
s S Y
1 2a-j 3a-j

Scheme 1. Reaction between tetronic acid (1) and benzaldehyde derivatives (2a-j) promoted by
microwave.

Table 1. Results obtained to the reaction between tetronic acid (1) and Br-aniline (2a) in different
solvents.

Entry Solvent Tem perature" Time (h) Yield” (%)
1 DX r.t. 144 86
2 Mw 2 68
3 H,0 rt 72 60
4 Mw 0.5 65
5 EtOH rt. 72 68
6 Mw 0.6 60
7 TFA rt 72 70
8 Mw 0.6 60
9 CH5CN rt 48 75

10 MW 0.5 98

“lsolated product.
MW, microwave reflux temperature of the solvent, 200 W, open vessel.
TFA, trifluoroacetic acid.
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Table 2. Results obtained by reaction between tetronic acid (1) and anilines derivatives (2a-j)
promoted by MW.

Entry Anlline Product Yield™® (%)
1 4-Bre (2a) 3a 98
2 3.4 (OC;HL0) (2b) ib a7
3 4-(0CHs) (29 3 90
4 3-(0CH3) (2d) 3 74
5 4-C] (2e) 3e B84
6 4-CHICH3); () If 84
7 3.4 (OCH,0) (2g) 3 96
8 3,4-(0CH5); (2h) 3h a3
9 3.4 5-(0CH5); (21) 3 a9

10 4-CF; (2)) 3] 88

Tsolated yields.
“MW, microwave reflux, 200 W, open vessel,

there is no ionization, however, the starting materials are insoluble, therefore, the
reaction time is longer.m]

Based on these results, it was established a time of 30-40 min using acetonitrile as a
solvent under microwave heating for the other reactions performed.

After optimization of the reaction conditions, other anilines (2b-j) were examined for
the synthesis of 4-azo-butenolides derivatives (3b-j) (Table 2).

The results in Table 2 show that by the use of CH;CN/MW in a reaction time of
30-40 min, it was possible to obtain 4-azo-butenolide derivatives (3b-j) with high
yields (84-91%). Large yield differences were observed for aniline 2d which furnished
the product 3d in yield of 74%. The inductively electron-withdrawing methoxy group in
the position 3 of the aniline 2d removes electron density from nitrogen, making it less
nucleophilic.*!

The nucleophilic attack of the nitrogen in the carbonyl of the tetronic acid (1)
furnishes the intermediate I (Scheme 2). The MW heating causes an increase in
molecular kinetic energy turning faster the reaction!”*~**! and the acetonitrile (Lewis
base) promotes the remoting of proton a-carbonyl and subsequent loss of H,O with
formation of the product 3.

In the literature methodologies describing the synthesis of 4-azo-butenolides
derivatives,?” ! however, most of them use anhydrous and toxic solvents such as
benzene, low yields, long reaction times, and chromatographic purification methods.
Our methodology has the advantage not only of the higher yield but also of the shortest
reaction time and the higher purity of the products that do not require chromatographic
purification.

- O
o o/“NHI A E At O o
D\J_)a\ — D\i 2 @ — F ——= ~OH " T
OH W @zNH{' NH
1 2 C I 3 i

Scheme 2. Mechanistic proposal for reaction between tetronic acid and aniline.
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Experimental

General procedure for the synthesis of 4-azo-butenolides 3a

o) %
0,
0& * @ lN-l =
g NH,

MW

30-40 min
R=alkyl, OCH; OCH,0, Halogen

A mixture of tetronic acid (1.0 mmol) and anilines (1.2 mmol) in acetonitrile (2 mL) was
taken in a reaction flask equipped with a small magnetic stirring bar, and the reflux
condenser. The mixture was then irradiated in a microwave reactor for 40 min (reflux
temperature of the solvent) at a power of 200 W. Completion of the reaction was
monitored by TLC (20% ethyl acetate in hexane). The reaction mixture was then cooled
to room temperature and the solvent was removed on rota-evaporator. The precipitated
crude product was washed with mixture of hexane-ethyl acetate (8:2) and dried under
vacuum to give 3a (31.1 mg, 98%) as a yellow solid; mp 239-241 °C.

It was obtained as brown solid having mp 247-249 °C in 98% yield. "H NMR (400 MHz,
DMSO-de): & (ppm) 9.83 (s, 1H, NH), 7.53 (d, 2H arom, J = 8.8 Hz), 7.16 (d, 2H arom,
] = 8.8 Hz), 5.36 (s, 1H), 4.87 (s, 2H). *C NMR (100 MHz, DMSQ-d6): § (ppm) 174.80,
162.32, 139.52, 132.18, 12047, 114.58, 84.47, 68.04. HRMS (ESI"): m/z [M+ H]" caled
for CipHgNBrO;: 253.9816; found: 253.9810.

Conclusion

Finally, we can conclude that the use of acetonitrile and MW heating in the reaction
between tetronic (1) and aniline derivatives (2a-j) produces new 4-azo-butenolide deriva-
tives with excellent yields, in a very efficient manner. This reaction condition can be
applied using anilines with electron-withdrawing substituents as well as electron-donating
substituents at different positions on the aromatic ring.
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4.4. Synthesis and antibacterial activity of new lactone 1,4-dihydroquinoline derivatives

O artigo que apresento agora foi o primeiro artigo provenientes de uma série de resultados das
reacOes entre o acido tetrdnico, aldeidos, aminas ou fenois para a obtencdo de compostos com varios
nucleos heterociclicos. Nesse artigo descrevo a sintese total de 1,4-diidroquinolinas, que sdo
derivados heterociclicos de lignanas ariltetralinicas. O artigo descreve a otimizacdo da metodologia
e a obtencdo dos derivados de forma mais eficiente e em menor tempo, a partir da reagdo
multicomponentes assistida por micro-ondas. Além da sintese, este e 0 proximo artigo trazem os

resultados da avaliacdo bioldgica realizada para esses compostos.
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Abstract

In this work, a series of lactone 1 4-dihydroquinoline derivatives 4 were efficiently synthesized and characterized by "H and
BC NMR. The synthesized compounds were evaluated for their In vitro antibacterial activity against the bacterial strains
Porphyvromonas  gingivalis, Prevorella nigrescens, Streprococcus miris, and Streptococcus sanguinis and against
Mycobacterium tuberculosis, Mycobacrerinm avium and Mycobacrerium kansasii. The results revealed that the evaluated
compounds were more active against Gram negative bacteria. Compounds 4ba, 4bb, 4bg. 4bi, 4bn, 4ch, and 4ci displayed
moderate antibacterial activity against FP. gingivalis. 4bi was the most active compound against the three strains of
Mycobacterium. Based on structure—activity relationship studies, we observed that the presence of a nitro group on the
benzylic ring and a methylenedioxy group on the dihydroquinoline ring enhanced the antibacterial activity of the den vatives.

Keywords Azo-heterocyclic compounds - quinoline derivatives - antibacterial activity

Introduction properties (Teponno et al. 2016). Several studies have

shown that the biological properties of these lignans are

The combination of phammacophoric moieties of different
bioactive substances can produce a mew hybrid molecule
with improved biological efficacy and affinity, a modified
selectivity protfile, and different and/or dual modes of
action, and may reduce undesired side effects (Viegas-
Junior et al. 2007). The combination of lactone and 1.4-
dihydroquinoline rings provides 7-azo synthetic analogs of
aryltetralin lignan lactones. Aryltetralin lignan lactones are
among the various classes of naturally occurring bioactive
molecules that have aroused interest in the area of medicinal
chemistry due to their structural diversity and biclogical
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closely related to the nature of ring A, their stereochemistry,
and substituents on the aromatic rings (Antunez-Mojica
et al. 2016). However, little is known about how mod-
ifications in the chemical skeleton of ring B can affect these
properties. The replacement of C7 with nitrogen can greatly
alter these properties. creating new analogs with biological
properties that have not yvet been described for this class of
compounds (Fig. 1). These derivatives present two impor-
tant phamacophoric groups, the lactone and dihy-
droquinoline nngs. The lactone ring is present In many
compounds with biological properties (Qiu et al. 2016)
including antimicrobials (Grabarczyk et al. 2013; Mazur
et al. 2016), along with quinoline and dihydroguinoline
rings (Meléndez-Gomez and Kouznetsov 2013; Kharb and
Kaur 2013; Desai et al. 2017).

New quinoline derivatives have been synthesized and
investigated for several biological properties. The position
and type of the substituents on the quinoline and dihy-
droquinoline rings are responsible for the varnety of phar-
macological activities that these compounds present,
including antibacterial (El-Essawy and El-Sayed 2013;
Desal et al. 2017). antiplasmodial (Vandekerckhove et al.
2015), antituberculosis (Keri and Patil 2014), antimalarial
(Vandekerckhove and D'hooghe 2015) and anticancer

@ Springer
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Fig. 1 General structure of
dihydroquinoline ring,
aryltetralin lignan lactone and
lactone quinoline derivative

Aryltetralin lignan lactone

Scheme 1 Reaction conditions
for obtaining derivatives 4

R

R;= 3,4,5-0CH; 2a
3.4 OCH,0 2b
34- 0CH; 2e

(Spano et al. 2015). However, there are no reports in the
literature on the antimicrobial activity of lactone dihy-
droquinoline derivatives; therefore we decided to synthesize
these compounds and evaluate their antibacterial activities.

Result and Discussion
Chemistry

The lactone dihydroquinoline derivatives 4 presented in this
paper were prepared via a microwave-assisted reaction
between tetronic acid 1, aniline 2 and aromatic aldehyde 3
in EtOH (Scheme 1). The use of a microwave furnished the
derivatives 4 in high yield and with a shorter reaction time
than the traditional methodology (Frackenpohl et al. 2009).
The reaction was realized with anilines 2a-c¢ and aromatic
aldehydes 3b-n with eclectron-withdrawing, as well as
electron-donating substituents in different positions on the
aromatic ring (Scheme 1).

Substitution of aldehydes with a nitro group (ortho
position) furnished the derivatives 4 in lower yields, due to
the steric hindrance that the nitro group causes on the car-
bonyl. More pronounced effects on the reaction were

@ Springer

Dihydroquinoline ring  Lactone quinoline derivative

0]
CHO
(0]
| = MW
—
+ S/ > EtOH

2

Ry=3,4-(OCH,0) 3a, 34-(OCH;) 3b
3,4,5{0CH;) 3¢, 4-Cl 3d
3-(OCH4)-40Bn 3e, 4-F 31
4-SCH4 3g; 4-CF; 3h
3,4-(0CH;),-6-NO, 3i
3-(OCH)<4-(0OH) 3j, 3-(0OH) 3k
3-(0OCH4) 21, 3,4-(OH) 3m
3, 4-0CH;0-6-NO; 3n

N
H

observed depending on the substituent present in the ani-
line. Anilines with electron-withdrawing substituents or
without electron-donating substituents in the meta position
did not react in these conditions. According to the reactional
mechanism proposed herein (Scheme 2), the reaction might
proceed via sequential condensation, addition, cyclization,
and elimination. First, condensation takes place between the
tetronic acid 1 with aromatic aldehydes 3 to afford the
intermediate I. The Michael addition of aniline 2 in I then
furnishes the intermediate product II, which isomerizes to
II.

In the intermediate II1, the nucleophilic addition of the
nitrogen in the carbonyl leads to the formation of the
intermediate IV, which then undergoes dehydration to
generate the target derivative 4. In this proposed mechan-
ism, the donating group in the meta position in the aniline
activates the aromatic ring (ortho position at NH; group) to
attack at intermediate I. The proposed mechanism explains
the low reactivity of anilines with electron-withdrawing, as
well as weakly electron-donating substituents in the para or
ortho positions.

The combination of several anilines and aldehydes
furnished 39 lactone dihydroquinoline derivatives, whose
structures were confirmed by 'H and C NMR spectra. The



Medicinal Chemistry Research

48

Scheme 2 Mechanistic proposal
for the formation of 4

spectral analyses were consistent with the structures pro-
posed and are listed in the supplementary material.

Antibacterial activity

The 39 compounds synthesized were evaluated in vitro for
antibacterial activity against Gram negative bacteria, Gram
positive bacteria and mycobacterium strains by the micro-
plate microdilution method using resazurin as an indicator
of microbial activity. The minimum inhibitory concentra-
tion (MIC) values of antibacterial activity are shown in
Table 1. The evaluated compounds were most active against
Gram negative bacteria. P. gingivalis was more sensitive to
the compounds evaluated than P. nigrescence. The sub-
stituents of aniline and aldehyde, such as halogen, methoxy,
trifluormethyl, hydroxy, nitro, and methylthio were varied
to explore the structure—activity relationships between the
lactone dihydroquinoline derivatives. The results of the
evaluation indicated that in the dihydroquinoline ring
methylenedioxy and dimethoxy substituents were more
favorable for antibacterial activity than trimethoxy sub-
stituents. In the benzylic ring, methylenedioxy, dimethoxy,
methylthio, trifluormethyl, and nitro substituents favored
antibacterial activity. Compounds 4ba, 4bb, 4bg, 4bi, 4bn,
4ch, and 4ci showed good antibacterial activity against P.
gingivalis. Only compounds dah, 4ae were active against P.
nigrescence. None of the compounds evaluated were active
against Gram positive bacteria. Compound 4bi was the most
active against the three strains of Mycobacterium. Overall,
the most active compounds were 4bi and 4bn, which pos-
sess nitro and electron-donating groups attached to the
benzylic ring and a methylenedioxy group attached to the

dihydrogquinoline
reduced by microbial systems and reduced derivatives were
shown to be reactive and to bind to DNA and to proteins
(Shahid et al. 2016). However, the antibacterial effect of
compounds 4bi and 4bn depend not only on the nitro group,
but also on their overall structure and the type of bacteria
evaluated.

ring. Nitro-organic compounds are

Conclusion

Thirty-nine lactone dihydroquinoline derivatives were syn-
thesized and their antibacterial activities against anaerobic
bacteria, acrobic bacteria, and mycobacterium were assayed
using the microplate microdilution method. The presence of
halogen or hydroxyl groups did not enhance their anti-
bacterial activity. The most active compounds were 4bi and
dbn, which possess nitro and electron-donating groups
attached to the benzylic ring and a methylenedioxy group
attached to the dihydroquinoline ring. Therefore, for this
class of compounds the presence of these substituents was
essential for antibacterial activity against P. gingivalis and
Mycobacterium.

Materials and Methods
Chemistry
All chemicals and solvents were purchased from commer-

cial sources and were used as received without further
purification. Microwave irradiation was carried out with a

@ Springer
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Table 1 In vitro antibacterial

activity (MIC pe/ml) Compounds G-negative G-positive Mycobacterium
P. gingivalis  P. nigrescens S, mitis 8. sanguinis  Tuberculosis  Avium  kansasii

4aa =200 =200 =200 =200 >2000 =2000  =2000
4ab 200 100 =200 =200 =2000 =2000  =2000
dac =200 200 =200 =200 500 =2000  =2000
4ad =200 =200 =200 =200 >2000 =2000  =2000
4ae =200 100 200 =200 >2000 =20000 500
d4af 200 =200 =200 =200 >2000 =2000  =2000
dag =200 =200 =200 =200 >2000 =2000  =2000
4ah =200 =200 =200 =200 =2000 =2000  =2000
4ai =200 =200 =200 =200 >2000 =2000  =2000
4aj =200 =200 =200 =200 >2000 =2000  =2000
4am =200 =200 =200 =200 >2000 =2000  =2000
4an =200 =200 =200 =200 >2000 =2000  =2000
4ba 100 =200 200 200 2000 2000 1000
4bh 50 =200 =200 =200 >2000 =2000  =2000
4be 200 =200 =200 =200 >2000 >2000  =2000
4bd 200 =200 =200 =200 >2000 =2000  =2000
4be =200 =200 =200 =200 >2000 =2000  =2000
4bt =200 =200 200 =200 >2000 =2000  =2000
4bg 100 =200 =200 =200 >2000 =2000  =2000
4bh >200 =200 =200 =200 >2000 >2000  =2000
4bi 25 =200 =200 200 250 250 125
4hj =200 =200 =200 =200 >2000 =2000  =2000
4bn 12,5 =200 =200 =200 >2000 =2000  =2000
4ca =200 =200 =200 =200 >2000 =2000  =2000
4ch >200 =200 =200 =200 >2000 >2000  =2000
4ee =200 =200 =200 =200 >2000 =2000  =2000
ded =200 =200 =200 =200 >2000 =2000  =2000
4ee 200 =200 =200 =200 >2000 =2000  =2000
et >200 =200 =200 =200 >2000 >20000 500
deg >200 =200 =200 =200 >2000 >2000  =2000
4ch 25 =200 =200 =200 >2000 =2000  =2000
4ci 100 =200 =200 =200 >2000 =2000  =2000
4en =200 =200 =200 =200 >2000 =2000  =2000
4em >200 =200 =200 =200 >2000 >2000  =2000
Isoniazid — — — — 0.06 =1 1
Chlorhexidine 0922 0922 3.68 368 — — —

—: not tested

Reactor Discover Reflux (CEM Corporation, 300 W).
Reactions were monitored using thin-layer chromatography
(TLC) plates coated with 0.2 mm silica gel 60 F254 (Merck,
Gemmany). TLC plates were visualized using ultraviolet
(UV) irradiation (254 nm). The products were washed with
hexane:ethyl acetate (8:2) for purification. Both 'H and "C
NMR spectra were determined on a Bruker ARX
400 spectrometer in DMSO-dg. Proton chemical shifts in
DMSO-d, are related to the middle of the residual multiplet
(& =2.50). Carbon chemical shifts were reported in parts
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per million (4) relative to DMSO- dg (39.5 p.p.m.), and J
(coupling constant) values were reported in hertz. The
splitting pattems of protons are described as s (singlet), d
(doublet), dd (doublet of doublets), t (triplet) and m (mul-
tiplet). All melting points were determined on Melting Point
B-540 Buchi apparatus and are uncorrected. The high-
resolution mass spectral data for new compounds were
obtained using Bruker Daltonics—micrOTOF-Q, fitted with
an ESI operating in the positive ion mode.
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Table 1 In vitro antibacterial

activity (MIC pe/ml) Compounds G-negative G-positive Mycobacterium
P. gingivalis  P. nigrescens S, mitis 8. sanguinis  Tuberculosis  Avium  kansasii

4aa =200 =200 =200 =200 >2000 =2000  =2000
4ab 200 100 =200 =200 =2000 =2000  =2000
dac =200 200 =200 =200 500 =2000  =2000
4ad =200 =200 =200 =200 >2000 =2000  =2000
4ae =200 100 200 =200 >2000 =20000 500
d4af 200 =200 =200 =200 >2000 =2000  =2000
dag =200 =200 =200 =200 >2000 =2000  =2000
4ah =200 =200 =200 =200 =2000 =2000  =2000
4ai =200 =200 =200 =200 >2000 =2000  =2000
4aj =200 =200 =200 =200 >2000 =2000  =2000
4am =200 =200 =200 =200 >2000 =2000  =2000
4an =200 =200 =200 =200 >2000 =2000  =2000
4ba 100 =200 200 200 2000 2000 1000
4bh 50 =200 =200 =200 >2000 =2000  =2000
4be 200 =200 =200 =200 >2000 >2000  =2000
4bd 200 =200 =200 =200 >2000 =2000  =2000
4be =200 =200 =200 =200 >2000 =2000  =2000
4bt =200 =200 200 =200 >2000 =2000  =2000
4bg 100 =200 =200 =200 >2000 =2000  =2000
4bh >200 =200 =200 =200 >2000 >2000  =2000
4bi 25 =200 =200 200 250 250 125
4hj =200 =200 =200 =200 >2000 =2000  =2000
4bn 12,5 =200 =200 =200 >2000 =2000  =2000
4ca =200 =200 =200 =200 >2000 =2000  =2000
4ch >200 =200 =200 =200 >2000 >2000  =2000
4ee =200 =200 =200 =200 >2000 =2000  =2000
ded =200 =200 =200 =200 >2000 =2000  =2000
4ee 200 =200 =200 =200 >2000 =2000  =2000
et >200 =200 =200 =200 >2000 >20000 500
deg >200 =200 =200 =200 >2000 >2000  =2000
4ch 25 =200 =200 =200 >2000 =2000  =2000
4ci 100 =200 =200 =200 >2000 =2000  =2000
4en =200 =200 =200 =200 >2000 =2000  =2000
4em >200 =200 =200 =200 >2000 >2000  =2000
Isoniazid — — — — 0.06 =1 1
Chlorhexidine 0922 0922 3.68 368 — — —

—: not tested

Reactor Discover Reflux (CEM Corporation, 300 W).
Reactions were monitored using thin-layer chromatography
(TLC) plates coated with 0.2 mm silica gel 60 F254 (Merck,
Gemmany). TLC plates were visualized using ultraviolet
(UV) irradiation (254 nm). The products were washed with
hexane:ethyl acetate (8:2) for purification. Both 'H and "C
NMR spectra were determined on a Bruker ARX
400 spectrometer in DMSO-dg. Proton chemical shifts in
DMSO-d, are related to the middle of the residual multiplet
(& =2.50). Carbon chemical shifts were reported in parts
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per million (4) relative to DMSO- dg (39.5 p.p.m.), and J
(coupling constant) values were reported in hertz. The
splitting pattems of protons are described as s (singlet), d
(doublet), dd (doublet of doublets), t (triplet) and m (mul-
tiplet). All melting points were determined on Melting Point
B-540 Buchi apparatus and are uncorrected. The high-
resolution mass spectral data for new compounds were
obtained using Bruker Daltonics—micrOTOF-Q, fitted with
an ESI operating in the positive ion mode.
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General experimental procedure and
characterization of synthesized derivatives 4

The mixture of tetronic acid 1 (1.0 mmol), aldehyde 2 (1.0
mmol), and aniline 3 (1.0 mmol) in 2mL of EtOH was
irradiated at a power of 200 W in an open vessel in a
microwave reactor (reflux temperature of the solvent). The
reaction was monitored using TLC every 3 min and after 15
min the reaction was cooled, the solvent was removed under
vacuum and the solid obtained was washed with hexane-
acetate (8:2).

9-(benzo[d][1,3]dioxol-5-yl}-6,7,8-trimethoxy-4,9-
dihydrofuro[3,4-blquinolin-1(3H)-one (4aa)

Yellow solid, yield 92%, mp 271-273 °C. '"H NMR (400
MHz, DMSO-dg): é (p.p-m.) 9.93 (s, IH, NH), 6.77 (d, 1H,
J=79Hz), 6.63 (d, 1H, J=1.7Hz), 6.54 (dd, 1H, J=7.9
and 1.7 Hz), 6.38 (s, 1H), 5.94 (d, 1H, /= 0.9 Hz), 5.93 (d,
IH,, J=09Hz), 490 (d, 1H, J=15.7 Hz), 4.88 (s, 1H),
479 (d, 1H, J = 15.7 Hz), 3.79 (s, 3H), 3.64 (s, 3H), 3.42 (s,
3H). “C NMR (100 MHz, DMSO-dg): & (p.p.m.) 171.94,
157.59, 152.77, 151.66, 146.84, 145.27, 141.11, 13747,
132,99, 120.37, 110.05, 108.00, 107.69, 95.92, 9548,
64.84, 60.31, 60.013, 55.64, 34.92.

9-(3,4-dimethoxyphenyl)-6,7,8-trimethoxy-4,9-dihydrofuro
[3,4-b]quinolin-1(3H)-one (4ab)

White solid, yield 91%, mp 258-260°C. 'H NMR
(400 MHz, DMSO-dg): & (p.p.m.) 9.89 (s, 1H, NH),
6.80 (d, 1H, J=8.2Hz), 6.80 (d, 1H, J= 1.8 Hz), 6.51
(dd, 1H, J=1.8 and 8.2 Hz), 6.38 (s, 1H), 4.90 (s, 1H),
488 (d, 1H, J=157Hz), 478 (d, 1H, J=15.7Hz),
3.78 (s, 3H), 3.68 (s, 3H), 3.67 (s, 3H), 3.63 (s, 3H),
3.39 (s, 3H). “C NMR (100MHz, DMSO-dy): 6
(p-p-m.) 172.12, 157.58, 152.70, 151.67, 148.10, 147.08,
139.68, 137.52, 133.02, 11942, 11176, 111.66, 10.13,
99.11, 95.53, 64.87, 64.83, 60.32, 59.98, 55.69, 55.46,
34.70.

6,7 ,8-trimethoxy-9-(3,4,5-trimethoxyphenyl)-4,9-
dihydrofuro[3,4-blquinolin-1(3H)-one (4ac)

Yellow solid, yield 89%, mp 229-231 °C. "H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 991 (s, 1H, NH), 6.40 (s, 3H),
4.97 (s, 1H), 4.92 (d, 1H, J=15.6Hz), 4.79 (d, 1H, J=
15.6 Hz), 3.80 (s, 3H), 3.67 (s, 3H), 3.65 (s, 3H), 3.60 (s,
3H), 3.47 (s, 3H), 3.46 (s, 3H). "C NMR (100 MHz,
DMSO-dg): & (p.p.m.) 172.06, 157.87, 152.78, 152.40,
151.73, 142.48, 136.45, 135.88, 133.15, 109.53, 104.85,
95.72, 95.50, 64.83, 60.32, 60.02, 59.91, 55.74, 55.66,
35.33.

9-(4-chlorophenyl)-6,7,8-trimethoxy-4,9-dihydrofuro[3,4-b]
quinolin-1(3H)-one (4ad)

Yellow solid, yield 81%, mp > 300 °C. 'H NMR (400 MHz,
DMSO-dg): & (p.p.m.) 9.99 (s, IH, NH), 7.31 (d, 2H, J=
8.4Hz), 7.13 (d, 2H, J = 8.4 Hz), 6.39 (s, 1H), 4.96 (s, 1H),
4.90 (d, 1H, J=15.7Hz), 481 (d, 1H, J=15.7 Hz), 3.79
(s, 3H), 3.63 (s, 3H), 3.38 (s, 3H). *C NMR (100 MHz,
DMSO-dg): & (p.p.m.) 171.86, 157.79, 152.97, 151.66,
14576, 13746, 132.97, 13046, 129.34, 127.91, 10947,
95.51, 95.37, 64,92, 60.30, 59.94, 55.63, 34.95. HRMS
(ESI"): m/z [M +Na]" calculated for CyoH,3CINOsNa:
410.0764: found: 410.0755.

9-(4-(benzyloxy)-3-methoxyphenyl)-6,7,8-trimethoxy-4,9-
dihydrofuro[3,4-b]quinolin-1(3H)-one (4ae)

White solid, yield 85%, mp > 300 °C. '"H NMR (400 MHz,
DMSO-dg): 6 (p.p.m.)9.89 (s, 1H, NH), 7.43—7.28 (m, 5H),
6.88 (d, 1H, /=8.3 Hz), 6.83 (d, 1H, J = 2.0 Hz), 6.49 (dd,
1H, /= 8.3 and 2.0 Hz), 6.38 (s, 1H), 5.00 (s, 1H), 4.89 (d,
IH, J = 16.0Hz), 4.79 (s, 1H, J= 16.0 Hz), 3.79 (s, 3H),
3.71 (s, 3H, 3.64 (s, 3H), 3.38 (s, 3H). '*C NMR (100 MHz,
DMSO-dg): & (p.p.m.) 172.03, 157.55, 152.70, 151.69,
148.53, 146.01, 140.18, 13748, 137.23, 133.06, 128.31,
127.70, 11938, 113.56, 112.01, 110.07, 96.03, 9547,
69.97, 64.81, 60.30, 59.94, 55.65, 55.53, 34.78. HRMS
(ESI"): m/z [M + H]" calculated for CagHagNO;: 490.1857;
found: 490.1849.

9-(4-fluorophenyl)-6,7,8-trimethoxy-4,9-dihydrofuro[3,4-b]
quinolin-1(3H)-one (4af)

White solid, yield 82%, mp > 300 °C. 'H NMR (400 MHz,
DMSO-dg): 6 (p.p.m.)9.96 (s, IH, NH), 7.17-7.11 (m, 2H),
7.10=7.03 (m, 2H), 6.39 (s, 1H), 4.96 (s, 1H), 4.89 (d, 1H,
J=157Hz), 4.81 (d, 1H, J=15.7Hz), 3.79 (s, 3H), 3.63
(s, 3H), 3.36 (s, 3H). *C NMR (100 MHz, DMSO-dj): & (p.
p-m.) 171.93, 161.69, 159.28, 157.70, 152.89, 151.66,
143.11, 143.08, 137.49, 132.95, 129.26, 129.18, 114.71,
114.50, 109.82, 95.67, 95.51, 64.89, 60.29, 5991, 55.65,
34.71. HRMS (ESI"): m/z [M+ H]|" calculated for
CguHm]‘NOﬁj 372.1241; found: 372.1244.

6,7.8-trimethoxy-9-(4-(methylthio)phenyl)-4,9-dihydrofuro
[3,4-b]quinolin-1(3H)-one (4ag)

White solid, yield 81%, mp 221-223 °C. 'H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.94 (s, 1H, NH), 7.14 (d, 2H,
J=8.4Hz), 7.06 (d, 2H, J=8.4 Hz), 6.39 (s, 1H), 491 (s,
1H), 4.89 (d, 1H, J = 15.8 Hz), 4.80 (d, 1H, J = 15.8 Hz),
3.79 (s, 3H), 3.63 (s, 3H), 3.39 (s, 3H), 2.41 (s, 3H). °C
NMR (100 MHz, DMSO-dg): & (p.p.m.) 171.91, 157.64,
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9-(benzol[d][1,3]dioxol-5-yl}-6,9-dihydro-[1,3]dioxolo[4,5-g]
furo[3,4-blquinolin-8(5H)-one (4ba)

White solid, yield 86%. mp 288-289 °C. 'H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.87 (s, 1H, NH), 6.78 (d, 1H,
J=80Hz), 673 (s, 1H), 6.65 (d, 1H, J=8.0Hz), 595
(brs, 1H), 5.94 (brs, 1H), 5.93 (brs, 1H), 5.89 (brs, 1H), 4.94
(d, 1H, J=15.76 Hz), 483 (d, 1H, J=15.7 Hz), 4.83 (s,
1H) C NMR (100 MHz, DMSO-dg): & (p.p.m.) 172.56,
158.70, 147.82, 147.00, 146.17, 143.80, 141.75. 130.94,
120,92, 117.27, 110.03, 108.51, 108.40, 101.68, 101.29,
97.79, 94.94, 65.43, 40.09.

9-(3,4-dimethoxyphenyl)-6,9-dihydro-[1,3]dioxolo[4,5-g]
furo[3,4-b]lquinolin-8(5H)-one (4bb)

White solid, yield 86%, mp 289-291 °C. '"H NMR (400
MHz, DMSO-dg): & (p.p.m.) 9.84 (s, 1H, NH), 6.88
(s, 1H), 6.82 (d, 1H, J=8.5Hz), 6.62 (brd, 1H), 6.62
(s. 1H), 6.52 (s, 1H), 5.91 (brs, 1H), 5.90 (brs, 1H), 4.96
(d, 1H, J=15.7 Hz), 4.85 (s, 1H), 484 (d, 1H, J=15.7
Hz), 3.71 (s, 3H), 3.69 (s, 3H). C NMR (100 MHz,
DMSO-dg): & (p.p.m.) 172.11, 158.12, 148.44, 147.25,
146.34, 143.16, 139,78, 130.30, 119.41, 116.88, 111.86,
111.47, 109,58, 101.10, 97.19, 94 .41, 64.85, 55.47, 55.44,
39.10.

9-(3,4,5-triimethoxy)-6,9-dihydro-[1,3]dioxolo[4,5-g]furo
[3,4-b]quinolin-8(5H)-one (4bc)

White solid, yield 90%, mp 271-274°C. '"H NMR (400
MHz, DMSO-dg): & (p.p.m.) 9.86 (s, 1H, NH), 6.67 (s, 1H),
6.53 (s, 1H), 6.48 (s, 2H), 5.95 (d, 1H, J = 0.7 Hz), 5.90 (d,
IH, J=0.7Hz), 498 (s, 1H, J=15.7Hz), 4.85 (s, 1H),
4.84 (d, 1H, J=15.7Hz), 3.70 (s, 6H), 3.60 (s, 3H). °C
NMR (100 MHz, DMSO-dg): 6 (p.p.m.) 172.18, 158.41,
152.74, 146.44, 14322, 142.68, 136.04, 130.25, 116.50,
10949, 104.82, 101.24, 101.14, 97.28, 94.14, 64.92, 59.86,
55.82, 39.76.

9-(4-chlorophenyl)-6,9-dihydro-[1,3]dioxolo[4,5-g]furo[3,4-
blquinolin-8(5H)-one (4bd)

White solid, yield 80%., mp 290-292°C. 'H NMR
(400 MHz, DMSO-dg): 6 (p.p.m.) 9.93 (s, 1H, NH), 7.33
(d, 2H, J=84Hz), 7.22 (d, 2H, J=84Hz). 658
(s, TH), 6.54 (s, 1H), 5.97 (brs, 1H), 5.91 (brs, 1H), 4.96
(s, 1H), 4.96 (d, 1H, J = 15.7 Hz), 4.86 (d, 1H, J = 15.7
Hz). “C NMR (100 MHz, DMSO-d;): & (p.p.m.) 171.98,
158.37, 146.61, 145.72, 143.36, 130.90, 130.48, 129.34,
128.24, 116.05, 109.53, 101.22, 97.35, 93.92, 64.97,
38.95.

9-(4-(benzyloxy)-3-methoxyphenyl)- 6,9-dihydro-[1,3]
dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one (4be)

White solid, yield 84%, mp > 300 °C. '"H NMR (400 MHz,
DMSO-dg): & (p.p.m.) 9.85 (s, 1H, NH), 7.45-7.29 (m, 5H),
6.92 (d, 1H, J = 1.9 Hz), 6.90 (d, 1H, J — 8.4 Hz), 6.63 (s,
1H), 6.59 (dd, 1H, J — 8.4 and 1.9 Hz), 6.52 (s, 1H), 5.96
(brs, 1H), 5.90 (brs, 1H), 5.01 (s, 2H), 4.96 (d, 1H, J = 15.7
Hz), 4.85 (d, 1H, J = 15.7 Hz), 4.86 (s, 1H). “C NMR (100
MHz, DMSO-dg): & (p.p.m.) 17212, 158.16. 148.76.
146.36, 146,29, 143.18, 140.17, 137.26, 130.31, 128.36,
127.75, 127.66, 11936, 116.82, 113.52, 111.73, 109.58,
101.11, 97.20, 94.38, 69.908, 64.86, 5553, 39.11. HRMS
(ESI™): m/z [M + H|" calculated for CagH2aNOg: 444.1440;
found: 444.1444.

9-(4-fluorphenyl)-6,9-dihydro-[1,3]dioxolo[4,5-glfuro[3,4-b]
quinolin-8(5H)-one (4bf)

White solid, yield 81%, mp > 300 °C. '"H NMR (400 MHz,
DMSO-dg): 6 (p.p-m.)9.90 (s, 1H, NH), 7.24-7.19 (m, 2H),
7.11=7.04 (m, 2H), 6.56 (s, 1H), 6.53 (s, 1H), 5.95 (brs,
1H), 5.90 (brs, 1H), 4.95 (s, 1H), 4.94 (d, 1H, J = 15.6 Hz),
4.85 (d, 1H, J = 15.6 Hz). *C NMR (100 MHz, DMSO-d;):
4 (p.p-m.) 171.99, 158.24, 146.55, 143.33, 143.08, 143.05,
130,49, 129.29, 129.21, 116.35, 115.04, 114.83, 109.54,
101.19,97.31, 94,23, 64.93, 38.81. HRMS (ESI"): m/z [M
+H]" calculated for CyjgHsFNOy: 326.0824: found:
326.0828.

9-(4-(methylthio)phenyl}-6,9-dihydro-[1,3]dioxolo[4,5-g]
furo[3,4-b]quinolin-8(5H)-one (4bg)

White solid, yield 81%, mp 277-280 °C. '"H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.89 (s, 1H, NH), 7.18-7.12
(m, 4H), 6.56 (s, 1H), 6.53 (s, 1H), 5.96 (brs, 1H), 5.90
(brs, 1H), 4.94 (d, 1H, J=15.6 Hz), 4.89 (s, 1H), 4.85 (d.
IH, J=156Hz), 243 (s, 3H). "C NMR (100 MHz,
DMSO-dg): & (p.p.m.) 172.02, 158.22, 146.47, 143.75,
143.27, 135.71, 13042, 128.08, 126.08, 116.48, 109.56,
101.16, 97.27, 94.18, 64.01. HRMS (ESI"): m/z [M + K +
H,O — 2H]" calculated for C,¢H;sNO5S: 408.0307; found:
408.0324.

9-(4-(trifluoromethyl)phenyl)-6,9-dihydro-[1,3]ldioxolo[4,5-
glfuro[3,4-b]quinolin-8(5H)-one (4bh)

White solid, yield 88%, mp > 300 °C. '"H NMR (400 MHz,
DMSO-dg): & (p.p.m.) 9.98 (s, 1H, NH), 7.64 (d, 2H, J =
8.2 Hz), 7.43 (d. 2H, J = 8.2 Hz), 6.58 (s, 1H), 6.57 (s, 1 H),
5.97 (brs, 1H), 5.91 (brs, 1H), 5.08 (s, 1H), 4.96 (d, 1H, J
= 15.7Hz), 4.88 (d, 1H, J=15.7Hz). *C NMR (100
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MHz, DMSO-dg): & (p.p.m.) 171.95, 158.54, 146.75,
143.45, 130.57, 128.35, 125.29, 125.26, 115.53, 109.54,
101.27, 97.45,93.70, 65.05, 39.47. HRMS (ESI*): m/z [M
+ Na]* calculated for C,oH 5F;NOsNa: 398.0611; found:
398.0609.

9-(4,5-dimethoxy-2-nitrophenyl)-6,9-dihydro-[1,3]dioxolo
[4,5-glfuro[3,4-b]quinolin-8(5H)-one (4bi)

Yellow solid, yield 69%, mp 243-244°C. "H NMR (400
MHz, DMSO-dg): é (p.pm.) 996 (s, 1H, NH), 7.43
(s, 1H), 6.71 (s, 1H), 6.57 (s. 1H), 5.97 (brs, 1H), 5.94
(brs, 1H), 5.69 (s, 1H), 4.93 (d. 1H, J=15.6Hz), 4.84
(d, 1H, J = 15.6 Hz), 3.83 (s, 3H), 3.71 (s, 3H). “C NMR
(100 MHz, DMSO-dg): 6 (p.p.m.) 171.65, 158.39, 152.68,
147.14, 146.87, 143.56, 140.69, 134.45, 130.86,
115.11, 11295, 108.86, 107,10, 101.34, 97.63, 93.76,
64.99, 56.01, 55.89, 34.32. HRMS (ESI"): m/z [M + H —
H,0]" calculated for CioH;sN.O;: 395.0872; found:
395.0869.

9-(4-hydroxy-3-methoxyphenyl)-6,9-dihydro-[1,3]dioxolo
[4,5-g]furo[3,4-b]quinolin-8(5H)-one (4bj)

White solid, yield 81%, mp 279-281°C. '"H NMR (400
MHz, DMSO-d;): 6 (p.p.m.) 9.80 (s, 1H, NH), 8.76 (s, 1H,
OH), 6.84 (d, 1H, J= 1.8 Hz), 6.64 (d, 1H, J= 8.0 Hz),
6.61 (s, 1H), 6.51 (s, 1H), 6.49 (dd, 1H, J = 1.8 and 8.0
Hz), 5.95 (brs, 1H), 5.90 (brs, 1H), 4.94 (d, 1H, J=15.6
Hz), 4.83 (d, 1H, J=15.6 Hz), 4.79 (s, 1H), 3.3 (s, 3H).
BC NMR (100 MHz, DMSO-dg): & (p.p.m.) 172.12,
158.02, 147.24, 146.28, 144.97, 143.14, 38.31, 130.30,
119.72, 117.14, 11533, 111.89, 109.57, 101.06,
97.15,94.61, 64.81, 55.63, 39.12. HRMS (ESI"): m/z [M
+Na]" calculated for CoH;sNOgNa: 376.0791; found
376.0792

9-(6-nitrobenzo[d][1,3]dioxol-5-yl}-6,9-dihydro-[1,3]dioxolo
[4,5-g]furo[3,4-b]quinolin-8(5H)-one (4bn)

Yellow solid, yield 71%, mp 225-227 °C. '"H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 10.00 (s, 1H, NH), 747 (s,
IH), 6.71 (s, 1H), 6.58 (s, 2H), 6.16 (d, 1H, J = 0.8 Hz),
6.14 (d, 1H, J= 0.8 Hz), 598 (d, 1H, J = 0.7 Hz), 5.94 (d,
IH, J=0.7Hz), 562 (s, 1H), 492 (d, 1H, J = 15.5 Hz),
4.85 (d, 1H, J = 15.5 Hz). “"C NMR (100 MHz, DMSO-dj):
4 (p.p.m.) 171.62, 158.38, 151.50, 147.00, 146.18, 143.66,
141.87, 136.94, 130.84, 114.89, 109.64, 108.85, 103.84,
103.16, 101.39, 97.68, 93.72, 68.08, 34.15. HRMS (ESI"):
m/z [M+H—-H0]" calculated for CjoH;;N,O7:
379.0560; found: 379.0558
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9-(benzold][1,3]dioxol-5-yl)-6,7-dimethoxy-4,9-dihydrofuro
[3,4-b]quinolin-1(3H)-one (4ca)

White solid, yield 91%, mp 287-289 °C. 'H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.85 (s, 1H, NH), 6.79 (d, 1H,
J=7.9Hz),6.73 (d, 1H, J=1.6 Hz), 6.66 (dd, 1H, /=79
and 1.6 Hz), 6.62 (s, 1H), 6.51 (s, 1H), 5.95 (brs, 1H), 5.94
(brs, 1H), 4.95 (d, 1H, J=15.5Hz), 4.87 (s, 1H), 4.84 (d,
IH, J = 15.5 Hz), 3.73 (s, 3H), 3.60 (s, 3H). “C NMR (100
MHz, DMSO-dg): 6 (p.p.m.) 172.15, 158.20, 148.16,
147.19, 14551, 14492, 141.15, 129.63, 120.35, 115.44,
113.71, 107.97, 107.85, 100.72, 100.34, 99.46, 64.92,
55.84, 5543, 38.86.

9-(3,4-dimethoxyphenyl)-6,7-dimethoxy-4,9-dihydrofuro
[3,4-b]quinolin-1(3H)-one (4cbh)

Yellow solid, yield 90%, mp 228-230 °C. '"H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.82 (s, IH, NH), 6.89 (d. 1H,
J=19Hz), 6.1 (d, 1H, J = 8.6 Hz), 6.66 (s, 1H), 6.60 (dd,
IH, J =83 and 1.9 Hz), 6.56 (s, 1H), 4.95 (d, 1H, J = 15.6
Hz), 4.88 (s, 1H), 4.84 (d, 1H, J = 15.6 Hz), 3.73 (s, 3H),
3.71 (s, 3H), 3.69 (s, 3H), 3.60 (s, 3H). *C NMR (100
MHz, DMSO-dg): & (p.p.m.) 172,22, 158.18, 148.40,
148.07, 147.16, 144.85, 139.59, 29.62, 119.35, 115.56,
113.78, 111.71, 111.49, 100.29, 94.48, 64.88, 55.83, 55.44,
55.42, 38.74.

6,7-dimethoxy-9-(3,4,5-trimethoxyphenyl)-4,9-dihydrofuro
[3,4-b]quinolin-1(3H)-one (4cc)

White solid, yield 92%, mp 236-238 °C. 'H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.83 (s, 1H, NH), 6.85 (s, 1H),
6.73 (s, 1H), 6.52 (s, 1H), 6.50 (s, 1H), 5.00 (d, 1H, J=
15.5Hz), 4.89 (s, 1H), 4.85 (d, 1H, J=15.5Hz), 3.73 (5.
3H), 3.70 (s, 3H), 3.62 (s, 3H), 3.61 (s, 3H). *C NMR (100
MHz, DMSO-dg): & (p.p.m.) 17.22, 158.51, 15.70, 148.20,
144.87. 142.49, 13595, 129,63, 115.17, 113.83, 107.62,
104.78, 100.78, 94.11, 64.94, 59.85, 56.08, 55.99, 55.93,
55.8, 55.45, 18.52.

9-(4-chlorophenyl)-6,7-dimethoxy-4,9-dihydrofuro[3,4-b]
quinolin-1(3H)-one (4 cd)

White solid, yield 81%, mp 265-267 °C. '"H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.88 (s, 1H, NH), 7.31 (d, 2H,
J=8.4Hz), 7.21 (d, 2H, J = 8.4 Hz), 6.58 (s, 1H), 6.52 (s,
1H), 4.97 (s, 1H), 4.94 (d, 1H, J = 15.7 Hz), 4.85 (d, 1H, J
=15.7 Hz), 3.73 (s, 3H), 3.57 (s, 3H). °C NMR (100 MHz,
DMSO-dg): 6 (p.pm.) 172.04, 158.34, 148.37, 145.63,
145.08, 130.78, 129.79, 129.35, 128.18, 114.78, 113.83,
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100.52, 94.09, 64.99, 55.89, 55.48, 38.66. HRMS (ESI™):
m/z [M + Na]* calculated for CjoH;7CINONa: 380.0659:
found: 380.0661.

9-(4-(benzyloxy)-3-methoxyphenyl}-6,7-dimethoxy-4,9-
dihydrofuro[3,4-b]quinolin-1(3H}-one (4ce)

White solid, yield 92%, mp 232-234 °C. '"H NMR (400
MHz, DMSO-dg): § (p.p.m.) 9.80 (s, 1H, NH), 7.44-7.28
(m, SH), 6.92 (d, 1H. /= 1.9 Hz), 6.89 (d. 1H, J = 8.3 Hz),
6.66 (s, 1H), 6.56 (dd, 1H, J = 8.3 and 1.9 Hz), 6.50 (s, 1H),
4.99 (s, 1H), 4.94 (d, 1H, J = 15.6 Hz), 4.87 (s, 1H), 4.83
(d. 1H, J = 15.6 Hz). *C NMR (100 MHz, DMSO-d,): & (p.
p-m.) 17295, 158.19, 148.81, 148.16, 146.27, 144.92,
140.02, 137.27, 129.70, 128.34, 127.73, 127.68, 119.36,
115.56, 113.93, 113.56, 111.89, 100.41, 94.50, 69.98,
64.89, 55.91, 55.61, 55.48, 38.76. HRMS (ESI"): m/z [M
+ Na|" calculated for Ca;HysNOgNa: 482.1571; found:
482.1578.

9-(4-fluorophenyl)-6,7-dimethoxy-4,9-dihydrofuro[3,4-b]
quinolin-1(3H)-one (4cf)

White solid, yield 79%, mp 257-258 °C. 'H NMR (400
MHz, DMSO-dg): & (p.p.m.) 9.87 (s, 1H, NH), 7.24-7.20
(m, 2H), 7.11-7.06 (m, 2H), 6.59 (s, 1H), 6.53 (s, 1H),.4.98
(s, 1H), 494 (d, 1H, J=15.6Hz), 4.85 (d, 1H, J=15.6
Hz), 3.73 (s, 3H), 3.58 (s, 3H). "C NMR (100 MHz,
DMSO-dg): & (p.p.m.) 172.08, 158.24, 1478.31, 145.05.
14.98, 14295, 129.79, 129.28, 129.20, 11598, 114.98,
114.77, 113.90, 100.50, 94.35, 64.95, 55.90, 55.49, 38.50.
HRMS (ESI"): m/z [M+ H]" calculated for CgH;FNO,:
342.1136; found: 342.1133.

6,7 8-trimethoxy-9-(4-(methylthio)phenyl)-4,9-dihydrofuro
[3,4-b]quinolin-1(3H)-one (4cqg)

White solid, vyield 81%, mp 286-287 °C. '"H NMR (400
MHz, DMSO-dg): & (p.p.m.) 9.85 (s, 1H, NH), 7.17-7.12
(m, 4H), 6.58 (s, 1H), 6.52 (s, 1H), 4.93 (d, 1H, J=15.7
Hz), 4.91 (s, 1H), 4.84 (d, 1H, J = 15.7 Hz), 3.73 (s, 3H),
3.58 (s, 3H), 2.42 (s, 3H). C NMR (100 MHz, DMSO-d;):
4 (p.pom.) 172,13, 158.22, 148.25, 145.01, 143.65, 135.55,
129.74, 128.08, 126.03, 115.25, 113.86, 10047, 94.37,
64.94, 55.89, 55.44, 55.49, 38.74, 14.78. HRMS (ESI*): m/
z [IM+H|" calculated for CagHagNO4S: 370.1106; found:
370.1109.

6,7-dimethoxy-9-(4-(trifluoromethyl)phenyl)-4,9-
dihydrofuro[3,4-b]quinolin-1(3H)-one (4ch)

White solid, yield 82%, mp 255-256 °C. '"H NMR (400
MHz, DMSO-dg): é (p.p.m.) 9.95 (s, 1H, NH), 7.64 (d. 2H,

J=8.1Hz), 7.43 (d, 2H, J = 8.1 Hz), 6.60 (s, 1H), 6.56 (s,
1H), 5.10 (s, 1H), 4.97 (d, 1H, J = 15.7 Hz), 4.87 (d, 1H, J
= 15.7 Hz), 3.75 (s, 3H), 3.58 (s, 3H). *C NMR (100 MHz,
DMSO-dg): 6 (p.p-m.) 172,02, 158.53, 150.96, 148.49,
145.16, 130.67, 129.88, 128.33, 125.21, 125.18, 114.30,
113.83, 100.61, 93.85, 65.07, 55.88, 5548, 39.15. HRMS
(ESI"): mfz [M+H]" calculated for CagH;7F3NO.:
392.1104:; found: 392.1105.

9-(4,5-dimethoxy-2-nitrophenyl)-6,7-dimethoxy-4,9-
dihydrofuro[3,4-b]quinolin-1(3H)-one (4ci)

Yellow solid, yield 77%, mp 249-251 °C. '"H NMR (400
MHz, DMSO-dg): 4 (p.p.m.) 994 (s, 1H, NH), 7.45
(s, 1H), 6.68 (s, 1H), 6.65 (s, 1H), 6.57 (s, 1H), 5.73 (s,
1H), 4.95 (d, 1H, J = 15.6 Hz), 4.85 (d, 1H, J = 15.6 Hz),
3.83 (s, 3H), 3.76 (s, 3H), 3.70 (s, 3H), 3.57 (s, 3H). PC
NMR (100 MHz, DMSO-d): 6 (p.p.m.) 171.77, 158.48,
152.61, 148.53, 147.01, 145.11, 140.69, 134.52, 130.04,
113.93, 11298, 112.75, 107.00, 100.63, 93.87, 65.04,
55.05, 55.83, 55.60, 55.42, 33.81. HRMS (ESI*): m/z
IM+H]|" calculated for CyHaN>Og: 429.1290: found:
429.1297.

9-(3,4-dihydroxyphenyl}-6,7-dimethoxy-4,9-dihydrofuro
[3,4-b]quinolin-1(3H)-one (4 cm)

White solid, yield 80%, mp 244-246 °C. '"H NMR (400
MHz, DMSO-dg): é (p.p.m.) 9.75 (s, 1H, NH), 8.70 (s, 1H,
OH), 8.64 (s, 1H, OH), 6.58 (d, 1H, J=8.0HZ), 6.55
(s, 1H), 6.50 (d, 1H, J=2.0Hz), 6.49 (s, 1H), 6.46 (dd,
IH, J=8.0 and 2.0Hz), 4.89 (d, 1H, J=15.7 Hz), 4.81
(d, 1H, J=15.7Hz), 4.71 (s, 1H), 3.72 (s, 3H), 3.58 (s,
3H). '*C NMR (100 MHz, DMSO-d): 6 (p.p.m.) 172.14,
157.76, 148.06, 14492, 14489, 143.63, 138.27, 129.70,
118.19, 116.06, 115.10, 115.03, 113.95, 100.35, 94.98,
64.73, 55.87, 55.49, 38.67. HRMS (ESI"): m/z [M + H +
K" calculated for CgH;sNOGK: 395.0765; found:
395.0761

6,7-dimethoxy-9-(6-nitrobenzo[d][1,3]dioxol-5-yl)-4,9-
dihydrofuro(3,4-b]quinolin-1(3H)-one (4cn)

Yellow solid, yield 70%, mp 245-246 °C. '"H NMR (400
MHz, DMSO-dg): 6 (p.p.m.) 9.98 (s, 1H, NH), 6.67 (s, 1H),
6.65 (s, 1H), 6.56 (s, 1H), 6.15 (s, 1H), 6.14 (s, 1H), 5.64 (s,
1H), 494 (d, 1H, J=15.6 Hz), 4.87 (d, 1H, J = 15.6 Hz),
3.75 (s, 3H), 3.58(s, 3H). *C NMR (100 MHz, DMSO-d;):
6 (p.p.m.) 171.74, 158.50, 141.45, 148.63, 146.08, 145.21,
141.84, 137.00, 129.97, 113.75, 112.95, 109.53, 103.88,
103.14, 100.71, 93.78, 65.13, 55.69, 5545, 33.73. HRMS
(ESI"): m/z [M+ H — H,0]" calculated for CopH,sN,O5:
395.0878; found: 395.0872.
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Biological activity

The antibacterial activity of the derivatives 4 was assessed
against Porphyromonas gingivalis (ATCC 33277), Pre-
votella nigrescens (ATCC 33563), Streptococcus mitis
(ATCC 49456), Streptococcus sanguinis (ATCC 10556),
Mycobacterium tuberculosis (ATCC 27294), Mycobacter-
ium avium (ATCC 25291), and Mycobacterium kansasii
(ATCC 12478).

The minimal inhibitory concentration (MIC) of the
derivatives 4 was determined using the microdilution broth
method in 96-well microplates (Sousa et al. 2015). Samples
were dissolved in dimethyl sulfoxide (DMSO) to a con-
centration of 8000 pg/mL, followed by dilution in tryptic
soy broth (TSB) for acrobic microorganisms and Schaedler
broth (Difco) supplemented which hemin (5.0 g/mL), and
menadione (10.0 g/mL) for anaerobic microorganisms; the
sample concentrations tested ranged from 200 to 0.195 pg/
mL. The final DMSO content was 4% (v/v), and this
solution was used as a negative control. The inoculum was
adjusted for each organism to yield a cell concentration of
5 % 107 colony forming units per mL (CFU/mL), according
to the Clinical and Laboratory Standards Institute (CLSI
2012a) guidelines (CLSI 2012b). The 96-well microplates
containing the aerobic microorganisms were closed with a
sterile plate sealer and incubated acrobically at 37 °C for 24
h. The plates containing the anaerobic microorganisms were
closed with a sterile plate sealer and incubated for 72 h in an
anaerobic chamber, in 5-10% H,, 10% CO,, 80-85% N,
atmosphere, at 36 °C. After that, resazurin (30 pL) in aqu-
cous solution (0.01%) was added to the microplates to
indicate microorganism viability for MIC determination.
Chlorhexidine dihydrochloride (CHD) was used as a posi-
tive control, and the concentrations ranged from 0.115 to
59 pg/ml. Controls were also performed to determine the
sterility of the TSB and Schaedler broths, control culture
(inoculum), CHD, the derivatives 4, and control DMSQO.
The MIC values were determined as the lowest concentra-
tion of derivatives 4 capable of inhibiting the growth of the
microorganisms.

For Mycobacterium spp. the antimicrobial activity of the
derivatives 4 was evaluated in vitro using the microplate
microdilution technique (Palomino et al. 2002), using
resazurin as an indicator of microbial activity (REMA-
Resazurin Microtiter Assay), which allowed the determi-
nation of the minimum inhibitory concentration (MIC)
against the microorganisms evaluated. The compounds
were dissolved in dimethyl sulfoxide (DMSO) and serally
diluted in Middlebrook 7H9 broth prior to inoculation, the
final concentration of DMSO being <0.3%. The inoculum
was adjusted to each organism to produce a cellular con-
centration of 10® colony forming units (CFU/mL). The
concentrations of the compounds tested ranged from 0.195

@ Springer

to 200 pg/mL for the bacteria and from 31.5 to 2000 pg/mL
for Mycobacterium. Microplates (96 wells) were incubated
at 37 °C for 24 h. Thereafter, 30 pL of aqueous resazurin
solution (0.019%) was added to indicate the viability of the
microorganisms. The MIC was determined as the lowest
concentration of the compound capable of inhibiting the
growth of the microorganism. Chlorhexidine was used as
the reference antibiotic at concentrations of 0.115-59.0 pg/
mL in the bioassays for bacteria and isoniazid at con-
centrations of 0.015-1.0 pg/mL for Mycobacterium. Mid-
dlebrook 7H9 broth containing 0.2% DMSO was used as a
negative control.
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4.5. In vitro leishmanicidal activity of lactone 1,4-dihydroquinoline derivatives against Leishmania

(Leishmania) amazonensis.
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Abstract

A series of lactone 1,4-dihydroquinoline derivatives 4 (4 and 4aa—4em) was screened for in vitro antileishmanial activity
against the promastigote form of Leishmania (Leishmania) amazonensis. Screening results indicate that all of the
synthesized compounds significantly reduced the growth of promastigote forms of promastigotes of L. (L.) amazonensis. The
cytotoxicity of the most active compounds was also measured on peritoneal macrophage cells. Compounds 4ah and 4bn
showed better activities than other derivatives with 1Csq values of 6.22 and 9.05 uM, respectively, with selectivity index 22
and 15 times less toxicity to macrophages cells than to parasites, respectively. The experimental data propose that the
compounds may be further investigated against amastigote forms and may contribute to the search of new candidates drugs

for treatment of cutaneous leishmaniasis.

Keywords Cutaneous leishmaniasis + Dihydroquinoline derivatives - Lactone

Introduction

Leishmaniasis are neglected tropical diseases caused by
protozoan parasites of the Leishmania genus and trans-
mitted by the bite of female sandfly vectors (Pace 2014).
These infections are endemic in 98 countries, with more
than 12 million cases, and 350 million people living in an
arca at risk (Bhutta et al. 2014; Okwor and Uzonna 2016).
The expression of leishmaniasis depends on a complex
interaction between the type of infecting species and host
immune response. Infection may be asymptomatic or may
manifest as cutaneous leishmaniasis (CL) that is pleio-
morphic in presentation, mucocutancous leishmaniasis
(MCL), or visceral leishmaniasis (VL) that may be lethal if
untreated (Desjeux 2004; Pace 2014). In Latin America,
Leishmania (Leishmania) amazonensis is responsible for a
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cutaneous diffuse form that in some cases may also result in
visceral leishmaniasis (Torres-Guerrero et al. 2017).

The treatment of CL and VL is based on the use of
expensive and toxic drugs, and that to a great extent must be
administered by the parenteral route. The most used drugs
are derivatives of pentavalent antimony; however, in many
areas of this disease, parasitic resistance is already wide-
spread (Ponte-Sucre et al. 2017). The second line of treat-
ment is amphotericin B, an antifungal with a broad
spectrum of action and that shows a high toxicity in the host
(Ferndndez-Garcia et al. 2017). Its less toxic lipid for-
mulation is extremely expensive and incompatible with
treatment in developing countries (Kumar et al. 2009; Pace
2014; Durieu et al. 2016; Fernindez-Garcia et al. 2017).
Among the other drugs used in leishmaniasis therapy,
miltefosine is the first oral treatment against VL, but its
teratogenicity excludes the treatment of pregnant women
and its slow tumover could promote the emergence of
clinical parasite resistance (Singh et al. 2012; Durieu et al.
2016).

Therefore, these factors justify the search for new che-
mical series in order to find an orally safe and active drug
(Loedige 2015: Ashok et al. 2017). The choice of the
dihydroquinolinic nucleus associated with the lactonic ring
is due to the presence of these pharmacophoric groups in
several compounds with important leishmanicidal
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Table 1 Synthesis of dihydroguinoline lactone derivatives 4 and inhibition of the growth of L. amazonensis promastigote forms (%)

. 0 |
0 NH, CHO  onvent ﬁv 5
2 Reflux
1 2 3 4
Entry Aniline R1 Aldehyde R2 MM Product Inhibition (%)
1 H H 261.27 4 64.75 £5.75
2 3,4,5-0CH; (2a) 3.4-(0OCH20) (3a) 395.36 4aa 40.04 £6.68
3 3.4-(0OCHa3) (3b) 411.40 4ab 38.60 £4.33
4 3.4,5-0CH; (3¢) 441.43 dac 7985 £2.59
5 4-Cl (3d) 385.80 4ad 7745 +5.05
6 4-Bn, 3-OCH; (3e) 487.50 dae 94.96 +3.29
7 4-F (3f) 369.34 daf 78.89 +5.05
8 4-CHsS (3g) 397.44 dag 9232272
9 4-CF; (3h) 419.35 4ah 89.92 £4.37
10 6-NO»-3,4-(0OCH3) (3i) 456,40 4ai 50.36 +3.29
11 3-0CH;, 4-OH 3j) 397.38 4aj 48.68 +2.31
12 3,4-0H (3m) 383.35 4am 56.49 +0.86
13 6-NO2-3,4-(0CH:0) (3n) 440.36 4an 10000+ 0.00
14 3,4-(0CH;0) 2b) 3.4-(0CH,0) {3a) 349.29 4ba 61.63 £5.40
15 3,4-(0OCHa3) (3b) 365.34 4bb 1026+11.24
16 3,4,5-0CH; (3¢) 395.36 4bc 6426 +2.90
17 4-Cl1 (3d) 369.76 4bd 50.83 £2.90
18 4-Bn, 3-OCH3 (3e) 441.43 4be 719.67 £2.45
19 4-F (3f) 323.27 4bf 5515219
20 4-CHsS (3g) 351.38 4bg 1678 £13.97
21 4-CF3 (3h) 373.28 4bh 3597 +2.59
22 6-NO»-3,4-(0CH,) (3i) 410.33 4bi 100.00+0.00
23 3-0OCHs, 4-0OH 3j) 35131 4bj 5513 £3.78
24 6-NOy-3,4-(0CH, ) (3n) 394.29 4bn 9599 +£3.13
25 3,4-(0CH3) (3c) 3.4-(0CH,0) (3a) 365.34 4ca 7362 £7.06
26 3,4-(0OCH3) (3b) 381.38 4cb 78.01 £2.52
27 3.4,5-0CH; (3¢) 411.40 dec 7256 +4.21
28 4-Cl1 (3d) 35577 4ed 10000+ 0.00
29 4-Bn, 3-OCH; (3e) 457.47 4ce 68.82 £5.40
30 4-F (3f) 339.32 4cf T4.10£2.15
31 4-CHsS (3g) 367.42 dcg 74.10 +2.87
32 4-CF; (3h) 389.32 4ch 100.00 £ 0.00
33 6-NO»-3,4-(0CH3) (3i) 426.38 4ci 65.23 £ 1.14
34 3.4-0H (3m) 353.33 4cm 9599 +£2.17
35 6-NO»-3,4-(0CH, ) (3n) 441.33 4cn 83.96 £ 5.00
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properties (Castafio et al. 2009; Reynolds et al. 2013;
Coimbra et al. 2016). As part of our ongoing interest on the
antiparasitic activity of compounds, we have evaluated
herein the leishmanicidal potential of 35 lactone 1.4-dihy-
droquinoline derivatives against the parasite L. (L.) ama-
zonensis in vitro.

Results and discussion
Chemistry

The 1.4-dihydroquinoline lactone derivatives 4 and 4aa—
4em were obtained in a previous work of our research group
from microwave-assisted multicomponent reaction between
tetronic acid, aromatic aldehyde, and anilines in ethanol
(Table 1). These compounds showed interesting anti-
microbial activities against oral bacteria (Laurentiz et al.
2018).

Derivatives 4a-den have three different groups of
electron-donating substituents on the dihydroquinolinic ring
(3.4.5-OCH;, 34-OCH,0, and 34-OCH;) and on the
benzyl ring with electron-donating or electron-withdrawing
substituents: OCH;, OCH-,0, OH, Cl, CF;, OBn, F, and
NO] c S’CHg

Antileishmanicidal activities

A preliminary screening of 35 lactones 1.4-dihydroquino-
line derivatives was performed at 100 uM against promas-
tigote forms de L. (L.) amazonensis to select the most active
compounds at higher concentrations.

Although the clinically relevant form of the parasite is
the amastigote form, which shows metabolic differences
from the extracellular forms, promastigotes can be used for
fast screenings of potential compounds (Tempone et al.
2005; Martin-Montes et al. 2017; Silva et al. 2017). Thus, in
this study, we evaluated the effect of dihydroguinoline
lactone derivatives against promastigote forms of L. (L.)
amazonesis in vitro.

The compounds 4aa, 4ab, 4aj, 4bg, and 4bh showed a
percentage of inhibition of cell growth of less than 50% at
24 h (Table 1). The other compounds showing activity
higher than 50% include the unsubstituted compound 4,
however, only those with activity greater than 80% were
submitted to additional assays in lower concentrations.
Among the compounds with parasite activity above 80%, it
was possible to observe that the compounds containing the
nitro piperonal group as a substituent on the benzyl ring,
independent of the substituent of the quinolinic moiety, are
among the most active compounds (4an, 4bn, and 4ecn).
Compounds 4ah and 4ch containing the CF; group were
also very active at this concentration.

@ Springer

Table 2 In vitro leishmanicidal activity: ICsy, CCsy, and selectivity
index for dihydroquinolinine lactone derivatives

Compounds Promastigote forms Peritoneal
macrophages

ICy pM® CCsy pM® SI
dae 5.20 607 1.13
dag 325 ND -
4ah 6.22 139.20 2231
4an 33.40 ND -
4hi 2.62 13.90 5.03
4bn 9.05 136.27 15.05
4ed 2209 ND -
4ch 17.90 ND -
4em 73.50 ND -
den 4290 ND -
Amphotericin B 0.65 049 0.75

ND not determined, ST selectivity index

“Inhibition concentration 50 (ICs,) values were calculated using a
nonlinear regression curve

hC‘)I‘la:-ta:-xi-:: concentration 50 (CCsy) values were calculated using a
nonlinear regression curve

ST was calculated from the ratio of CCg, values of macrophage and
ICsp promastigotes

The substitution on phenyl and dihydroquinoline rings
had a considerable effect on potency of other derivatives in
comparison with unsubstituted compound 4. All the eval-
uated compounds inhibited the growth of L (L) amazo-
nensis promastigote forms to a greater or lesser degree,
however, only those compounds that presented reduction on
growth inhibition of promastigote forms with a percentage
above 80% were evaluated at concentrations of
1.00-100 uM (Table 2).

According to hit-and-lead criteria, a hit compound
should demonstrate [Csy< 10 pM against protozoan para-
sites and a selectivity index greater than 10-fold between the
half-maximal cytotoxic concentration (CCsg) for the mam-
malian cell line and the 1Cs, for parasite (Dardonville et al.
2009; Katsuno et al. 2015). In this study, in promastigote
activity assay at lower concentrations, the reported lactones
1,4-dihydroquinoline, displayed the growth of L. (L.)
amazonensis promastigote forms with 1Csg value ranges of
2.62-73.50 uM (Table 2). Among the reported compounds,
analogs 4ae, 4ah, 4bi, and 4bn were more potent in inhi-
biting the L(L.) amazonensis promastigotes with 1Csq
values of 5.29, 6.22, 2.62, and 9.05 pM, respectively. The
positive control, amphotericin B, displayed the growth of
the L.(L.) amazonensis promastigote forms with an 1Cs
value of 0.65 pM.

Among the compounds containing R1 = 3.4,5-OCHj5,
4ae and 4ah were more active with ICs; values of 5.29 and
6.22 uM, respectively. Compound 4ae has electron donor
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substituents in para (OBn) and meta (OCH;) positions,
while compound 4ah has a single electron-withdrawing
substituent in para (CF5) position. The change of the OBn
group for CF; and OCH; groups for H resulted in a small
loss of activity, but contributed to enhance the selectivity
index of 4ah by almost 20x in relation to 4ae. The nature of
R2 and the degree of substitution for these two compounds
mainly affected the selectivity index, showing that the
hydrophobic and electronegative character of the CF3 group
in addition to their smaller size contributed to the higher
selectivity of 4ah on L (L) amazonensis promastigote
forms. The compounds more active with R1 =0CH,0O
were 4bi and 4bn that have in common the nitro group
connected to the phenyl ring. The presence of two OCHj;
groups on the phenyl ring (R2) contributes to the increase of
4bi activity in relation to 4bn, which presents the methy-
lenedioxy group in the same position. These two groups of
substituents in R2 have an electron donor character; how-
ever, the methylenedioxy group presents a more rigid
character because it is a cycle and also has a greater
hydrophobic character. Compound 4bi showed better
activity (ICsp = 2.62 pM, SI=5.03), however, it was about
three times less selective than 4bn (IC5 = 9.05 uM, SI=
15.05).

The compounds containing the 3.4-dimethoxy sub-
stituents on the 1.4-dihydroquinolinic moiety were the least
active (ded, 4ch, 4em, and den with ICsy> 17 uM) inde-
pendently of a substituent on the phenyl ring, however,
these substituents on the dihydroquinolinic ring are not
favorable to the leishmanicidal activity for this class of
compounds.

Thus, the compounds with 1Cs5y values below 10.0 pM
(Table 2) are those with 3,4,5-trimethoxy and 3.4-methy-
lenedioxy substituents in the 1,4,-dihydroquinolinic moiety,
i.e., these groups are favorable to the action of this class of
compounds and, therefore, the choice of the substituent on
the benzyl ring is determinant for the increase in leishma-
nicidal activity.

Regarding macrophage cytotoxicity, the less toxic com-
pounds were 4ah and 4bn with CCsg values of 139.20 and
136.27 uM, respectively. Compound 4bi was one of the
most toxic, as well as 4ae, respectively, with CCs; values of
13.9 and 6.07 pM. In relation to the selectivity index, 4ah
and 4bn were, respectively, 22 and 15 times less toxic to
macrophage cells than the control amphotericin B that
showed S1=0.75 (Table 2).

The presence of the nitro group allied to the methyle-
nedioxy group on the benzylic ring in 4bn increased the
selectivity index, as evidenced by the much lower selec-
tivity index of the compound 4bi. The presence of the CF;
group in 4ah, smaller and more lipophilic, favored the
increase of the selectivity index when compared to 4ae that
has the OCH; and OBn groups on the phenyl ring.

Our results demonstrate the importance of the 1.4-dihy-
droguinolinic nucleus in the study of compounds with
antileishmanial properties. Recent works have confirmed
the interesting antileishmanial properties of quinoline deri-
vatives (Antinarelli et al. 2015; Herrera et al. 2016; Nav-
neetha et al. 2017). In these works, various quinoline
derivatives have been synthesized and showed results that
attest to the importance of this pharmacophore nucleus for
leishmanicidal activity against the promastigote form.
However, few studies report the activity of 1.4-dihy-
droguinoline derivatives, which demonstrates that the
potential of this class of compounds has not yet been ade-
quately explored.

Conclusion

Thirty-five lactone 1,4-dihydroquinoline derivatives were
submitted to antileishmanial assay against promastigote
forms of L. (L) amazonesis in vitro. Among the evaluated
compounds, 4ah and 4bm showed promising in vitro
antileishmanial activity and low toxicity in macrophage
cells. These compounds are interesting targets that emerge
among the various classes of compounds already synthe-
sized and evaluated against leishmaniasis. The results
obtained with these compounds are an additive justification
for further studies of the lactone 1.4-dihydroquinoline
derivatives against amastigote forms and may contribute to
the search for new molecules as targets for the development
of more potent and fewer side-effect drugs.

Materials and methods
Chemistry

A mixture of tetronic acid (1.0 mmol), benzaldehydes
(1.0 mmol), and anilines (1.0 mmol) in ethanol (2 mL) was
taken in a reaction flask equipped with a small magnetic
stirring bar and the reflux condenser. The mixture was then
irradiated in a microwave reactor for 15 min (reflux tem-
perature of the solvent) at a power of 200 W. After the
reaction was complete (TLC monitoring), the mixture was
then cooled to room temperature and the solvent was
removed on rotary evaporator. The precipitated crude pro-
duct was washed with a mixture of hexane-ethyl acetate
(8:2) and dried under vacuum. The variation of anilines
(2a—c) and benzaldehydes (3a—n) furished the lactone 1.4-
dihydroquinolines 4aa-4en in yields ranging from 69 to
92%. Data of characterization of the compounds were
described by Laurentiz et al. (2018).
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Biological assays
Antileishmanial activity

Cultures of L. (L) amazonensis (MHOM/BR/PHS) pro-
mastigote forms were maintained at 25°C in RPMI 1640
medium (Gibeco) supplemented with 10% fetal bovine
serum (FBS, Cultilab), 50 units-mL ! penicillin, and
50 mg-mL : streptomycin (Cultilab).

The initial screening was assessed in vitro by cultivating
L. (L.) amazonensis promastigotes (1 x 10° parasites mL ")
in a 96-well plate containing RPMI 1640 medium (Gibco)
supplemented with 10% FBS (Cultilab), 50 units-mL""'
penicillin, and 50 mg-mL ™" streptomycin (Cultilab) in the
presence of 100 uM of compounds previously dissolved in
100% dimethylsulfoxide (DMSO) (Synth). Cultures were
incubated at 25°C in BOD (Quimis) for 24 h and the
leishmanicidal activity was determined by growth inhibition
of promastigote forms by counting the total number of live
promastigotes in the Neubauer chamber (Global Glass),
considering flagellar motility (Azzouz et al. 2005).

The compounds that showed greater than or equal to
80% inhibition of cell growth during 24 h were evaluated at
concentrations of 1.00-100pM. RPMI 1640 medium
(Gibco) containing 0.5% DMSO (Synth) (highest con-
centration) was used as a negative control and amphotericin
B (Eurofarma) at concentrations of 0.20-3.37 uM was used
as a positive control. Two experiments were performed in
triplicate and repeated twice. Determination of 50% inhi-
bition concentration values (1Csy) was camied out by
GraphPad Prism version 5.0 Windows software (GraphPad
Software, USA) using a nonlinear regression model of
variable slope.

Macrophages and cytotoxicity assay

Thioglycolate-elicited  peritoneal — macrophages were
obtained from BALB/c mice (weighing 20-25 g) by injec-
tion of 500 pL of 3% thioglycolate 3 days prior to peritoneal
lavage with 5mL of ice-cold phosphate- buffered saline
(PBS 1 x ). The peritoneal exudate cells were centrifuged at
400 x g for 10 min at 4 °C, the supernatant was removed,
and RPMI 1640 (Gibco) medium was supplemented with
10% FBS (Cultilab), 50 unitsmL ' penicillin, and
50 mg-mL " streptomycin (Cultilab) was added to the pellet
(macrophages) (Toledo et al. 2014). The experiment was
authorized by the University of Franca’s Ethics Committee
for Animal Care (approval number: 046/15).

Macrophages (2 x 10° cellsiwell) were seeded in a 96-
well microtiter plate and incubated at 37 °C in a 5% CO,
atmosphere for 24h and when the macrophages had
developed a monolayer, the cells were exposed with the
compounds at concentrations of 1.60 to 200 pM (4ae, 4ah,
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4bi, and 4bn) or 0.20-3.38 pM (amphotericin B) for 24 h.
The morphological changes of treated and untreated cell
lines (control) were compared by monitoring, using an
inverted microscope (Axio Vert, Carl Zeiss). Cell viability
was determined using the vital stain Trypan Blue (Aldrich)
at 0.1% concentration in phosphate buffer (Mesa-Valle et al.
1996). The number of dead cells was recorded, and the
percentage of viability was determined as [no. of viable
cells in the cells treated/no. of viable cells in the cells not
treated (negative control)]x 100. RPMI 1640 medium
(Gibco) containing 0.5% DMSO (Synth) (highest con-
centration) was used as a negative control and 25% DMSO
was used as a positive control. Two experiments were
performed in triplicate and repeated twice. Detenmination of
50% cytotoxic concentration values (CCsg) was carried out
by GraphPad Prism version 5.0 Windows software
(GraphPad software, USA) using a nonlinear regression
model of variable slope.
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5. Conclusodes

Nesse texto sistematico o objetivo foi demonstrar, de uma forma sequencial, a evolucdo das
pesquisas desenvolvidas por mim e a contribuicdo na area de produtos naturais com o estudo de
extratos, extragdo de metabolitos secundarios e na obtencdo de derivados semissintéticos. Nossa
expectativa € contribuir para a descoberta de novas moléculas que possam ser utilizadas como alvos
no desenvolvimento de novos farmacos tanto para uso humano quanto para o uso animal, a partir dos
extratos de plantas estudados e de alguns dos seus metabdlitos isolados. Alguns desses estudos
resultaram em patentes e uma delas foi licenciada e estd em estudo para comercializagdo do produto
alvo no exterior.

Na parte sintética visamos contribuir também para o desenvolvimento de novas metodologias
sintéticas para a obtencdo mais eficiente de moléculas conhecidas e ineditas sempre com o foco no
desenvolvimento de novos farmacos.

A sintese vinculada ao estudo das propriedades bioldgicas proporcionou a interagdo com varios
grupos de pesquisa no Brasil e no exterior contribuindo para crescimento e fortalecimento do Grupo
de Produtos Naturais e Sintese Organica do qual sou coordenadora aqui na FEIS. Dessas interacdes
obtivemos resultados que foram publicados em diversos artigos cientificos e outros ainda em fase de
redacdo que sdo resultados da sintese de compostos heterociclicos e de suas propriedades biologicas

e luminescentes.



