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a  b  s  t  r  a  c  t

Recent  publications  have  highlighted  the  numerous  biological  activities  attributed  to the  lignan  (−)-
cubebin  (1),  Piper  cubeba  L.  f., Piperaceae,  and  ongoing  studies  have  focused  on its  structural  optimization,
in  order  to  obtain  derivatives  with greater  pharmacological  potential.  The  aim of  this  study  was  the  obtain-
ment  of  (1),  its semisynthetic  derivatives  and  evaluation  of  antibacterial  activity.  The  extract  of the  seeds
of P. cubeba  was  chromatographed,  subjected  to  recrystallization  and  was  analyzed  by  HPLC  and  spectro-
metric techniques.  It was  used  for  the  synthesis  of:  (−)-O-methylcubebin  (2),  (−)-O-benzylcubebin  (3),
(−)-O-acetylcubebin  (4), (−)-O-(N,N-dimethylamino-ethyl)-cubebin  (5), (−)-hinokinin  (6) and  (−)-6.6′-
dinitrohinokinin  (7). The  evaluation  of the  antibacterial  activity  has  been  done  by broth  microdilution
technique  for  determination  of  the  minimum  inhibitory  concentration  and  the  minimum  bactericidal
concentration  against  Porphyromonas  gingivalis,  Prevotella  nigrescens,  Actinomyces  naeslundii,  Bacteroides
fragilis  and Fusobacterium  nucleatum.  It was  possible  to  make  an  analysis  regarding  the  relationship

between  structure  and  antimicrobial  activity  of  derivatives  against  microorganisms  that  cause  endodon-
tic  infections.  The  most  promising  were minimum  inhibitory  concentration  =50  �g/ml  against  P.  gingivalis
by  (2)  and  (3), and  minimum  inhibitory  concentration  =100 �g/ml against  B.  fragilis  by  (6).  Cytotoxicity
assays  demonstrated  that  (1)  and  its derivatives  do  not  display  toxicity.

©  2016  Sociedade  Brasileira  de  Farmacognosia.  Published  by  Elsevier  Editora  Ltda.  All  rights  reserved.
ntroduction

In the last decade, there has been intensification in the search
f anti-bactericidal compounds from natural sources, mainly from
lants, which continue to be a major source of biologically active
etabolites that may  provide lead structures for the development

f new drugs (Ayres and Loike, 1990).
The biological properties of lignans are closely related to the

tereochemistry of the various stereogenic centers present in their
hemical structure, which makes these compounds interesting
ynthetic targets (Silva et al., 2009). In this context, many bio-

ogical activities have been reported in the literature (Saleem
t al., 2005), such as antitumor (Ayres and Loike, 1990; Li et al.,
006), antiviral (Rimando et al., 1994), anti-PAF (Shen et al., 1985;

∗ Corresponding author.
E-mail: mlasilva@unifran.br (M.L.A.E. Silva).

http://dx.doi.org/10.1016/j.bjp.2015.12.006
102-695X/© 2016 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora
Braquet and Godfroid, 1986), antidepressant (Deyama et al., 2001),
anti-inflammatory (Souza et al., 2004; Kassuya et al., 2006) and car-
diovascular (Rimando et al., 1994), and antiviral (Charlton, 1998;
Piccinelli et al., 2005), trypanocidal (De Souza et al., 2005), analgesic
(Da Silva et al., 2005).

The literature reports the accumulation of lignoids and other
metabolites that possess significant pharmacological activity in
species of the genus Piper, Piperaceae family, and especially in P.
cubeba L. f. (Parmar et al., 1997; Arruda et al., 2005).

An example of these substances is (−)-cubebin (1), a dibenzyl-
butyrolactolic lignan found in high concentrations in seeds of Piper
cubeba (Elfahmi, 2006). Due to its well-known biological activi-
ties, 1 has become the object of study of many research groups
over the last decade. These works have culminated in the discov-

ery of new and important biological actions for 1 (De Souza et al.,
2005; Da Silva et al., 2005; Silva et al., 2007, 2009; Usia et al.,
2005; Hirata et al., 2007a,b, 2008; Saraiva et al., 2007; Yam et al.,
2008).

 Ltda. All rights reserved.
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The establishment of a inflammatory process leads the major
orms of endodontic disease, gingivitis and periodontitis. The
ntensity of the inflammatory response varies with the stage of
volutionary development of infection, as it has in the beginnings
f a pathological process a minor reaction that tends to increase
n proportion to the spread of microbial invasion, and may  lead
otal necrosis of the pulp tissue providing an opportunity for the
evelopment of severe apical periodontitis (Luisi and Fachin, 1990).

The oral micro-organisms are found in saliva within a complex
atrix composed of microbial extracellular products and salivary

ompounds on the surfaces of growing enamel, known as biofilms
Marsh, 2005). The pathogenesis of pulpal injury is due to bacterial
nvasion in this tissue (Bergenholtz and Crawford, 1989).

The harmful effect of microorganisms in the pulp and periapical
issues and its installation has been the subject of ongoing stud-
es to show their presence, to correlate the association between
hese micro-organisms and oral infections (Kakehashi et al., 1965;

ittgow and Sabiston, 1975; Tani-Ishii et al., 1994; Fine, 2000;
ocransky and Haffajee, 2002; De Lillo et al., 2004) and develop
ethods that lead to its destruction with the development of new

ntimicrobials.
Ideally, in addition to having antimicrobial activity, the

ndodontic formulation should not harm the host’s tissues
Baumgartner, 1997). In this regard, the use of an orabase formu-
ation containing 0.1% fluocinolone acetonide and the active lignin
erivative would enhance the effectiveness against oral infections.
owever, there is yet no drug or substance capable of bringing

ogether these two requirements, which justifies the research and
evelopment of new antimicrobial agents. Additionally, he litera-
ure reports the possibility of isolation of lignans from P. cubeba
nd other species such as Chamaecyparis obtusa (Marcotullio et al.,
014), Linum (Schmidt et al., 2010). However, although these com-
ounds can be isolated from plants, they are obtained in low yields

n extractions, also resulting in difficult purification process with
everal steps. Therefore, partial synthesis from (−)-cubebin is the
ost viable way, with reactions that allow yields above 98% (Da

ilva et al., 2005) and simpler purification steps.
Taking account the various biological properties attributed to

ignans, the previous studies obtained by our research group
escribing satisfactory results concerning these compounds, this
ork aims to expand knowledge of the relationship between the

hemical structures of lignans and their biological activities and
hus the search for bioactive molecules.

aterials and methods

olvents and reagents

Anhydrous sodium sulfate (Merck Co.), dry dichloromethane
Acros Co.), magnesium sulfate (Merck Co.), pyridinium chlorochro-

ate (Acros Co.), hexane (Mallinckrodt Co.), ethyl acetate

Mallinckrodt Co.), ethanol (Merck Co.), acetic anhydride (Merck
o.), dry tetrahydrofuran (THF) (Merck Co.), sodium bicarbonate
Merck Co.), sodium chloride (Merck Co.), dry pyridine (Acros Co.),
oluene (Mallinckrodt Co.), chloroform (Merck Co.), hexane (Merck
Fig. 1. Chromatogram of the epimers of 1 obtained using a. Shim-pack ODS,
250  × 4.20 mm,  5 �m Column, volume of injection: 20 �l, flow: 1 ml/min, detection
at  � 254 nm and linear gradient: MeOH-H2O (50%)/MeOH (100%), in 48 min.

Co.), sodium hydride (NaH) (Acros Co.), methyl iodide (Merck
Co.), dimethylethylamine chloride (Merck Co.), metallic sodium
bars (Merck Co.), fuming nitric acid (Merck Co.) and ethyl acetate
(Mallinckrodt Co.).

Plant material collection and isolation of 1

The seeds of Piper cubeba L. f., Piperaceae, used in this study
were imported from Floral Seed Company, Dehradun, India (Proc.
FAPESP 05/01550-8). The process of seeds of P. cubeba extraction
was carried out according to literature (Souza et al., 2004). It was
used 1 kg of seeds, which yielded the crude ethanolic extract. The
partitions originated a hydroalcoholic extract, 285 g. A chromato-
graphic column chromatography was undertaken and the fractions
were collected and combined according to their chromatographic
profiles.

HPLC analysis of fraction 10, obtained from the filtration column
chromatography, showed the presence of 1. The fraction was  sub-
jected to the crystallization process, solubilizing it with acetone,
and adding hexane until turbidity of the medium. After crystalliza-
tion, the supernatant was removed, thus furnishing crystals of 1.

The recrystallization process was  repeated five consecutive
times, which made it possible to obtain 13.9 g 1. This method
allowed excellent purification, which was  confirmed by analy-
sis using a binary system chromatograph Shimadzu CBM-20A,
-Prominence LC-6AD equipped with a manual injector with 20 ml
loop, a “degasser” DGU-20A5 coupled to a UV–vis detector model
SPD-20A and data acquisition by a microcomputer and an analyti-
cal column of Shimadzu, Shim-pack ODS, 250 mm × 4.20 mm,  5 �m,
equipped with pre-column. The solvent system consisted of a mix-
ture of methanol and water in a linear gradient 50–100% in 48 min.
The chromatographic conditions defined for compound HPLC anal-
ysis were: � 254 nm,  injection volume of 20 �l and flow rate of
1 ml/min.

These crystals were analyzed using nuclear magnetic resonance
techniques of hydrogen (1H) and carbon (13C) and HPLC (Fig. 1),
confirming its identification as (−)-cubebin.

Obtainment of semi-synthetic derivatives

Scheme 1 represents a summary of the reactions for obtainment
of the derivatives of 1.

Obtaining the derivate 2 (a)

It was used the method described by Venkateswarlu et al.
(1999), in which 1 (0.5 g) in 5 ml  of THF was  added to a dry suspen-
sion of NaH (1 g) in 50 ml  of dry THF and the mixture was left for

30 min  at room temperature, stirring and atmosphere of N2. Then,
1 ml  of methyl iodide was added and the mixture was left reac-
ting for 24 h under N2 atmosphere. After this period, excess NaH
was decomposed by adding slowly solution methanol/water (1:1,
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cheme 1. Obtaining semisynthetic derivatives of 1: 2, where: CH3I, NaH, dry TH
nhydride, dry pyridine, toluene, dichloromethane; 5, where d: dimethylethylamin
,  where f: HNO3 6 equiv, CHCl3, 10 ◦C, 4 h.

/v). The reaction was neutralized with dilute HCl and subjected
o partition with ethyl acetate (3 × 30 ml). The organic fraction was
ashed successively with 5% aqueous NaHCO3 (3 × 20 ml)  and 10%

aline (3 × 20 ml), dried with MgSO4 and filtered.

btaining the derivate 3 (b)

To obtain the benzyl derivative (Souza et al., 2004), a solution of
 (300 mg)  and 10 ml  of dry THF was added to a mixture of NaH and
ry THF (5 ml), and it was allowed under reflux for 30 min. Benzyl
romide (0.12 ml)  was added and left under the same conditions
or 2 h. To complete the reaction, water was slowly added to the
ask and became extractions with ether.

btaining the derivative 4 (c)

To obtain the derivative 4 (Souza et al., 2004), 50 mg  of 1 and
 ml  of acetic anhydride were added to 0.8 ml  dry pyridine. After
 h of reaction at room temperature, the mixture was placed in a vial
ontaining toluene and evaporated under the reduced pressure to
emove pyridine. Subsequently, dichloromethane was  added and
vaporated under reduced pressure to remove traces of toluene.
btaining the derivate 5 (d)

To obtain 5 (Souza et al., 2004), 300 mg  of 1 was added a
0 ml  of sodium ethoxide and left it under reflux for 2 h. Later,
in, TA atm N2; 3, where b: benzyl bromide, NaH, THF, 6 h, TA; 4, where c: acetic
ride, sodium ethoxide, reflux for 8 h, 6 where e: PCC, dry DCM, atm N2,-60C, 24 h;

it was  added 120 mg  of dimethylethylamine chloride. The reac-
tion was maintained under the same conditions for 6 h. Water
(5 ml)  was  added and partitions were made with ethyl acetate
(3 × 10 ml). The organic phase was washed with 10% NaCl aqueous
solution (3 × 10 ml), dried with MgSO4 and filtered. The solvent was
evaporated and the residue was  purified by column chromatog-
raphy on silica gel 60 (0.063–0.200 mm,  Merck Co.) eluted with
dichloromethane.

Obtaining the derivative 6 (e)

In a three-burner reaction flask protected from light and main-
tained at 0 ◦C, was  added to 10 ml  of dichloromethane and 50 mg of
1. Later, under inert atmosphere, was  added 2 equivalents of 1 to
1 equivalent of PCC (pyridinium chlorochromate), and the reaction
was maintained under stirring for 12 h (Souza et al., 2004; De Souza
et al., 2005).

Obtaining the derivate 7 (f)

To obtain a nitrated derivative (Da Silva et al., 2005; De Souza
et al., 2005), 200 mg  of 6 was subjected to reaction with nitric

acid (6 EqM) for 2 h under magnetic stirring and 0 ◦C. Later, it was
added a solution of sodium carbonate, and partitions were made
with chloroform (5 × 30 ml). The product was  subjected to repeated
recrystallization from methanol.
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etermination of minimum inhibitory concentration (MIC)

To obtain the inoculum, the strains were stored at −20 ◦C and
esuspended in liquid medium broth Schaedler supplemented with
emin (5 mg/ml) and menadione (1 mg/ml). Then all test bacte-
ia were subcultured in Schaedler agar plus defibrinated sheep
lood (5%), hemin (5 mg/ml) and menadione (1 mg/ml) were subse-
uently incubated in temperature of 36 ◦C in an anaerobic chamber
or 72 h in an atmosphere containing 10.5% H2, 10% CO2 and 80–85%
2 to confirm the purity of the strains. After confirmation, the

trains were used in the tests for determination of MIC.
The density of the inoculum was prepared to scale of 0.5 Mc

arland second Bier (1981). All bacterial suspensions were adjusted
n the same transmittance. Compounds were dissolved in dimethyl
ulfoxide (DMSO) using an ultrasonic bath which were used for the
roth microdilution technique.

The following “American Type Culture Collection” (ATCC)
icroorganisms were used in this study: Porphyromonas gingi-

alis (33277), Prevotella nigrescens (33563), Actinomyces naeslundii
19039), Bacteroides fragilis (25285) and Fusobacterium nucleatum
25 586).

ethod of broth microdilution

The technique was performed according to methodology rec-
mmended by the Clinical and Laboratory Standards Institute (CLSI,
007), with adaptations.

In a sterile plate of 96 holes were deposited a total of 200 �l of
he mixture of Schaedler broth, microbial suspension and test sub-
tance in order to obtain concentrations from 20 to 400 �g/ml. It
as made the culture control, the control of sterility of the broth

nd compounds. The chlorhexidine digluconate was used as posi-
ive control and DMSO as negative control.

The plate was incubated at 36 ◦C in an anaerobic chamber for
2 h. Later were added to each hole of 30 �l resazurin 0.02% pre-
ared in aqueous solution. The plate was reincubated for 30 min.
here was, then, changing the color blue (no bacterial growth) and
ink (bacterial growth). This procedure was performed in triplicate.

etermination of minimum bactericidal concentration (MBC)

To determine the MBC  we used the quantitative technique based
n the method of Lifeng et al. (2004). The series used for MIC  deter-
ination were performed in duplicate and one was  used to evaluate

he MBC  of the substances obtained. 10 ml  of the solution which
howed inhibition of bacterial growth in the MIC  method were
lated in Schaedler agar, and subsequently incubated for 24 h at
7 ◦C. The media were analyzed to observe the presence or absence
f growth of oral bacteria.

ytotoxicity assay

The LLCMK2 fibroblast cells were grown in RPMI (Roswell Park
emorial Institute) 1640 medium supplemented with 100 U/ml of

enicillin, 100 �g/ml of streptomycin, and 5% of inactivated fetal
alf serum, and maintained at 37 ◦C in 5% CO2. A cell suspen-
ion was seeded at a concentration of 1 × 106 cells/ml in a 96-well
icroplate containing RPMI 1640 medium. Thereafter, the cells
ere treated with PC-EO at different concentrations (200, 100, 50,

5, 12.5, 6.25, and 3.125 �g/ml). The plates were incubated at 37 ◦C
or 24 h, and the biological activity was evaluated by using the

TT  colorimetric method [MTT; 3-(4,5-dimethylthiazol-2-yl)-2,5-

iphenyltetrazolium bromide] that is cleaved by the mitochondrial
nzyme resulting formazan crystals detecting living cells in a 24 h
eriod in a microplate reader at 540 nm.  RPMI 1640 medium
lus DMSO and RPMI 1640 medium were used as positive and
Farmacognosia 26 (2016) 296–303 299

negative controls, respectively. All the experiments were per-
formed in triplicate. The percentage of cytotoxicity was determined
by the formula: % cytotoxicity = 1 − [(Y − N)/(N − P)] × 100, where
Y = absorbance of wells containing cells and PC-EO at different
concentrations; N = negative control; P = positive control (Muellas-
Serrano et al., 2000).

Results and discussion

Isolation of 1

Regarding the method for extraction by percolation with
ethanol, it could be concluded that it is an effective procedure, in
which a large amount of substances of different degrees of polarity
in the extract could be extracted. The partitions made with organic
solvents for the separation of less polar oils, for further fraction-
ation by chromatographic techniques allowed a better separation
of substances.

In the analysis by HPLC, compound 1 presented two  peaks,
showing the existence of � and � epimers in different amounts
(Fig. 1). The epimers are diastereoisomers generated by hydroxyl
linked to the lactol ring. It is a convertible mixture of both epimers,
in which it was possible to assign their signals due to a larger per-
centage of each conformation. The tested sample is a stable mixture
of both isomers.

The crystals were analyzed using techniques of 1H and 13C NMR.
[�]D

25◦
= −8.12 (c 0.46, CHCl3). The purity of (−)-cubebin was esti-

mated to be higher than 95% by both HPLC and 13C NMR  analyses,
as well as its melting point, 131–132 ◦C, 1H NMR  [ı, multiplicity
(J in Hz), 400 MHz, CDCl3]: ArH (6.8–6.4; m; 6 H); H7  (2.8–2.4; m;
4H); H7′ (2.8–2.4; m;  4H); H8 (2.3–1.9; m; 1H); H8′ (2.8–2.4; m;
1H); H9 (5.2; s; 1H); H9′ [4.05 (dd; 6 Hz; 1H); 3.72 (dd; 8 Hz; 1H)];

O CH2 O (5.9; s; 4H). 13C NMR  [ı, multiplicity (J in Hz), 100 MHz,
CDCl3]: C1 (132.3); C2 (108.3); C3 (147.5); C4 (145.9); C5 (109.5);
C6 (121.9); C7 (39.5); C8 (53.1); C9 (103.5); C1′ (133.9); C2′ (109.3);
C3′ (147.5); C4′ (145.9); C5′ (109); C6′ (121.6); C7′ (38.7); C8′ (45.1);
C9′ (72.7); O CH2 O (101.1).

Obtaining the semi-synthetic derivatives

The purities of the obtained (−)-cubebin derivative compounds
were estimated to be higher than 95% by both HPLC and 13C NMR
analyses.

Obtaining the derivative 2

The compound was successfully obtained using methods
described by Venkateswarlu et al. (1999), with a yield of approxi-
mately 95% (Fig. 1S).

The reaction occurs via a bimolecular nucleophilic substitution
reaction, which there is the formation of the alkoxide ion, nega-
tively charged, in the treatment of 1 with a strongly reactive metal.
This intermediate reaction is usually used as a catalyst, so that the
center is located in the nucleophilic carbon atom partially nega-
tive charge. In general, it is a reaction in which the nucleophile
approaches the substrate from the side opposite the halide ion,
directly attacking the carbon and at the same time, shifting the
leaving group loosing it the molecule. The nucleophile has a pair of
electrons that will be used to make the new bond to carbon. The
reaction is a process in a single step, without intermediaries, that
forms when the carbon-nucleophile – giving rise to the expected

compound, 2, breaks the carbon-halogen.

Of course, “leaving group” out with the pair of electrons from
its former connection to the carbon (partially negative charge). A
natural consequence of this, but that may  not be so obvious is that it
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s also a nucleophile, because it also has a pair of electrons to make
 substitution reaction.

The compound obtained was subjected to spectroscopic analysis
f 1H NMR, 13C and determination of [�]D

25◦
[−120.4◦ (c 0.0057,

HCl3)]. 1H [multiplicity (J in Hz)]: ARH (6.5 m),  H7 and H15�NMR
t 400 MHz  in CDCl3 [(5.8 m)], H2 in a greater proportion of the
pimer (J = 1.3 Hz) (4.6 d), H2 epimer was lower (J = 4.6 Hz) (4.55 d).
he remaining signals are indicative of epimers: 3.9 (m,  H5a of two
pimers), 3.5 (m,  H5b of two epimers), 3.2 and 3.1 (two singlets of
rotons of 16 two epimers), and between 2.7 and 1.9 (m,  H3, H8,
6 and H4 of the two epimers).

btaining the derivative 3

The benzyl derivative (73.78%) was obtained from the reaction
etween 1 and benzyl bromide. By thin layer chromatography was
ossible to observe the displacement of the product with Rf than
, indicating the possible presence of polarity lower than that of 1
Fig. 2S).

The reaction occurs via the Williamson synthesis, which con-
ists of an alcoholates by reacting an alcohol with a reactive metal,
nd subsequent treatment of the alkoxide with an aryl halide. It
roduces a nucleophilic substitution reaction with formation of
ther.

It is also a bimolecular nucleophilic substitution, in which the
ucleophile approaches the substrate from the opposite side to the
alide ion. The affinity for opposite charges allows the direct attack
n the carbon and the simultaneous displacement of the leaving
roup.

The reaction is a process in a single step, without intermedi-
ries, that forms when the carbon-nucleophile – giving rise to the
xpected compound, 3, breaks the carbon-halogen.

This was submitted to spectroscopic analysis of 1H NMR, 13C
nd determination of [�]D

25◦
= −2.09 (c 0.008, CHCl3). 1H NMR  [ı,

ultiplicity (J in Hz), 400 MHz, CDCl3]: ArH (6.8–6.4; m; 6H); H7
2.60–2.10 (m;  4H)]; H7′ [2.60–2.10 (m;  4H)]; H8 [2.15–1.80; (m;
H)]; H8′ [2.60–2.70 (m;  1H)]; H9 [4.80 (s; 1H)]; H9′ [3.95 (dd; 12
nd 6 Hz; 1H) and 3.70 (dd; 12 and 8 Hz; 1H)]; O CH2 O [5.90
s; 4H)]; CH2 [4.70 (d; 1H) and 4.85 (d; 1H)] and Ar [6.40–6.8 (s; 5H)
nd 7.0 (s)]. 13C NMR  [ı, multiplicity (J in Hz), 100 MHz, CDCl3]: C1
133.9); C2 (108.2); C3 (142.2); C4 (146.3); C5 (109.3); C6 (121.8);
7 (38.9); C8 (52.5); C9 (103.7); C1′ (134.5); C2′ (108.3); C3′ (148.2);
4′ (146.3); C5′ (109.3); C6′ (121.7); C7′ (39.4); C8′ (46.2); C9′ (72.3);
O CH2 O (100.8); Ar-CH2 (69.0); Ar (109.7–108.2).

btaining the derivative 4

The product appeared as a yellowish oil, which can be explained
y the presence of two forms (� and �) of lignan modified, and that
he product was mixed with 1. The mass derived from pointed end
f the reaction yield (85%) (Fig. 3S).

The acetylation reaction was not developed in a conventional
anner as it is for the synthesis of acetylsalicylic acid and other

stherification reactions, because they use acid catalysis which
eads to disruption of the ring or suffer dehydration cetalic non-
haracterizing the molecule of the original 1.

Thus, the acetylation of 1 was performed using pyridine as a
atalyst for its ability to mediate redox reactions, acting as “elec-
ron transport”, which leads to the formation of the nucleophile.
he nucleophilic substitution occurs, then, with the attack of the
ucleophile to the carbon partially positive charge of acetic anhy-
ride. At the same time, this carbon atom attacks the oxygen atom

hich has partial negative charge. These reactions occur in one step,
ithout formation of intermediates, giving rise to 4 and acetate ion.

his was subjected to NMR  spectroscopic analysis of 1H, 13C, and
etermination of [�]D

25◦
.

Farmacognosia 26 (2016) 296–303

[�]D
25◦

= −123.33 (c 0.0057, CHCl3); 1H NMR  [�, multiplicity (J in
Hz), 400 MHz, CDCl3]: Ar-H (6.65–6.40; m,  6H); C-8 (2.30–1.95; m,
1H); C-9′ (4.04 (dd; 1H) and 4.00 (dd; 1H)); O CH2 O (5.90; s,
4H); CH3 (1.99, s, 3H). 13C NMR  [ı, multiplicity (J in Hz), 100 MHz,
CDCl3]: C-1 (132.21); C-2 (107.63); C-3 (147.42); C-4 (145.72); C-5
(108.43); C-6 (121.51); C-7 (38.71); C-8 (51.10); C-9 (102.89); C-1′

(133.29); C-2′ (109.01); C-3′ (147.42); C-4′ (145.92); C-5′ (108.43);
C-6′ (120.88); C-7′ (37.40); C-8′ (44.23); C-9′ (73.32); O CH2 O
(100.49); O CO (169.91); CH3 (20.89).

Obtaining the derivative 5

The synthesis was carried out without causing damage to the
lactolic ring of 1 (Fig. 4S). It was obtained in 93% yield.

The technique of Williamson was also utilized, as it is an
important process for the preparation of ethers, symmetrical and
asymmetric ones. The sodium alkoxide was  prepared by direct
action of ethoxide, which can make nucleophilic substitutions eas-
ily, on alcohol. Replaced alkyl halide reacted with the previously
formed. It consists of the nucleophilic substitution of halide ion by
the alkoxide ion, with the simultaneous attack on carbon partially
loaded, and of the chloride.

This was subjected to NMR  spectroscopic analysis of 1H, 13C, and
determination of [�]D

25◦
.

[�]D
25◦

= −4.38◦ (c 0.067, CHCl3); 1H-RMN � (CDCl3): Ar-H
[6.70–6.40 (m; 6H)]; H7 [2.80–2.30 (m;  4H)]; H7′ [2.80–2.30 (m;
4H)]; H8 [2.10–1.90 (m;  1H)]; H8′ [2.80–2.40 (m;  1H)]; H9 [4.75
(s; 1H)]; H9′ [4.05 (m;  1H) and 3.80 (m;  1H)]; O CH2 O [5.90
(s; 4H)]; O CH2 [3.66–3.52 (m;  2H)]; CH2 N [1.12 (t; 7.07 Hz;
1H) and 1.09 (t; 7.07 Hz; 1H)]; N (CH3)2 [1.09 (s; 6H)]. 13C-
RMN � (CDCl3): C1 (134.5); C2 (108.3); C3 (147.8); C4 (146.2); C5
(109.6); C6 (122.0); C7 (39.5); C8 (52.5); C9 (104.5); C1′ (133.8);
C2′ (108.9); C3′ (147.2); C4′ (145.9); C5′ (109.3); C6′ (121.8); C7′

(39.0); C8′ (46.2); C9′ (72.3); O CH2 O (101.1); O CH2
(63.2); CH2 N (43.7); N (CH3)2 (46.2).

Obtaining the derivative 6

The product was purified by providing 98% yield, and its purity
was determined by HPLC (Fig. 5S). In an acidic environment, per-
haps the 1 suffer lactolic hydroxyl dehydration and elimination.
The output of the OH group leads to formation of a double bond
in the furan ring. This effect of acid in order to remove the hydroxyl
lactolic of 1 is more difficult to occur. In another possible behav-
ioral mechanism of 1 in an acid medium, protonation of the furan
oxygen and subsequent opening of lactolic ring with the formation
of an aldehyde and an alcohol.

Thus, the oxidation requires a detailed analysis. Possibly the
reaction with PCC led to the formation of an intermediate
inorganic ester of an alcohol. The residue contains a metal that can
be easily reduced, and in the process the alcohol is oxidized.

In the 1H NMR  spectrum showed a marked difference in the
structure of 6 with respect to the structure of 1, which consists
mainly in the absence of hydrogen H-9 and may  be noted the
absence of signal in 5.20 ppm (s, 1H), indicating an oxidation at
this position.

[�]D
25◦

= −30 (c 0.99, CHCl3); 1H-RMN � (CDCl3): Ar-H
[6.80–6.40 (m;  6H)]; H7 [2.65–2.40 (m; 4H)]; H7′ [2.65–2.40
(m;  4H)]; C8 [2.10–2.95 (m;  1H)]; H8′ [2.85 (m;  1H)]; H9′ [3.85
(dd; 7.4 Hz; 1H) and 4.12 (dd; 7.0 Hz; 1H)] and O CH2 O
[5.90 (s; 4H)]. 13C-RMN ı (CDCl3): C1 (131.6); C2 (108.4); C3

(147.9); C4 (146.3); C5 (108.3); C6 (121.6); C7 (34.8); C8 (46.5);
C9 (178.4); C1′ (131.3); C2′ (108.8); C3′ (147.9); C4′ (146.5); C5′

(108.3); C6′ (122.2); C7′ (38.4); C8′ (41.3); C9′ (71.2); O CH2 O
(101.0).
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btaining the derivative 7

The mechanism of nitration may  be through a mixture of nitric
nd sulfuric acids. In reaction to obtain 7 (Fig. 6S), which had 97.6%
f yield, it was used fuming nitric acid which already contains
itroil ion dissolved, which is the electrophilic particle that attacks
he benzene ring. Solutions of these salts are stable in certain sol-
ents such as nitromethane or acetic acid, perform the nitration of
romatics, gently and with high yield at room temperature.

Needing electrons, this ion find them particularly available in
he � cloud of the benzene ring, so it will be fixed to one of the
arbon atoms of the ring by a covalent bond, forming a carbocation,
ften designated as benzenoid ion (Morrison and Boyd, 1996).

This means that the positive charge is not localized in one carbon
tom, but distributed throughout the molecule, and is particularly
trong on the carbon atoms in ortho and para position in relation to
hat which binds the NO2 group, the dispersion the positive charge
hroughout the molecule, the effect of resonance, the ion becomes

ore stable than it would have had a positive charge located. Prob-
bly this is the same stabilizing effect that allows the formation of
arbocation, taking into account the stability of the original benzene
olecule.
The reaction is similar to the addition to alkenes: an electrophile

pecies, drawn electrons, is attached to the benzene molecule form-
ng a carbocation �. The inclusion of a basic group in benzenóico
on with formation of an addition product would destroy the char-
cter of the aromatic ring. Instead, the basic ion, HSO4

−, extracts a
ydrogen ion and form benzenoid a substitute product that stays

n the ring stabilized by resonance. The loss of hydrogen is one of
he typical reactions of carbocations (Morrison and Boyd, 1996).

The electrophilic substitution, such as electrophilic addition,
akes place in successive steps, involving the formation of a car-
ocation intermediate. Both reactions, however, differ from one
nother, the fate of the carbocation. Although the mechanism of
itration is possibly better than elucidated the mechanisms of other
romatic substitution reactions, it seems almost certain that all of
hem are processed in the same manner (Morrison and Boyd, 1996).

Aromatic substitution reactions are characterized by the addi-
ion of NO2 group to the aromatic ring leading to the desired prod-
ct. The aromatic compounds as much as can be nitrated aliphatic,
orming important products in organic synthesis. The nitration of
romatic ring deactivates it, in a reaction whose products are easily
eparated and analyzed, which identifies the proportions of ortho,
eta and para products formed (Koul et al., 1983).
This was submitted to spectroscopic analysis of 1H NMR  and

3C and [�]D
25◦

. [�]D
25◦

= −29.07 (c 0.008, CHCl3). 1H NMR  [ı, mul-
iplicity (J in Hz), 400 MHz, CDCl3]: 7.5 (s, 1H), 7.48 (s, 1H), 6.8 (s,
H); 6.6 (s, 1H); 6.1 (m,  2H); 4.35 (dd, 1H, J = 7.1 and 9.1 Hz); 4.0
dd, 1H, J = 7.3 and 9.1 Hz); 3.26 (d, 2H, J = 7.1 Hz); 3.2 (dd, 1H, J = 6.3
nd 13.6 Hz); 3.0 (dd, 1H, J = 7.8 and 13.6 Hz); 2.8 (m,  2H). 13C NMR
ı, multiplicity (J in Hz), 100 MHz, CDCl3]: 178.00; 152.3; 152.2;
47.6; 143.1; 142.9; 130.9; 130.7; 112.5; 111.2; 106.6; 106.2; 103.6;
03.5; 71.4; 45.7; 41.7; 37.2; 34.2; EMAR (M+H)+ Calculation for
20H17N2O10: 445.0884; found: 445.0890. Analytic calculation for
20H16N2O10: C, 54.0937; H, 3.6315; N, 6.3081; O, 35.9667; found:
, 53.9173; H, 3.5462; N, 6.2121; O, 36.3244.

etermination of MIC

Silva et al. (2007) studied the antimicrobial activity of deriva-
ives of 1 extracted from Piper cubeba, compared to other oral

icro-organisms. The antimicrobial activity was  tested on seven

f the oral cavity pathogens: Enterococcus faecalis, Streptococcus
alivarius, Streptococcus sanguinis, Streptococcus mitis, Streptococcus
utans, Streptococcus sobrinus and Candida albicans. The com-
ounds were effective on most of the pathogens studied.
Farmacognosia 26 (2016) 296–303 301

In the present work, other microorganisms that cause endodon-
tic infection were tested, to expand knowledge regarding the
chemical structure and biological activity. Assays were performed
in triplicate, evaluating the compounds separately. The MIC  values
of compounds are shown in Table 1.

According to Rivers and Recio (2005), among the results
obtained in this work, compounds 2 and 3 showed significant activ-
ity (50 �g/ml) compared to the microorganism P. gingivalis (ATCC
33277) for compounds 1 and 7, which also showed significant activ-
ity (200 �g/ml). However, 5 and 6 showed lower activities, and 4
was not active (MIC > 400 �g/ml).

Compound 6 displayed significant activity against B. fragilis
(ATCC 25285) (100 �g/ml). On the other hand, no activity was
observed for the other evaluated compounds (>400 mg/ml). Com-
pounds 1, 2, 3 and 7 showed low activity (400 �g/ml) against P.
nigrescens (ATCC 33563), and compounds 4, 5 and 6 were not active
MIC values (>400 �g/ml).

The compounds were not active against the microorganisms
Actomyces naeslundii (ATCC 19039) and F. nucleatum (ATCC 25586)
showing MIC  values >400 �g/ml.

The MIC  values displayed by compounds 2 and 3 were sig-
nificant (50 �g/ml) compared to the values for microorganism P.
gingivalis (ATCC 33277) and for compound 6 against the microor-
ganism B. fragilis (ATCC 25285) (100 �g/ml). The results obtained
for antimicrobial activity in this study are in accordance with the
activities obtained for the anti-inflammatory and analgesic, accord-
ing to reports in the literature (Da Silva et al., 2005), in which
the anti-inflammatory and analgesic effects of dibenzylbutyrolac-
tone lignans were investigated using different animal models. It
was observed that (−)-cubebin and (−)-hinokinin inhibited the
edema formation in the rat paw edema assay and that all responses
were dose dependent. Also, at the dose of 30 mg/kg, compounds
(−)-cubebin, (−)-hinokinin, (−)-6,6′-dinitrohinokinin inhibited the
edema formation by 53%, 63% and 54%, respectively, at the third
hour of the experiment. In the acetic acid-induced writhing test
in mice, (−)-hinokinin produced inhibition level of 97%, while (−)-
6,6′-dinitrohinokinin displayed lower effect (75%), which was  still
higher than (−)-cubebin.

Compounds 2 and 3 differ from 1 by the presence of methyl
or benzyl groups replacing the lactolic hydrogen. Compound 6 is
a lignan-lactone that differs from 1 by the presence of a carbonyl
group at C-9.

The literature reports that compounds having a lactone ring
with two  methylenodioxyaril groups showed significant anti-
inflammatory and analgesic activities, and the introduction of polar
groups on the aromatic rings is also advantageous for these activ-
ities (Da Silva et al., 2005). However, with respect to trypanocidal
activity, the introduction of nitro groups in the aromatic rings is
harmful for this activity (Da Silva et al., 2005).

Although chlorhexidine have displayed a considerably lower
value of the MIC  against all tested micro-organisms in relation to
the compounds obtained in this work, the results seem to be sat-
isfactory compared with other previously published works in the
literature. In addition, the continual search for new compounds
against oral pathogens may  be justified by the side effects of
chlorhexidine, such as discoloration of the teeth and taste perver-
sion. It should be noted that this study provides additional data that
is relevant to show the potential activity against oral pathogens
presented by pure compounds obtained from P. cubeba,  along with
their semisynthetic derivatives.

Determination of MBC
Antimicrobial resistance is a serious problem in terms of clinical
and public health. Regardless of the origin of resistance, the fact is
that the number of new resistant microorganisms in animals and
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Table  1
MIC  values of evaluated compounds.

Compounds Minimum inhibitory concentration (�g/ml)

P. gingivalis A. naeslundii B. fragilis P. nigrescens F. nucleatum

1 200 >400 >400 400 >400
2  50 >400 >400 400 >400
3  50 >400 >400 400 >400
4  >400 >400 >400 >400 >400
5  400 >400 >400 >400 >400
6  400 >400 100 >400 >400
7  200 >400 >400 400 >400
Control (Chlorexidine) 0.922 1.844 7.375 0.922 1.844

Concentrations of the tested substances: 20 �g/ml and 400 �g/ml. Concentrations of positive control: 0.0115 �g/ml and 8 �g/ml.

Table 2
Minimum bactericidal concentration values of the evaluated compounds.

Compounds Minimum bactericidal concentration (�g/ml)

P. gingivalis A. naeslundii B. fragilis P. nigrescens F. nucleatum

1 400 >400 >400 >400 >400
2  200 >400 >400 >400 >400
3  300 >400 >400 >400 >400
4  >400 >400 >400 >400 >400
5  >400 >400 >400 >400 >400
6  400 >400 >400 >400 >400
7  >400 >400 >400 >400 >400
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Control (Chlorexidine) 0.922 1.844

oncentrations of the tested substances: 20 �g/ml and 400 �g/ml. Concentrations o

umans grows faster than the development of new drugs. There-
ore, the search for alternative therapies is imperative.

An antibiotic may  have bactericidal (cause cell death with
educed bacterial growth greater than or equal to 80%), bacterio-
tatic (inhibits bacterial growth with reduction usually less than
0% since it does not occur cell death), or not present any activity,
hen the bacterium is resistant to it, according to CLSI (2007).

The tests concerning the minimum bactericidal concentration of
he compounds obtained are shown in Table 2. Among it, note that
here was some activity of 2 and 3 against P. gingivalis with MBC  of
00 �g/ml and 300 �g/ml, respectively. 1 and 6 presented the MBC
f 400 �g/ml. As for the other compounds, their MBC  values was
ot determined (>400 �g/ml).

However, compared to other microorganisms (P. nigrescens, A.
aeslundii, F. nucleatum and B. fragilis) it was not observed activity,
ince all the compounds showed MBC  values >400 �g/ml.
etermination of cytotoxicity

The viability of the cultures was determined by establishing a
elation between the absorbance values obtained in the treated
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ig. 2. Effects of the compounds on the viability of LLCMK2 fibroblast cells. Cyto-
oxicity was determined using MTT  assay after 24 h treatment with the indicated
oncentrations. Values are expressed by mean ± S.D.
7.375 0.922 1.844

tive control: 0.0115 �g/ml and 8 �g/ml.

and untreated (control) groups, as shown in Fig. 2. These results
revealed that the in vitro activity of the tested substances may  not
be related do cytotoxic effects, since they do not present significant
cytotoxicity.

Although in vitro assays have not been considered suitable to
cover all the aspects of the activities of drugs, especially with
respect to pharmacological and immunological interactions, they
provide first evidence of the effects and insight into the mode of
action, thus, they may  lead to the development of new therapeutic
approaches like drug targeting (Holtfreter et al., 2011).

Conclusions

From this study it was possible to obtain relevant data concern-
ing the relationship between structure and antimicrobial activity
for lignans derived from (−)-cubebin (1) against microorganisms
that cause root canal infections, ie, which substituent groups are
important for maintenance or increase of antimicrobial activity for
these compounds. Investigations on 1 are always geared toward
finding out new biological properties and synthesizing more potent
derivatives from a pharmacological viewpoint. It should be high-
lighted that the derivatives were obtained with high yields, which
allowed the completion of all steps of purification, identification
and biological evaluation.

According to the current study, the presences of carbonyl group
at carbon 9, as well as the introduction of polar groups are beneficial
for antimicrobial activity. The analysis of the results also suggests
that the lignan 1 and its derivatives, especially 2, 3 and 6, consti-
tute an important source of new bioactive natural products, which
encourages further studies.
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