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a b s t r a c t

(�)-Cubebin (CUB), isolated from seeds of Piper cubeba, was used as starting material to obtain the deriva-
tives (�)-hinokinin (HK) and (�)-O-benzyl cubebin (OBZ). Using paw edema as the experimental model
and different chemical mediators (prostaglandin and dextran), it was observed that both derivatives were
active in comparison with both negative (5% Tween� 80 in saline) and positive (indomethacin) controls.
The highest reduction in the prostaglandin-induced edema was achieved by OBZ (66.0%), while HK
caused a 59.2% reduction. Nonetheless, the dextran-induced paw edema was not significantly reduced
by either of the derivatives (HK or OBZ), which inhibited edema formation by 18.3% and 3.5%, respec-
tively, in contrast with the positive control, cyproheptadine, which reduced the edema by 56.0%. The
docking analysis showed that OBZ presented the most stable ligand-receptor (COX-2 – cyclooxyge-
nase-2) interaction in comparison with CUB and HK.

� 2016 Elsevier Ltd. All rights reserved.
Inflammation is a major component of autoimmune diseases,
which are characterized by an immune response against the
endogenous components identified as foreign by the immune sys-
tem. This response results in an attack that produces diverse
inflammation-related clinical symptoms, depending on the tissue
or system affected.1a The drugs known as nonsteroidal anti-
inflammatory drugs (NSAIDs) are able to suppress the body’s
defense reaction to minimize the damage and provide relief to
the patient. These medications may be hormonal or non-
hormonal. Steroidal anti-inflammatory drugs, also known as
glucocorticoids, steroids or corticosteroids are inhibitors of
prostaglandin (PG) production and leukotrienes by the inhibitory
action on the enzyme phospholipase A2, through the release of
lipocortin-1, a protein that acts as an anti-inflammatory
mediator. The end result of anti-inflammatory action of these
drugs is the partial or complete reduction in the release of
leukotrienes and also PGs.1

The compounds produced by the cyclooxygenase pathway are
well accepted as mediators of the inflammatory response, and
nonsteroidal anti-inflammatory drugs are known to act on the
cyclooxygenase (COX) enzyme system. The NSAIDs block the
formation of PGs, thereby resulting in analgesic, antipyretic, and
anti-inflammatory effects. Therefore, many cells produce PGs,
and these compounds are responsible for a vast array of biological
actions. PGs are also synthesized at the end of peripheral nerves
and participate in the signal transmission of pain to the spinal cord
and brain. It has recently been found that COX exists in two
isoforms that differ in their basal expression, cellular localization,
and induction during inflammation. Differences in the pharmaco-
logical profile of various NSAIDs may occur at different levels of
selectivity for COX-1 and COX-2. Both potency and selectivity of
NSAIDs are directly related to their toxicity to the gastric system,
kidneys, and liver.2,3
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The compounds investigated in this study belong to the
chemical class of dibenzylbutyrolactone lignans. This class of com-
pounds is widely distributed in the plant kingdom and was also
found in human and other mammals’ waste,4 which might be
related to hormonal activity.5 Dibenzylbutyrolactone lignans dis-
play a wide spectrum of biological actions, such as antitumoral,6,7

antiviral,8 anti-inflammatory,9,10 inhibition of platelet aggrega-
tion,11 and trypanocidal,12 among others. The denomination of lig-
nan class of compounds was created in 1936 by Haworth, which
consists of a phenylpropanoid dimmer.13–15 There are eight sub-
classes of lignans, including furan, furofuran, dibenzylbutane,
dibenzylbutyrolactone, dibenzylbutyrolactol, dibenzocyclooctadi-
ene, aryltetraline and arylnaphthalene (Fig. S1, Supplementary
material)13,16 Several representatives of lignans, particularly the
dibenzylbutyrolactone (diarylbutanolide lactone), display biologi-
cal properties, including inhibition of topoisomerase, which makes
them candidates for anticancer drugs, anti-platelet-activating fac-
tor (PAF), and antiviral actions.17,18

(�)-Cubebin (CUB) was isolated from the hexane extract of the
leaves of Zanthoxyllum naranjillo by Bastos et al.19 CUB is also found
in the seeds of Piper cubeba, in amounts of 1–3%.20,21 CUB deriva-
tives, such as (�)-O-benzyl-cubebin (OBZ) and (�)-hinokinin
(HK) (Fig. 1), are more effective as anti-inflammatory agents than
CUB itself.

CUB (Figs. S2–S5) was isolated from seeds of Piper cubeba,
bought from Floral Seeds, New Delhi, India, as previously
reported,22 and its derivatives HK (Figs. S6–S9) and OBZ
(Figs. S10–S13) were obtained and chemically characterized as
described and in the Supplementary material.1,9

Protocols for evaluating anti-inflammatory activity in experi-
mental models typically induce inflammation via injection of
chemical mediators, such as PGs, dextran, etc.1,19,20 Prior to the
beginning of the experiments, all procedures were approved by
the Animal Ethics Committee of the University of Franca in accor-
dance with the national and international accepted principles for
laboratory animal use and care (Number 005/09-A). Animals used
in this study were male Wistar rats (±170 g) for the paw edema
test, all from the Central Animal Facility of the University of São
Paulo in the city of Ribeirão Preto. The animals were caged in
groups of eight at room temperature (25 ± 3 �C) with food and
water ad libitum. Twelve hours before the beginning of the exper-
iments, the animals were transferred to the laboratory where they
continued to be provided with water ad libitum. The animals
(n = 24 rats) used in the anti-inflammatory test were randomly
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Fig. 1. Chemical structures of (�)-cubebin (CUB), (�)-hinokinin (HK) and (�)-O-
benzyl-cubebin (OBZ). The red circle shows the structural differences between the
compounds (lactolic group in CUB; lactonic group in HK, and lactolic with the
replacement of hydrogen by a benzyl moiety turning into an acetal group in OBZ).
assigned to one of three treatment groups (8 rats per group), as fol-
lows: (i) OBZ in saline (40 mg/kg of body weight, orally); (ii) HK in
saline (40 mg/kg body weight, orally); and (iii) control (5% solution
of Tween� in saline, orally). Prior to treatment, the volumes of the
left and right hind paws were measured for a baseline reading
using a plethysmometer (model No. 7140, Ugo Basile), as previ-
ously described by Ferreira.5 Then, the animals received the
assigned treatment (OBZ, HK, or saline). At 30 min post-treatment,
a volume of 0.1 mL of either dextran (100 lg/paw) or PGE2
(10 lg/paw) was injected into the plantar area of the right hind
paw of each rat to act as phlogistic agents, while the left paw
was injected with an equal volume of saline (negative control).
Indomethacin and cyproheptadine were used as positive controls
for PGE2 and dextran, respectively. After administration of the
phlogistic agents, paw volumes were then measured hourly from
the time of treatment until the fifth hour, to assess edema forma-
tion as evidenced by an increase in the volume of the paw. The con-
trol group received only saline solution with 5% Tween� 80.5

Injection of either prostaglandin (PGE2) or dextran into the rats’
paws induced significant edema. The peak of inflammation was
observed at the 3rd hour for all tested chemical mediators. Previ-
ous treatment with CUB derivatives, administered orally, signifi-
cantly inhibited edema formation by PGE2. The group of animals
injected solely with a solution of 5% Tween� 80 in saline (negative
control) displayed intense edema. OBZ and HK reduced PGE2-
induced edema by 66.0% and 59.0%, respectively. Indomethacin
displayed 54.0% of inhibition (Fig. 2).1 It was included the signifi-
cance level of p < 0.05 for both Table 1 and Fig. 2, which means
confidence P95% in the obtained results. Previous studies of
anti-inflammatory activity of semi-synthetic OBZ and HK deriva-
tives showed that both derivatives were effective in reducing
paw edema induced by carrageenan at 40 mg/kg,1,10 which was
associated with increased prostaglandin synthesis.23 Thus, in addi-
tion to previous study showing that both HK and OBZ displayed
significant anti-inflammatory effects, our results demonstrate that
these compounds act by inhibiting prostaglandin synthesis.

The use of dextran, another phlogistic agent, led to intense
edema formation, which was not diminished by orally treatment
with 40 mg/kg CUB derivatives in comparison with negative con-
trol group. Dextran is a polymer of glucose that has a broad range
of applicability. Dextransucrase is an extracellular enzyme respon-
sible for the synthesis of dextran. It acts on the sucrose molecule,
releasing and transferring fructose to a glucose molecule receptor,
in the case of dextran molecules in expansion.24 Inhibition of
inflammation by OBZ and HK derivatives were 3.5% and 18.3%,
respectively, while the positive control (cyproheptadine) inhibited
inflammation by 56.0% (Table 1).

It is known that, unlike local anesthetics and narcotics, NSAIDs
usually do not increase the pain threshold in normal tissues. OBZ
Fig. 2. Effect of (�)-cubebin derivatives (HK) and (OBZ) given orally at a dose of
40 mg/kg in rats with paw edema induced by intraplantar injection of PGE2
(10 lg/paw) at the third hour post-injection. 5% tween in saline was given as
negative control, and indomethacin, as positive control (10 mg/kg). p < 0.05.



Table 1
Effects of oral administration of (�)-cubebin derivatives (40 mg/kg) in the rat paw
edema assay as a percentage of edema inhibition. Inflammation was induced by
injection of either PGE2 or dextran into the paw.

Compounds Percentage inhibition of paw edema

PGE2 Dextran

Indomethacin 91.25 ± 20.39 (54.0%) –
Cyproheptadine – 156.30 ± 42.88 (56.0%)
OBZ 65 ± 13.50 (66.0%)a 391.30 ± 61.45 (3.5%)
HK 140 ± 14.11 (59.2%)a 367.50 ± 61.35 (18.3%)

a p < 0.05.

Fig. 3. Docking for COX-2 as receptor and CUB, OBZ and HK as ligands, in which the
three first configurations are shown.
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was more effective than HK in diminishing paw edema and both
were more effective than indomethacin, a standard drug used as
a positive control in PGE2-induced edema protocols (Table 1).
Nonetheless, OBZ and HK were much less effective in inhibiting
edema caused by dextran injection. It is possible that the mecha-
nism of action of the tested compounds might be associated with
inhibition of prostaglandin synthesis, as observed for most
NSAIDs.25

The molecular docking was performed to investigate the possi-
ble interaction sites between COX-2 (cyclooxygenase-2) and CUB,
HK and OBZ ligands. The ORCA3.0.2 package26,27 was used to
obtain HK, CUB and OBZ optimized structures at BP86-D3/def2-
TZVPP level of theory.28–30 The absence of imaginary eigenvalues
at Hessian matrix confirmed that all structure corresponds to local
at PES. The COX-2 structure with 1.81 Å of resolution was obtained
at the Protein Data Bank (PDB ID: 4ph9).31 Due to the lack of crys-
tallography data of COX-2 available for Homo sapiens organism, the
4ph9 structure was considered as the best choice (Mus musculus
organism). For guaranteeing the chain homologous between Mus
musculus and Homo sapiens organism, the BLAST was used,32 in
which 88% of concordance was obtained. To fill the lateral chains
the SWISSMODEL server was used.33–36 However all residues were
found and the chain was reconstructed using PDB_HYDRO to
assure that all N-terminal amino acids were taken into account.37

Before the molecular docking at DOCKTHOR portal,38,39 the pKa
values for each residue were obtained at PDB2PQR using PROPKA40

and the model reliability was evaluated at QMEAN server,41 pre-
senting a z-score of 0.812, showing good reliability. For the docking
analyses at DOCKTHOR all ligands was treated as flexible allowing
bond rotation. Molecular graphics were obtained with the UCSF
Chimera package (Chimera is developed by the Resource for Bio-
computing, Visualization, and Informatics at the University of Cal-
ifornia, San Francisco - supported by NIGMS P41-GM103311).42

To validate the applied methodology, the redocking analysis
with B-octylglucoside (BOG) and COX-2 as receptor was performed
previously. The active site of COX-2 for BOG604 remained as the
same site as observed in the experimental X-ray structure (PDB
ID: 4ph9) at run 13 and model 19, showing a good accuracy and
reliability of the used model (Fig. S14).

The docking results of CUB, OBZ and HK, including total and
interaction energies values for the first ten most stable configura-
tions are shown in Table S1. The total energy suggests that CUB
(2.74–12.79 kcal/mol) and HK (9.53–12.45 kcal/mol) systems are
energetically more stable than OBZ (25.46–30.85 kcal/mol). How-
ever, an opposite trend is observed in relation to the interaction
energy between COX-2 receptor and the ligands. For instance, it
was observed that OBZ presented the most stable ligand-receptor
interaction (�25.13 to �27.01 kcal/mol) in comparison with CUB
(�21.10 to �23.56 kcal/mol) and HK (�21.51 to �22.41 kcal/mol).

The three first configurations for CUB with the interaction
energy as the limiting factor showed that both energy (�23.56 to
�22.97 kcal/mol) and geometry are very close in comparison with
18.1 (Fig. 3). For the three configurations, the active site remains
the same, lying between GLN172 and HIS357. Other amino acids
as LEU 263, VAL 260, PHE 177 and THR 183 are also in contact with
CUB ligand (Figs. 3 and S15).

Unlike COX-2 and CUB interactions, where the active sites are
formed with almost the same amino acids, for COX-2 and OBZ
interactions the first two configurations (12.1 and 13.1) are in
the same active site while the third configuration (9.3) is almost
19.4 Å far from the others two sites (LYS442, LYS480 and TYR59),
and it is also surrounded by different amino acids (ASP484,
GLN162 and HYS325) (Figs. 3 and S16). For the second configura-
tion (13.1), no contacts above 5 Å was observed (Fig. S16). How-
ever, the interaction energy values between these three sites are
quite similar in magnitude, ranging from �26.39 to
�27.01 kcal/mol.
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The three first docking configurations for HK are in different
amino acids domains (Figs. 3 and S17). The docking active site
for HK 13.6 is very close in distance to the OBZ 9.3, in which the
HK ligand is found between (ASP316, GLN310, GLN161). The two
other sites are also surrounded by different amino acids, the 29.4
lies between GLN161, SER548 and GLN319 while 22.2 in HIS320,
PRO480 and GLN161. There are three active sites for COX-2 in rela-
tion to CUB, OBZ and HK ligands, in which two of them are in close
distance within each other. HK and OBZ show that these studied
NSAIDs should prefer to interact with COX-2 in HK and OBZ amino
acids domains, due to the largest values of the interaction energy,
as previously discussed. It should be pointed out that HK and OBZ
might not be selective for COX-2, by acting in both COX-1 and COX-
2. The molecular docking parameters for COX-1 are not well estab-
lished, do not allowing an accurate analysis of docking.

In summary, the dibenzylbutyrolactone (�)-cubebin (CUB)
derivatives, hinokinin (HK) and (�)-O-benzyl cubebin (OBZ), can
be easily obtained by partial syntheses. On one hand, both com-
pounds were active in the rat paw edema assay using prostaglan-
din as mediator, but on the other hand they were weakly active
using dextran for the edema formation. Additionally, docking anal-
ysis showed that OBZ displayed the most stable ligand-receptor
(COX-2 – cyclooxygenase-2) interaction in comparison with CUB
and HK. Therefore, this class of compounds may act by inhibiting
cyclooxygenases.
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