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Abstract

Three phenylpropanoid dimers (1-3) including two new metabolites were isolated from the extract
of the twigs of Nectandra leucantha using antileishmanial bioassay-guided fractionation. The in
vitro antiparasitic activity of the isolated compounds against Leishmania donovani parasites and
mammalian cytotoxicity and immunomodulatory effects were evaluated. Compounds 1-3 were
effective against the intracellular amastigotes within macrophages, with 1Csq values of 26.7, 17.8,
and 101.9 uM, respectively. The mammalian cytotoxicity, given by the 50% cytotoxic
concentration (CCgp), was evaluated against peritoneal macrophages. Compounds 1 and 3 were
not toxic up to 290 uM, whereas compound 2 demonstrated a CCsgq value of 111.2 uM.
Compounds 1-3 also suppressed production of disease exacerbatory cytokines IL-6 and 1L-10 but
had minimal effect on nitric oxide production in L. donovani-infected macrophages, indicating
that antileishmanial activity of these compounds is mediated via an NO-independent mechanism.
Therefore, these new natural products could represent promising scaffolds for drug design studies
for leishmaniasis.
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Leishmaniasis is a neglected tropical disease that affects up to 10% of the world’s
population in more than 98 countries or territories, most of which are either poorly
developed or developing countries.! Human visceral leishmaniasis (VL) is the most severe
clinical form of leishmaniasis and is potentially fatal. More than 90% of VL cases occur in
India, Bangladesh, Nepal, Sudan, and Brazil.2 Current treatment against VL in most
endemic countries includes mainly the highly toxic pentavalent antimonials, which have
been used in the treatment of all forms of leishmaniasis worldwide as first-line drugs where
drug resistance is not present.3-> Amphotericin B and oral miltefosine have also been used
for the treatment of VVL.6 However, amphotericin B therapy may be associated with toxicity,
and VL relapses have been reported within 6-12 months after miltefosine treatment.” Owing
to these limitations of current therapies for VL, the identification of novel drugs and
biochemical targets is essential. Natural products are potential sources of new and selective
agents for the treatment of neglected tropical diseases, especially those caused by
protozoans.8 Between 1981 and 2006, 1184 new drugs were registered, 28% of which were
natural products or derivatives. Another 24% of these new drugs had pharmacophores
derived from natural products.®

Lauraceae is one of the major groups of flowering plants (Angiosperms), being
predominantly an arboreous family. Distributed throughout tropical and subtropical forests
of Southeast Asia and Central/South America, particularly Brazil, Lauraceae contains 68
genera and about 2900 species.10 Phytochemically, this family is known to be a source of
alkaloids, phenylpropanoids, lignans, neolignans, nitro derivatives, benzyl esters, pyrones,
and flavonoids.111° To discover new bioactive antiparasitic compounds from the Brazilian
biodiversity, the phytochemical composition of the n-hexane extract of the twigs of
Nectandra leucantha Nees & Mart (Lauraceae), which displayed activity against
promastigote forms of Leishmania donovani, was investigated. The anti-parasitic activity of
metabolites 1-3 (Figure 1) against intracellular L. donovani in macrophages and their in
vitro immunomodulatory activity and toxicity against mammalian cells were also assessed.
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RESULTS AND DISCUSSION

The antileishmanial activity of the n-hexane extract of the twigs of N. leucantha was
evaluated against promastigotes of L. donovani, demonstrating 100% of parasite death at
200 pg/mL. The crude extract was subjected to a bioguided chromatographic fractionation to
afford three bioactive metabolites (1-3).

Compound 1 was identified as dehydrodieugenol B (1-(8-propenyl)-3-[1’-(8’-propenyl)-3’-
methoxyphenoxy]-4-hydroxy-5-methoxybenzene), previously isolated from Ocotea
cymbarum,16 by comparison of reported 'H NMR and HREIMS data associated with 13C
NMR data recorded here for the first time.

Compound 2, isolated as a yellowish oil, showed pseudomolecular ion peaks at m/z
341.1753 [M + H]* and 363.1585 [M + Na]* in the HRESIMS, which in conjunction

with 13C NMR data corresponded to the molecular formula Co1H240.4. This compound
showed virtually identical NMR spectra to 1 but displayed additional peaks at d 3.87 and
dc 61.0, attributed to a hindered methoxy group at C-4. Therefore, the structure of
compound 2 may be defined as 1-(8-propenyl)-3-[3’-methoxy-1’-(8-propenyl)phenoxy]-4,5-
dimethoxybenzene.

Compound 3, isolated as a brownish oil, displayed pseudomolecular HRESIMS ion peaks at
m/z 325.1343 [M - H,0 + H]" and 365.1241 [M + Na]*, corresponding to a molecular
formula of CogH220s. The TH NMR spectrum displayed similarities to that of 1, except for
the signal attributed to H-7, which was observed at §5.04 (d, J = 6.0 Hz, 1H) and those
assigned to H-9 at §5.28 (dt, J = 17.0 and 1.5 Hz, H-9a) and 5.14 (dt, J = 10.5 and 1.5 Hz,
H-9b). These data suggested the presence of an additional hydroxy group at the allyl side
chain. The 13C NMR data displayed the sp? carbons of the aromatic rings/olefinic functions
was well as an oxymethine signal at §75.0 (CH), confirming the presence of an additional
hydroxy group. Its location at C-7 was determined by analysis of the 2J and 3 HMBC
spectrum, which showed correlations between the signal at 65.04 (H-7) and those at §110.0
(C-6), 104.9 (C-2), and 115.1 (C-9). This spectrum also showed cross-peaks between the
signal at &4 3.85 (OCH3) and &¢ 150.3 (C-3’) as well as between the signal at & 3.90
(OCH3) and &¢ 148.1 (C-5), confirming the position of methoxy groups at C-5 and C-3’. The
configuration of C-7 was tentatively proposed as R on the basis of comparison of ECD data
with those for (R)-phenylethanol,1” including the negative Cotton effect at 260-280 nm.
Therefore, the structure of compound 3 was defined as 1-(7R-hydroxy-8-propenyl)-3-[3’-
methoxy-1’-(8"-propenyl)-phenoxy]-4-hydroxy-5-methoxybenzene.

The antiparasitic activities of metabolites 1-3 were determined by flow cytometry, and their
cytotoxicities were evaluated in peritoneal macrophages by the colorimetric MTT method.18
The in vitro study against the extracellular forms demonstrated that only compound 2
showed activity against the promastigotes, with an 1Cgq value of 111.8 pM (CI 95% 94.0 to
132.6 uM). Conversely, when 1-3 were tested against the amastigotes, all compounds
selectively eliminated the intracellular parasites, but 1 and 2 showed the most promising
ICsq values of 26.7 uM (Cl 95% 13.8 to 31.7 uM) and 17.8 uM (CI 95% 15.3 to 20.8 uM),
respectively, when compared to the standard drug sodium stibogluconate (ICsq 13.3 pM).19
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Compound 3 also demonstrated activity but to a lesser extent, with an I1Cgq value of 101.9
UM (Cl1 95% 80.3 to 129.7 uM). Compound 2 showed toxicity against peritoneal
macrophages, with a 50% cytotoxic concentration (CCsq) of 111.2 uM (Cl 95% 100.5 to
122.8 uM) (Table 1). Furthermore, compounds 1 and 3 showed no toxicity to mammalian
cells at concentrations up to >290 uM. Considering the mammalian cytotoxicity and the
effectiveness against the intracellular amastigotes, given by the selectivity index (SI),
compound 1 showed the most promising value of >11.0. Natural phenylpropanoids have
shown antiprotozoal activities, including in vitro antileishmanial activity of the six
phenylpropanoids isolated from Smirnowia iranica, with ICgq values ranging from 77 to 880
M against L. donovani amastigotes and moderate mammalian cytotoxicity.20 The anti-
Trypanosoma cruzi activity of other phenylpropanoid derivatives has also been
reported.21-27

Considering the poor or lack of activity of 1 and 3 against the extracellular promastigotes,
but a considerable selectivity toward the parasites inside the macrophages, the possible
immunomodulatory effects of the phenylpropanoids in Leishmania-infected bone marrow-
derived macrophages were investigated.8 The Leishmania-mediated killing could be an
event associated with the up-regulation of nitric oxide (NO) by macrophages, induced by
different natural metabolites, as described for quinazolinone alkaloids and glycoside
derivatives.2%:30 However, other natural phenylpropanoids showed inhibitory effects on
nitric oxide synthase or even inhibitory effects on the production of NO by
macrophages.31:32 In this study, compounds 1-3 induced limited and nonsignificant
production of NO in macrophages (data not shown). Thus, their antileishmanial activity
could not be ascribed to a direct NO toxicity toward intracellular amastigotes.

Macrophages are the major effector cells responsible for elimination of parasites, which can
be activated by distinct signals, leading to their development into functionally distinct
subsets with different disease outcomes. Thus, appropriate activation of macrophages is
crucial for eliminating this intracellular pathogen.33 Cytokines such as IL-6 and IL-10 play a
critical role in regulating macrophage activation. Several clinical as well as experimental
studies show that both IL-6 and IL-10 are involved in pathogenesis of VL. For example,
high levels of IL-6 are associated with a preceding death event in patients with VVL.34
Conversely, Murray has shown that lack of IL-6 accelerates control of VL in IL-6-/-
mice.3® It has also been reported that patients with active VL have high serum levels of
IL-10 and IL-6 and a higher percentage of IL-10 prior to treatment, indicating their
association with disease persistence.36:37 Similarly, in canine VL, disease outcomes
correlated with a positive correlation of IL-10 levels in the spleen.38 In the present study,
metabolites 1-3 inhibited production of both IL-6 and IL-10 in Leishmania-infected
macrophages (Figure 2A and B). Taken together, these findings suggest that antiparasitic
activity of the metabolites 1 and 3 could be partly mediated by their ability to down-regulate
production of VL-exacerbating cytokines IL-6 and IL-10.

Considering the effective antileishmanial activity of the phenylpropanoid dimer 1 against
intracellular amastigotes, without considerable mammalian toxicity and its promising
immunomodulatory activity on macrophages, these results suggest this compound as a
candidate for future experimental preclinical assays against VL. Further studies may be
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necessary to investigate the possible metabolism of these phenylpropanoid derivatives by
macrophages, to support the hypothesis of a prodrug effect.3°

EXPERIMENTAL SECTION

General Experimental Procedures

Optical rotations were measured on a JASCO DIP-370 digital polarimeter (Na filter, A = 588
nm), and electronic circular dichroism (ECD) analysis was performed using MeOH on a
JASCO J-720 spectropolarimeter. UV spectra were recorded on a UV/visible Shimadzu
1650-PC spectrophotometer. IR spectra were obtained on a Shimadzu IR Prestige-21
spectrophotometer. 1D and 2D NMR spectra were recorded at 300 and 75 MHz on a Bruker
Ultrashield 300 Avance 111 spectrometer. CDCl3 (Aldrich) was used as the solvent with
TMS as the internal standard. HRESIMS spectra were measured on a Bruker Daltonics
MicroTOF QII spectrometer. Silica gel (Merck, 230-400 mesh) was used for column
chromatography (CC), and silica gel 60 PFy54 (Merck) was used for analytical and
preparative TLC separations. For all extraction and chromatography procedures, analytical
grade solvents (Labsynth Ltd.) were used.

Plant Material

Twigs of Nectandra leucantha Nees & Mart (Lauraceae) were collected in Cubatdo, Sdo
Paulo, Brazil, in December 2012, and the plant species was identified by Euder G. A.
Martins. A voucher specimen (EM357) has been deposited in the Herbarium of the Institute
of Biosciences, University of So Paulo, SP, Brazil.

Extraction and Isolation

The air-dried twigs of N. leucantha (320 g) were powdered and exhaustively extracted with
n-hexane. This material was filtered and concentrated under vacuum to afford 10 g of n-
hexane extract. Part of this (9 g) was subjected to column chromatography over silica gel
(400 g, 60 x 5.5 cm) using increasing amounts of EtOAc in n-hexane and MeOH in EtOAc
to afford 12 fractions (A to L). After antiparasitic evaluation, fractions C (eluted with n-
hexane/EtOAc, 9:1, 1 g), F (eluted with n-hexane/EtOAc, 7:3, 1.52 g), and | (eluted with n-
hexane/EtOAc, 1:1, 250 mg) displayed activity and were submitted to further purification
procedures. Part of fraction C (40 mg), F (40 mg), and | (60 mg) were subjected to SiO,
preparative TLC (n-hexane/EtOAc, 7:3) to afford, respectively, 2 (25 mg), 1 (29 mg), and 3
(30 mg).

1-(8-Propenyl)-3-[1~(8 “propenyl)-3 “methoxyphenoxy]-4-hydroxy-5-methoxybenzene (1,
dehydrodieugenol B): brownish oil; UV (MeOH) Amax (log ) 215 (3.2), 280 (2.3) nm; 1H
NMR (CDCl3, 300 MHz) §6.89 (1H, d, J = 8.1 Hz, H-5/), 6.79 (1H, d, J = 2.0 Hz, H-2/),
6.70 (1H, dd J = 8.1 and 2.0 Hz, H-6), 6.49 (1H, J = 1.8 Hz, H-2), 6.40 (1H, d, J = 1.8 Hz,
H-6), 5.93 (1H, m, H-8’), 5.92 (1H, m, H-8), 5.06 (2H, m, H-9a and H-9), 3.89 (3H, s, 5-
OCHj3), 3.86 (3H, s, 3'-OCH3), 3.36 (1H, d, J = 6.6 Hz, H-7"), 3.24 (1H, d, J = 6.6 Hz,
H-7); 13C NMR (CDCl3, 75 MHz) §150.4 (C, C-3'), 147.8 (C, C-5), 144.4 (C, C-3), 144.2
(C, C-4), 137.4 (CH, C-8), 137.2 (CH, C-8), 136.4 (C, C-1'), 135.2 (C, C-4), 131.0 (C,
C-1), 120.8 (CH, C-6'), 119.5 (C, C-5), 116.0 (CH,, C-9'), 115.7 (CH,, C-9), 112.9 (CH,
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C-2/), 111.8 (CH, C-6), 107.3 (CH, C-2), 56.2 (CH3, 5-OCHy3), 55.9 (CH3, 3’-OCH3), 40.0
(CH,, C-7), 39.9 (CHy, C-7); HRESIMS m/z 327.1595 [M + H]* and 349.1423 [M + Na]*
(calculated for CygH2304, 327.1596 and for CogH22,04Na, 349.1416).

1-(8-Propenyl)-3-[3“methoxy-1%(8-propenyl)phenoxy]-4,5-dimethoxybenzene (2):
yellowish oil; UV (MeOH) Amax (l0g ) 220 (3.2), 280 (2.5) nm; IR (KBr) vinax 2955, 2850,
1642, 1510, 1460, 1384, 1163, 978, 915, 832, 724, 593 cm™~L: 1H NMR (CDCls3, 300 MHz) &
6.81 (1H, d, J = 8.1 Hz, H-5'), 6.69 (1H, dd J = 8.1 and 2.0 Hz, H-6"), 6.79 (1H, d,J=2.0
Hz, H-2'), 6.48 (1H, J = 1.8 Hz, H-2), 6.27 (1H, d, J = 1.8 Hz, H-6), 5.93 (2H, m, H-8 and
H-8'), 5.06 (2H, m, H-9a and H-9’), 3.87 (6H, s, 4-OCH3/3’-OCHy3), 3.83 (3H, s, 5-OCHy),
3.37 (1H, d, J = 6.6 Hz, H-7"), 3.24 (1H, d, J = 6.6 Hz, H-7); 13C NMR (CDCl3, 75 MHz) &§
153.5 (C, C-3), 150.6 (C, C-5/C-4’), 144.1 (C, C-3), 138.1 (C, C-4), 137.4 (CH, C-8), 137.1
(CH, C-8"), 136.0 (C, C-1'), 135.5 (C, C-1), 120.7 (CH, C-6"), 119.4 (C, C-5/), 115.9 (CH,,
C-9/C-9), 113.1 (CH, C-2/), 111.4 (CH, C-6), 107.3 (CH, C-2), 61.0 (CH3, 4-OCHg3), 56.1
(CHg, 5-OCHy3), 56.0 (CH3, 3’-OCHy3), 40.1 (CH5, C-7"), 40.0 (CH5, C-7); HRESIMS m/z
341.1753 [M + H]* and 363.1585 [M + Na]* (calculated for Cy1H,504, 341.1753 and for
Cy1H2404Na, 363.1572).

1-[(7R)-Hydroxy-8-propenyl]-3-[3“methoxy-1“(8 “propenyl)-phenoxy]-4-hydroxy-5-
methoxybenzene (3): brownish oil; [a]?°p -0.01 (¢ 0.01, MeOH); UV (MeOH) Anax (l0g &)
275 (4.0), 285 (3.9), 325 (3.7) nm; IR (film) vimax 2928, 2852, 1640, 1508, 1463,1365, 1130,
996, 918, 831, 745, 540 cm~L IH NMR (CDCl3, 300 MHz) §6.90 (1H, d, J = 8.1 Hz, H-5/),
6.79 (1H, d, J = 2.0 Hz, H-2), 6.71 (1H, dd, J = 8.1 and 2.0 Hz, H-6"), 6.70 (1H, J = 2.0 Hz,
H-2), 6.56 (1H, d, J = 2.0 Hz, H-6), 5.96 (2H, m, H-8 and H-8'), 5.28 (1H, dt, J = 17.0 and
1.5 Hz, H-9a), 5.14 (1H, dt, J = 10.5 and 1.5 Hz, H-9b), 5.09 (1H, m, H-9’), 5.04 (1H, d, J =
6.0 Hz, H-7), 3.90 (3H, s, 5-OCH3), 3.85 (3H, s, 3-OCHy3), 3.37 (1H, d, J = 6.6 Hz,

H-7’); 13C NMR (CDClg, 75 MHz) §150.3 (C, C-3'), 148.1 (C, C-5), 144.5 (C, C-3), 144.0
(C, C-4), 140.0 (CH, C-8), 137.4 (CH, C-8), 136.6 (C, C-1'), 136.4 (C, C-4), 133.8 (C,
C-1), 120.9 (CH, C-6"), 119.9 (C, C-5), 116.0 (CH,, C-9"), 115.1 (CH,, C-9), 113.0 (CH,
C-2/), 110.0 (CH, C-6), 104.9 (CH, C-2), 75.0 (CH, C-7), 56.3 (CH3, 5-OCHy3), 56.0 (CHj3,
3/-OCHj3), 39.9 (CH,, C-7'); HRESIMS m/z 325.1343 [M - H,0 + H]* and 365.1241 [M +
Na]* (calculated for CogH»104, 325.1440 and CygH»,05Na, 365.1365).

C57BL/6 and BALB/c mice were purchased from Harlan Laboratories (Indianapolis, IN,
USA). The mice were maintained in a pathogen-free animal facility at The Ohio State
University (Columbus, OH, USA) in accordance with U.S. National Institutes of Health and
Institutional guidelines.

Dsred2-L. donovani were previously generated from L. donovani strain LV82 expressing
firefly luciferase and a red fluorescent protein.“? Parasites were maintained by serial passage
of amastigotes isolated from the spleen of BALB/c mice previously infected. The animals
were infected with 1 x 107 Dsred2-L. donovani amastigotes in 100 pL by intravenous route
into the tail vein.
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Evaluation of in Vitro Anti-L. donovani Activity

DsRed2-L. donovani promastigotes (1 x 108) were incubated in the presence of the isolated
metabolites 1-3, dissolved in DMSO and diluted in M-199 medium supplemented with 10%
of FCS, at 28 °C for 48 h. Parasites were incubated in the presence of increasing
concentrations of compounds: 5 to 300 uM. After 48 h, parasites were centrifuged at 1250¢
for 5 min and resuspended in 500 pL of PBS, and the parasite viability was measured by
flow cytometry to quantify the proportion of dead/live parasites assessed by the loss of
fluorescence. Untreated or control treated with DMSO (0.5%) parasites were used as live
cell control; parasites treated with 66.68 UM saponin from Q. saponaria (Sigma-Aldrich)
were incubated for 30 min and used as an internal control for permeabilization.

Bone Marrow-Derived Macrophages (BMDMs) and in Vitro Infection

BMDMs were isolated from long bones (femurs and tibias) of C57BL/6 mice.*! The
differentiated cells (macrophages) were seeded into the 24-well plate at 3.5 x 108/well. After
24 h, DsRed2-L. donovani promastigotes were used to infect BMDMs at a 1:10 ratio (1
macrophage/10 promastigotes), and the extracellular parasites were washed twice with fresh
warm media. Infected macrophages were incubated in the presence of increasing
concentrations of all compounds: 5 to 300 uM. After 72 h, supernatants were collected to
perform the cytokine ELISA and NO assays. Infected BMDMSs were centrifuged at 12509
for 10 min and resuspended in 500 uL of PBS, and the quantification of infected cells was
measured by flow cytometry as previously described. Control treated with DMSO (0.5%)
macrophages infected with DsRed2-L. donovani were used as controls.

Evaluation of in Vitro Mammalian Toxicity

Peritoneal macrophages from BALB/c mice were seeded at 1 x 10° cells/well in 96-well
microplates and incubated with all compounds in the presence of increasing concentrations
(0.2 to 600 puM) for 48 h at 37 °C in a 5% CO> incubator. The quantification of viable cells
was assessed by measuring the cleavage of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; Sigma-Aldrich) as previously described.18 The
formazan extraction was carried out with 10% (v/v) sodium dodecyl sulfate for 18 h (100
uL/well) at 24 °C. After 24 h, the microplate was read at 570 nm using a FilterMax F5Multi-
Mode microplate reader. The selectivity index was determined considering the following
equation: CCsgq against macrophages/ICsq against amastigotes.

Cytokine ELISA

BMDMs isolated from C57BL/6 mice were plated at a concentration of 3.5 x 108 cells/well
in quadruplicates in sterile 24-well tissue culture plates. Cells were treated with the isolated
compounds 1-3. Supernatants were collected after 72 h of incubation at 37 °C and analyzed
for the production of IL-6 and IL-10 by ELISA (Biolegend Inc.).

Quantification of Nitric Oxide

Nitric oxide content in the culture supernatants from macrophages cultured and treated for
72 h was analyzed by the Griess assay.*! Results obtained were extrapolated from a standard
curve prepared with NaNO, at different concentrations (0 to 400 uM).
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lysis

The results are represented as the mean and standard deviation of replicate samples from at
least two independent assays. The ICgq values were calculated using sigmoidal dose

=T

esponse curves using GraphPad Prism 5.0 software. The 95% confidence interval is

included in parentheses with the analyses. The t test was used for significance testing (p <
0.05).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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2 Ry=0Me; R, =H
3 Ri=0H; R2=0H
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Chemical structures of isolated metabolites 1-3.
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Figure 2.

Effect of treatment with metabolites 1-3 isolated from N. leucantha in bone marrow-derived
macrophages (BMDMs) infected with L. donovani parasites. M@ (macrophages); M@I
(infected macrophages); M@+LPS (macrophages plus LPS); M@I+LPS (infected
macrophages plus LPS). IL-6 (A) and IL-10 (B) cytokines levels were measured by ELISA

in supernatant from BMDMs treated for 72 h. Mean cytokine leve
+ SE.
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Table 1

Anti-L. donovani Activity (ICsp) and Cytotoxicity (CCsgp) against Mammalian Cells (Peritoneal Macrophages)
of Metabolites 1-3

ICsp (UM) CI 95% CCso (UM) C1 95%
compound  promastigotes amastigotes mammalian cells Si
1 NA 26.7 (13.810317)  >293.8 >11.0
2 111.8(94.0t0132.6)  17.8 (15.3 t0 20.8) 111.2 (100.5 to 122.8) 6.25
3 NA 101.9 (80.31t0129.7) >292.1 >2.9

1C50: 50% inhibitory concentration; CCg(0: 50% cytotoxic concentration (mammalian cells); Cl 95%: 95% confidence interval; S: selectivity

index (CCs0 mammalian cells/IC5( Leishmania amastigotes); NA: not active. Sodium stibogluconate values:19 1C50 promastigotes (306.8 uM),
amastigotes (13.3 uM); CCs0 53.4 UM.
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