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ARTICLE INFO ABSTRACT

Article history: Five coumarins (5,7,8-trimethoxycoumarin (1), sabandin (2), cubreuva lactone (3), 5,7-
Received 13 September 2017 dimethoxycoumarin (5) and braylin (6)), seven furoquinoline alkaloids (isopimpinelin (4), pteleine (7),
Accepted 25 April 2018 maculine (8), skimianine (10), robustine (11), y-fagarine (12) and dictamine (13) and the furofuran type
Available online 1 August 2018 lignin syringaresinol (9)) have been identified for the first time in the roots of Zanthoxylum tingoassuiba
A. St.-Hil., Rutaceae. Pure compounds 1, 6, 9, 12 were tested against Leishmania amazonensis parasites

’L“?_YW""’?‘ . and epimastigotes forms of Trypanosoma cruzi. All the tested products displayed an antiparasitic activity
TElsr;ls?g:izsis similar to that of the positive controls (benznidazole and amphotericin B). Compound 9 was the most
C;ﬁnarins active against both parasites with ICso values of 11.98 wM and 7.55 uM against L. amazonensis and T.

Furoquinoline alkaloids cruzi, respectively.

Syringaresinol
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Introduction

Leishmaniasis and American trypanosomiasis (Chagas disease)
are protozoal parasitic infections with worldwide distribution,
which affect mostly sub-developed and developing countries. Both
are among the most prevalent neglected tropical diseases (WHO,
2012). Chagas disease is caused by the parasite Trypanosoma cruzi
and affects approximately 5.7 million people, mainly in Latin Amer-
ica countries (WHO, 2015a). Thousands of new cases are reported
causing circa 7000 deaths annually, with a significant increase in
North America, Europe and Asia (WHO, 2015b). The only drugs
used for the treatment of trypanosomiasis are benznidazole and
nifurtimox. However, the treatment remains unsatisfactory due to
the severe side effects and refractory cases (Paucar et al., 2016).
The three different forms of Leishmaniasis (cutaneous, mucocuta-
neous and visceral) are caused by a parasite of the genus Leishmania.
About 12 million people are infected worldwide, with approxi-
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mately 1 million new cases and 20,000 to 30,000 deaths reported
each year (WHO, 2016). The available treatments include penta-
valent antimonials, amphotericin B, pentamidine, miltefosine, and
paromomycin (Igbal et al.,2016). The emergence of drug resistance,
high costs, availability, and toxicity limit the use of these drugs.

New efficient antiparasitic agents are needed, and a great num-
ber of works has been developed to discover new bioactive natural
compounds (Tagboto and Townson, 2001; Kayser et al., 2003; Wink,
2012; Cragg and Newman, 2013; Annang et al., 2016; Jain et al.,
2016). Brazil is known for its high diversity of plant (Mesquita et al.,
2005; Tempone et al.,2005; Braga et al.,2007; Muzitano et al.,2009;
Cechinel Filho et al., 2013; Bou et al., 2014).

Zanthoxylum genus has been reported to have various
bioactivities such as allelopathic, analgesic, anticonvulsant, anti-
inflammatory, antimicrobial, antinociceptive, antioxidant, anti
helmintic, antiparasitory and antiviral activities, among others.
These activities have been related to different chemical con-
stituents: isoquinoline alkaloids, lignans, coumarins, flavonoids
and terpenes (Patifio et al., 2012).

Zanthoxylum tingoassuiba A. St.-Hil., Rutaceae, also known as tin-
guaciba, is one of the 25 species that are endemic to Brazil. The plant
isused in folk medicine and had been commercialized in Brazil since
1923 as an active component of a phytotherapeutic formulation

0102-695X/© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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prescribed for muscle cramps and spasms (Silva et al., 2008) and
is also marketed as an herbal tea. Our group recently reported its
antibacterial activity associated to the presence of benzophenantri-
dine alkaloids (Costa et al., 2017).

Considering the diversity of metabolites produced by plants
of the genus Zanthoyxlum and the need for the discovery of new
antitrypanosomal and antileishmanial agents, this work aimed to
evaluate the antiparasitic activity of compounds isolated from Z
tingoassuiba against L. amazonensis and T. cruzi.

Materials and methods
Plant materials

Zanthoyxlum tingoassuiba A. St.-Hill., Rutaceae, was collected
in August 2009 in Jaiba - Feira de Santana, Bahia, Brazil (12° 12’
52.560” S; 38° 52’ 46.205” W). The voucher specimens were iden-
tified and deposited at the ALCB - Herbario Alexandre Leal Costa,
Instituto de Biologia - UFBA (voucher 88005).

Chemicals

Analytical grade solvents were purchased from Sigma-Aldrich
Co. (St. Louis, MO, USA) and used without further purification. HPLC
solvents were obtained from Merck (Darmstadt, Germany). Deuter-
ated used for NMR analysis were obtained from CIL (Cambridge
Isotope Laboratories Inc., USA).

Instruments

HPLC analysis were performed on a Shimadzu (Kyoto, Japan)
Prominence 20A system consisting in a CBM-20A controller, LC-6
AD parallel-flow pumps, DGU-20A degasser, SPD-M20A photo-
diode array detector (DAD) and a FRC-20A fraction collector. Data
were processed by LC Solution Version software (Shimadzu).

The separations of the compound were done on Kromasil C;g
(250 x 4.6 mm; 5pum and 250 x 21 mm; 5 uwm) and Phenomenex
Luna Cyg (250 x 4.6 mm; 5 um) columns.

HPLC-MS measurements were carried out on a Shimadzu Promi-
nence 20A system consisting in a CBM-20A controller, LC-20 AD
parallel-flow pumps, DGU-20A degasser, CTO-20A column oven,
SIL-20A autosampler, and DAD-M20A detector. The HPLC system
was coupled to a micrOTOF-II mass spectrometer (Bruker Daltonik
GmbH, Bremen, Germany)

TH and '3C NMR nuclear magnetic resonance (NMR) spec-
tra were acquired on: Varian Gemini 500 MHz ('H: 500 MHz
and '3C: 125MHz), Bruker DRX400 - Ultra Shield ('H: 400 MHz
and 13C: 100MHz) and Bruker DPX300 (!H: 300 MHz and !3C:
75 MHz) spectrometers, in pyridine-ds, chloroform-d, acetone-dg
or methanol-d4 and trimethylsilane (TMS) as an internal standard.

Preparation of the extracts

Root bark (RB) (76.42 g) and of root heartwood (RH) (1.19g)
obtained from Z tingoassuiba were separated, grinded and
extracted four times with methanol (500 ml) by maceration for 7
days and filtered. The filtrates were concentrated under reduced
pressure to obtain the root bark methanol extract (RB, 12.72 g) and
the root heartwood methanol extract (RH, 54.30 g). The RB extract
(11.47 g) was partitioned into 11 of a mixture CHCl3:MeOH:HCI 5%
(5:5:3). The organic phase was separated and evaporated under
reduced pressure (RBE1, 3.251 g) and the aqueous phase was basi-
fied with ammonium hydroxide until pH 10 was reached. The basic
mixture was extracted with chloroform (3 x 300 ml). The organic
phase was concentrated under reduced pressure (RBE2, 0.525 g).

The RH methanol extract (30 g) was dissolved in acetic acid 3%
(650 ml) and extracted three times with chloroform (3 x 250 ml).
The organic phase HR1 was concentrated under reduced pressure
(935 mg).

HPLC analysis

RBE1, RBE2 and HR1 were analyzed by HPLC using the following
conditions: Cyg column (4.6 x 250 mm, 100 A, 5 um particle size,
Kromasil® ), guard column (4.6 x 20 mm, 5 wm particle size), iso-
cratic flow of MeOH:H,0 (1:1) at a rate of 0.6 mImin~!, injection
volume of 20 pl. The HPLC fractions were monitored with the UV
detector at 254 nm.

Preparative HPLC

The RBE1, RBE2 and HR1 fractions were solubilized in methanol
(saturated solutions 313.1, 220.1 and 638.0mg/ml for, respec-
tively) and submitted to preparative HPLC using a C;g column
(21.2 x 250 mm, 100 A, 5 um particle size, Kromasil® ), an isocratic
flow MeOH:H,O0 1:1. Injections were performed with a 100 w1 loop.
The flow rate was 10 ml/min for RBE1, RBE2 and 6 ml/min for HR1.

Parasites

Leishmania amazonensis parasites (MHOM/BR88/BA-125) were
isolated from infected C57BL/6 mice lesions and cultivated at 26 °C
on NNN (Novy, McNeal, Nicolle) medium for 15 days. The pro-
mastigote forms were isolated and maintained at 26 °C in Warren’s
medium (brain-heart infusion 37 g/l plus haemin 10 mg/1 and folic
acid 10 mg/1) supplemented with 10% fetal bovine serum.

Trypanosoma cruzi epimastigote forms (strain Y) were main-
tained at 26°C in LIT (liver infusion tryptose) medium, sup-
plemented with 10% fetal calf serum. For both strains the cell
population was monitored and the transplantation was made when
they reached the growth stationary phase.

Antileishmanial and antitrypanosomal susceptibility test

Leishmania amazonensis promastigotes (5 x 10° parasites/ml)
andT. cruzi (5 x 10° parasites/ml) were inoculated in a 24-well plate
containing Warren’s medium supplemented with 10% inactivated
FBS with different concentrations (0.75-200 M, obtained by three
serial dilutions in DMSO) of the tested compounds (1, 6,9 or 12).

The final volume was 2 ml/well, with a final concentration of
DMSO less than 0.1%. The plates were incubated 26 °C for 72 h. The
cells were fixed with 3.8% paraformaldehyde and the density was
determined using a Neubauer counting chamber.

All the experiments were realized in triplicate. The antileish-
manial and anti-trypanosomal activities were expressed as the
percentage of growth inhibition in compound tested cells and ICsq
values were calculated.

Results and discussion

The preparative HPLC separation performed on the RBE1 and
RBE2 extracts allowed the isolation of eight fractions (F2-F5 and H2-
H5, respectively, Fig. 1). All the fractions were analyzed by HPLC/MS
and NMR spectroscopy, allowing the identification of eight com-
pounds.

Pure 5,7,8-trimethoxycoumarin (1) (7 mg) was obtained from
F2.Sabandin (2) and cubreuva lactone (3) eluted together (13.3 mg)
in F3. A mixture of isopimpinelin (4) and 5,7-dimethoxycoumarin
(5)(8.6 mg)was recovered from F4. Braylin (6) (51.10 mg) was puri-
fied from F5.
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Fig. 1. Analytical and preparative HPLC chromatograms for RBE1 and RBE2 fractions. Analytical conditions: C1g column (4.6 x 250 mm, 100 A, 5 wm particle size, Kromasil®),
guard column (4.6 x 20 mm, 5 wm particle size), isocratic flow of MeOH:H,O (1:1) at a rate of 0.6 ml/min, injection volume of 20 p.l. Preparative conditions: C;g column
(21.2 x 250mm, 5 pm, 100A), an isocratic flow MeOH:H,0 1:1 and injection volume of 100 wl. The flow rate was 10 ml/min, DAD254nm.

The chromatographic analysis of the extracts obtained from
RBE2 allowed the identification of compounds 2 and 3 in fraction
H2; 4 and 5 in fraction H3; 6 in fraction H4. Pteleine (7) could not
be separated from maculine (8) (5.6 mg) in fraction H5.

The preparative scale HPLC analysis of fraction HR1 (Fig. 2)
allowed the isolation of pure syringaresinol (9) (R1, 20.9mg), a
mixture of skimianine (10) and robustine (11) (R5, 3.9 mg), pure
y-fagarine (12) (R6, 8.7 mg) and dictamine (13) (R7, 10 mg). Other
peaks were observed on the HPLC chromatograms, but the amounts
of these materials were too small and did not allow the identifica-
tion of the compounds.

The identification of the chemical structures of the compounds
was based on the comparison of the spectroscopic data of the iso-
lated fractions to literature data (Pusset et al., 1991; Cuca et al.,
1998; Chakravarty et al., 1999; Leong et al., 1999; Yoo et al., 2002;
Bhoga et al., 2004; Randrianarivelojosia et al., 2005; Maes et al.,
2005, 2008; Nunes et al., 2005; Chlouchi et al., 2006; Kutubi et al.,
2011).

The 'H NMR spectrum of compound 1 show three singlets
at 3.91, 3.92 and 3.97 ppm, characteristic shifts of methoxy
groups on an aromatic ring, and a single aromatic hydrogen at
6.17 ppm. Two signals at 6.17 and 7.98 ppm indicate the presence
of a conjugated double bond. The signal of the lactone carbonyl
group is shown on the 13C NMR at 160.8 ppm. The structure of
5,7,8-trimethoxycoumarin (1) was confirmed by comparison with
literature data (Maes et al., 2008). The analytical HPLC analysis of
fractions F3 and H2 showed similar retention times, suggesting
a similar composition. The analysis of the 'H NMR spectra of F2
reveals the presence of protons with characteristic shifts found in
coumarins. Signals at 4.12, 4.02 and 3.99 ppm suggest the pres-
ence of a dimethoxy and a methoxy coumarin with a 5:1 ratio.
Only one aromatic proton is present on the spectra (6.48 ppm),
which was assigned to the minor compound, a methoxy coumarin.
Signals at 5.99 and 6.01 ppm were attributed to methylenedioxy

protons present in both structures. Duplicated signals are also
observed on the 13C NMR spectra. The comparison with litera-
ture data (Maes et al., 2005) confirmed the structures of coumarins
cubreuva lactone 2 (minor compound) and sabandine 3 (major
compound). The chromatograms of F4 and H3 fractions show
two overlapping peaks in analytical chromatogram (tg =33.3 mn
and 39.7 mn) which could not be separated in these preparative
conditions. The TH NMR analysis of F4 reveals the presence of
two dimethoxycoumarins, with a 1:2 ratio. Duplets at 7.0 ppm
and 7.63 ppm (minor product) and at 6.28 and 6.41 ppm were
attributed to aromatic or furanic protons. The comparison of the
13C NMR data with literature (Yoo et al, 2002; Kutubi et al.,
2011) along with the MS spectra, allowed the identification of 5,7-
dimethoxycoumarin4 ([M+H]* =207,06779 Da) and isopimpinellin
5 ([M+H]* =247,06251 Da). The chromatograms of F5 and H4 show
the presence of one compound ([M+Na]*=281,08164). The 'H
NMR spectra shows the characteristic signals of the benzopyrone
nucleus of the coumarins, carrying one methoxygroup. One peak
at 1.52 ppm was attributed to two methyl groups belonging to a
2,2-dimethylpyrane cycle. The structure of braylin (6) was con-
firmed by comparison with literature data (Randrianarivelojosia
et al., 2005). A mixture of compounds 7 and 8 was isolated from
the H5 fraction. The analysis of 'H and 13C NMR spectra is con-
sistent with methoxylated furoquinoline alkaloids. The chemical
structures were established by comparison with literature data as
maculine (7) (Nunes et al., 2005) and pteleine (8) (Pusset et al.,
1991). Pure (+)-seringaresinol (9) was isolated from the R1 frac-
tion and identified by comparison with published data (Leong et al.,
1999). Compounds 10 and 11 could not be separated from fraction
R5 and were isolated as a mixture (31:69 ratio). The NMR spectra
revealed characteristic signals assigned to furoquinoline alkaloids.
The compounds were identified as skimianine (10) (Chakravarty
et al., 1999) and robustine (11) (Chlouchi et al., 2006). Finally, y-
fagarine (12) and dictamine (13) were obtained as pure compounds
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Fig.2. Analytical and preparative HPLC chromatograms for HR1 fraction. Analytical conditions: C;g column (4.6 x 250 mm, 100 A, 5 um particle size, Kromasil” ), guard column
(4.6 x 20mm, 5 wm particle size), isocratic flow of MeOH:H,O (1:1) at a rate of 0.6 ml/min, injection volume of 20 pl. Preparative conditions: Cyg column (21.2 x 250 mm,
5um, 100 A), an isocratic flow MeOH:H,O0 1:1, injection volume of 100 wl at flow 6 ml/min, DAD3s4nm.

in fraction R6 and R7, respectively, and comparison with published
data (Bhoga et al.,2004; Cuca et al., 1998) allowed the confirmation
of their chemical structures.

R OCH,4
R>
~ %
Rj oo o o~ o
R, OCHg3
1 R1=R3=R4=OCH3; R2=H 7 H1=R3=H; R2=OCH2 4

2 R1=R4=OCH2; R2+R3=CH202
3 R1=OCH3; R2+R3=CH202; R4=H
5 R1=R3=OCH3; R2=R4=H

Coumarins, lignans and alkaloids are commonly found in
plants belonging to the Rutaceae family. The group of alkaloid
most frequently reported in the genus Zanthoxylum is isoquino-
line, mainly benzophenanthridines (Fish and Waterman, 1973;
Hohlemwerger et al., 2012). Previous chemical studies of Z. tin-
goassuiba have shown the presence of this class of compounds,
along with aporphine and protoberberine alkaloids, as well as a
N-methylanthranilate derivative (Silva et al., 2008; Hohlemwerger
et al., 2012; Costa et al., 2017). Furanocoumarins (7-oxygenated
coumarins) are frequently found in the Rutaceae family and
recently three new substances have been identified in Z. avicennae
(Chen et al., 2015). This report describes for the first time the pres-
ence of five coumarins inZ. tingoassuiba: 5,7,8-trimethoxycoumarin
(1), sabandin (2), cubreuva lactone (3), 5,7-dimethoxycoumarin (5)
and braylin (6).

The present work also reports for the first time the occurrence
of furoquinoline alkaloids in Z. tingoassuiba species. Seven different
chemical structures were identified: isopimpinelin (4), pteleine (7),
maculine (8), skimianine (10), robustine (11), y-fagarine (12) and
dictamine (13). Additionally, syringaresinol (9) a furofuran type lig-
nan is isolated for the first time from Z. tingoassuiba in the present
study.

8 H1+R2=CH202; R3=H
10 R1=H; R2=R3=OCH3
11 R,=R,=H; Ry=OH

12 R1=R2=H; R3=OCH3
13 Ry=R,=R5=H

Spectral data

5,7,8-trimethoxycoumarin (1): (500 MHz. CDCl3): 6.16 (1, d,
J=9.7, H3), 7.98 (1H, d, J=9.7, H4), 6.35 (1H, s, H6), 3.91 (3H,
s, -OCH3), 3.92 (3H, s, -OCH3), 3.97 (3H, s, —OCH3). [M+H]*:
237.07917 Da, C13H1205. UV Amax: 260.26 nm; 323.38 nm.

Sabandin (2): (500 MHz, CDCl3): 6.21 (1H, d, J=10.0 H3), 7.92
(1H, d, J=10.0 H4), 6.02 (2H, s, -OCH,0-), 4.02 (3H, s, -OCH3),
4.05 (3H, S, —OCHg). [M+H]+I 251.005834 Da, C12H1006. UV Amax:
239.25nm; 327.15 nm.

Cubreuva lactone (3): (500 MHz, CDCl3): 6.19 (1H, d, J=9.6 H3),
7.93(1H,d,J=9.5 H4), 6.49 (1H, s, H8), 6.00 (2H, s, -OCH,0-), 4.12
(3H, s, -OCH3). [M+H]*: 221.04723 Da, C11HgOs.

Isopimpinelin (4): (500 MHz, CDCl3): 6.30(1H,d,J=9.8 H3),8.13
(1H, d, J=9.8 H4), 7.63 (1H, d, J=2.3 H2'), 7.00 (1H, d, J=2.3 H3'),
416 (3H, s, -OCH3), 4.17 (3H, s, ~OCH3). [M+H]*: 247.06251 Da,
C13H1005. UV Amax: 221.75 nm; 267.34 nm; 313.09 nm.

5,7-dimethoxycoumarin (5): (500 MHz, CDCl3): 6.16 (1H, d,
J=9.7 H3), 7.97 (1H, d, J=9.7 H4), 6.29 (1H,d, J=2.1 H6), 6.42 (1H,
d, J=2.1 H8), 3.89 (3H, s, -OCHj3), 3.86 (3H, s, ~-OCH3). [M+H]*:
207.06779Da, C11H1¢04. UV Amax: 250.51 nm; 327.67 nm.
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Fig. 3. Proliferation of Trypanosoma cruzi treated with 5,7,8-trimethoxycoumarin (1), braylin (6), syringaresinol (9) and y-fagarine (12). Epimastigotes (5 x 10 cells/ml) were
incubated in different concentrations of the tested compounds at 26 °C for 72 h and cell densities were determined by light microscopy. 20 uM benznidazole was employed
as positive control. Statistical analysis was performed using One-way ANOVA and Tukey pos-test (*** p<0.001, ** p<0.01, * p<0.05).

Braylin (6): (500 MHz, CDCl3): 6.26 (1H, d, J=9.5 H3), 7.59 (1H,
d,J=9.5 H4), 6.80 (1H, s, H6), 6.89 (1H, d, J=10.05 H1’), 5.76 (1H,
d, J=10.05 H2'), 1.53 (6H, s, -CH3 4’ and 5’), 3.89 (3H, s, -OCH3).
[M+H]*: 259.09914 Da, C15H1404. UV Amax: 225.63 nm; 350.81 nm.

Pteleine (7): (500 MHz, CDCl3): 8.07 (1H, d,J=9.2 H5), 7.40 (1H,
dd, J=9.2, J=2.9 H6), 7.55 (1H, d, J=2.9 H8), 7.66 (1H, d, J=2.7
H2’), 7.11 (1H, d, J=2.7 H3'), 3.96 (3H, s, -OCH3), 4.50 (3H, s,
-0CH3). [M+H]*: 230.08254 Da, C13H11NO3. UV Amax: 236.78 nm;
306.71 nm.

Maculine (8): (500 MHz, CDCl3): 7.53 (1H, s H5), 7.51 (1H, s H8),
7.61(1H,d,J=2.7H2'),7.08 (1H, d,J=2.7 H3'),6.00 (2H, s, -OCH;,0-
), 4.46 (3H, s, -OCH3). [M+H]*: 244.06135 Da, C;3HgNOg4. UV Amax:
243.70 nm; 307.20 nm.

Syringaresinol (9): (500 MHz, CDCl3): 3.10 (1H, m, H1 and H5),
4,74 (2H,d,J=4.1 H2 and H6), 4.29 (2H, dd, J= 6.8 and 9,1 H4eq and
H8eq), 3.91 (2H, m, H4ax and H8ax), 6.59 (4H, s, H2/, 2” and H6’,
6”), 3.90 (12H, -OCH3), 5.51 (2H, sl -OH). [M+H]*: 419.17267 Da,
CyyHy60g. UV Amax: 206.29 nm.

Skimianine (10): (400 MHz, CDCl3): 8.04 (1H, d, J=9.4 H5), 7.26
(1H, d, J=9.4 H6), 7.59 (1H, d, J=2.8 H2’), 7.06 (1H, d, J=2.8 H3'),
4.04(3H,s,-0CHs3),4.11(3H,s,-0CH3) 4,46 (3H, s, ~-OCH3 ). [M+H]*:
260.09963 Da, C14H13NO4. UV Amax: 248.02 nm; 320.99 nm

Robustine (11): (400 MHz, CDCl3): 7.75 (1H, dd, J=8.6, J=1.2
H5), 7.35 (1H, dd, J=7.5, J=7.5 H6), 7.20 (1H, dd, J=7.5]J=1,2 H7),
7.65(1H,d,J=2.8 H2'),7.13(1H, d,J=2.8 H3’), 4.47 (3H, s, ~-OCH3).
[M+H]*: 216.06782 Da, C12HgNO3. UV Amax: 243.76 nm; 311.01 nm.

v-Fagarine (12): (500 MHz, CDCl3): 7.87 (1H, dd, J=8.6 and 1.0
H5),7.37(1H,dd,J=7.7 and 8.6 H6), 7,08 (1H, dd,J=7.7 and 1.0 H7),
7.67 (1H,d,J=2.8 H2'), 7.10 (1H, d,J=2.8 H3’), 4,10 (3H, s, -OCH3),
4.47 (3H, s, -OCH3). [M+H]*: 230.08335 Da, C13H11NO3. UV Apax:
243.09 nm; 310.46 nm.

Dictamine (13): (300 MHz, CDCl3): 8.28 (1H, ddd, J=8.5, 1.5, 0.6
H5), 7.45 (1H, ddd, J=8.1, 8.1, 1.2 H6), 7.69 (1H, ddd, J=8.4, 8.5,
1.5 H7), 8.02 (1H, ddd, J=8.5, 1.2, 0.3 H8), 7.63 (1H, d, J=2.8H2'),
7.08 (1H, d,J=2.8 H3'), 4.44 (3H, s, -OCH3). [M+H]*: 200.07320 Da,
C12HgNO;. UV Amax: 236.18 nm; 309.71 nm.

Antiparasitic activity

Pure compounds 1, 6, 9, 12 were tested against epimastigote
forms of T. cruzi, Y-strain. The results are detailed in Fig. 3 and
Table 1.

Compounds 6, 9 and 12 significantly reduced the prolifera-
tion of the parasite at low concentrations (6.2, 1.2 and 0.75 uM,
respectively). The highest levels of inhibition were obtained at con-
centrations of 100 wM (y-fagarine, 77%), 78 .M (syringaresinol,
80%), 200 wM (braylin 75% respectively) and 100 uM (5,7,8-
trimethoxycoumarin, 75%). The most active substances were
syringaresinol 9 (IC5g =7.55 wM) and 5,7,8-trimethoxycoumarin 1
(IC50=25.5 wM), while y-fagarine (12) and braylin (6) displayed
moderate activities (ICsg =33.35 and 59.8 WM, respectively).

The four compounds also demonstrated a significant capacity to
inhibit the growth of promastigote forms of L. amazonensis (Fig. 4)
at concentrations of 78 wM (syringaresinol, 98%), 100 uM (vy-
fagarine, 100%) and 5,7,8-trimethoxycoumarin 91%), and 200 uM
(braylin 100%). At lower concentrations, 5,7,8-trimethoxycoumarin
1, braylin 6 and +y-fagarine 12 were more active than the posi-
tive control. Braylin and 5,7,8-trimethoxycoumarin stimulated the
proliferation of the parasite at the concentration of 12.5 uM.

The most active substances were syringaresinol (9) (ICsq
12.0 M) and v-fagarine (12) (ICs59 31.3 wM) followed by 5,7,8-
trimethoxycoumarin (1) (ICsp 57.7 wM) and braylin (6) (ICsg
70.0 uM).

Interestingly the antiparasitic activity of the natural products
approached here displayed effectivity levels similar to the positive
controls benznidazole and amphotericin B, used for trypanocidal
and leishmanicidal activities, respectively.

Coumarins are known for their antitrypanosomal (Guifiez et al.,
2013; Chen et al., 2015) and antileishmanial activities (Reyes-
Chilpa et al., 2008; Mandlik et al., 2016). Previous studies have
shown that they act on an enzyme glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) of the glycolytic pathway of the try-
panosomatids (Freitas et al., 2009) and that they inhibit the growth
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Table 1
Antileishmanial and antitrypanosomal activities of isolated compounds.
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Compound

ICs0 & SE (M)

L. amazonensis (promastigotes)

T. cruzi (epimastigotes)

5,7,8-trimethoxycoumarin 1 57.7 £ 2.2
Braylin 6 70.0 £ 1.2
Syringoresinol 9 120+ 1.2
y-Fagarine 12 313+ 14
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Fig.4. Proliferation of Leishmania amazonensis treated with 5,7,8-trimethoxycoumarin (1), braylin (6), syringaresinol (9) and y-fagarine (12). Promastigotes (5 x 10° cells/ml)
were incubated in different concentrations of the tested compounds at 26°C for 72 h and cell densities were determined by light microscopy. Amphotericin (5 uM) was
employed as positive control. Statistical analysis was performed using One-way ANOVA and Tukey pos-test (*** p<0.001, ** p<0.01, * p<0.05).

of L. amazonensis and altered the parasite structure (Brenzan et al.,
2007). A survey of the literature showed that there is no report
on the antitrypanosomal activities of the coumarins 1 (5,7,8-
trimethoxycoumarin) and 6 (braylin) isolated in this work. The
lignan (+)-syringaresinol 9 was the most active of the tested
compounds against both parasites. Recently a study conducted
by de Sousa et al. (2014) showed that syringaresinol is able to
inhibit arginase from L. amazonensis a key enzyme involved in the
polyamine synthesis and in the production of nitric oxide, and its
ability to inhibit T. b. brucei growth has been described Alamzeb
et al. (2013). Inhibition of L. amazonensis arginase by Cecropia
pachystachya flavonoids present antiparasitic activity associated to
mitochondrial and kinetoplast DNA disorganization (Cruz et al.,
2013). Previous studies have shown that lignans isolated from
Z. naranjillo showed high trypanocidal effect against the trypo-
mastigote forms of T. cruzi (Bastos et al., 1999). De Souza et al.
(2005) demonstrated the activity of lignan derivatives against free
amastigote forms of Trypanosoma cruzi, No report was found on the
activity of (+)-syringaresinol 9 against T. cruzi or L. amazonensis. It
is noteworthy that, under the conditions employed here, this bioa-
gent was more trypanocidal than benznidazole, used as positive
control.

The comparison of the ICsg values obtained for both parasites
show that y-fagarine had about the same potency against L. amazo-
nensisand T. cruzi (ICsg 31.34 and 33.35 M, respectively), while the
other tested compounds were more active against T. cruzi. In a study
performed by Ferreira et al. (2010) the alkaloid ~vy-fagarine (12)
demonstrated antiparasitic activity against promastigot forms of L.

amazonensis (ICsg 17.3 wM), L. infantum and L. braziliensis (26.5 p.M
and 22.2 pM, respectively). A significant in vitro inhibitory activ-
ity against the promastigotes of L. tropica (ICs5¢ 0.37 M) was also
shown by y-fagarine (Ostan et al., 2007).

Conclusion

The phytochemical study of the roots from Zanthoxylum tingoas-
suiba allowed the identification of six coumarins, six furoquinoline
alkaloids and a furofuranic lignan. Eleven of these compounds were
isolated for the fist time in this species (isopimpeneline and braylin
have been previously described). The results obtained in the in vitro
test against T. cruzi and L. Amazonensis showed that some of the
compounds found in the species display antiparisitic activity. These
findings contribute to a better understanding of the chemical com-
position of this species of occurrence in the Brazilian semi-arid
region and to the knowledge of the Brazilian biodiversity as a source
for drug discovery.
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