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Abstract

Nine known alkaloids [(+)-isodomesticine (1), (+)-norisodomes-
ticine (2), (+)-nantenine (3), (+)-neolitsine (4), (+)-lirioferine (5),
(+)-N-methyllaurotetanine (6), (+)-norlirioferine (7), (+)-isobol-
dine (8) and (+)-reticuline (9)] were isolated from young leaves
of Guatteria dumetorum. Their structures were confirmed by
NMR, mass and UV spectral analysis and by comparison to litera-
ture data. The growth inhibitory activity of each alkaloid was de-
termined against the parasite Leishmania mexicana. Compounds
1-4 all showed significant activity whereby potency increased
when a methylenedioxy functionality was present, especially at
the 1,2-positions.
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Our previous studies on G. dumetorum yielded several aporphine
alkaloids that showed significant activity against Leishmania spp.
[1]. Because these metabolites may be potentially useful in the
treatment of leishmaniasis, a pleomorphic disease that affects
more than 12 million people in 88 countries worldwide [2], we
conducted additional isolation efforts on the minor alkaloids of
this species.

A standard alkaloid extraction protocol was used to obtain an ex-
tract of young leaves of G. dumetorum, which was fractionated by
VLC, preparative TLC and HPLC to obtain compounds 1-9. Their
structures were deduced using standard NMR and MS methods
and by comparison to literature data. This is the first report on
the identification of alkaloids 1-9 from G. dumetorum (Fig.1).
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All nine of these metabolites were tested against the promasti-
gote form of L. mexicana in an in vitro assay. From the activities
observed (Table 1) and those reported for cryptodorine (10), nor-
nantenine (11) and xylopine (12) [1], we found the highest anti-
leishmanial activity for alkaloids with two methylenedioxy func-
tionalities (4:15 uM and 10:3 uM). Similar trends have been ob-
served previously for other methylenedioxy compounds tested
against different human diseases [3], [4], including several
camptothecin analogues tested in Leishmania donovani [5]. The
replacement of methylenedioxy functionalities with either hy-
droxy or methoxy moieties leads to a significant decrease in ac-
tivity (5:210 uM; 6:395 uM; 7: > 916 uM and 8: > 916 uM). Fur-
thermore, a 1,2-methylenedioxy function (i.e., in 12:3 uM) in-
creases the activity more than a 9,10-methylenedioxy function-
ality (1:73 uM; 2:48 uM; 3:41 uM and 11:15 uM). Additionally,
an N-methyl group appears to moderately decrease the activity
of agents in this series (e.g.,1 vs. 2 and 4 vs. 10).

Compounds 1-9 were also evaluated for toxicity to murine mac-
rophages, the normal host cell type for the Leishmania parasite,
and to VERO cells, a cell line derived from African green monkey
kidney. All of these alkaloids showed low toxicity (> 300 uM) in
both cell types (Table 1). Indeed, the most potent antileishmanial
compound, alkaloid 4, showed a high selectivity index to L.
mexicana over murine macrophages (25-fold). The results pres-
ented here provide further insights into the structure-activity re-
lationships of aporphine alkaloids against the Leishmania para-
site and could be useful in designing more potent and selective
agents against this devastating disease.

Materials and Methods

Instrumentation:'H- (300 MHz), 3C- (75 MHz) and 2D-NMR
spectra were measured on a Bruker Avance 300 spectrometer in
CDCl; (3,4, 5 and 6), MeOD (1, 2, 7 and 9) and deuterated DMSO
(8). HR-CI-MS were obtained on a Kratos MS50TC instrument.
Optical rotations were determined on an Autopol Il 6971 auto-
matic polarimeter.

Plant material and isolation: Young leaves of G. dumetorum were
collected, stored and extracted as described previously [1]. The
crude extract (53.5 g) was subjected to acid-base extraction
(EtOAc/HCI 5%) to yield the alkaloid fraction (3.7 g). It was sub-
jected to VLC on silica gel 60 (37-75 um, 3.5x6.5 cm) eluting
with CHCl;/EtOAc/NH,OH 75:0:25 (450 mL), 50:25:25 (150
mL) and MeOH (200 mL). Fractions were combined according to
their TLC profiles into fractions A - D.

Fraction B (1156 mg), 100-400 mL, was subjected to PTLC
(Whatman, PK5F, 500 um) and developed with CHCl;/hexane/
NH,OH, 50:25:25, to yield the mixtures B1 (333 mg, R; = 0.2)
and B2 (57 mg, Ry = 0.8). Fraction B1 was chromatographed on
reversed-phase HPLC (YMC ODS S-5 um, 10x150 mm) with
MeOH/H,0/Et;N, 70:30:0.1, 1.5 mL/min, yielding 1 (8 mg;
tg = 10 min) and 5 (21 mg; ty = 12 min). Fraction B2 was chro-
matographed on reversed-phase HPLC (YMC ODS S-5 um,
25x200 mm) with MeOH/H,0/Et;N, 70:30:0.1, 6.0 mL/min,
yielding 3 (12 mg; t = 32 min) and 4 (17 mg, ty = 44 min).



Structures of alkaloids 1-12.
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Table1 Growth inhibitory activity of alkaloids 1-9 and amphotericin B against L. mexicana and mammalian cell lines?
Compound ICso (uM) Sib
L. mexicana Macrophages VERO Cells

Isodomesticine (1) 733:0.2 415 + 46 >611 5.68
Norisodomesticine (2) 48.2+2.6 > 642 > 642 >13.4
Nantenine (3) 41.0+0.4 315+ 38 345 + 24 7.68
Neolitsine (4) 15.4+1.6 387 +37 >619 25.1
Lirioferine (5) 210 £ 9.1 401 + 29 > 586 1.91
N-Methyllaurotetanine (6) 395+ 35 33112 >586 0.84
Norlirioferine (7) >916 406 + 9 428 + 36 ND¢
Isoboldine (8) >916 >610 538 ND¢
Reticuline (9) 518 + 23 > 668 > 668 >1.23
Amphotericin B 0.1 + 0.005 ND¢ ND¢ ND<

@ Results are expressed as 1Cs, values, the concentration of compound that inhibited 50% of the growth of the parasite or cell line. Mean values of the ICs, (UM + standard deviation) were

determined by testing each concentration in triplicate.

b The SI (= selectivity index) is obtained by dividing the 1Cs, value obtained in macrophages by the 1Csq in L. mexicana.

¢ND = not determined.

Fraction C (1841 mg), 400-800 mL, was subjected to VLC on sili-
ca gel 60 (37-75 um, 3.5x15 cm) eluting with CHCl;/MeOH,
95:5 (400 mL), 92:8 (100 mL), 90:10 (200 mL), 85:5 (100 mL),
80:20 (300 mL), 75:25 (100 mL), 70:30 (400 mL), 50: 50 (400
mL), 40:60 (100 mL), 25:75 (200 mL), 15:85 (100 mL) and
100% MeOH (200 mL). Fractions were combined according to
their TLC profiles into fractions C1 - C9. Fractions C2 (84 mg),
400-500 mL, and C3 (44 mg), 500-700 mL, were separately
chromatographed on reversed-phase HPLC (YMC ODS S-5 um,
2x250 mm) eluting with MeOH/H,0/Et;N, 70:30:0.1, 2 mL/
min, yielding from C2 alkaloid 6 (40 mg, tz = 32 min) and from
C3 fractions C3A - C3C. Fraction C3B (25 mg, ty = 11 min) was
chromatographed on amine-phase HPLC (YMC NH, S-5 um,
4x150 mm) eluting with CHCl;/MeOH, 96 :4, 4 mL/min to yield
8 (12 mg, tg = 12 min).

Fraction C7 (323 mg), 2000-2100 mL, was submitted to PTLC
(Whatman, PK5F, 500 um) and developed with a mixture of
CHCl;/hexane/NH,OH (50:25:25) with MeOH (93:7) to yield
fractions C7A - C7G. Fractions C7E (25mg; R; = 0.24), C7F
(24 mg; Ry = 0.29) and C7G (32 mg; Ry = 0.53) were separately

submitted to reversed-phase HPLC (YMC ODS S-5 um, 4x150
mm) eluting with MeOH/H,0/Et;N, 70:30:0.1, 2 mL/min; to
yield 9 (5mg, t = 9 min), 2 (13 mg, tg = 9 min) and 7 (11 mg,
tg = 7 min), respectively.

The structures for 1-9 were assigned by optical rotation, MS, 1D
and 2D '"H-NMR and 3C-NMR experiments and by comparison to
the literature data (compounds 1, 3, 4, 6, 8 with reference [6];
compound 2 with reference [7]; compound 5 with reference
[8]; compounds 7, 9 with references [9], [10]). From the present
study, the following rotations were measured: 1, [a]3?: + 111.7°
(CHCls, ¢ 0.19); 2, [«]#*: +61.0° (CHCl5, ¢ 0.39); 3, [e]g?: +72.5°
(CHCls, ¢ 0.55); 4, [a]g?: +58.2° (CHCl;, ¢ 0.75); 5, [ +73.6°
(CHCls, ¢ 0.54); 6, [a]#*: +56.6° (CHCl5, ¢ 0.32); 7, [a]¥?: +87.2°
(CHCls, ¢ 0.28); 8, [a]3*: +30.6° (CHCls, ¢ 0.60); 9, [«]2: +84.7°
(CHCls, ¢ 0.38). Copies of the original spectra are available from
the corresponding author.

Anti-leishmanial bioassay: The anti-leishmanial activity of meta-
bolites 1-9 was assessed by their effect on the growth of

Leishmania mexicana (MOHM/B2/82/BELZ) promastigotes.
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Growth was assayed by measuring the reduction of sodium 2,3-
bis-[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carbo-
xanilide (XTT) [11]. Amphotericin-B was used as positive control
[12], and the cell toxicity was assessed by measuring the reduc-
tion of XTT by murine macrophages (cell line J744) and VERO cells
[13],[14].
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