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Three known Cinchona alkaloids of the quinine type, quinine (1), cupreine (2), cinchonine (3), and
the possible artifact cinchonine—HCI (3—HCI), along with two new ones, acetylcupreine (4) and
N-ethylquinine (5), have been isolated from the bark of Remijia peruviana (Rubiaceae). Their
stereochemical structures were established by high resolution NMR spectroscopy. Alkaloids 2—4
had antifeedant effects on Leptinotarsa decemlineata with varying potencies. Compound 4 was
cytotoxic to both insect Sf9 and mammalian CHO cells after 48 h of incubation, while 3—HCI had
stronger and selective cytotoxicity to Sf9. Quinine 1 had a moderate to low effect on Trypanosoma
cruzi. Tumoral cells were also affected by these alkaloids, with 4 and 3—HCI being the most cytotoxic
to all the cell lines tested. Overall, the 8R, 9S configurations, as in 3 and 3—HCI, as well as the C-6'
acetylated alkaloid 4, with an 8S, 9R configuration, showed stronger biological effects.

KEYWORDS: Remijia peruviana (Rubiaceae); Cinchona alkaloids; structural elucidation; acetylcupreine;
N-ethylquinine; antifeedant effects; Spodoptera littoralis ; Leptinotarsa decemlineata ; trypanocidal;
cytotoxic activity

INTRODUCTION n==J0

Cinchonaalkaloids isolated from the bark of several species
of Cinchonaand Remijiatrees have been extensively studied
for their antimalarial and antiarrythmic propertids 2). These
molecules are composed of two relatively rigid entities: an : Hengo
aromatic quinoline ring and an aliphatic quinuclidine ring o™’

connected by two carbercarbon single bonds differing only o7 R
in their configuration at the C-8 and C-9 positior.(The
unequivocal assignments of the stereochemical structures of > n
these alkaloids have been established by NMR (
The shrubRemijia peruvianaStandley (Rubiaceae), known 1 R=0Me 3 5

locally as ‘tascarilla”, was studied as part of an ongoing 2 R=0OH
program to investigate the medicinal properties and ecological 4 r=0ac
role of Cinchonaalkaloids. This plant is found in the Peruvian
Amazonian forest, and the bark is used in popular medicine as
an antimalarial remedy (5).

In this work, the known alkaloids quinine (1), cupreine (2),
and cinchonine ) and the new alkaloids acetylcuprein® (
and N-ethylquinine (5) have been isolated. The structures of

these alkaloids were established by spectroscopic methods, and
the completéH and*3C shift assignments of the new alkaloids
based on 2D NMR experiments are reported.

The plant’s defensive properties (insect antifeedant and toxic
effects) of alkaloidsl—4 (compound5 was not available for
the biological tests) were investigated agai@jodoptera
littoralis, Leptinotarsa decemlineata, ar®l frugiperdapupal
ovarian tissue cells (Sf9). Additional pharmaceutical properties

* To whom correspondence should be addressed. Phone: 34 922 256847
Fax: 34 922 260135. E-mail: mreina@ipna.csic.es.

TUNAP. of these alkaloids have been investigated by testing their
; ”3AI\TA trypanocidal effects on epimastigote formsloypanosoma cruzi

I UAM. and their cytotoxic effects on mammalian chinese hamster ovary
UCCMA. (CHO) cells and a panel of tumor cell lines with different
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resistance mechanisms. Murine colon adenocarcinoma (CT26)cultured as previously describetlS). Cell viability was analyzed by
expresses low levels of P-glycoprotein (Pgp), the multidrug- an aplaptation of the MTT .colorimetric assay methd_m-(lg) and t_he
resistance protein (MRP1), and the murine glutathione/glu- relative potency of the active compounds g [ffective dose to give
tathioneS-transferase detoxification system (GSH/GSSTY{; 50% .ceII V|ab|I|ty) cglculated as previously describdd); In brief,
human colon adenocarcinoma (SW480) has elevated levels of-€!'S In the logarithmic growth phase were added to 96-well flat-bottom
Pgp (8) with low levels of MRP1 and the g-glutamylcysteine microtiter plates at a density of 26 10° cells/well for CHO, CT26,

. : SwW480, and SkMel28 cells and»6 1C° cells/well for HeLa cells and
synthetase (9-GCS) (9) responsible tig novosynthesis of incubated for 6 days with different concentrations of the compounds

GSH; human cervical adenocarcinoma (HelLa) express inter- gissolved in absolute ethanol. This time of incubation was used to
mediate levels of GSH-conjugate export activity (10); human predict the possible adverse cytotoxic effects of compounds on CHO
melanoma (SkMel25) expresses low invasive and metastaticcells. In all cases, the viability of the cells treated under the same
potential (11); and human malignant melanoma (SkMel28) conditions with the residual concentration of solvents w&5%.
expresses GSHpx and GSTIL) and low levels of MRP113). Extraction and Isolation. A sample (1.5 kg) of dry ground plant
bark was treated with 5% citric acid for 48 h. The acidic solution (pH
2) was extracted with CHgIlto yield a non-alkaloidal crude extract
(65 mg). The aqueous phase was basified to pH 10 with a saturated
General. Melting points were determined on a Reichert Thermovar solution of NaOH and extracted with GEll; to yield a crude alkaloidal
apparatus and are uncorrected. Optical rotations were determined inextract (2.15 g). This crude extract was chromatographed over alumina
EtOH at room temperature using a Perkin-Elmer 137 polarimeter. IR oxide 90 (Activity I1) with mixtures of increasing polarity ofhexane/
and UV spectra were taken on a Perkin-Elmer 1600 FT and a Varian EtOAc—MeOH to give fractions A (12.5 mg), B (99.5 mg), C (53.1
Carey 1E spectrometer, respectively. NMR spectra were measured onng), D (53.1 mg), E (35.0 mg), F (12.6 mg), G (185.6 mg), H (182.0

MATERIALS AND METHODS

a Bruker AMX2 500 MHz spectrometer with a pulsed field gradient
using the solvent as an internal standard (CD&t &4 7.26 andoc
77.0). The programs used in two-dimensional (2D) NMR experiments
(HMBC, HSQC, correlation spectroscopy (COSY), and nuclear Over-

mg), | (45.7 mg), J (25.8 mg), K (32,1 mg), and L (348,6 mg). Further
purification of fractions D, E, F, G, and H on alumina eluted with
EtOAc—MeOH gradients yielded alkaloids-5.

Acetylcupreine (4). Amorphous white powdee]?5% — 116.6°(c

hauser enhancement spectroscopy (NOESY)) were those furnished with0.325, EtOH); IR (film)vmnax 2960, 1620, 1574, 1556, 1470, 1404,
the manufacturer’s software. EIMS and exact mass measurements werd 241, 1133, 982, 753 crf; UV (EtOH) Amax (log €) 336 sh (2.48) nm,

recorded on a Micromass Autospec instrument at 70 and 15 eV.

286 sh (2.41) nm, 232 (3.25) nm; EIM8/z[M] * 352 not detectable,

Elemental analyses were determined on a Fisons Instruments EA 1108324 (1), 309 (2), 294 (1), 175 (6), 159 (3), 145 (4), 137 (10), 136

CHN. Silica gel (Merck 15111, 7741) and alumina (Aldrich 19944-3
and Merck 5550) were used for column chromatography and TLC.
Alkaloids were visualized by thin-layer chromatography (TLC) with
Dragendorff's reagent. RPMI 1640, fetal bovine serum (FBS),
glutamine, and penicillin/streptomycin were from GIBCO-BRL (United
Kingdom). 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bro-
mide (MTT) andp-nitrophenyl phosphate were from Sigma-Aldrich.

Plant Material. Bark of Remijia peruvianaStandley was collected
from adult flowering trees in November of 1994 near the Pafiacocha
community (12 km from Iquitos, Pert, 120 m above sea level) and
identified by Ing. J. Ruiz Macedo. A voucher specimen (no. 5402) has
been deposited in the Herbarium of the Universidad Nacional de la
Amazonia Peruana, Iquitos, Peru

Insect BioassaysS. littoralis and L. decemlineatecolonies were
reared on artificial diet and potat@&¢lanum tuberosunh) plants,
respectively, and maintained at 221 °C and>70% relative humidity
with a photoperiod of 16:8 h (L:D) in a growth chamber.

Choice Feeding AssayThese experiments were conducted with
sixth-instar S. littoralis larvae andL. decemlineataadults. Percent
feeding inhibition (%FI) was calculated as described by Reina et al.
(14). Compounds with a FI 0f50% were tested in a doseesponse
experiment to calculate their relative potency §Réalues, the effective
dose for 50% feeding reduction), which was determined from linear
regression analysis (%FI on log dose).

Oral Cannulation. This experiment was performed with preweighed
newly moltedS. littoralis L6 larvae as previously described (15). An
analysis of covariance (ANCOVA) on biomass gains with initial
biomass as covariate (covarigte> 0.05) showed that initial insect
weights were similar among all treatments. A second ANCOVA
analysis was performed on biomass gains with food consumption as
covariate to test for postingestive effects.

Trypanocidal Activity. This activity was assayed on epimastigote
forms of T. cruzi, Y strain, as described in Gonzalez-Coloma et al.
(15). Parasite viability was analyzed by a modified MTT colorimetric
assay methodl@). The activity was calculated as % growth inhibition.
EDs values were determined for each compound as the effective dose
to produce 50% growth inhibition, which was determined from linear
regression analysis (% growth inhibition on log dose).

Cytotoxicity. Sf9 insect cells (European Collection of Cell Cultures
(ECCC)), CHO mammalian cells (Dr. Pajares, Instituto de C. Bio-
médicas, CSIC), and the tumoral cell lines (Deutsches Krebsforschung-
szentrum (DKFZ)) CT26, SW480, HelLa, SkMel25, and SkMel28 were

(100), 95 (86), 81 (13), 55 (9); HRMBV/z[M]*+ 352.1775 (calcd for
C21H24N,03 352.1786). Anal. Caled for £H,4N.Os: C, 71.59; H, 6.80;
N, 7.90. Found: C, 71.30; H, 7.41; N, 7.77. Petand'3C NMR, see
Table 1.

N-Ethylquinine (5). Amorphous; [@} + 128.0°(c 0.125, EtOH);
IR (film) vmax 3224, 3075, 2935, 1620, 1591, 1472, 1433, 1241, 1229,
1135, 1104, 1028, 863, 832, 755 thUV (EtOH) Amax (l0g €) 333 sh
(2.17), 279 sh (2.14), 230 (3.02) nm; EIM8/z[M]* 353 (1), 324
(100), 309 (7), 307 (3), 295 (2), 283 (4), 173 (10), 137 (9), 136 (45),
82 (2); HREIMS m/z [M + 1]* 353.1232 (calcd for ©HzoN,O,
353.2229). FofH and*C NMR, seeTable 1.

RESULTS AND DISCUSSION

Five alkaloids 1 —5) were isolated from the bark &emijia
perwiana. The new alkaloidl was an amorphous white powder.
Its UV spectra showed bands &hax 338 (log e, 2.48), 286
(log €, 2.41), and 232 (log, 3.25). Its mass spectrum (EIMS)
showed principal fragments at 324, 309, 294, and 136 amu,
identical to quinine-type alkaloid derivative®). The molecular
ion was not detected in fast atom bombardment (FAB) and
EIMS experiments. However, the HREIMS showed a molecular
ion peak atm/z352.1775 (0.02) corresponding to the molecular
formula GiH24N2Os. The 13C NMR (DEPT experiments)
showed 21 carbon atoms, 1 methyl, 5 methylenes, 10 methines,
and 5 quaternary carbon atoms. TH¢ NMR spectra of
alkaloids4 and 5 in CDCl; were complex, with overlapping
signals in the high field region at 500 MHz. The proton
assignments of the quinoline moiety were established according
to previous work 21); however, this is their first complete report
(Table 1).

The proton signals of the quinuclidine ring & were
determined by 2D NMR experiments. Its COSY showed a signal
proton atdy 4.17 assignable to Hes&iocoupled with the proton
atoy 3.00 (ddd, H-84o) and with H-Rnq0and H-Sy,at oy 1.74
(m) and 2.02 (m), respectively. Moreover, this proton gave a
positive nuclear Overhauser effect (NOE) with the signal
corresponding to the proton at 5.83 (s, H-9). Similarly, the
signal atoy 3.36 (t, J = 8.6 Hz, H-83) showed a spatial
correlation with the protons aiy 3.10 (br d), 5.83 (s), 7.13
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Table 1. H, 13C, HSQC, and HMBC NMR Data for Alkaloids 4 and 52

4 5
proton 83 (J—w in Hz) HSQC HMBC o HSQC HMBC
H-2rans 3.27 dd (13.3, 10.2) 54.2 (t) C-3,C-6, C-8, C-10 3.28m 48.2 (f) c8
H-2is 3.10brd (13.7) C-3,C-6,C-8, C-10 4.261(10.1) C-3,C-6,C10
H-3 257m 37.4(d) C-7,C-10 2514 (8.5) 37.7(d) C-2, C-4,C-5, C-7, C-10, C-11
H-4 1.96m 268(d)  C-3,C5C8 1.94m 27.6 (d)
H-5ex0 1.74m 245 (t) C-4,C-7 1.84m 23.8(t) c-7
H-5endo 2.02m C-3 1.66 m C-3,C4
H-Bexo 3.00ddd (11.8, 11.9,5.0)  43.6(f) c-8 3.08m 489 (t) c8
H-Bendo 417m C-2 3.28m C-2,C-4
H-7exo 1.22m 183 (1) c5 2.32t(11.8) 18.4 (1) C-3,C-4,C-5,C-8,C9
H-Tendo 1.96 m C-3,C-5,C9 0.95m C-3
H-8 3.361(8.6) 593(d)  C-2,C6,C-7,C4 3.28m 50.8(d)  C-4,C6
H-9 5835 66.8 (d) C-3,C-4',C-7,C-8,C-10'  633brs(wp=89Hz)  66.8(d) C-3', C-4',C-7,C-8, C-10'
H-10 553ddd (17.1,104,7.0)  137.8(d)  C-2,C-3,C-4 6.03ddd (16.6,10.8,7.5)  136.8(d)  C-2,C-3
H-114s 4.98d(17.2) 1166()  C-3,C-10 5224 (15.8) 1172()  C-3,C-10
H-11yans 4.94d (10.4) C-3,C-10 5.21.d (11.6) C-3,C-10
H-2' 8.55d (4.5) 1462(d)  C3,C4,C9 8.72d (4.4) 1474(d)  C3,C4
H-3' 757d (4.6) 1184(d)  C-2’,C9, C-10' 7.67d (4.4) 121.7(d)  C-9,C-10'
H-4' 144.7 (s) 1445 (s)
H-5' 7.13d (2.6) 1028(d) C6,C-7.C9 7.04brs 1002(d)  c-4',C-6,CT
H-6' 156.4 (s) 158.0 (s)
H-7' 7.27dd (9.1, 2.5) 1225(d) C&,C7,C9 7.21d(9.0) 118.7(d)  C&,C6,CY
H-8' 7.88d (9.1) 131.0(d)  C-6',C-10' 7.99d (8.9) 131.6(d)  C-6',C-10'
H-9' 142.7 (s) 1255 (s)
H-10' 1259 (s) 143.9 (s)
OCH, 381s 559(q)  C6
Me—C=0 198s 179.6 (s)
234 (q)
N—CH,—CHj 2.94q(7.1) 422 (1) N—CH,—CH;
N—CH,—CH; 1.29t (70) 11.9 (q) N—CH,—CHs
4NMR data in CDCls; 500 MHz.
Table 2. Scalar and Spatial Correlation, COSY and NOESY, for Alkaloids 4 and 5
4 5
proton Cosy NOESY Cosy NOESY
H-2trans H-2¢is, H-3 H-2¢is, H-3, H-6Bexo H-2¢is, H-3 H-2¢is H-3, H-6exo
H-24is H-2trans, H-3 H-24ans, H-3, H-83, H-11¢is, H-11yrans H-2trans, H-3 H-7, H-83, H-10
H-3 H-2cis, H-2trans, H-4, H-10 H-2irans, H-Sexo, H-10, H-11cis, H-11yrans H-2cis, H-2yrans, H-10 H-2yrans, H-4, H-5ex0, H-6exo,
H-11¢is, H-11yans
H-4 H-3, H-5¢x0, H-5¢ndo, H-7 H-3 H-3 H-3, H-5endo, H-7exo, H-7endo
H-5exo H-5endo, H-Bexo, H-Bendo H-3, H-5endo, H-6exo H-5endo, H-Bexo H-3, H-5endo, H-6exo
H-5endo H-5exo, H-6exo, H-Bendo H-5exo, H-6exo H-5exo, H-6endo H-4, H-5ex0, H-Bendo, H-7endo
H-Bexo H-5endo, H-5ex0, H-6endo H-2trans, H-5x0, H-6endo H-5ex0, H-6endo H-3, H-5ex0, H-6endo
H-Bendo H-5endo, H-5exo, H-6exo H-5endo, H- 6ex0y H-9 H-5endo, H-5exo H-5endo, H-Bexo, H-7endo
H-Texo H-4, H-Tendo, H-8 H-7endo, H-8, H-10 H-Tendo, H-8 H-2¢is, H-3', H-4, H-Tendo, H-10
H'7end0 H_7EX01 H-8 H- 7ex01 H-9 H'7ex01 H-8 H'41 H'Sendm H'Gendm H'7ex0
H-8 H-Texo, H-Tendo H-2¢is, H-7exo, H-9, H-5" H-Texo, H-Tendo H-2¢is, H-5', H-9
H-9 H-8 H-5", H-6engo, H-7endo, H-8 H-8, H-5'
H-10 H-3, H-11tans, H-11cis H-2¢is, H-3, H-4, H-Texo, H-11ans, H-11cis H-3, H-11yans, H-11cs H-2¢is, H-Texo, H-11yrans, H-11cis
H-11is H-10 H-2¢s, H-3, H- 0 H-10 H-3, H-10
H-11ans H-10 H-2¢s, H-3, H-10 H-10 H-3, H-10
H-2' H-3' H-3' H-3' H-3'
H-3' H-2' H-2' H-2' H-2', H-Texo
H-5 H-8, H-9 H-8, H-9, OCH;
H-7' H-8' H-8' H-8' H-8', OCHs
H-8 H-7" H-7" H-7" H-7"
OCHs H-5', H-7'
CH;—C=0 H-7'
CH3;—NCH, N—CH,—CHz N—CH,—CH;
N—CH,—CHjs N—CH,—CHjs

(d), and 1.22 (m) attributable to the protons ks2H-9, H-5,
and H-%y, respectively. Moreover, the singlet &t 5.83 (H-

9) coupled with H-8 in the COSY spectrum gave a NOE with
the protons H-g40and H-5'in the NOESY spectrum. Likewise,
the vinyl proton aby 5.53 (ddd, H-10) displayed scalar coupling
with proton H-3 and with both terminal vinyl protons H-l
and H-1kansin @ COSY spectrum and spatial correlation with
the proton signals Hefo, H-4, H-3, and H-gs (Table 2). HSQC
and HMBC experiments confirmed the chemical shifts of an
acetyl group located at C-6The remaining protonsT@ble 1)
are in agreement with the proposed structure for alkaloithe

data indicate that the orientation of quinuclidine with respect
to the quinoline ring is such that H-8 is closer in space to'H-5
suggesting that the configuration of H-8 is erinkage (8-
position) (22) and that the “closed conformation 2” must be
present in alkaloid} (23).

Alkaloid 5, an amorphous white powder, showed IR bands
at 1620, 1591, 1509, 1229, and 755¢nand UV absorption
Amax 333 (loge, 2.17), 280 (log, 2.14), and 232 (log, 3.02),
respectively. The HREIMS gave a molecular ion peak {M]
at m/z 353.2132 corresponding to the molecular formula
Co2H29N20,. The NMR spectroscopic data bfwere similar to
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Table 3. NMR Data for Cupreine (2), Cinchonine (3), and Cinchonine—HClI

Ruiz-Mesia et al.

2 3 cinchonine—HCI?

proton 0 (Ji-n in Hz) HSQC NOESY ogP HSQC oq HSQC
H-2rans 2.991(10.8) 55.6 (t) H-2¢is, H-3, H-6exo 2.93m 48.6 (t) 3.30m 48.6 (t)
H-25is 2.72d (11.0) H-2rans, H-3, H-8, H-10 3.38m 4.34m
H-3 2.34brs 38.6 (d) H-2cis, H-2rans, H-5exo, 2.24m 37.7(d) 2.54m 37.7(d)

H-4, H-10, H-11
H-4 1.86s 27.4(d) H-3, H-5¢x0, H-7exo, H-10 1.74brs 27.6 (d) 2.03brs 27.6 (d)
H-5is 157s 26.1(t) H-3, H-4, H-6¢xo 150 m 236 (t) 1.83m 23.6 (t)
H-5trans 1.96m H-6engo 1.64m
H-Bexo 2.80m 435 (1) H-24rans, H-5ex0 2.78m 49.3 (1) 3.07m 49.3 (1)
H-Bendo 4,10 brt (10.4) H-5engo, H-5', H-9 2.93m 3.40 br t (10.6)
H-Texo 1.26 m 18.6 (t) H-4, H-8, H-10 150 m 18.2 (t) 2.34m 18.2 (1)
H-7engo 1.96 m H-3, H-4, H-8, H-3' 1.14m 0.95m
H-8 3.20t(8.5) 59.4 (d) H-2¢is, H-7exo, H-9, H-10, H-5' 311lm 60.4 (d) 3.30m 60.4 (d)
H-9 6.0s 69.2 (d) H-6engo, H-8, H-5" 5.77d (4.4) 66.8 (d) 6.52brs 66.8 (d)
H-10 5.45 ddd (8.6, 9.8, 16.7) 139.8 (d) H-2¢is, H-3, H-4, H-Texo, 5.91ddd (7.1, 136.6 (d) 6.04 ddd (7.1, 10.2, 17.8) 136.6 (d)
H-8, H-11 10.2,17.8)

H-11is 4.84d(17.0) 115.4 () H-3, H-10 5.00d (16.3) 114.5 () 5.23d(16.3) 117.5 (1)
H-11qans 4.86 d (10.0) H-3, H-10 4.98d (11.2) 5.22d(11.2)
H-2' 8.52d (3.9) 146.3 (d) H-3' 8.84d (4.5) 149.9 (d) 8.85d (4.0) 149.9 (d)
H-3' 7.51d(3.9) 117.8 (d) H-2', H-7engo, H-8, H-9 7.56 d (4.5) 118.6 (d) 7.72d (4.6) 118.6 (d)
H-4' 146.2 (s) 145.9 (s) 145.9 (s)
H-5' 7.37s 103.3 (d) H-6engo, H-8, H-9 8.05d (9.8) 122.3 (d) 7.93d(8.1) 122.3(d)
H-6' 157.0 (s) 7.441(8.5) 127.6 (d) 7.161(7.1) 127.0 (d)
H-7' 7.16d (8.9) 122.9 (d) H-8' 7.611(8.2) 128.9 (d) 7.451(7.6) 128.9 (d)
H-8' 7.80d (8.9) 131.2 (d) H-7' 7.96d (7.4) 129.9 (d) 7.89d(8.2) 129.9 (d)
H-9' 1428 (s) 147.7 (s) 147.6 (s)
H-10' 126.2 (s) 124.4 (s) 124.4 (s)

a Reference 22. ® NMR data in CDCls.

those obtained fot, except for the presence of additional signals
at oy 3.81 (s, 3H);0c 55.8 (q) anddy 2.92 (2H, q); and 1.29
(3H, t), 6c 42.2 (t), and 11.8 (q), assignable to a methoxy and
to an N-ethyl group. The methoxy group was located in the
quinoline moiety at C-6(HSQC and HMBC experiments) and
the ethyl group at the quinuclidine nitrogen. For this reason,
the proton signal aby 4.26 (t) was assignable to the Hi2
vicinal to the quinuclidine nitrogen atom and was displayed
downfield showing a NOE with the signals corresponding to
the protons at H-&%., H-83, and H-10. Likewise, protons H53
H-6endo @nd H-9 exhibited a spatial correlation with the signal
at oy 7.04 (br s, H-5') that confirmed the same configuration
for 5 as for alkaloid4 (Tables 1 and 2). Alkaloid 1 was
identified as quinine-hydrochloride and probably formed as a
result of the extraction procedure, on the basis of its NMR data
(21). Alkaloids2 and3 were the known alkaloids cupreine and
cinchonine, previously isolated froRemijia pedunculat§24)
andCinchona officinalig25), respectively. Complete NMR 1D
and 2D data are presented for alkaloland 3 in this paper,

because these data suggest that cupreine adopts the same closed

conformation 2 as alkaloid.

The antifeedant effects of the test compounds were specific
and structure-dependent (Table 4). None of them affected the
feeding behavior o8.littoralis, while L. decemlineatahowed
the strongest response3gwith 8R 9S configuration) followed
by 4 and 2 (with 8S, R configuration), suggesting that the
stereochemistry and/or the substituents at debermined the
antifeedant activity of these alkaloids. Quinoline-type alkaloids

Table 4. Effective Antifeedant Doses (ECsg) and 95% Confidence

Limits (Lower, Upper) of the Test Compounds on S. littoralis L6
Larvae and Adult L. decemlineata?
S. littoralis
L. decemlineata Al(%of  AB(% of
compound ECso (ug/cm?) ECso (uglcm?) control) control)
>50 >50 87 82
2 11.6 (2.4, 15.6) ~50 98 98
3 1.8 (0.6, 4.9) >50 106 113
3-HCI >50 108 115
4 6.2 (2.4,16.1) >50 85 85

@ Consumption (A/) and biomass gain (AB) of orally injected S. littoralis larvae.

Table 5. Cytotoxic and Trypanocidal Effects of the Test Compounds
on Sf9 and CHO Cells and T. cruzi

EDso? (g/mL)
compound Sf9 CHO T. cruzi
>100 >100 =50
2 >100 >100 >100
3 >100 >100 >100
3-HCl 7.4 (4.2,13.0) >100 >100
4 324 (22.3,47.1) 14.3 (5.9, 34.2) >100

aEDsy = concentration needed to produce 50% viability. ©95% confidence limits.

Alkaloid 4 was cytotoxic to both mammalian and insect cell
lines after 48 h of incubation, an8—HCI had the strongest

have been found to be an antifeedant/deterrent to some insectelective cytotoxic effects to Sf9. Cinchonir® (vas inactive

species. QuinineHCI affected blowfly feeding behavior, acting
on the sugar receptor2®). However, this is the first report of
the insect antifeedant effects Bf-4.

Orally injectedsS. littoralis larvae were not affected by the
test compounds in short-term experimeritalfle 4). Quinidine,
quinine (9, and cinchonidine affected littoralis larvae in long-
term chronic exposure experiments, and this was attributable
to feeding deterrency2(). Therefore, the results shown here
do not rule out any possible chronic effects of the test alkaloids.

under these assay conditions, indicating that the presence of
the HCI molecule enhanced the short-term bioavailability of this
compound to the insect cellsTgble 5). This cytotoxicity
indicates a toxic mode of action other than the neuroreceptor-
mediated effects suggested by their antifeedant activity, since
these cell lines are not related to neurotransmission. The
selectivity of3—HCI between insect (Sf9) and mammal (CHO)
cells might be related to differences in membrane composition.
It has been shown that plasma membranes of Sf9 cells contain
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Table 6. Cytotoxic Effects of the Test Compounds on Tumoral Cell Lines CT26, SW480, HelLa, SkMel25, and SkMel28

ED50a (,ug/mL)
compound CHO CT26 SW480 Hela SkMel25 SkMel28
1 32.5(19.6,53.8) 10.8 (7.1, 16.5) 62.1(46.6, 82.9) 34.7 (19.3, 62.7) 48.0 (38.1, 60.4) 37.0(25.5,35.2)
2 33.5(42.0, 110.0) 45.0 (31.7,64.1) 40.5 (33.3,49.3) 38.9(35.0,43.1) 24.3(20.9,28.1) 30.0 (4.2,15.4)
3 05(0.1,1.7) 27.1(22.6, 32.6) 22.6 (16.7, 30.5) 1.4(0.8,2.3) 13.0 (8.4,19.9) 34.2(22.7,51.5)
3-HCI 2.7(1.9,4.0) 5.3(2.3,11.9) 49(2.1,11.3) 1.2(0.8,1.8) 43(3.2,5.7) 0.6(0.2,1.5)
4 48(29,7.9) 6.1(3.2,11.7) 2.50(1.4,4.3) 2.3(1.3,4.2) 2.7(1.8,4.1) 5.3(3.0,9.1)

4EDsp = concentration needed to produce 50% cell viability.

10 times less cholesterol than membranes isolated from mam-(1), adrenergic neuroreceptors (3, cinchonidine, and quini-

malian cells, and the cholesterol-to-phospholipid ratio in Sf9
cells is lower than that in mammalian cel®8)). These cytotoxic
compounds did not affect orally inject&d littoralislarvae, thus
suggesting metabolic detoxification, excretion, or target-site
insensitivity.

T. cruzi was moderately affected by quining)((Table 5).
Cinchonaalkaloids such as quinind), cinchonine 8), quini-

dine, and cinchonidine have been used as effective antimalarial
drugs (29). Furthermore, these compounds have been reporte

as trypanocidal against bloodstream forms of the Afridan
bruceiandT. congolensig30). In this study, however, onl¥
affected T. cruzi, suggesting species dependency for the
trypanocidal effects of these alkaloids. Similafly congolensis
was less susceptible thdnbruceito quinoline alkaloids (30).

Table 6 shows the long-term effects of the test alkaloids on
CHO cells and a panel of tumoral cell lines. Overall, the new
alkaloids4 and 3—HCI were the most cytotoxic. Alkaloi@
was less cytotoxic thaB—HCI for all of the cell lines except
the CHO cells, suggesting a selective, delayed effe@ oh
this cell line. In terms of selective cytotoxicity (tumoral/CHO
cells),3—HCI (SkMel28, 4.5-fold; HelLa, 2-fold) and (CT26,
3-fold) were the most selective, followed By(SW480, Hela,
and SkMel25, 2-fold) an@ (SkMel25, 1.4-fold). Several factors,

such as intracellular transportation, metabolism, and inactivation

and receptor geometry, may contribute to this differential mode
of action. Similarly, quinineX) and cinchonine3), among other

dine), and serotonin neurorecepto83). Therefore, the anti-
feedant effects of alkaloid®—4 could be related to neurore-
ceptor binding activities, according to the neuroreceptor-
mediated insect-taste regulation hypothed§4)( while their
cytotoxicity is probably due to DNA damage and/or protein
biosynthesis inhibition, assuming that binding to these molecular
targets involves similar molecular interactions that could explain
different biological activities with similar structural requirements

§s suggested (33).

ABBREVIATIONS USED

Sf9, S. frugiperdapupal ovarian tissue cells; CHO, chinese
hamster ovary; CT26, murine colon adenocarcinoma; SW480,
human colon adenocarcinoma; HelLa, human cervical adeno-
carcinoma; SkMel25, human melanoma; SkMel28, human
malignant melanoma; Pgp, P-glycoprotein; MRP1, multidrug-
resistance protein; GSH/GST, the murine glutathione/glutathione
S-transferase detoxification system; FBS, fetal bovine serum;
MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bro-
mide.

ACKNOWLEDGMENT

We gratefully acknowledge S. Carlin for language revision.
Supporting Information Available: Quinine (1). Resin;
EIMS m/z[M]+ 324 (1), 309(1), 296 (1), 233 (1), 205 (6), 189

(5), 137 (10), 136 (100), 91 (78), 81 (7); HREIMB/z[M] *

related alkaloids, have been reported to be cytotoxic to human324.1831 (calcd for gH24N-0O, 324.1837);1H NMR (HCI

HL-60 cells (31). Overall, the predicted (SW480 CT26,
SKMel28, HeLa> SKMel25) and observed resistance of the
tumoral cell lines did not correlate, especially for the effects of
4 and 3—HCI. The lack of resistance of SW480, CT26, and
SKMel28 cells to these compounds could be related to the
inhibition of the resistance mechanism. CinchoniBjepartially
reversed the drug resistance of tumoral cells more efficiently
than quinine (1) through Pgp binding (31).

The cytotoxic action of these alkaloids showed similar
structural requirements to the antifeedant effeci®, @ con-
formation or acetylation at C-6for the 8S, ® alkaloids).
Similarly, the relative “in vitro” antimalarial activity ol and
related substances has been established with ’h&S3con-
formation having the strongest activit$2). These generalized

conformational requirements suggest a common mechanism for

the molecular interactions involved in the diverse biological
activities found for these alkaloids.

Alkaloids are considered to be multipurpose defense sub-

form, CDCk, 500 MHz)6y 8.62 (H, d,J = 4.5 Hz, H-2), 7.45
(H, br s, H-5'), 7.90 (H, dJ = 8.0 Hz, H-8"), 7.31 (H, dJ =
8.0 Hz, H-7), 7.70 (H, d,J = 4.5 Hz, H-3), 5.60 (H, dddJ =
7.1,10.2, 17.8 Hz, H-10), 6.40 (H, brd= 4.4 Hz, H-9), 5.10
(H,d,J=16.3 Hz, H-J= 11a), 4.97 (H, dJ = 11.2 Hz, H-11b),
4.10 (H, m, H-Gn49, 4.03 (3H, s, OCH), 3.32 (H, dd,J =
13.2, 10.0 Hz, H-gan9, 3.31 (H, m, H-8), 3.10 (2H, m, He2
and H-&yxo), 2.47 (H, m, H-3), 2.11 (H, m, Hd&49, 2.05 (H, br

s, H-4), 1.82 (H, m, H-5), 1.34 and 0.79 (H each, m, Hnfo
and H-7y., respectively). Cupreine2). Oil; [o]%% — 130.23°
(c 0.655, EtOH); UV (EtOHWmax (I0g €) 336 sh (1.2) nm, 233
sh (2.0) nm; EIMSn/z[M] * 310 (3), 309(1), 238 (1), 200 (2),
188 (6), 175 (20), 159(17), 146 (21), 137 (35), 136 (100), 81
(33); HREIMS m/z [M]* 310.1629 (calcd for ©H2oN20;
310.1681). Cinchonine (3). Crystallized from gt,—MeOH,;
mp 256—57°C; [a]%% + 230° (c 0.64, EtOH); [lit. mp 260
°C, and [of% + 224 (EtOH), respectively] (17); IR (film)
vmax 3110, 2918, 1654, 1560, 1508, 1458, 1108, 995, 761'tm
UV (EtOH) Amax (log €) 314 sh (4.0) nm, 284 sh (3.2) nm, 225

stances because of their wide-ranging activities concerning their(3.9) nm; EIMSm/z[M] * 294 (25), 253 (7), 159 (17), 143 (11),

multiple-target actions. Specifically, quinoline-type alkaloids
inhibit protein biosynthesis, intercalate with DNA, affect DNA
polymerase | and reverse transcriptake3( cinchonidine, and
quinidine), and bind to nicotinic and muscarinic neuroreceptors

136 (100), 130 (11), 108 (5), 95 (7), 85 (11), 83 (17), 81 (17),
55 (11); HREIMSm/z [M]* 294.1684 (calcd for GH2:N,0
294.1732). FotH and!3C NMR, se€eTable 3. This material is
available free of charge via the Internet at http://pubs.acs.org.
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