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Abstract

The study of the chemical constituents of the roots of Newbouldia laevis (Bignoniaceae) has resulted in the isolation and characteriza-
tion of a naphthoquinone-anthraquinone coupled pigment named newbouldiaquinone A (1) together with 14 known compounds:
apigenin, chrysoeriol, newbouldiaquinone, lapachol, 2-methylanthraquinone, 2-acetylfuro-1,4-naphthoquinone, 2,3-dimethoxy-1,4-
benzoquinone, oleanolic acid, canthic acid, 2-(4-hydroxyphenyl)ethyl triacontanoate, newbouldiamide, 5,7-dihydroxydehydroiso-o-
lapachone, B-sitosterol, and B-sitosterol glucopyranoside. The structure elucidation of the isolated compounds was established based
on spectroscopic studies, notably of the 2D NMR spectra. The antimalarial activity of compound (1) against Plasmodium falciparum
in vitro shows moderate chemo suppression of parasitic growth. Its antimicrobial activity against a wide range of microorganisms was
13- and 24-fold more active against Candida gabrata and Enterobacter aerogens than the reference antibiotics nystatin and gentamycin.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Newbouldia laevis SEEM. or “Boundary Tree” is a med-
ium sized angiosperm in the Bignoniaceae family. It is
native to tropical Africa, and grows to a height of about
10 m (Okeka, 2003). The species N. laevis is widely used
in African folk medicine for the treatment of several dis-
eases such as an astringent in diarrhea and dysentery. It
is also employed in the treatment against worms, malaria,
sexually transmitted disease, and in the reduction of dental
caries (Eyong et al., 2005). However, little is known of its
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antimalarial properties despite the fact that this species is
widely used by local healers to treat malaria. In an earlier
study, we reported the isolation and structure elucidation
of newbouldiaquinone, a naphthoquinone-anthraquinone
C-C coupled pigment (Eyong et al., 2005). To obtain the
minor compounds, the roots, seeds and leaves of Newboul-
dia laevis were again collected and extracted with
CH,Cl;:MeOH (1:1). The root fraction was subjected to
different chromatographic procedures resulting in the isola-
tion and structure elucidation of newbouldiaquinone A (1),
another naphthoquinone-anthraquinone pigment from N.
laevis, but coupled via an ether bridge rather than a C-C
bond (Eyong et al., 2005). We now report on the structure
elucidation and antibacterial potency of 1 against a wide
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range of microorganisms and on antimalarial screening of
this compound together with other quinones and deriva-
tives from this plant.

2. Results and discussion

The MeOH:CH,Cl, (1:1) extract of the leaves, stem and
root of N. laevis was fractionated by silica gel column
chromatography to give several fractions, which were
further chromatographed on silica gel to give a new naph-
thoquinone-anthraquinone dimeric quinone, newbouldi-
aquinone A (1) together with 14 known compounds.
The latter group of compounds were identified by compar-
ison of their spectroscopic data with the literature data as
apigenin (Hiermann and Kartnig, 1978), chrysoeriol (Har-
rison and Kulshreshtha, 1984), newbouldiaquinone
(Eyong et al., 2005), lapachol (Khan and Mlungwana,
1999), 2-methylanthraquinone (Boivert and Brussard,
1988), 2-acetylfuro-1,4-naphthoquinone (Lopes et al.,
1984), 2,3-dimethoxy-1,4-benzoquinone (Matsumoto and
Kobayashi, 1985), oleanolic acid (Ikuta and Hokawa,
1988), canthic acid (Chatterjee et al., 1979), 2-(4-hydroxy-
phenyl)ethyl triacontanoate (Ali and Houghton, 1999),
newbouldiamide (Eyong et al., 2005), 5,7-dihydroxydehy-
droiso-a-lapachone (Gafner et al, 1996), B-sitosterol
(Schuhr et al., 2003), and p-sitosterol glucopyranoside
(Seo et al., 1978). The a-lapachone and B-lapachone were
synthesized from lapachol using the Hooker procedure
(Hooker, 1936).

Newbouldiaquinone A (1) was obtained as a yellow
powder with m.p. 260 °C. The UV spectrum of 1 exhibited
absorption maxima at 270, 308 and 388 nm, suggesting a
naphthoquinone derivative (Gorman et al., 2003). This
was supported by IR bands at 1647 cm~' for carbonyl
absorption, a broad signal at 3404 cm ™' for a non-chelated
hydroxyl group and also by a sharp signal at 1236 and
1036 cm ™" for an ether function. Analysis of the chemical
ionisation mass spectrum (CI-MS) gave a molecular ion
at m/z 411.1 [M — HJ", corresponding to the molecular
formula C,sH 4O, supported by the 'H NMR, "*C
NMR and DEPT analysis. The mass spectrum also showed
peaks at m/z 394.1 [M — O]", 348 [M — O — CO — H,O]"
and 322 [M — H,O — 2CO — CH,]", exhibiting loss of
methyl, water and multiple loss of carbon monoxide, sug-
gesting the presence of hydroxyl, methyl, and carbonyl

(0] 0]
G O,
(0] (0]
fragment A fragment B

groups. This fragmentation pattern is typical for hydrox-
yanthraquinone and/or napthoquinone (Aguinaldo et al.,
1993; Singh and Singh, 1986).

The "H NMR in CDCI; (see Section 3) of newbouldiaqui-
none A (1) had one singlet at § 2.51 of three protons, charac-
teristic of a methyl group attached to an aromatic system
(Aguinaldo et al., 1993). It also had 10 strongly deshielded
protons, 6 of which appear above ¢ 8.10, characteristic of
protons peri to carbonyl groups, suggesting the presence of
an anthraquinnone-anthraquinone, anthraquinone-naph-
thoquinone or naphthoquinone-naphthoquinone ring sys-
tem. From the proton—proton correlation spectroscopy
(COSY), two pairs of four protons were coupling to one
another while two protons did not have any coupling sug-
gesting the presence of two pairs of AA’BB’ spin system of
four aromatic protons each. The first AA’BB’4spin system
of four aromatic protons at ¢ 8.37-8.32 (2H, m, H-5, H-8),
7.95 (2H, td, J=38.5, 1.5 Hz, H-6, H-7) along with 8.27
(1H, s, H-4) and 8.18 (1H, s, H-1) indicated that compound
1 contains an anthraquinone, possessing an unsubstituted
ring A and a di-substituted ring C at positions 2 and 3 (Chart
1, partial structure A). A second AA’BB’ spin system of four
aromatic protons at 8.25(1H, dd, J = 8.5, 1.5 Hz, H-§8'), 8.22
(1H, dd, J = 8.5, 1.5 Hz, H-5"), 7.90 (2H, ¢d, J = 8.5, 1.5 Hz,
H-6’, H-7’) is attributed to a second partial structure B, i.e., a
naphthoquinone, possessing an unsubstituted ring A.

The structures of the two fragments were similar to
those in newbouldiaquinone (Eyong et al., 2005) and were
also confirmed by the analysis of the '*C NMR spectral
data (see Section 3).

The acetylation of compound 1 gave a monoacetate 2
with M™" at m/z 452 with the addition of one acetyl unit
suggesting that it contains only one free hydroxyl group,
probably at position 2’ of the naphthoquinone moiety from
biogenetic consideration as well as from HMBC interac-
tions (Fig. 1). Moreover, the signals at 6 2.30 in 'H

Chart 1. Structures of fragments A and B and newbouldiaquinone A (1) and its acetate 2.
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Table 1

In vitro activity (parasitemia %) of lapachol, newbouldiaquinone A (1), B-lapachone, and a-lapachone against Plasmodium falciparum

Days Control Lapachol Newbouldiaquinone A B-Lapachone a-Lapachone
0 0.55 0.55 0.55 0.55 0.55

1 0.79 0.52 0.41 0.37 0.5

2 1 0.937 0.78 0.66 0.5

3 1.65 1.3 0.9 0.84 0.86

4 2.17 1.97 1.7 1 0.957

NMR and at § 21.5 and 170.1 in '>C NMR further confirm
the monoacetylation of 1. Thus, the remaining oxygen
must be incorporated in an ether linkage. The absence of
any quinoidal protons for H-2’ or H-3’ that usually occurs
at ca. 0 6.87 (Hassanean et al., 2000), for naphthoquinones
and/or benzoquinones confirms our partial structures. The
ether, therefore, links the position C-3’ of fragment B and
position 2 or 3 of fragment A since positions 1 and 4 show
signals for peri-hydrogens in the "H NMR spectrum. The
methyl group is thus attached at C-2 of ring C in the
anthraquinone due to strong HMBC correlations with car-
bon C-1, suggesting a coupled anthraquinone-naphthoqui-
none skeleton at C-3’ and C-3 by ether linkage.
Consequently, the structure of compound 1 was established
as 3-(2-hydroxyl-naphthoquinon-3-0-yl)-2-methyl-anthra-
cen-9,10-dione, named newbouldiaquinone A (1).

Newbouldiaquinone A (1), lapachol, a-lapachone and -
lapachone were tested against Plasmodium falciparum
in vitro. All of them showed moderate suppression of par-
asitic growth (Table 1).

Table 2
Antimicrobial activity of newbouldiaquinone A (1) and of reference
antibiotics

Microbial strains (1) pg/ml (uM)* RA®ug/ml (uM)?

Gram-negative bacteria

Entrobacter freundii 0.31 (0.75) 4.88 (9.0)
Enterobacter aerogens 0.31 (0.75) 9.76 (18)
Enterobacter cloacae 0.31 (0.75) 4.88 (9.0)
Escherichia coli 0.31 (0.75) 1.22 (2.25)
Klebsiella pneumoniae 0.31 (0.75) 2.44 (4.5)
Morganella morgani 0.61 (1.49) 2.44 (4.5)
Proteus mirabilis 0.31 (0.75) 2.44 (4.5)
Proteus vulgaris 4.88 (11.9) 1.22 (2.25)
Pseudomonas aeruginosa 9.76 (23.8) 4.88 (9.0)
Shigella dysenteriae 4.88 (11.9) 2.44 (4.5)
Shigella flexneri 1.22 (2.97) 2.44 (4.5)
Salmonella typhi 4.88 (11.9) 2.44 (4.5)
Gram-positive bacteria

Bacillus cereus 9.76 (23.8) 2.44 (4.5)
Bacillus megaterium 9.76 (23.8) 4.88 (9.0)
Bacillus stearothermophilus 9.76 (23.8) 4.88 (9.0)
Bacillus subtilis 4.88 (11.9) 2.44 (4.5)
Staphylococcus aureus 9.76 (23.8) 4.88 (9.0)
Streptococcus faecalis 9.76 (23.8) 4.88 (9.0)
Yeasts

Candida albicans 4.88 (11.9) 4.88 (5.21)
Candida krusei 4.88 (11.9) 4.88 (5.21)
Candida gabrata 0.31 (0.75) 9.76 (10.4)

@ MIC: minimal inhibition concentration or the lowest concentration
that prevents the growth of the tested pathogens.
® RA: reference antibiotics (gentamycin for bacteria, nystatin for yeast).

Newbouldiaquinone A (1) is a powerful antimicrobial
agent (Table 2). Very pronounced activities were observed
against Gram-negative bacteria with the minimal inhibition
concentration (MIC) varying from 0.31 to 9.76 ug/ml
(0.75-23.8 uM). The inhibition effect observed was greater
than that of the reference antibiotics (RA). However, it
appeared to be less active against Gram-positive bacteria.
Its antifungal activity was also important with Candida
gabrata being the most sensitive yeast. Newbouldiaquinone
A (1) is 13- and 24-fold more active against Candida gab-
rata and Enterobacter aerogens than nystatin and gentamy-
cin, respectively.

3. Experimental
3.1. General experimental procedures

'H, 2D 'H-'H CoOsY, *C, 2D HMQC and HMBC
spectra were recorded with a Bruker Avance 500 MHz
spectrometer. Chemical shifts are referenced to internal
TMS (6 =0) and coupling constants J are reported in
Hz. Optical spectra were recorded with a NICOLET
510P FT-IR spectrometer, a UV-2101PC spectrometer,
and Perkin—Elmer 241 polarimeter.

3.2. Plant material

The plant Newbouldia laevis SEEM. (Bignoniaceae) was
collected at Mamfe, South West province of the Republic
of Cameroon in December 2004, earlier identified by Mr.
Ndive Elias (Plant taxonomist), Botanical Garden, Limbe
Cameroon. A voucher specimen (No. 1754/SRFK) has
been deposited at the National Herbarium, Yaounde,
Cameroon.

3.3. Extraction and isolation

Dried and powdered leaves (1 kg), seeds (1 kg), root
bark (2.5 kg), and stem bark (3 kg) of N. laevis were sepa-
rately extracted with a mixture of MeOH:CH,Cl, (1:1) at
room temperature for 24 h. The suspensions were filtered
and each filtrate was concentrated under vacuum to give
300, 80, 80 and 90 g of crude residue, respectively. 50 g of
the 300 g crude extract of the leaves was separated using
sepadex LH-50 to give yellow eluents that were regrouped
based on their TLC pattern and purified by column chro-
matography on silica gel eluting with hexane:EtOAc
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(7.5:2.5) to afford Apigenin (40 mg). The crude extract
from the seeds (80 g) was subjected to column chromatog-
raphy (silica gel, hexane, hexane-EtOAc and EtOAc, in
order of increasing polarity) yielding 205 fractions
(F1_p05). Fractions F3s_49, from elution with a mixture of
hexane-EtOAc (9:1) yielded B-sitosterol (200 mg), and
fractions Fjg7_112, which were eluted with hexane:EtOAc
(5.5:4.5) and subjected to a second CC, afforded newboul-
diamide (80 mg). Column fractions F;s5;_;¢> [hexane:EtOAc
(5.5:4.5)], Fi70-172 [hexane:EtOAc (4:6)] that was similarly
subjected to a second CC yielded chrysoeriol (40 mg) and
fractions Fj99_»09 hexane-EtOAc (3.0:7.0) afforded B-sitos-
terol glucopyranoside (500 mg). Similarly, the crude extract
of the root bark (80 g) was also chromatographed on a sil-
ica gel column and eluted with gradient mixtures of hex-
ane:EtOAc yielding 200 fractions (Fj_pgo). Fractions Fpo—
F3o were eluted with hexane:EtOAc (9.5:0.5) and afforded
2-acetylfuro-1,4-naphthoquinone (6.5 mg) and 2-meth-
ylanthraquinone (80 mg). Fractions F3;_3s, eluted with a
mixture of hexane:EtOAc (9:1), gave lapachol (200 mg);
fractions Fog_106 (hexane:EtOAc 8.5:1.5) gave newbouldi-
aquinone (30 mg). Fractions Fj3s 133 on CC using hex-
ane:EtOAc (8:2), gave canthic acid (50 mg), Fiss 150
hexane:EtOAc (7.5:2.5) afforded a 5,7-dihydroxydehydro-
iso-a-lapachone while Figs.179 eluted with hexane:EtOAc
(7:3) afforded newbouldiaquinone A (1). Finally, the crude
extract of stem bark (90 g) was subjected to CC using hex-
ane—EtOAc yielding 151 fractions (F;_;51). Fractions Fi7 5
eluted with hexane afforded 2,3-dimethoxy-1,4-benzoqui-
none (8 mg) and fractions Fug 59 gave 2-(4-hydroxyphe-
nyl)ethyl triacontanoate on subjecting to CC using
hexane:EtOAc (9.5:0.5) while Fyy_199 (Hex:EtOAc 8.0:2.0)
gave oleanolic acid (80 mg).

3.3.1. Newbouldiaquinone A (1)

Yellow powder, m.p. 260 °C; UV A,,.x, nm (log ¢): 270
(2.9), 308 (4.80), 388 (4.50); IR vmax CHCly; con ™' 3404,
1647, 1236, 1036;. "H NMR (500 MHz, CDCls): § 8.37-
8.32 (2H, m, H-5, H-8), 8.27 (1H, s, H-4), 8.25 (1H, dd,
J=38.5, 1.5Hz, H-8'), 8.22 (1H, dd, J=8.5, 1.5 Hz, H-
5'), 8.18 (1H, s, H-1), 7.95 (2H, td, J =8.5, 1.5 Hz, H-6,
H-7) and 7.90 (2H, td, J=8.5, 1.5 Hz, H-6/, H-7'), 2.51
(3H, s, CH;-2); *C NMR (125 MHz, CDCls): 6 183.5
(C-10), 182.9 (C-1"), 182.7 (C-9), 181.6 (C-4"), 145.4(C-3),
140.1 (C-3'), 139.9 (C-2'), 135.2 (C-6'), 134.9 (C-7'), 134.8
(C-6), 133.9 (C-7), 133.6 (C-8a), 132.7(C-10a), 132.6 (C-
9a), 132.5 (C-4a), 130.9 (C-4a’), 130.8 (C-8a’), 129.8 (C-
1), 1282 (C-4), 127.2 (C-5), 127.1 (C-8), 126.4 (C-8'),
126.3 (C-5'), 121.3 (C-2), 20.4 (CHs); CI-MS (CH,): m/z
411.1 M+ 1]; EIMS m/z (rel. int.): 410.1 [M]" (41),
394.1 [M — O]" (100), 348.1 [M — O — CO — H,0]" (30),
322.1 [M — H,0 — 2CO — CH,]"(20), 252.1 (20), 176.1
(14), 126.1 (8), 105.0 (16), 76.0 (21), 50.0 (9).

3.3.2. Acetylation
A solution of dry pyridine (0.5 ml) and Ac,O (0.5 ml) were
added to compound 1 (5 mg), and left overnight. After usual

hydrolytic (HCI) workup, compound 2 was isolated and
purified by filtration over a short batch of silical gel (CH,Cl,)
(3 mg); m.p.: 205 °C; '"H NMR (500 MHz, CDCls): 6 8.37—
8.33 (2H, m, H-5, H-8), 8.27 (1H, s, H-4), 8.24 (1H, dd,
J=28.5,1.5Hz, H-8'), 8.21 (1H, dd, J = 8.5, 1.5 Hz, H-5'),
8.15 (1H, s, H-1), 7.88-7.83 (4H, m, H-6, H-7, H-6’, H-7'),
2.50 (3H, s, CH;3-2) and 2.30 (3H, s, CH;COO); '*C NMR
(125 MHz, CDCl3):6 183.3 (C-10), 183.0 (C-1'), 182.7 (C-
9), 181.6 (C-4'), 170.1 (CH5COO0)145.3(C-3), 141.9 (C-3),
140.8 (C-2%), 135.5 (C-6'), 134.2 (C-7'), 134.8 (C-6), 133.9
(C-7), 133.6 (C-8a), 132.7(C-10a), 132.5 (C-9a), 132.4 (C-
4a), 130.8 (C-4a’), 130.7 (C-8a’), 129.6 (C-1), 128.1 (C-4),
127.4 (C-5), 127.0 (C-8), 126.7 (C-8'), 126.5 (C-5'), 121.4
(C-2), 21.5 (CH5COO), 20.4 (CHs-2); EI-MS m/z (rel.
int.): 452.1 [M]" (30), 392.1 [M — HOAc]" (25), 410.1
[M — CH5CO + HJ" (30), 176.1 (12), 126.1 (11), 105.1 (16),
76.2 (29), 50.1 (12).

3.4. Antimalarial test

Newbouldiaquinone A (1), lapachol, a-lapachone and -
lapachone were dissolved in water + DMSO 0.02% v/v
(Andrade-Neto et al., 2004). The compounds were admin-
istered over a period of four days to the culture and the
number of parasites was determined daily. An untreated
culture of plasmodia served as a control (for results see
Table 1).

3.4.1. Culturing of P. falciparum NF54 strain

P. falciparum isolate NF54 and R strain were main-
tained in small Petri dishes (5 cm) according to a protocol
from Moloney (Moloney et al., 1990) and Trager (Trager
and Williams, 1992) in a gaseous phase of 90% N,, 5%
CO; and 5% O,. Parasites were cultured in human erythro-
cytes (blood group A*) in RPM 1640 medium (Sigma) sup-
plemented with 25uM HEPES, 20mM sodium
bicarbonate, and 10% heat inactivated human A+ plasma
at 10% (v/v) hematocrit. The parasitemia of infected eryth-
rocytes was determined by light microscopy and estimated
by Giemsa-stained smears. Parasitemia detected in the cul-
tures were scored visually with a 100-fold oil immersion
objective, counting at least 1000 infected erythrocytes to
determine the parasitemia.

3.4.2. Inhibitor experiments by monitoring multiplication and
growth of plasmodia

Cultures were adjusted to a parasitemia of 0.5%. Ali-
quots were diluted 1:10-fold in RPMI-medium, dispensed
into 12-well microculture trays and incubated at 37 °C in a
candle jar. Thereafter, growth medium was changed once
a day for four days and inhibitors were added to the
media in concentration of 20 uM as indicated. Each sub-
stance was analyzed in four independent wells of the
microculture tray. Parasitemia was estimated as triplicates
daily in each of the four independent wells from Giemsa-
stained smears by counting 1000 erythrocytes (for results
see Table 1).
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3.5. Antimicrobial test

3.5.1. Microbial strains

A total of 21 microbial cultures belonging to six Gram
positive bacterial species (Bacillus cereus, Bacillus megate-
rium, Bacillus substilis, Bacillus stearothermophilus, Staphy-
lococcus aureus, Streptococcus faecalis), 12 Gram negative
bacteria (Escherichia coli, Shigella dysenteriae, Proteus vul-
garis, Proteus mirabilis, Shigella flexneri, Klebsiella pneu-
moniae, Pseudomonas aeruginosa, Salmonella typhi,
Morganella morgani, Enterobacter aerogens, Citrobacter
freundii, Enterobacter cloacae), and three yeasts from Can-
dida species (Candida albicans, Candida krusei and Candida
gabrata) were used in this study. Three of the four Bacillus
species were provided by “I'institut Appert de Paris” while,
Bacillus cereus was provided by the A.F.R.C Reading Lab-
oratory of Great Britain. The other strains were clinically
isolated from patients in the Centre Pasteur de Yaounde-
Cameroon (health institution). They were then maintained
on agar slant at 4 °C in the Laboratory of the Applied
Microbiology and Molecular Pharmacology (Faculty of
Science, University of Yaounde I) where the antimicrobial
tests were performed. The strains were activated at 37 °C
for 24 h on nutrient agar (NA) (bacteria) or Sabouraud
glucose agar (yeasts). The nutrient broth (NB) was used
to determine the minimal inhibition concentration of com-
pound (1) against the tested pathogens.

3.5.2. Antimicrobial assays

MICs of compound (1) were evaluated against the
pathogens. The inocula of micro organisms were prepared
from 12 h broth culture and the suspensions were adjusted
to 0.5 Mc Farland turbidity. Compound (1) was first dis-
solved in dimethyl sulfoxide (DMSO) 10% v/v to the high-
est dilution (39.06 pg/ml), and serial twofold dilutions were
made in a concentration ranged from 0.031 to 39.06 pg/ml
in the 96 wells microplate containing NB. MIC values of
the tested compounds against pathogens were determined
based on the microdilution method, as the lowest concen-
tration at which there was 100% growth inhibition of the
tested pathogens (Zgoda and Porter, 2001). Gentamycin
(bacteria) and nystatin (yeasts) diluted prior in water were
also used as reference antibiotics. Negative control was
made with DMSO 10% v/v.

Acknowledgements

K.O. Eyong thanks DAAD, Germany, for financial sup-
port. We thank J.A. Efim, P.K, Pemha, S. Bessong for harv-
esting N. laevis from Mamfe and to E.B. Betek for revealing
several antimalarial plants among which was N. laevis.

References

Aguinaldo, A.M., Ocampo, O.P.M., Bowden, B.F., Gray, A.l.,, Water-
man, P.G., 1993. Tectograndone, an anthraquinone-naphthoquinone

pigment from the leaves of Tectona grandis. Phytochemistry 33, 933—
935.

Ali, R.M., Houghton, P.J., 1999. A new phenolic fatty acid ester with
lipoxygenase inhibitory activity from Jacaranda filicifolia. Plant.
Medic. 65, 455-457.

Andrade-Neto, V.F., Goulart, M.O.F., Filho, J.F.S., Silva, M.J., Pinto,
M.C.F.R., Zalis, M.G., Carvalho, L.H., Krettli, A.U., 2004. Antima-
larial activity of phenazines from lapachol, B-lapachone and its
derivatives against Plasmodium falciparum in vitro and Plasmodium
berghei in vivo. Bioorg. Med. Chem. Lett. 14, 1145-1149.

Boivert, L., Brussard, P., 1988. Regiospecific addition of monooxygenated
dienes to halo-quinones. J. Org. Chem. 53, 4052-4059.

Chatterjee, T.K., Basak, A., Borua, A.K., Mukherjee, K., Roy, L.N.,
1979. Studies on the structure and stereochemistry of canthic acid- a
new triterpene acid sapogenin from Canthium dicoccum. Trans. Bose
Res. Inst. 42, 85-87.

Eyong, O.K., Krohn, K., Hussain, H., Folefoc, G.N., Nkengfack, A.E.,
Schulz, B., Hu, Q., 2005. Newbouldiaquinone and newbouldiamide: a
new naphthoquinone-anthraquinone coupled pigment and a new
ceramide from Newbouldia laevis. Chem. Pharm. Bull. 53 (6), 616-619.

Gafner, S., Wolfender, J.L., Nianga, M., Stoeckli, E.H., Hostetmann, K.,
1996. Antifungal and antibacterial naphthoquinones from Newbouldia
laevis roots. Phytochemistry 42 (5), 1315-1320.

Gorman, R., Kaloga, M., Li, X.-C., Ferreira, D., Bergenthal, D., Kolodziej,
H., 2003. Furanonaphthoquinones, atraric acid and a benzofuran from
the stem barks of Newbouldia laevis. Phytochemistry 64, 583-587.

Harrison, A.D., Kulshreshtha, D.K., 1984. Chemical constituents of
Amberboa ramose. Fitoterapia 55, 189-192.

Hassanean, H.A., Ibraheim, Z.Z., Takeya, K., Itorawa, H., 2000. Further
quinoidal derivatives from Rubia cordifolia L. Pharmazie 55, 317-319.

Hiermann, A., Kartnig, T., 1978. Flavonoids in the leaves of Digitalis
lanata (Ehrart). Plant. Medic. 34 (2), 225-226.

Hooker, S.C., 1936. The constitution of lapachol and its derivatives. Part
V. The structure of Paterno’s “Isolapachone”. J. Am. Chem. Soc. 58,
1190-1197.

Ikuta, A., Hokawa, H., 1988. Triterpenoids of Paeonia japonica callus
tissue. Phytochemistry 27, 2813-2815.

Khan, R.M., Mlungwana, S.M., 1999. 5-Hydroxylapachol: a cytotoxic
agent from Tectona grandis. Phytochemistry 50, 439-442.

Lopes, C.C., Lopes, R.S.C., Pinto, A.V., Costa, P.R.R., 1984. Efficient
synthesis of cytotoxic quinones: 2-acetyl-4H,9 H-naphtho[2,3-b]furan-
4,9-dione and (+£)-2-(1-hydroxyethyl)-4 H,9 H-naphtho([2,3-b]furan-4,9-
dione. J. Heter. Chem. 21, 621-622.

Matsumoto, M., Kobayashi, H., 1985. Hexacyanoferrate-catalyzed oxi-
dation of trimethoxybenzenes to dimethoxy-p-benzoquinones with
hydrogen peroxide. J. Org. Chem. 50, 1766-1768.

Moloney, M.B., Pawluk, A.R., Ackland, N.R., 1990. Plasmodium
falciparum growth in deep culture. Trans R. Soc. Trop. Med. Hyg.
84 (4), 516-518.

Okeka, A.O., 2003. Three-minute herbal treatment to reduce dental caries
with a Newbouldia laevis based on extract. Am. J. Undergrad. Res. 2
(2), 1-4.

Schuhr, C.A., Radykewicz, T., Sagner, S., Latzel, C., Zenk, M.H., Arigoni,
D., Bacher, A., Rohdlich, F., Eisenreich, W., 2003. Quantitative
assessment of crosstalk between the two isoprenoid biosynthesis path-
ways in plants by NMR spectroscopy. Phytochem. Rev. 2 (1-2), 3-16.

Seo, S., Tomita, Y., Tori, K., Yoshimura, Y., 1978. Determination of the
absolute configuration of a secondary hydroxyl group in a chiral
secondary alcohol using glycosidation shifts in carbon-13 nuclear
magnetic resonance spectroscopy. J. Am. Chem. Soc. 100, 3331-3339.

Singh, J., Singh, J., 1986. A bianthraquinone and a triterpenoid from the
seeds of Cassia hirsute. Phytochemistry 25, 1985-1987.

Trager, W., Williams, J., 1992. Extracellular (axenic) development in vitro
of the erythrocytic cycle of Plasmodium falciparum. Proc. Natl. Acad.
Sci. USA 89 (12), 5351-5355.

Zgoda, J.R., Porter, J.R., 2001. A Convenient microdilution method for
screening natural products against bacteria and fungi. Pharmaceut.
Biol. 39 (3), 221-225.



	Newbouldiaquinone A: A naphthoquinone-anthraquinone ether coupled pigment, as a potential antimicrobial and antimalarial agent from Newbouldia laevis
	Introduction
	Results and discussion
	Experimental
	General experimental procedures
	Plant material
	Extraction and isolation
	Newbouldiaquinone A (1)
	Acetylation

	Antimalarial test
	Culturing of P. falciparum NF54 strain
	Inhibitor experiments by monitoring multiplication and growth of plasmodia

	Antimicrobial test
	Microbial strains
	Antimicrobial assays


	Acknowledgements
	References


