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The methanolic extract (NLB) and ten compounds isolated from the root bark of Newbouldia laevis
Seem, namely chrysoeriol (1), newbouldiaquinone (2), 2-acetylfuro-1,4-naphthoquinone (3), 2-hydroxy-
3-methoxy-9,10-dioxo-9,10-dihydroanthracene-1-carbaldehyde (4), lapachol (5), B-sitosterol-3-O-3-D-
glucopyranoside (6), oleanolic acid (7), canthic acid (8) newbouldiamide (9) and 2-(4-hydroxyphenyl)-
ethyltrioctanoate (10), were tested for in vitro antimicrobial activity. Twenty one microorganisms be-
longing to six Gram-positive and twelve Gram-negative bacterial species as well as three yeasts from
Candida species were tested for their susceptibility to NLB and the pure isolated compounds based
on the Agar Hole Diffusion test and the Liquid Dilution method. The Hole Diffusion assay indicated
that NLB and compound 7 were active against all tested pathogens while other compounds showed
selective activity with the antimicrobial spectra varying from 76% (compound 10) to 95 % (compound 6).
Minimal inhibitory concentrations (MIC) also illustrated the important antimicrobial activity of NLB and
of the isolated compounds. MIC values obtained varied from 9.76 to 312.50 ug/ml for NLB, and 0.038
to 9.76 pg/ml for pure compounds against most of the tested microorganisms. The antimicrobial activ-
ities of compounds 2, 4 and 9 are described here extensively for the first time. The results indicate a
promising basis for the use of Newbouldia laevis and some of its active principles in the treatment of

infectious diseases.

1. Introduction

Newbouldia laevis is widely used in the African folk
medicine for the treatment of several illnesses and dis-
eases as an astringent in diarrhoea, dysentery and in the
treatment of various diseases such as worms, malaria,
sexually transmitted diseases, and in the reduction of den-
tal caries (Eyong et al. 2005). A number of authors have
reported the antimicrobial activities of compounds from
the roots of this plant such as phenyl propanoid glyco-
sides, naphthoquinone and alkaloids (Ahmad et al. 1986;
Adesanya et al. 1994; Houghton et al. 1994; Gafner et al.
1997; Aladesanmi et al. 1998; Okeke etal. 2002). In a
preliminary study of biological activity we showed that
newbouldiaquinone (2) was moderately antibacterial
against Gram-positive Bacillus megaterium (Eyong et al.
2005).

Recently, we reported Newbouldiaquinone A, a new
naphthoquinone-anthraquinone from the root bark of this
plant, which was found to be active against Gram-posi-
tive, Gram-negative bacteria and yeasts (Eyong et al.
2006). In this study, we have evaluated the inhibitory
potency of the methanolic extract (NLB) of the root bark
and of ten pure compounds isolated from NLB. Among
the pure compounds were one flavonoid (1), four qui-
nones (2 to 5), one sterol (6), two triterpenes (7 and 8),
one ceramide (9), and one phenolic derivative (10).
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2. Investigations, results and discussion

The results of the Hole Diffusion test (Table 1) show that
NLB prevents the growth of all tested pathogens including
Gram-positive, Gram-negative bacteria and yeasts. This
can justify the extensive use of the plant in African folk
medicine to treat a spectrum of infectious diseases. This
study also shows that active compounds from this extract
belong to several groups of secondary metabolites such as
flavonoids [chrysoeriol (1)], quinones [newbouldiaquinone
(2), 2-acetylfuro-1,4-naphathoquinone (3), 2-hydroxy-3-me-
thoxy-9,10-diox0-9,10-dihydroanthracene-1-carbaldehyde (4)
and lapachol (5)], sterols [f-sitosterol-3-O-3-D-glucopyra-
noside (6)], triterpenes [oleanolic acid (7) and canthic acid
(8)], ceramide [newbouldiamide (9)] and one phenolic de-
rivative [2-(4-hydroxyphenyl)-ethyltriacontanoate (10)].
The results in Table 1 also show an important and selec-
tive inhibition potency of most of the tested samples:
NLB and compound 7 were active against all of the tested
pathogens, while compound 8 was active against 95%,
compounds 1 and 5 against 81%, and compounds 6, 9
and 10 against 76% of the test organisms. Apart from
compound 7, no other compound was able to inhibit the
growth of all Gram-negative bacteria. Otherwise, com-
pounds 3, 7, 8 and 9 were active against 6 out of 6 tests
against Gram-positive bacterial species. Seven out of ten
test compounds, namely compounds 1, 2, 4, 6, 7, 8 and 9,
inhibited the entire set of candidal cultures.
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Table 1: Microbial susceptibility? to the methanolic extract (NLB) and pure compounds from Newbouldia laevis and reference

antibiotics

Microbial strains Isolated compounds

NLB 1 2 3 4 5 6 7 8 9 10 RAS
Gram-negative bacteria
Citrobacter freundii ++ + ++ — ++ + — ++ ++ — — +4+
Enterobacter aerogenes ++ - + - - + ++ + - - - ++
Enterobacter cloacae ++ + - + ++ + + 4+ ++ 4 4+ 4+
Escherichia coli ++ + + ++ ++ ++ - ++ ++ ++ + ++
Klebsiella pneumoniae ++ ++ - ++ - ++ + ++ ++ - - ++
Morganella morganii ++ + ++ ++ + + ++ ++ ++ + ++ ++
Proteus mirabilis ++ + ++ + ++ ++ ++ ++ ++ ++ ++ ++
Proteus vulgaris ++  ++ - ++  + ++ o+ + ++ o+ + ++
Pseudomonas aeruginosa ++ + — + ++ + + ++ ++ + 4 44
Shigella dysenteriae ++ — — ++ — — — ++ + — — 44
Shigella flexneri ++ ++ - + + ++ ++ + + ++ + ++
Salmonella typhi ++ + - + + ++ + + + + + ++
Gram-positive bacteria
Streptococcus faecalis ++ ++ ++ + + ++ ++ + + ++ + ++
Staphylococcus aureus + + - + + + - + + + + ++
Bacillus cereus ++ - + ++ ++ - + ++ ++ ++ ++ ++
Bacillus megaterium ++ - + ++ - + — —+ ++ + + ++
Bacillus stearothermophilus ++ + + ++ + + + ++ ++ + - ++
Bacillus subtilis ++ A+t 4+ o+ ++  ++ + + ++
Yeasts
Candida albicans ++ + ++ - ++ + + + + - + ++
Candida krusei ++ + + + ++ - + ++ ++ + ++ ++
Candida glabrata ++ ++ + ++ ++ - + ++ ++ ++ ++ ++

* Results recorded as mean IZ of two experiments and expressed as signs: (—) for not active samples, (4) for samples with 6 mm < IZ < 10 mm, (4++) for samples with 1Z
>10 mm; ® Tested samples (Sample tested at 3 mg/ml for NLB (crude extract), pure compounds and RA, No effect of DMSO used as dilution solvent was observed on the tested
microbial strains; © RA: Reference antibiotics (Gentamycin for bacteria, Nystatin for yeast)
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Table 2: Minimal inhibitory concentration (ug/ml) for the methanolic extract (NLB) and pure compounds from Newbouldia laevis

Seem and reference antibiotics

Microbial strains Isolated compounds

NLB 1 2 3 4 5 6 7 8 9 10 *RA
Gram-negative bacteria
Citrobacter freundii 78.12 9.76 244 — 9.76  9.76 — 1.22 0.61 — — 4.88
Enterobacter aerogens 39.06 — 488 — — 9.76 0.61 9.76 — — — 9.76
Enterobacter cloacae 78.12 >9.76 — 9.76 1.22  9.76 9.76 1.22 2.44 9.76  0.61 4.88
Escherichia coli 78.12 488 488 1.22 244 244 — 1.22 0.15 122 976 122
Klebsiella pneumoniae 156.25 244  — 2.44 — 244 9.76 1.22 1.22 — — 2.44
Morganella morganii 78.12 976 488 244 9.76  9.76 1.22 1.22 1.22 976 244 244
Proteus mirabilis 78.12 9.76 488 9.76 0.31 9.76 1.22 0.31 1.22 0.61 122 244
Proteus vulgaris 156.25 122 — 0.61 9.76 244 >9.76 >9.76 0.31 9.76 9.76  1.22
Pseudomonas aeruginosa 78.12 976 — 9.76 0.61 9.76 9.76 1.22 2.44 976 031 4.88
Shigella dysenteriae 78.12 - - 244 - — — 4.88 >9.76 — — 2.44
Shigella flexneri 78.12 122 — 9.76 488 244 4.88 4.88 >9.76 488 976 244
Salmonella typhi 78.12 >9.76 — 976 >9.76 4.88 9.76 9.76 9.76 976  9.76 244
Gram-positive bacteria
Streptococcus faecalis 78.12 488 031 9.76 9.76 244 0.31 9.76 9.76 244 976 4.88
Staphylococcus aureus 312.50 9.76  — 9.76  >9.76  9.76 — >9.76 >9.76 9.76  9.76  4.88
Bacillus cereus 9.76 — 9.76  0.15 122 — 9.76 1.22 0.038 122 244 244
Bacillus megaterium 9.76 — 488 0.15 — 9.76 — 4.88 0.076 9.76 9.76  4.88
Bacillus stearothermophilus 9.76 9.76  9.76  0.076 9.76  9.76 9.76 2.44 0.31 9.76  — 4.88
Bacillus subtilis 9.76 244 244 0.038 122 244 9.76 0.31 0.038 976 9.76 244
Yeasts
Candida albicans 156.25 9.76 488 — 244  — 9.76 9.76 9.76 - 9.76  4.88
Candida krusei 156.25 9.76 488 9.76 244 — 9.76 1.22 1.22 976 488 4.88
Candida glabrata 156.25 244 976 031 031 - 9.76 0.076  1.22 122 031 9.76

* RA: Reference antibiotics (gentamycin for bacteria, nystatin for yeasts); (—): Not tested, because the sample was not active following diffusion assay

MIC values varied from 9.76 to 312.50 pg/ml for NLB
and from 0.038 to a value up to 9.76 pg/ml for pure com-
pounds. The MIC values of reference antibiotics (RA,
gentamycin and nystatin) varied from 1.22 to 9.76 ug/ml
(Table 2). The lowest MIC value (9.76 ug/ml) from the
crude extract was obtained against Bacillus strains. The
lowest MIC values of pure compounds (0.038 ug/ml) were
observed with compound 8 on Bacillus subtilis and Bacil-
lus cereus. MIC values lower than 9.76 ug/ml were ob-
served on 19 out of 21 tested pathogens for compound 7,
18 out of 21 (compounds 3 and 8), 16 out of 21 (com-
pounds 5, 9 and 10), 15 out of 21 (compounds 1, 4 and 6),
and 13 out of 21 (compound 2). However, MIC values
lower than or equal to that of the RA were obtained with
each of the purified compounds on at least one of the
pathogens. Also, many of these compounds exhibited both
antibacterial and anticandicidal activity. The antibacterial
and antifungal activities of naphthoquinones from New-
bouldia laevis such as lapachone derivatives have been
reported against a limited number of strains (Gafner et al.
1996, 1997) and the antimicrobial potency of compound 5§
is in accordance with the obtained results. In our previous
study (Eyong etal. 2005), newbouldiaquinone (2) was
found to be antibacterially active against Gram-positive
Bacillus megaterium. Similarly, newbouldiaquinone A was
found to be active against Gram-positive, Gram-negative
bacteria and yeasts (Eyong et al. 2006).

As for the results in Table 3, it was observed that MMC
values for NLB ranged from 19.53 to 625 ug/ml for 20 out
of 21 pathogens, and from 0.076 to 9.76 ng/ml for com-
pounds on most of the test microorganisms. In this interval,
the MIC values are generally less than four fold smaller
than MMC:s. This suggests that the microbicidal effect of test
compounds against most of the sensitive pathogens could
be expected (Carbonnelle et al. 1987; Mims et al. 1993).
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A number of mechanisms associated with compounds
from each chemical group can explain the powerful poten-
tial of N. laevis. The microbicidal effect observed with
these compounds suggests membrane disruption as one of
the likely mechanism of action (Arvind et al. 2004). This
action can be attributed to oleanolic (7) and canthic (8)
acids (triterpenes) and [-sitosterol-3-O-p-D-glucopyrano-
side (6) (sterol) (Cowan 1999). Also, quinones are known
to complex irreversibly with nucleophilic amino acids in
proteins, often leading to the inactivation of proteins and
loss of function (Stern etal. 1996). This mechanism of
action can, therefore, be attributed to newbouldiaquinone
(2), 2-acetylfuro-1,4-naphathoquinone (3), 2-hydroxy-3-me-
thoxy-9,10-diox0-9,10-dihydroanthracene-1-carbaldehyde (4)
and lapachol (5), and other antimicrobial quinones pre-
viously isolated from this plant (Eyong et al. 2006). Many
studies have documented the effectiveness of flavonoids
against a wide range of Gram-positive bacteria as well as
fungi (Cowan 1999). The antimicrobial activity noted in
this study corroborates those findings. Flavonoids are
known to complex with cell wall components and adhe-
sins to prevent the microbial growth (Rojas etal. 1992;
Perrett et al. 1995) and this is possibly the mechanism by
which chrysoeriol (1) exhibits its harmful effects.

The present results can be considered very promising, due
to the fact that all test pathogens were selected as multi-
resistant strains and that they are medically very important.
Bacillus species especially B. cereus are agents of food
poisoning (Sleigh and Tiburury 1998; Avril 1997). Salmo-
nella typhimurium 1is etiologically the most important
agent of food toxi-infections (Avril et al. 2000). Candida
albicans and other Candida species, the agents of candi-
diasis, are increasingly important diseases distributed
worldwide, due to the fact that they are frequent opportu-
nistic pathogens in AIDS patients (Avril et al. 2000). The
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Table 3: Minimal microbicidal concentration (ug/ml) for the methanolic extract (NLB) and pure compounds from Newbouldia

leavis Seem and reference antibiotics

Microbial strains Isolated compounds

NLB 1 2 3 5 6 7 8 9 10 “RA

Gram-negative bacteria

Citrobacter freundii 312.50 >9.76 4.88 - >9.76  >9.76 — 2.44 1.22 — — 9.76
Enterobacter aerogenes 156.25 — 9.76 - - >9.76 1.22 >9.76 — — - >9.76
Enterobacter cloacae 156.25 ND - >9.76 244 >9.76 >9.76 2.44 4.88 >9.76 1.22 9.76
Escherichia coli 156.25  9.76 9.76 2.44 4.88 4.88 — 2.44 0.31 244  >9.76 244
Klebsiella pneumoniae 31250  4.88 — 9.76 - 9.76  >9.76 2.44 4.88 — — 4.88
Morganella morganii 156.25  9.76 9.76 4.88 >9.76 9.76 2.44 2.44 244 >9.76 4.88 4.88
Proteus mirabilis 156.25 >9.76 9.76  >9.76 0.61 >9.76 244 0.61 2.44 1.22 2.44 4.88
Proteus vulgaris 312.50 244 - 1.22 >9.76 4.88 ND ND 0.61 >9.76 >9.76 244
Pseudomonas aeruginosa 156.25 >9.76 - >9.76 122 >9.76 >9.76 2.44 4.88 >9.76 0.61 9.76
Shigella dysenteriae 156.25 — - 4.88 — - - 9.76 ND - - 4.88
Shigella flexneri 156.25 244 — >9.76 9.76 4.88 9.76 9.76 ND 9.76 9.76 4.88
Salmonella typhi 156.25 ND — >9.76 ND 9.76  >9.76 >9.76 >9.76 >9.76 >9.76 4.88
Gram-positive bacteria

Streptococcus faecalis 156.25  9.76 0.61 >9.76 >9.76 4.88 0.61 >9.76 >9.76 4.88 >9.76 9.76
Staphylococcus aureus >625 9.76 — 9.76 ND >9.76 — ND ND >9.76 9.76 9.76
Bacillus cereus 39.06 — >9.76 0.31 2.44 — >9.76 2.44 0.076  2.44 4.88 4.88
Bacillus megaterium 1953 — 9.76 0.31 - >9.76 — 9.76 0.15 >9.76 >9.76 9.76
Bacillus stearothermophilus 19.53 >9.76 >9.76 0.15 >9.76 >9.76 >9.76 4.88 0.61 9.76 — 9.76
Bacillus subtilis 78.12  4.88 4.88 0.076 244 488 >9.76 0.61 0.076 >9.76  >9.76 4.88
Yeasts

Candida albicans 625 >9.76 9.76 - 4.88 - 9.76 >9.76 >9.76 - >9.76 9.76
Candida krusei 312.50 >9.76 9.76  >9.76 4.88 - 9.76 2.44 244 >9.76 9.76 9.76
Candida glabrata 31250  4.88 >9.76 0.61 0.61 - >9.76 0.15 2.44 2.44 0.61 >9.76

* RA: Reference antibiotics (gentamycin for bacteria, nystatin for yeast); NT: Not tested (sample not active following hole diffusion assay); ND: Not determined (sample with MIC

greater than 9.76 pg/ml).
(—): Not tested (compounds not active following hole diffusion assay)

incidence of the typhoid fever caused by S. typhimurium
is increasing in developing countries nowadays.

The results of the present research work indicate a possi-
ble basis for the use of the methanolic extract from the
root bark of N. laevis in the treatment of infections asso-
ciated with the microorganisms used in this study. Isolated
compounds, including canthic acid (8) could likely be
used but this must be confirmed by further pharmacologi-
cal studies currently going on in our laboratory.

3. Eperimental

3.1. Plant and extracts

The root bark of N. laevis Seem (Bignoniaceae) was collected at Mamfe,
South West province of the Republic of Cameroon in December 2004, ear-
lier identified by Mr. Ndive Elias (Plant taxonomist), Botanical Garden,
Limbe Cameroon. A voucher specimen (No.1754/SRFK) has been depos-
ited at the National Herbarium, Yaounde, Cameroon.

All compounds examined in this report were isolated from the methanolic
extract of Newbouldia laevis (NLB) (Eyong et al. 2006) and compound 4
was previously isolated from Tithonia diversifolia (Bouberte et al. 2006).
The purity and identity of samples were determined by chromatographic
and spectrometric techniques. Gentamycin and nystatin were commercial
samples available in the Laboratory of Applied Microbiology and Molecu-
lar Pharmacology (LMP), Faculty of Science, University of Yaoundé I,
Cameroon.

3.2. Microbial strains

A total of 21 microbial cultures belonging to Bacillus cereus LMP0404G,
Bacillus megaterium LMP0204G, Bacillus stearothermophilus LMP0104G,
Bacillus subtilis LMP0304G, Staphylococcus aureus LMP0206U, Strepto-
coccus  faecalis LMP0207U(Gram-positive bacteria), Escherichia coli
LMPO101U, Shigella dysenteriae LMP0208U, Proteus vulgaris LMP0103U,
Proteus mirabilis LMP0504G, Shigella flexneri LMP0313U, Klebsiella
pneumoniae LMP0210U, Pseudomonas aeruginosa LMP0102U, Salmonel-
la typhi LMP0209U, Morganella morganii LMP0904G, Enterobacter aero-
gens LMP 1004G, Citrobacter freundii LMP0904G, Enterobacter cloacae
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LMPI1104G (Gram-negative bacteria), Candida albicans LMP0204U, Can-
dida krusei LMP0311U and Candida glabrata LMP0413 (yeasts) were
used in this study. Three Bacillus species were provided by ‘I'Iinstitut Ap-
pert’ in Paris (France), Bacillus cereus by the A.FR.C. Reading Labora-
tory in Great Britain. Other strains were clinical isolates from patients in
the ‘Centre Pasteur du Cameroon’-Yaoundé. They were then maintained on
agar slant at 4 °C in the LMP where the antimicrobial tests were per-
formed.

3.3. Antimicrobial assays
3.3.1. Culture media

The strains were activated at 37 °C, 24 h prior to any antimicrobial test on
the appropriate medium (Nutrient Agar (NA) containing bromocresol pur-
ple for Bacillus species, NA for other bacteria and Sabouraud glucose agar
for fungi). The Nutrient broth supplemented with 10% glucose containing
0.01% phenol red as colour indicator (NBGP) was used for the determina-
tion of the Minimum Inhibition Concentration (MIC) and the Minimum
Microbicidal Concentration (MMC). The Mueller Hinton Agar (MHA) was
used in the diffusion test.

3.3.2. Diffusion test: determination of the inhibition zones

The inhibition zones were determined by hole diffusion as described
by Berghe and Vlietinck (1991) using a cell suspension of about
1.5 x 10° CFU/ml obtained from a McFarland turbidity standard N° 0.5.
The suspension was standardised by adjusting the optical density to 0.1 at
600 nm (SHIMADZU UV-120-01 spectrophotometer) (Tereschuck et al.
1997). A hole of 6 mm diameter was then made on the MHA plate (8 mm
thick), inoculated by flooding and filled with 100 ul of NLB, compounds
or RA prior diluted at 3 mg/ml in dimethylsulfoxide (DMSO). The inocu-
lated plates were incubated at 37 °C for 24 h. Antimicrobial activity was
evaluated by measuring the diameter of the zone of growth inhibition (IZ)
around the hole. The assay was repeated twice, and the results recorded as
mean IZ were expressed as signs: (—) for not active samples, (+) for sam-
ples with 6 mm < IZ < 10 mm, (4++) for samples with IZ >10 mm.

3.3.3. Microdilution method: MIC and MMC determinations

MICs of samples that were determined as active by diffusion test were
evaluated against the pathogens. The inocula of microorganisms were pre-
pared from 12 h broth culture and the suspensions were adjusted to
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0.5 McFarland turbidity. The tested samples were first dissolved in DMSO,
then in nutrient broth (NB) to the highest dilution of 625 ug/ml for NLB,
9.76 ug/ml for pure compounds and RA. Serial two-fold dilutions were
then made in a concentration range from 1.22 to 625 ug/ml for NLB,
0.019 to 9.76 ug/ml for pure compounds and RA in the 96 wells micro-
plate. The final concentration of DMSO was less than 1% v/v (preliminary
analyses with 1% (v/v) DMSO/NBGP affected neither the growth of the
test organisms nor the change of colour due to this growth). The negative
control well was made of 195 ul of NBGP and 5 ul of standard inoculum
(Zgoda and Porter 2001). The plates were covered with a sterile plate sea-
ler, then shaken to mix the content of the wells using a plate shaker and
incubated at appropriate temperature for 24 h. Microbial growth was deter-
mined by observing the change of colour in the wells (red to yellow when
there is microbial growth). The lowest concentration that showed no
change of colour was considered as the MIC.

For the determination of MMC, a portion of liquid (5 pl) from each well
that showed no change of colour was plated on MHA and incubated ac-
cordingly for 24 h. The lowest concentration that yielded no growth after
this sub-culturing was taken as the MMC.

For MMC determination, the content of each tested tube showing no growth
was used to inoculate by inoculating fresh antimicrobial free MHA. This was
further incubated for 18 to 24 h at 37 °C, after which the lowest dilution
that yielded no growth was considered as the MMC (Mims et al. 1993).
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