
r 

-
1 

recelved July 14, 2010 
revlsed Nov. 25, 2010 
accepted Nov. 27, 2010 

Blbliography 
DOl http://dx.doi.org/ 
10.1055/5-0030-1250642 
Published online January 14, 
2011 
Planta Med 2011; 77: 641-646 
lO Georg Thieme Verlag KG 
Stuttgart· New York· 
ISSN 0032-0943 

Correspondence 
AchI'IeY_ 
Unité de Formation 
et de Recherche en Pharmacie 
Faculté des Sciences 
de Santé Université d'Abomey 
Calavi (UAC) 
04 BP 494 Cotonou 
Bénin 
Phone: + 22 997 07 82 07 
ayemoa@yahoo.fr 

Introduction 
T 

Buruli ulcer (BU) is a skin disease caused by Myco­
bacterium ulcerons. It usually begins as a painless 
nodule or papule and may progress to a massive 
skin ulceration. If untreated, BU may lead to ex­
tensive soft tissue destruction that may extend to 
the deep fascia and sometimes to the bones. BU 
was recently recognized by the World Health Or­
ganization (WHO) as an important emerging dis­

ease [1].
 
The disease has been reported in many countries,
 
mostly tropical, in Africa, North America (Mexi­

co), South America, Southeast Asia, and Oceania.
 
Recent reports have suggested inereased inci­

dences of BU in, for example, sorne areas of Bénin
 
[2], Australia [3], and IvoIY Coast [4].
 
Early, Iimited M. ulcerans infection can be safely
 
and effectively managed by antimycobacterial
 
treatment alone, without surgical debridement.
 
The drug regimen proposed by WHO, consisting
 
of 8 weeks of streptomycin and rifampidn, is ef­

fective for early lesions (5-7]. SurgeIY seems,
 
however, necessary for sorne severe forms of the
 

disease (large ulcerated forms, disseminated 
forms. and osteomyelitis) [8]. This surgical treat­
ment can only be used in a few medical centers 
with proper and adequate equipment and is nei-' 
ther affordable nor accessible to an important 
part of the population [9]. 
Traditional treatment remains the first option for 
patients with generally low resources [9,10]. Two 
previous studies performed in Bénin have de­
seribe<! this kind of treatment; notably its cultural 
context and different forms. We recently ob­
served that most components in this treatment 
belong to the vegetal kingdom [11]. However, in 
vitro evaluation of the activities of the natural 
products used is not documented enough. To our 
knowledge, only one previous study performed in 
the IvoIY Coast evaluated the in vitro antimyco­
bacterial activity of total aqueous extracts of Sa­
coglottis gabonensis (Humiriaceae) and Okoubaka 
aubrevillei (Octoknemataceae) versus seven 
strains of M. ulcerans from different geographical 
origins [12]. 
The purpose of this review is to inventoIY in vitro 
tests that can be used to sereen natural products 
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Abstract 
T 

Buruli ulcer (BU), caused by Mycobacterium ulcer­
ans, has recently been recognized by the World 
Health Organization (WHO) as an important 
emerging disease. It is largely a problem of the 
poor in remote rural areas and has emerged as 
an important cause of human suffering. While 
antimycobacterial therapy is often effective for 
the earliest nodular or ulcerative lesions, for ad­
vanced ulcerated lesions. surgeIY is sometimes 
necessaIY. Antimycobacterial drugs may also pre­
vent relapses or disseminated infections. Efficient 
alternatives different from surgeIY are presently 
explored because this treatment deals with huge 
restrictive factors such as the necessity of pro­

•
 

longed hospitalization, its high cost, and the scars 
after surgeIY. Traditional treatment remains the 
first option for poor populations of remote areas 
who may have problems of accessibility to syn­
thetic products because of their high cost. The 
search for efficient natural products active on 
M. ulcerans should then be encouraged because 
they are part of the natural heritage of these pop­
ulations; they are affordable financially and can 
be used at the earliest stage. This review provides 
a number of tests that will help to evaluate the 
antimycobacterial activity of natural products 
against M. ulcerans, which are adapted to its slow 
growing rate, and Iists active extracts published 
up to now in Medline. 
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for their antimycobacterial activity against M. ulcerans and 
present our first results. We focused our Iiterature search on pub­
lications on Medline PubMed (NCB1) database dealing with the 
evaluation of activities of natural products against M. ulcerans 
and Iimited it to papers published in English or in French. Key 
words used were "natural products", "antimycobacterial screen­
ing", "Buruli uJcer", "Mycobaeterium ulcerans", "drugs suscep­
tibility test", "mycobacteria", or/and "plant". AIl retrieved titles 
and abstracts were scrutinized for relevant studies that are dis­
cussed here. We only found one publication [12] dealing with 
the evaluation of the activity of natural products against 
M. ulcerans. 
Natural antimycobacterial products may be of great importance 
in the early treatment ofBU, preventing the spread of the disease 
at an affordable cost for the local population. Antimicrobial activ­
ity of natural products and pure compouftds can be detected by 
observing the growth response of various microorganisms that 
are placed in contact with them. Several methods for detecting 
activity are available, but since they are not equally sensitive or 
not based upon the same principle, results will be profoundly in­
fluenced bythe methoc\ [13]. 
The methods used to test antibacterial activity are c1assified into 
three main groups, Le., diffusion, dilution, and radiorespirometry 
method [14]. These methods are discussed in this review. As 
M. ulcerans has a slow growing rate and a tendency to c1ump in 
Iiquid medium, these general methods must be adapted to give 
sensitive and reliable results in an acceptable period of time. In 
our laboratory, we adapted the proportion method on I1lwen­
stein Jensen (LJ) medium, using Middlebrook 7Hll agar and Re­
sazurin Microtiter Assay (REMA), to investigate the antimycobac­
terial activity against M. ulcerans of44 plants (see 0 Table 1) em­
ployed in traditional medicine in Bénin to treat BU. 

Compound Handling and 5torage 
T 
The most frequently used solvents to prepare test products solu­
tions include dimethyl sulfoxide (DMSO), methanol, and ethanoI. 
The latter two, however, have the disadvantage of rapid evapora­
tion whereby the stated concentration of stock solutions cannot 
be maintained. They also have an inhibitory effect on the growth 
ofmycobacteria. Solutions in 100% DMSO have become the stan­
dard. Added advantages ofstock solutions in 100%DMSO are: (1) 
elimination of mierobial contamination, thereby reducing the 
need for sterilization by autoclaving whieh can affect the quality 
of the test product, and (2) good compatibility with test automa­
tion and integrated screening platfonns, assuring, for example, 
good solubility during the seriaI dilution procedures [13].1t is im­
portant to note that DMSO is potentially taxic for cells and many 

;	 
microorganisms including M. ulcerans. Then, in order to avoid lat­
er Interference in the biological test systems, the in-test concen­......1

tration of DMSO should not exceed 0.625%. In practical tenns, 
this entails the need for inclusion ofan intennediate dilution step 

Il in water. Because of the variability of individual compounds, 
there are no general storage conditions that guarantee sample in­
tegrity [15]. A practieal recommendation for storage of natural 
products is either without solvent for long-tenn storage or in 
100% DM50 at -20°C with minimal exposure to freeze-thaw 
cycles and humidity. 
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Growth medium
 
LJ is a conventional growth culture medium for M. ulcerans. Mid­

dlebrook 7Hll agar, Middlebrook 7H9, and Middlebrook 7H12
 
Iiquid media are also convenient for the tests. M. ulcerans opti­

mally grows between 30 and 33 oc. The incubation period de­

pends on the culture medium used. Tubes are read within 2 to 3
 
weeks (with Middlebrook 7H12), after 28 and 42 days ofincuba­

tion (with Middlebrook 7H1 1 agar), or 72 to 81 days (with LJ),
 
and plates are read after 15 days (with Middlebrook 7H9).
 

Inoculum
 
The standardization of the bacterial cell number used for suscep­

tibility testing is ofcritical importance for obtaining accurate and
 
reproducible results. lnoculum concentration can have a pro­

found influence on the antimycobacterial potency of a natural
 
product, endorsing the need for standardization of inoculates
 
[16]. Fresh colonies of M. ulcerans are collected from the LJ me­

dium and suspended in distilled water; the turbidity of the re­

sulting suspensions is then adjusted with distilled water to match
 
that ofa standard 1 mg/ml suspension ofM. hovis BCG (contain­

ing approximately lOS CFU per ml), arter whieh the suspensions
 
are further diluted to 10-1 and lO-z mg/mL The inocula are
 
0.1 ml ofdiluted solutions [17]. 

Antimycobacterial Assays
 
T
 
Agar diffusion
 
The agar diffusion assays were first developed for bacteria [18].
 
Agar diffusion techniques have been widely used to assay plant
 
extracts for antimicrobial activity but have limitations. Disk
 
methods consist of the placing of filter paper disks containing
 
test compounds, at a known concentration, on agar plate surfaces
 
previously inoculated with the bacteria. Plant extracts diffuse in­

to the agar and inhibit growth of the bacteria. After incubation,
 
the diameter of the c1ear zone (growth inhibition) is measured
 
at the end of the incubation period.
 
ln order to enhance the detection Iimit, the inoculated system is
 
kept in an incubator at 30-33 oC during 42 days conceming Myco­

baeterium ulcerans.
 
The common disc or weil-diffusion assays employed in many
 
antimicrobial assays ofnatural products are not quantitative
 
when used to evaluate new natural products, but are merely an
 
indication that there is growth inhibition at some unknown con­

centration along the concentration gradient [19]. However, the
 
agar disk diffusion technique can only be used for drug suscepti­

bility testing of pure substances because when it is applied to
 
mixtures, results may be unreliable [20].
 
RecentlY' aM. marinum inhibition zone assay was developed as a
 
model to evaluate antitubercular or antimycobacterial activity of
 
natural products from marine organism extracts [21 J.
 
The major disadvantage of using diffusion assays to evaluate ac­

tivity of natural products against M. ulcerans is that mycobacte­

ria, having a very lipid-rich, hydrophobie cell wall, are orten more
 
susceptible to less-polar compounds [22). Nonpolar compounds
 
will diffuse more slowly than polar compounds in the agar me­

dium and, thus, give a weaker activity. 50 the diffusion method
 
is not appropriate for testing nonpolar samples or samples that
 
do not easily diffuse into agar. In general, the relative antimicro­

bial potency of different samples may not always he compared,
 
mainly because of differences in physical properties. such as sol­

ubility, volatility, and diffusion characteristies in agar. Further­
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Table 1 Plant materials used for antimycobacterial activity screening and Mie values of their ethanol extracts. 
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more. agar-diffusion methods are difficult to run on a high-ca­ bon dioxide production [281. or head space pressure [29] to de­

i pacity screening. termine growth/inhibition. 
Tests perforrned in the BACfEC 460 system are costly and not 

Radiorespirometry method suited for the evaluation of large numbers of compounds. The 
The growth or inhibition of M. ulcerans can be determined in a major disadvantages of these assays are the cost and the isotope......1 

Iiquid Middlebrook 7H12 medium within 2 to 3 weeks by the ex­ disposaI in low-income countries. 
tent of oxidation of [1_14C] palmitic acid to 14COz which is mea­

Il sured in the automated radiometric BACfEC 460 instrument [23. Dilution methods 
24]. Because of the quantitative nature of the data obtained in Dilution tests can be applied in soUd (agar dilution) or Iiquid 
this assay. the relative activity of various samples can he com­ (broth dilution) media. Agar dilution and broth dilution are the 
pared by testing at only 1 or 2 concentrations and deterrnining a most commonly used techniques to deterrnine the minimal in­
percent inhibition 0(l4COz production compared to product-free hibitory concentration (MIC) of antimicrobial agents. including 
contraIs [25]. Altematively. multiple concentrations can he tested antibiotics and other substances that kill (bactericidal activity) 
and MIC calculated [26]. Newer non-radiometric clinicat auto­ or inhibit the growth (bacteriostatic activity) ofbacteria. The re­
mated systems use indicators of oxygen consumption [27]. car- sults obtained allow a quantitative estimate of antimicrobial ac­

tivity. 
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In the dilution methods. test products are mixed with a suitabIe 
medium that will be inoculated with the test organism. It can be 
carried out in Iiquid (7H9) as weil as on solid media (7Hll, LJ). On 
solid media, growth of the mieroorganism can be measured by 
counting the number of colonies. In the agar-dilution method, 
the minimal inhibitory concentration (MIe) is defined as the low­
est concentration able to inhibit any visible mierobial growth. In 
Iiquid or broth-dilution methods, turbidity and redox-indieators 
are most frequently used. Turbidity can be estimated visually or 
obtained more accurately by measuring the optical density. How­
ever, test products that are not fully soluble may interfere with 
turbidity readings, emphasizing the need for a negative control 
or sterility control, i.e.. natural products dissolved in blank me­
dium without mieroorganisms. Measurements can be obtained 
with a mieroplate-reader, but visual reading may also he used in 
cases where spectrophotometry is not'tvailable. Another assay 
exploits the principle that only living cells convert f1uorescein-di­
acetate to f1uorescein, producing a yellowish-green fluorescence 
under UV Iight [3D]. However, it requires a more significant in­
vestment in equipment, and validation is not easy. Fluorescent 
constituents present in crude natural products extracts may also 
interfere [31]. 
In general, dilution methods are appropriate for assaying polar 
and nonpolar products for determination ofMIC on M. ulcerans. 
Agar dilution: Agar dilution involves the incorporation of differ­
ent concentrations of extract into a nutrient agar medium fol­
lowed by the application of a standardized inoculum of bacteria 
to the surface of the agar tube. After incubation, the presence of 
bacterial colonies on the medium indicates growth of the organ­
ism. Testing of known concentrations of extracts, fractions, or 
compounds in an agar medium allows for the quantitation of ac­
tivity and the determination ofan MIe. 
M. ulcerons grows weil on Middlebrook 7HIl agar supplemented 
with oleie acid, albumin, dextrose, and catalase, ifincubated with 
C0:2. The main disadvantage with such assays is the requirement 
of at least 28 days to visually detect the growth ofcolonies [17]. 
Miero broth dilution: The growth of M. ulcerans can be quanti­
tated by measuring turbidity in a Iiquid medium; the tendency 
of mycobacteria to cIump makes this test difficult. In addition, 
crude extracts may also impart sorne turbidity to the medium, 
making interpretation of results difficult. The use of alamar blue 
(an oxidation/reduction indicator dye) makes this test rapid and 
sensitive. Mieroplate alamar blue assay (MABA) results can be 
read visually without the use of instrumentation [32]. The re­
duced form of alamar blue can be quantitated colorimetrically 
by measuring absorbance at 570 nm or f1uorimetrically byexcit­
ing at 530 nm and detecting emission at 590 nm [33]. Non-f1uo­
rometric readouts can also be performed by using resazurin /34­
36] or tetrazolium dyes [37-39]. These methods are also per­
formed on M. tuberculosis as weil as non-tuberculous mycobacte­
ria (NMT) /40]. 
The resazurin mierotiter assay (REMA) allows for the detection of 
mierobiaI growth in a small volume of solution in mierotiter 
plates. We can associate the use of a spectrophotometer (Biotrak 
II) to suppress the possible interference ofcolor of natural prod­
ucts extracts with the resazurin color. Plates are read with a spec­
trophotometer at 620 nm. The 96-well microplates offer the ad­
vantage ofusing small volumes of reagents. Plates can be read vi­
sually without the need of instrumentation. The MIC is defined as 
the lowest concentration of extract that prevents a color change 
ofresazurin (blue to pink). The plant extracts that could not pre­

ventgrowth ofM. ulcerans up to a concentration of250 j.1g/mL are 
considered inactive. 
For screening antibacterial activities of natural products, it is es­
sential to use an in vitro antibacterial assay that is simple, rapid, 
sensitive, and cost-effective. Usually, small quantities of natural 
products are available for antibacterial screening, and this can 
be a Iimiting factor. Dilution method perfonned on LJ is time con­
suming, very slow and requires significant quantities of mate­
rials. When performed on 7Hll, it requires a COz incubator 
because M. ulcerans is a mieroaerophilic bacterium. With the 
BAcrEC 460 system, mieroaerobie conditions (2.5 to 5% oxygen) 
are needed to promote the growth of M. ulcerans. Furthermore, 
the BAcrEC 460 system requires significant, heavy equipment 
and is very expensive. We therefore decided to focus on the 
REMA test to sereen plant extracts for antimycobacterial activity 
against M. ulcerans. The resazurin assay using a mierotiter plate, 
described here, is modified to determine the MIC values of natu­
raI products against M. ulcerans. Resazurin sodium salt powder 
(Aeros Organie N. V.) is prepared at 0.02% (w/v) in distilled water, 
filter sterilized and stored at 4 ·C for no more than 2 weeks. Ato­
tal of 100 j.1L ofM. ulcerans suspensions is added to each weil ofa 
mierotiter plate together with the plant extracts in Middlebrook 
7H9 broth to obtain a final volume of200 j.1L in each well.1t is nec­
essary to incIude 3 positive control wells (containing 100j.1L of 
Middlebrook 7H9 broth and 100 j.1L of a mycobacterial suspen­
sion each) and 3 negative control wells (containing 200j.1L of 
Middlebrook 7H9 broth). After 15 days incubation, 30 j.1L of resa­
zurin 0.02% are added to the first positive control weIl. Dye color 
changing to pink indicates bacterial growth. The dye is then 
added to ail remaining wells in the plate. The results are read 48 
hours later. Ifno colorchange is observed until the 17th day (thus 
2 days after the addition), results are considered inconcIusive. 
The results are considered if, and only if, the negative control 
wells become blue by the addition of resazurin. We used this test 
to sereen the activity of44 plants used traditionally to treat BU in 
Bénin [11]. Results are given in OTable 1. Out of the 44 plant 
extracts tested, two plants inhibited the growth of M. ulcerans 
at concentrations ~ 250 j.1g/mL: Holarrhena jloribunda (G. Don) 
T. Durand and Schinz and Jatropha curcas ünn showed inhibi­
tory activity against M. ulcerans at concentrations of 125 and 
250 j.1g/mL respectively. Control experiments showed that 
0.625% dimethyl sulfoxide (DMSO, solvent used for extract dis­
solving) or less in each weil did not have any inhibitory effect on 
the growth of M. u/cerans ATCC 19423. 
In traditional medicine, practitioners use different plant combi­
nations to treat BU, but in our study plants were investigated indi­
vidually. This could explain the low number ofplants found to be 
active against M. u/cerans. It is also probable that these plants are 
used to treat the symptoms of the disease rather than actually to 
kill the bacteria. Sorne plant species may not contain compounds 
whieh inhibit the growth ofor kill M. ulcerans but may have anti­
inflammatory. analgesic, anesthetic, antiseptic, anti-edema, or 
healing properties. Further investigations are now required to 
isolate active compounds and assess their in vitro and in vivo 
activities against M. ulcerans. The adapted REMA method is sim­
ple, sensitive, and rapid and could be a method of choiee to suc­
cessfully assess antibacterial properties of plant extracts against 
M. u/cerans at a relatively low cost. This is the first application of 
the REMA to sereen plants extracts against M. u/cerans. 
Additional methods not described in this review are bioauto­
graphie methods and a conductimetrie assay detecting mierobial 
growth as a change in the electrical conductivity or impedance of 
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the growth medium [14]. But there are no references using these
 
methods for M. ulcerans.
 

Test Validation
 
T
 

Reference compounds
 
It is evident that each test should contain at least one reference
 
drug to ascertain test performance and proper interpretation of
 
the screening results. Those Iisted here are commercially avail­

able and should be preferred: rifampicin. streptomycin. amika­

cin, moxifloxaàn, and c1arithromycin. The activity of these prod­

ucts has already heen tested [17,29]. In addition, each test should
 
be replicated. preferablyas independent repeats. A practical solu­

tion is to combine negative and positive controIs (Le.• a strain sus­

ceptible and a strain resistant to the c!tImpound) in each assay.
 

Test organisms
 
A well-characterized strain. Mycobaeterium ulcerans ATCC 19423
 
has a known drug susceptibility profile. It is used in many drug
 
susceptibility tests. M. ulœrans is a microorganism that can cause
 
severe disease in humans and constitutes a danger for the em­

ployees directly exposed. Personnel handling This microorganism
 
must wear protective gloves and, most importantly, should work
 
in biosafety cabinets c1ass II.
 

Discussion and Conclusion 

"Natural products constitute an important source of new drugs, 
and antimycobacterial susceptibility testing methods are neces­
sary to evaluate different extracts and find new active com­
pounds. A number of methods are in current use, ranging from 
the c1assical disk diffusion and broth dilution assay to the radio­
respirometric method (BACTEC 460). There are several factors 
that may affect the outcome of susceptibility tests. Reproducibil­
ity of laboratory results may he considerably inf1uenced by the 
method used, and the procedures have to he standardized other­
wise the results will vary widely under different test conditions 
[41]. Standard criteria and standardization of methods for evalu­
ation of plant antimicrobial activity are lacking, and results can 
differ between authors. Sometimes it is difficult to compare re­
sults obtained with plant extracts with published results in the 
Iiterature because several parameters influence the results, such
 
as the choice of plant extracts, the choice of extraction method,
 
and the choice of antimicrobial method [42]. It is also important
 
to take into account that the evaporation ofcomponents could af­

fect the antimicrobial activity and to avoid this. the assays should
 
be carried out under sealed conditions to prevent loss by evapo­

ration.
 
In general, dilution methods are appropriate for assaying polar
 
and nonpolar extracts or compounds to determine MIC values
 
[13].
 
We showed that REMA is a method ofchoice to compare MIC val­

ues in M. ulcerans. The use of microtiter plates has led to signifi­

cant reductions in test compound quantities; furthermore, by us­

ing the oxidation/reduction indicator dyes, such as resazurin, the
 
growth/inhibition can be read visually; and the reduced form of
 
these dyes can also be quantitated colorimetrically, by measuring
 
absorbance. or f1uorimetrically and have high throughput possi­

bilities. REMA is also able to detect partial inhibition, making it
 

ideal for determining the relative activity of fractions using one 
or two concentrations. 
This review has highlighted sorne methods which can be success­
fully used to investigate antimycobacterial activities of natural 
products against the microorganism responsible for BU, an im­
portant emerging disease. This could stimulate interest in re­
search of active natural products against M. ulcerans. Phytomed­
icine is the first treatment used by the poor local population. and 
studies are required to investigate the possible efficacy of sorne 
natural products for the treatment of BU when the WHO recom­
mended treatment cannat be applied immediately. Up to now, 
only one publication deals with the evaluation of the activity of 
natural products against M. ulcerans. The development of sensi­
tive, rapid, and inexpensive assays allows researchers in low-in­
come countries to become players in the utilization oftheir natu­
rai product resources. We hope that this review will help re­
searchers to develop these tests. 
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