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In French Guiana, leishmaniasis is an essentially cutaneous infection. It constitutes a major public health problem, with a real
incidence of 0.2 to 0.3%. Leishmania guyanensis is the causal species most frequently encountered in French Guiana. The treat-
ment of leishmaniasis is essentially drug based, but the therapeutic compounds available have major side effects (e.g., liver dam-
age and diabetes) and must be administered parenterally or are costly. The efficacy of some of these agents has declined due to
the emergence of resistance in certain strains of Leishmania. There is currently no vaccine against leishmaniasis, and it is there-
fore both necessary and urgent to identify new compounds effective against Leishmania. The search for new drugs requires effec-
tive tests for evaluations of the leishmanicidal activity of a particular molecule or extract. Microculture tetrazolium assays
(MTAs) are colorimetric tests based on the use of tetrazolium salts. We compared the efficacies of three tetrazolium salts—3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazoli-
um-5-carboxanilide (XTT), and 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium (WST-
8)—for quantification of the promastigotes of various species of Leishmania. We found that the capacity of Leishmania to
metabolize a tetrazolium salt depended on the salt used and the species of Leishmania. WST-8 was the tetrazolium salt best me-
tabolized by L. guyanensis and gave the best sensitivity.

Leishmaniasis is a disease caused by a protozoan of the genus
Leishmania, belonging to the family Trypanosomatidae. The

disease may take several forms— cutaneous, visceral, or mucocu-
taneous— depending on the species of Leishmania involved and
the immune status of the host. Leishmaniasis is a zoonosis affect-
ing many mammals, including humans, and it is transmitted by
insect vectors: sandflies (Psychodidae: Phlebotominae). Leish-
maniasis is a public health problem in tropical countries, with
more than 2 million new cases each year (1). It is treated essentially
with parasiticidal drugs. Several therapeutic compounds are avail-
able (e.g., antimony derivatives and pentamidine), but they may
have major adverse effects (such as liver damage and diabetes) and
may require parenteral administration or are too costly to be read-
ily available in certain countries. The oldest of the compounds
used are antimony derivatives, which were released onto the mar-
ket in the 1930s but have since decreased in efficacy due to the
emergence of resistance in certain strains of Leishmania infantum
and Leishmania donovani (2, 3). The other most widely used com-
pounds are pentamidine and amphotericin B. In the first decade of
this century, a new compound, miltefosine, was released onto the
market. It can be administered orally, a key advantage, but its use
is not authorized in all countries.

There is currently no vaccine against leishmaniasis. It is there-
fore both necessary and urgent to identify new compounds active
against Leishmania. The search for such compounds requires an in
vitro test for the reliable evaluation of their effects on the viability
and proliferation of Leishmania.

Cell counts can be carried out by simple and readily accessible
techniques, such as direct counting under the microscope, or by
much more sophisticated and costly techniques, such as flow cy-
tometry. The reliability of a test depends on both the method used
and the cell type used, or even the stages or species considered,
which must be defined in advance. Leishmania can be cultured in

its mobile promastigote form or as amastigotes, either resident
within macrophages or axenic. Infected macrophages more
closely resemble the situation in humans, but the use of promas-
tigotes is more widespread in tests of the activity of molecules or
complex extracts due to the ease with which these cells can be
cultured in vitro.

Direct counting under the microscope, which is still used in
some laboratories, is a particularly straightforward technique.
However, the mobility of the promastigotes and the presence of
rosettes may complicate the task, and although the cells can be
immobilized with glutaraldehyde, this method is not suitable for
the simultaneous counting of cells in multiple samples; the cells
counted include dead cells, and the bias resulting from the pres-
ence of rosettes remains. This fastidious and time-consuming
technique is not very suitable for precise evaluations of leishmani-
cidal activity. Methods based on the incorporation into DNA of
radiolabeled markers, such as tritiated uracil ([5-3H]uracil [4]) or
tritiated thymidine ([3H]thymidine [5]) are rapid and simple and
facilitate large-scale analyses of samples. The assimilation of this
radioactive isotope into the DNA during its synthesis makes it
possible to follow cell proliferation, since there is a linear correla-
tion between the radiation emitted and cell multiplication. The
major disadvantages of this technique are the need to manipulate
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radioactive compounds, for which accreditation is required, and
the production of radioactive waste, the elimination of which re-
mains problematic. In addition, the incorporation of these radio-
active isotopes into cells during division may lead to DNA dam-
age, cell cycle arrest, and cell apoptosis, with erroneous results.
The replacement of radioactive isotopes with stable isotopes is
possible but requires a mass spectrophotometer (6), an item of
equipment not available in all laboratories. Flow cytometry (7, 8)
can provide a quantification of the number of cells that is so pre-
cise that it is possible to determine the absolute number of cells per
unit volume of culture, for cell densities from 100 cells/ml to 1 �
106 cells/ml, in a highly reproducible manner (9). However, the
excessively high cost of this technique in terms of materials and
reagents constitutes a major barrier to the widespread adoption of
this technique. Other similar but less cumbersome devices that are
practical and simple to use, such as automatic portable or bench
cell counters, are accessible, but costs of consumables remain ex-
cessive.

As attested by many publications, the technique of choice re-
mains colorimetric determination, which is cheap, effective, sim-
ple, and rapid. A wide selection of reagents is available, including
resazurin-3H-phenoxazin-3-one 10-oxide (alamarBlue), a blue
molecule that is reduced by the dehydrogenase activity of mito-
chondria to give rise to a pink molecule, resorufin (7-hydroxy-
3H-phenoxazin-3-one), which can be quantified by spectropho-
tometry. This technique provides results similar to those obtained
by tritiated thymidine incorporation (10). However, it has been
reported (11) that the reduction of resazurin by the mitochondrial
enzymes of Leishmania is much slower than that observed in other
cell types (Trypanosoma and mammalian cells). Indeed, Leishma-
nia must be cultured at a temperature of about 27°C, whereas
Trypanosoma and mammalian cells can be cultured at 37°C, which
is the optimal temperature for resazurin reduction. The reaction
rate is thus much lower in Leishmania, resulting in much lower
absorbance values for similar incubation times (11).

Microculture tetrazolium assays (MTAs) are colorimetric tests based
on the use of tetrazolium salts, including 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), 3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2(4-sulfonyl)-2H-tetrazo-lium
(MTS), 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-
5-carboxanilide (XTT), (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium (WST-1), 2-(4-iodophenyl)-3-(2,4-
dinitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium (WST-3), and
2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophe-
nyl)-2H-tetrazolium (WST-8). These methods are based on the
cleavage of a tetrazolium salt by a mitochondrial enzyme, suc-
cinate dehydrogenase, leading to the formation of a colored
product, formazan (12), which can be quantified by spectro-
photometry. In practice, most of these tetrazolium salts have
been found to be of variable efficacy for the quantification of
Leishmania (13–17).

In this study, we compared the efficacies of three tests based on
tetrazolium salts, MTT, XTT, and WST-8, for quantifying pro-
mastigotes of different strains of Leishmania. Then, the most suit-
able salt was used to evaluate the reliability of the test: in the
presence of an ethanolic plant extract, Lantana camara, and a drug
used as first-line treatment of cutaneous leishmaniasis in French
Guiana, pentamidine.

MATERIALS AND METHODS
Parasites and cultures. Tests were carried out on promastigotes from
several strains of Leishmania: eight New-World strains of Leishmania,
including two reference strains [Leishmania (Viannia) guyanensis
MHOM/GF/97/LBC6 (LG-R) and Leishmania (Leishmania) amazonensis
MPRO/BR/72/M1845 (LA-R)] and six strains isolated from patients in
French Guiana [L. (V.) guyanensis 12.01.13-2008 {LG-1}, L. (V) guyanen-
sis 04.04.13-2068 {LG-2}, L. (V) guyanensis 01.03.13-2014 {LG-3}, L. (V.)
braziliensis 09.10.12-2031 {LB-1}, L. (V.) braziliensis 24.05.12-2068 {LB-
2}, and L. (L.) amazonensis 10.10.12-2048 {LA-1}, together with one Old-
World strain (Leishmania (L.) donovani MHOM/IN/96/THAK72 {LD-
R}]. The reference strains were obtained from the national reference
center for leishmaniasis in Montpellier, France, and the other strains were
kindly supplied by the parasitology and mycology laboratory of Cayenne
University Hospital, French Guiana, with strict respect for patient ano-
nymity.

The reference strains, which were stored in liquid nitrogen, were
thawed and then cultured in 3 ml of RPMI 1640 (Gibco) containing L-glu-
tamine, 20 mM HEPES, and phenol red and supplemented with 20%
inactivated calf fetal serum (CFS) (Gibco), 50 IU/ml penicillin (Invitro-
gen), 0.05 mg/ml streptomycin (Invitrogen), and nonessential amino ac-
ids (Gibco) at 26°C.

The medium was changed when the cells reached stationary phase: the
cultures were centrifuged for 5 min at 514 � g and the parasites were
resuspended in 10 ml of RPMI 1640 medium (Gibco), containing glu-
tamine but devoid of phenol red, to limit background noise (18), and
supplemented with 10% inactivated CFS (Gibco), 50 IU/ml penicillin
(Invitrogen), 0.05 mg/ml streptomycin (Invitrogen), and nonessential
amino acids (Gibco). This medium is referred to as RPMIØRP medium.
The cells were cultured at 26°C until they reached exponential growth
phase.

Parasite quantification. All tests were carried out in a final volume of
100 �l in microtiter plates.

Exponentially growing Leishmania was counted directly in a hemocy-
tometer. Serial dilutions of the culture were prepared, and 100 �l of each
dilution was dispensed, in triplicate, in the wells of a 96-well plate to
obtain the following final concentrations: 1 � 106, 0.5 � 106, 0.25 � 106,
0.125 � 106, 0.0625 � 106, 0.0312 � 106, 0.0156 � 106, and 0.0078 � 106

parasites/well, for (i) direct counting in a hemocytometer, (ii) an MTT
test, (iii) an XTT test, and (iv) a WST-8 test.

Phenol red increases background noise (18); the presence of other
colored compounds (as drugs) might also modify absorbance or lead to
interactions with tetrazolium salts (18). We therefore prepared replica
plates for the following tests: (i) a test in which the parasites were centri-
fuged (series C) to allow the replacement of the culture medium and (ii) a
test in which the parasites were not centrifuged (series NC).

The plates were incubated for 72 h at 26°C (14). The controls were
blanks containing RPMIØRP medium with no parasites.

Tetrazolium salt tests. The cell viability tests were based on the man-
ufacturer’s recommendations and the method described by Dutta (14),
with the following modifications: after 72 h of culture, the parasites were
quantified either by the direct addition of tetrazolium salts to the parasite
cultures for the NC series or after centrifuging the parasites for 5 min at
514 � g and medium replacement for the C series.

We added tetrazolium salts to the following concentrations: 10% for
MTT, from a 5-mg/ml solution (Sigma); 20% for XTT, from a 1-mg/ml
solution supplemented with 1% 5-methylphenazinium methyl sulfate
(PMS) (Sigma); or 10% for WST-8, supplemented with 1-methoxy-PMS
(Cell Counting kit 8; Sigma).

The plates were incubated for 3 h at 26°C. We then added 100 �l of
dimethyl sulfoxide (DMSO) to the wells containing MTT, and the plates
were returned to the 26°C incubator for 1 h.

We determined absorbance at 570 nm for the MTT tests and at 450 nm
for the XTT and WST-8 tests, using a Tristar LB941 spectrophotometer
(Berthold Technologies). We eliminated the background noise by sub-
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tracting the value of the blank (no parasites and no tetrazolium salts) from
the values obtained in the tests.

Counting in a hemocytometer. The cells were counted directly, with
or without prior centrifugation, in a hemocytometer. Counts were carried
out in parallel for the three tetrazolium salt tests.

Sensitivity tests. The sensitivity tests were carried out with L. guya-
nensis isolate LG-2, obtained from a patient. When the parasites reached
exponential growth phase, we added 90 �l of culture, containing 106 par-
asites, to each well. We dispensed 10 �l of various dilutions of pentami-
dine (Sigma) or of an extract in ethanol (70:30) of Lantana camara leaves
into the test wells to obtain final concentrations of 0.125, 0.0625, 0.0312,
0.015, 0.0078, and 0.0039 �g/ml pentamidine, or 2,000, 1,000, 500, 250,
125, and 62.5 �g/ml Lantana camara leaf extract. We added 10 �l of
RPMIØRP to the control wells. The tests were carried out in triplicate.

The blanks for the tests consisted of 90 �l of RPMIØRP medium and
10 �l of the various concentrations of pentamidine or plant extract. The
blanks for the controls consisted of 100 �l of RPMIØRP medium.

After incubation for 48 h at 26°C, we added 10% WST-8 supple-
mented with 1-methoxy-PMS to each well, including the blanks. The plate
was incubated for a further 24 h. The results were read by spectrophotom-
etry at 450 nm after 72 h (in total) of incubation in the presence of the drug
or plant extract.

The absorbance values for the blanks were subtracted from the corre-
sponding test absorbance values, and the percentage of inhibition was
calculated as follows: % inhibition � [(Acontrol � Atest)/Acontrol] � 100.

The 50% inhibitory concentration (IC50) was then calculated using
the GraphPad Prism6 software program.

Statistical analysis. We calculated the standard deviation (SD) for
each point using the software program Excel (ECARTYPEP function).
The r coefficient of correlation value was determined using Excel to assess
correlation between the parasite number and optical density (OD).

RESULTS

The various colorimetric tests based on MTT, XTT, and WST-8
were compared using the reference strain L. guyanensis LG-R.

Impact of centrifugation on quantification tests. Direct
counts of parasites were obtained in parallel, with a hemocytom-
eter, to validate the colorimetric results. Parasite quantification
tests were carried out at different cell densities, with and without
centrifugation, to evaluate the potential impact of centrifugation
on the results obtained (Fig. 1).

Comparison of the 3 tetrazolium salt tests. Direct counting of
the parasites in a hemocytometer after 72 h of culture generated a
linear growth curve (Fig. 1A), with a proportional relationship
between the number of parasites used to inoculate the medium on
day 0 (D0) and the number of parasites counted on D3. However,
this linear relationship was observed at parasite densities exceed-
ing 1.25 � 105 parasites/well. We consider this density to be the
threshold of detection for direct counting. Centrifugation did not
seem to affect the results obtained. Indeed, the number of para-
sites was smaller in series C but remained proportional to that in
series NC. Centrifugation led to a reproducible loss of cells, with a
coefficient of about 2.5, in all wells.

An increase in the population by a factor of 10 after 72 h of
culture was noted. We can therefore consider the number of par-
asites to be 10 times higher on D3 than on D0, and these values can
be used to interpret the results of colorimetric tests.

Parasite quantification by colorimetric tests based on XTT
(Fig. 1B) gave very low or even negative absorbance values, rang-
ing from �0.121 to �0.015 for series C and from 0.105 to 0.230
for series NC. The values obtained in this test were too low to
demonstrate any real differences in the numbers of cells present.

In contrast, parasite quantification with the MTT test (Fig. 1C)

gave higher absorbance values, ranging from 0.118 to 0.423 for
series NC and from 0.129 to 0.311 for series C. The curves for the
C and NC series were almost parallel, and the numbers of parasites
before and after centrifugation may therefore be considered pro-
portional.

The threshold of detection for parasites was 2.5 � 106 para-
sites/well, the curve increasing after this point. The standard de-
viations for MTT tests were relatively high (data not shown).

Quantification in the WST-8 test (Fig. 1D) gave absorbance
values well above those obtained in the other two colorimetric
tests (MTT and XTT), with values ranging from 0.177 to 0.839 for
series NC and from 0.143 to 0.679 for series C. The threshold for
parasite detection was about 0.625 � 107 parasites/well.

For series NC, each of the coefficients of correlation (r) was
calculated. Thus, direct counting yielded an r value of 0.99, the
MTT test had an r value of 0.98, the WST-8 test had an r value of
0.98, and the XTT test had an r value of 0.82.

Metabolization of tetrazolium salts by L. guyanensis and L.
amazonensis. We compared the metabolism of the various tetra-
zolium salts and the efficacies of these tests by omitting the 72 h of
incubation after cell inoculation and the centrifugation step. The
tetrazolium salts were added to the cultures directly after inocula-
tion.

We evaluated the metabolism of the three tetrazolium salts
after 4 h of incubation, using the reference strains L. guyanensis
LG-R and L. amazonensis LA-R, at three concentrations: 1 � 106,
5 � 105, and 2.5 � 105 parasites/well. The results are presented as
a histogram in Fig. 2. The absorbance values obtained in the MTT
tests were very similar for the three densities of L. amazonensis
LA-R (r � 0.80) tested, whereas those for L. guyanensis LG-R (r �
0.82) decreased with decreasing cell density.

For the XTT tests, the absorbance results obtained were con-
sistent with the number of parasites for L. amazonensis LA-R (r �
0.98), whereas for L. guyanensis LG-R (r � 0.89), the absorbance
values obtained were very low or zero.

The absorbance values obtained in WST-8 tests were higher
than those for the other tests, particularly for L. amazonensis
LA-R, which had an absorbance value of 0.630, versus 0.351 for
the L. guyanensis LG-R strain, for a density of 1 � 106 parasites/
well. The absorbance values decreased proportionally with the
number of cells for the L. amazonensis LA-R strain (r � 1) and L.
guyanensis LG-R (r � 0.98).

The WST-8 test was the colorimetric test with the best coeffi-
cient of correlation (r), the best sensitivity (Fig. 1D), and the best
tetrazolium salt metabolism (Fig. 2).

Metabolization of WST-8 by Leishmania spp. We assessed the
efficacy of the WST-8 test for quantifying the various strains of
Leishmania, using strains L. guyanensis LG-R, L. guyanensis LG-1,
L. amazonensis LA-R, L. amazonensis LA-1, L. braziliensis LB-1, L.
braziliensis LB-2, and L. donovani LD-R at densities of 1 � 106, 5 �
105, and 2.5 � 105 parasites/well (Fig. 3). Absorbance depended
on the strain tested, with A450 values ranging from 0.606 for L.
braziliensis LB-2 to 1.05 for L. amazonensis LA-R for 1 � 106 par-
asites/well. Some strains from different species gave similar absor-
bance values: for example, L. amazonensis LA-R (A450 � 0.738)
and L. braziliensis LB-1 (A450 � 0.723) for 5 � 105 parasites/well
and L. guyanensis LG-R (A450 � 0.993) and L. donovani LD-R
(A450 � 0.992) for 1 � 106 parasites/well.

Optimal incubation time for the WST-8 quantification test.
We determined the optimal incubation time for the WST-8 quan-
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tification test, with the patient isolate L. guyanensis LG-3, in the
presence of various concentrations of amphotericin B (Fig. 4).
Incubation for 4 h with WST-8 was not sufficient to obtain con-
sistent results (Fig. 4) and yielded very low absorbance values due
to cell death. Incubation with WST-8 for longer periods was there-
fore required, with 24 h identified as the most functional incuba-
tion time. However, incubation for 24 h in the presence of WST-8,
after 72 h of cell culture in the presence of amphotericin B, gave a
curve similar to that for incubation for 4 h in the presence of
WST-8 and resulted in a total incubation time of 96 h rather than
72 h. For the performance of the test over a period of 72 h, we

recommend adding the WST-8 after 48 h of incubation with the
drug or plant extract and then reading the absorbance 24 h later.

Interaction between amphotericin B and WST-8. We checked
that the compounds tested did not interact with WST-8. Figure 5
shows the results obtained in the presence of amphotericin B.
Similar curves were obtained for the absorbance measured in the
presence or absence of WST-8.

Sensitivity test of plant extracts and pentamidine. The sensi-
tivities of the patient isolate L. guyanensis LG-2 to various antimi-
crobial compounds was assessed as a function of the incubation
time determined above. The results obtained in the presence of

FIG 1 Quantification of L. guyanensis LEM 3319 parasites seeded at various concentrations (0, 0.0078 � 106, 0.015 � 106, 0.0312 � 106, 0.0625 � 106, 0.125 �
106, 0.25 � 106, 0.5 � 106, and 1 � 106 parasites/well) after 72 h of incubation, by direct counting in a hemocytometer (A) or colorimetric tests with XTT (B),
MTT (C), or WST-8 (D). For each test, two series were carried out, one in which the parasites were centrifuged (series C) and another in which the parasites were
not centrifuged (series NC). The results of the various colorimetric tests with tetrazolium salts were then compared (E). Absorbance was measured at 570 nm for
MTT tests and at 450 nm for XTT and WST-8 tests.
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pentamidine or an extract of Lantana camara leaves in ethanol are
shown in Fig. 6A and B, respectively. The IC50s obtained were
0.018 �g/ml for pentamidine and 86.81 �g/ml for Lantana camara
leaf extract. Ethanol did not affect parasite growth (data not
shown).

DISCUSSION

Parasite quantification is a crucial step in proliferation and cyto-
toxicity tests. Simple, rapid, and effective tests are required, allow-
ing the analysis of multiple samples.

Many cell quantification techniques are available, including
colorimetric tests in particular. In this study, we compared three
tetrazolium salt tests: those based on MTT, XTT, and WST-8. We
chose to include the MTT test on the basis of its reputation, this
test being the most widely used in cell quantification studies (12,
19, 20). XTT is also widely used, since it palliates some of the
deficiencies reported for the MTT test (21–23), and WST-8 is one
of the most recently synthesized tetrazolium salts (24).

We found that the sensitivity of the MTT test was quite low for
Leishmania guyanensis, indicating that this species probably me-

tabolizes this compound poorly, if at all. This test also displayed a
lack of reproducibility, as already reported by Wan et al. (25), due
to the insolubility of formazan, the product formed. The MTT test
therefore requires a solubilization step to dissolve the product in
an organic solvent, such as DMSO (26). Unfortunately, this dis-
solution is not always complete and may generate biases; also, the
presence of bubbles generated by this additional step interfere
with absorbance readings. In this study, we obtained standard
deviations of more than 0.2 in some tests (data not shown). In
addition, the quality of the correlation with the results obtained by
tritiated thymidine counting remains variable (13, 27).

XTT (21) and MTS (28) tests were developed to overcome
these problems of solubility. Indeed, these salts are reduced to
soluble derivatives of formazan, and their reduction is accelerated
by the addition of an electron-coupling agent, phenazine metho-
sulfate (PMS) (29), thereby increasing test sensitivity. However,
although the efficacy of these tests has been demonstrated in sev-

FIG 2 Comparison of the metabolism of different tetrazolium salts (XTT,
MTT, and WST-8) by the LG-R and LA-R strains at densities of 1 � 106, 0.5 �
106, and 0.25 � 106 parasites/well.

FIG 3 Comparison of the metabolism of WST-8 by strains LG-R, LG-1, LA-R,
LA-1, LB-1, LB-2, and LD-R at densities of 1 � 106, 0.5 � 106, and 0.25 � 106

parasites/well.

FIG 4 Optimization of the incubation time of parasites in the presence of
WST-8. LG-3 parasites (1 � 106 parasites/well) were placed in contact with
various concentrations of amphotericin B for 48 h or 72 h and were then
incubated for 4 or 24 h in the presence of WST-8.

FIG 5 Demonstration of the absence of interaction between WST-8 and am-
photericin B. We placed 1 � 106 parasites/well of LG-3 in contact with various
concentrations of amphotericin B. The test blanks consisted of 90 �l of
RPMIØRP and 10 �l of amphotericin B at various concentrations, with
(WST-8) or without (Ø WST-8) the addition of WST-8. The absorbance val-
ues of the test blanks were subtracted from the test absorbance values.
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eral studies (17, 27) for evaluations of the sensitivity of Leishmania
to drugs or plant extracts (30), we found that XTT tests displayed
a lack of sensitivity with L. guyanensis strains. Furthermore, the
presence of PMS may lead to the formation of crystals in the cul-
ture medium, modifying the absorbance of the product formed
and resulting in erroneous findings (21). Menadione, another
electron-coupling agent, also promotes the rapid reduction of
XTT (31) in many cell lines, and its use also decreases background
noise. However, crystals are also observed in the presence of this
electron-coupling agent, albeit in smaller numbers than for PMS
(21).

The WST-8 test gave highly satisfactory results in our study,
with an acceptable sensitivity and a proportional relationship be-
tween the number of parasites and absorbance. WST-8 is, in fact,
an improved version of WST-3, which is itself an improved ver-
sion of WST-1: it combines the high stability of WST-1 with the
high sensitivity of WST-3 (24). WST-3 is less stable than WST-1
due to the presence of two nitro (-NO2) groups on the same ben-
zene ring. However, it is a much more sensitive agent than WST-1
for tests of viability. WST-8 was synthesized to improve the stabil-
ity of this molecule while conserving its sensitivity. It was pro-
duced by transferring one of the nitro groups of WST-3 onto
another benzene ring (24). The electron-coupling agent used with
WST-8, 1-methoxy-PMS, is also an improved form of PMS that is
more effective and insensitive to the photochemical deterioration
observed with PMS (32).

The results presented in this study are consistent with those
obtained by Ishiyama et al. and Tominaga et al., whose work on
human and rabbit cells showed the absorbance values obtained to
be proportional to the number of cells, highlighting the greater
sensitivity of the WST-8 test than of those based on the other
tetrazolium salts tested, WST-1, XTT, and MTS (24, 33).

Many studies have highlighted the efficacy of MTA tests, but
this efficacy varies as a function of the following: (i) the type of
tetrazolium salt used (33) (in our study, XTT was less well metab-
olized than WST-8), (ii) the species of Leishmania tested (15) (L.
amazonensis was, in this study, the species that best metabolized
most of the tetrazolium salts tested, whereas L. guyanensis metab-
olized these salts poorly), and (iii) the strains studied, the mito-
chondria of which may have different enzymatic activities (15,
21). Indeed, our observations show that for a density of 1 � 106

parasites/well, the absorbance value obtained with L. braziliensis
LB-2 was 0.730, whereas that obtained with L. braziliensis LB-1
was 1.096.

The sensitivity tests with patient isolate L. guyanensis LG-2 in-

cubated with pentamidine or extract of Lantana camara leaves,
carried out with WST-8, provided satisfactory results, with IC50s
of 0.018 �g/ml for pentamidine and 86.81 �g/ml for Lantana
camara extract. The results obtained were consistent with micros-
copy observations carried out after 72 h of culture in the presence
of pentamidine.

Certain substances present in drugs or plant extracts may in-
terfere with tetrazolium salts through chemical effects on cellular
respiration processes (34). In such cases, centrifugation can be
used to decrease this phenomenon (cell washing step). We there-
fore evaluated the impact of a centrifugation step on cell quanti-
fication. We found that the centrifugation step did not cause a bias
(constant cell loss). However, in the presence of a drug or plant
extract, the results obtained after centrifugation (data not shown)
were not consistent for XTT and MTT. These results may reflect
interactions between these tetrazolium salts and the leishmani-
cidal compounds tested. In contrast, with WST-8, the results ob-
tained were good enough to eliminate the parasite centrifugation
step. Indeed, WST-8 did not seem to interact with the drugs or
plant extracts, because the results obtained were proportional in
both the presence and absence of WST-8, with and without cen-
trifugation. A control would nevertheless be required to check for
the absence of interference with all new products tested.

In conclusion, this study confirms that the efficacy of tetrazo-
lium salt reduction depends on the strain of Leishmania tested and
the tetrazolium salt used. L. guyanensis accounts for 90% of the
strains isolated from patients with cutaneous leishmaniasis in
French Guiana. A test suitable for evaluating the level of suscepti-
bility to drugs of the strains of Leishmania responsible for these
cases of leishmaniasis is therefore required. We have shown here
that the most widely used tests, the XTT and MTT tests, are not
suitable for studies of the susceptibility of L. guyanensis. WST-8 is
the tetrazolium salt best metabolized by L. guyanensis, resulting in
better sensitivity. It also displays satisfactory levels of efficacy in
tests of susceptibility to drugs or plant extracts. Thus, this process
is ideal for quantification of cells, either to assess cell sensitivity to
drugs or to screen new antimicrobial compounds. For this, we
suggest performing the tests with WST-8 according to the follow-
ing protocol: drug or compound is added to cells from exponen-
tial phase. The addition of WST-8 is advised after 48 h of incuba-
tion, and the absorbance is read in a spectrophotometer at 450 nm
after 24 h. However, if the cells metabolize the tetrazolium salt
well, addition of WST-8 may be performed after 72 h of incuba-
tion and reading after 4 h of incubation (Fig. 7).

This WST-8 assay is now applied in our lab for preliminary

FIG 6 Percent inhibition of patient isolate LG-2 in the WST-8 test in the presence of pentamidine at concentrations of 0.125, 0.0625, 0.0312, 0.015, 0.0078,
0.0039, and 0 �g/ml (A) or of Lantana camara leaf extract in ethanol at concentrations of 2,000, 1,000, 500, 250, 125, 62.5, and 0 �g/ml (B) for a parasite density
of 1 � 106 cells/well.
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screening of field isolates for resistance to drugs usually used to
treat leishmaniasis and for screening of new antileishmanial
agents. Thus, the WST-8 assay is a valuable tool to assess viability
and proliferation of Leishmania promastigotes or for a variety of
other cell types.
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