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SHORT COMMUNICATION

Effect of Thiadiazine Derivatives on Intracellular Amastigotes of
Leishmania amazonensis
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Current therapy for leishmaniasis is not satisfactory. We describe the in vitro antiproliferative effects of new
thiadiazine derivatives against Leishmania amazonensis. The compounds were found to be active against the
amastigote form of the parasite, inhibiting parasite growing, from 10 to 89%, at a concentration of 100 ng/ml. This
activity suggests that thiadiazine derivatives could be considered as potential antileishmanial compounds.
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The recommended drugs for the treatment of leishma-
niasis are pentavalent antimonials, but amphotericin B,
lipid formulations of amphotericin B, aminosidine, and
pentamidine are also available (Plock  et al. 2001). All these
drugs have limitations related to the need for parenteral
administration and long courses of treatment, toxicity and/
or high cost (Escobar et al. 2001). Several new antileish-
manial compounds are under development, but a drug
with the capacity to completely cure this infection has yet
to be discovered (Delorenzi et al. 2001). Furthermore, at a
time when the efficacy of currently available drugs is de-
clining, there is an urgent need to search for novel
antiprotozoal agents (Mikus et al. 2000).

 The disubstituted-tetrahydro-2H-1,3,5-thiadiazine-2-
thione derivatives were previously reported to have ac-
tivity against Trypanosoma cruzi (Ochoa et al. 1999). Tak-
ing into account this result, we decided to test ten of
these thiadiazine derivatives against amastigotes of Leish-
mania amazonensis, which also belong to the order
Kinetoplastida.

The compounds tested were synthesised as previ-
ously described (Ochoa et al. 1999). Equimolar quantities
of the amine, 20% KOH and carbon disulphide in 25 ml of
water were stirred for 4 h. Two equivalents of 37% formal-
dehyde were then added and stirring continued for 1 h.
The mixture was filtered, added to a suspension of the
corresponding aminoacid (pH 7.8-8) and stirred again for
2 h. The solution was cooled, acidified with HCl (15%),
filtered, washed with cold water and dried. Using 1H- and
13C-NMR method the identities and purities of the com-
pounds were verified. The basic structure and the substi-
tutions of the compounds are shown in Fig. 1.

Glucantime (Rhône-Poulenc Rorer, Mexico) was used
as the reference drug.

The strain of L. amazonensis (MHOM/77BR/LTB0016)
was kindly provided by the Department of Immunology,
Oswaldo Cruz Foundation, Brazil. The parasites were rou-
tinely isolated from mouse lesions and maintained as
promastigotes at 26ºC in Schneider’s medium (Sigma Chem
Co, St. Louis, Mo, US), containing 10% heat-inactivated
foetal bovine serum (Sigma), 200 U penicillin/ml and 200
mg streptomycin/ml (Sigma). The parasites were not used
after the fifth passage.

Antileishmanial activity was assessed by the method
described by Caio et al. (1999). Resident macrophages
were harvested from peritoneal cavities of normal BALB/
c mice in ice-cold RPMI medium (Sigma). The cells were
plated at 106/ml in Lab-Tek 16 chamber slides (Costar ,
Naperville, US) and incubated at 37ºC under an atmosphere
of 5% CO2 for 2 h. Non-adherent cells were removed by
washing with pre-warmed phosphate-buffered saline
(PBS). Stationary-phase L. amazonensis promastigotes
were added at a 4:1 parasite/macrophage ratio, and the
cultures were incubated for 4 h, and then washed three
times with pre-warmed PBS to remove free parasites. The
different drugs in dimethylsulfoxide (DMSO), at a final
concentration of 100 ng/ml, were added, in duplicate, for
48 h. The cultures were then fixed with absolute metha-
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T1A: R= -Ch2-COOH T1I: R= -CH(CH2-CONH2)-COOH
T1B: R= -(CH2)2-COOH T1K: R= -CH[(CH2)2-COOH)]-COOH
T1C: R= -(CH2)5-COOH T1L: R= -CH[(CH2)2-S-CH3]-COOH
T1D: R= -CH(CH3)-COOH T1M: R= -CH2-CO-NH-CH2-COOH
T1H: R= -CH(CH2-Ph)-COOH T1O: R= -CH[(CH2)2-CONH2]-COOH

Fig. 1: general structure of the compound 3,5-disubstituted-
tetrahydro-2H-1,3,5-thiadiazin-2-thiones and their derivatives, used
in this study.
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nol, stained with Giemsa, and examined under light mi-
croscopy. The number of intracellular amastigotes was
determined by counting the amastigotes residents on 100
macrophage per each sample, and the results were ex-
pressed as percent of reduction of the infection rate (%IR)
in comparison to that of the controls [%IR = 100 – (infec-
tion rate of the treated culture/infection rate of the un-
treated culture x 100)]. The infection rates were obtained
by multiplying the percentage of infected macrophages
by the number of amastigotes per infected macrophages
(Delorenzi et al. 2001). The results were statistically ana-
lyzed by the ANOVA test, using the Statistics for Win-
dows Program.

The effect of the compounds on amastigote-infected
macrophages treated for 48 h is shown in Fig. 2. A notice-
able inhibitory effect on the indices of the infection  was
seen when cultures were treated with T1A, T1K, T1L or
T1O. The best result was shown by T1O, which caused
89% inhibition of amastigote survival. This was highly
significant (P < 0.01) in comparison to the rest of the se-
ries, and also significant in relation to glucantime (P <
0.01), which decreased the infection in 65%.

The group formed by T1B, T1C, T1D, T1I, and T1M
caused a reduction of the infection from 32 to 41%, a re-
sult also significant (P < 0.05) in comparison to the other
compounds.

Finally, the lowest reduction in the number of para-
sites was obtained when cultures were treated with T1H,
a result that differed statistically (P < 0.05) from the rest of
the series.

The evaluated compounds, except T1H showed a
strong activity against amastigotes at concentrations not
toxic to the host cell. The toxicity was verified by direct
observation of uninfected macrophage treated with
thiadiazine derivatives.

When compared with other compounds tested also
on intracellular amastigotes, the thiadiazine derivatives
showed better results. Glucantime caused 50% inhibition
of infection at concentration of  6.6 µg/ml, against intrac-

ellular amastigotes of L. amazonensis (Delorenzi et al. 2001)
In other hands, the amphotericin B and pentamidine at
concentration of 0.26 and 4.52 µg/ml, respectively, have
caused 50% inhibition of infection  against axenic
amastigotes of L. amazonensis (Sereno & Lemesre 1997).

The treatment of amastigotes of this parasite with 1
µg/ml of coronaridine inhibited in a 40% the infection,
whereas with 10 and 20 µg/ml, induced inhibition of 70
and 87%, respectively (Delorenzi et al. 2002).

The different activities shown by the compounds of
this series provide evidence that the substitution in the
5th position, in relation to effectiveness, influences the
efficacy.

Thiadiazine derivatives showed a better activity
against Leishmania parasites than the effect reported
against Trypanosoma cruzi, by Ochoa et al. (1999). In that
case, the more active compound was T1B, which caused a
growing inhibition of 96%, at a concentration of 1µg/ml
against trypomastigotes forms. However, in our study T1B
was an irrelevant product (Ochoa et al. 1999).

The thiadiazines represent a group of compounds with
significant in vitro activity against L. amazonensis. Our
results suggest that some of them could be considered
for further study as new therapeutic alternatives.
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Fig. 2: effect of thiadiazine derivatives and Glucantime (Glu) on
intracellular amastigote. Leishmania amazonensis-infected mouse
peritoneal macrophages were treated with 100 ng/ml of the drugs 4
h after the infection and the amastigote survival was assessed 48 h
later. Results are from three experiments in duplicate and are shown
as percentages ± standard deviations of inhibition rates in relation
to untreated control. All results were highly significant (P < 0.01)
in comparison with Glucantime; except the T1A, T1K, and T1L
products (P > 0.05).


