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The dithiol trypanothione can reduce an antiparasitic
pentavalent antimony agent to trivalent rapidly; this reduc-
tion process is both pH and temperature dependent and
trypanothione may therefore play an important role in the
activation of the drug.

Several pentavalent antimony (SbY) compounds (Pentostam®
and Glucantime®) have been widely used clinicaly for the
treatment of Leishmaniasis for several decades. Despite ex-
tensive use of these compounds, the mechanism of antileishma-
nial action still remains unknown. It has been suggested that
SbV is a prodrug and is bioreduced to Sb'"', the active form of
the drug. To support this hypothesis, the anti-leishmanial
activity of ShY has been found to be dependent on its reduction
to the trivalent form (Sb'") inside parasites.! The greater
susceptibility of intracellular amastigotesto ShY compared with
promastigotes, suggests that the reductive activation of the drug
is catalyzed either by the host macrophage or the intracellular
amastigote itself. Arsenate (AsV), an analogue of antimony(v),
is known to be reduced by arsenate reductase (ArsC) in
Saphylococus aureus and in E. coli. A mechanism for this
catalysis has recently being proposed by several groups.2 SbY
can not be reduced by this enzyme,3 and as yet no analogous
reductase enzyme has been identified in Leishmania. This
suggests that the reduction of SbY may be mediated by different
mechanism(s).

Low molecular mass (weight) thiols such as glutathione have
been reported to reduce antimony(v) (and arsenate) but this
process is thought to be too slow to be biologicaly sig-
nificant.2¢45 In this communication, we report the rapid
reduction of SbY by trypancthione (T(SH).).
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Trypanothione is the most abundant (>80%) low molecular
mass (weight) thiol inside Lei shmania species.5-8 Together with
trypanothione reductase (TR),t T(SH), provides an intra-
cellular reducing environment against oxidative stress, whichis
crucial for the survival of the parasite.9.10
Freshly prepared SbY gluconate (the active component of
Pentostam) was found to be stable up to 24 h in 10 mM
phosphate buffer, pH 6.4 (310 K) in the absence of trypano-
thione, based on the UV—vis measurements using bromopyr-
ogadlol red (BPR) to monitor the formation of Sh'!' (data not
shown). Reduced trypancthione (T(SH),) was obtained by the
reduction of the trypanothione disulfide [T(S-S)] followed by
HPLC purification.*t.t T(SH), and freshly prepared Shv

T(SH),
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gluconate were incubatedinal mM:1 mM ratio at pH 6.4 and
310 K under an atmosphere of nitrogen. After 24 hours, the Sb'!!
content was measured to be 0.52 mM, determined by UV-vis
titration using BPR as an indicator. A similar result (0.49 mM)
was obtained when the mixture was incubated at pH 6.4 but at
the slightly lower temperature of 298 K. These results indicate
the stoichiometry of ShY:T(SH). to be 1:2 (vide infra).

The kinetics of SbY reduction by T(SH), were then
investigated at different temperatures and pH values. 1H NMR
was used for this characterization, so that the site of the
reduction could be evaluated.t This method relies on the
differences in chemica shifts of 3 protons of Cys residues of
trypanothione in the disulfide, dithiol and metal-bound forms
(Fig. 1).22 Solutions of T(SH), and freshly prepared SbY
gluconate (both buffered by 10 mM phosphate pH 6.4 in D,0)
werefirst exposed to nitrogen (99.9%) for 5 min prior to mixing
(molar ratio 2 mM:1 mM). The H NMR spectrum of the
solution was acquired periodically during the incubation at 310
K (Fig. 1).

The major change observed in the 1H NMR spectrum wasthe
gradua decrease in intensity of the resonance at 6 2.98, which
finally disappeared after 12 h (Figs. 1 and 2). This resonance
was previously assigned to the 3 protons of Cys residues of
T(SH)..12 Therate of the decrease in intensity of this resonance
was calculated to be k = 4.42 M—1 min—1. Other resonances
remained essentially unchanged during the incubation period.
The disappearance of the 5 protons of Cys (6 2.98) was due to
the oxidation of the trypanothione (and probably also to the
complexation of T(SH), to the resulting Sh'!! species). The rate
of the decrease in intensity of thisresonanceis equivalent to the
rate of SbVY reduction, since the formation of the Sb!!l-
trypanothione complex is rapid (within several minutes).12 At
298 K, the decrease in intensity of the § protons of Cys was
much slower (k = 1.24 M—1 min—1, Table 1). It was noted that
three sets of new resonances appeared at 6 3.05, 3.24 and 3.34
during the incubation, which overlapped with the resonance
corresponding to the spermidine moiety of T(SH), (Fig. 1). The
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Fig. 1 600 MHz H NMR spectra of T(SH), after addition of sodium
stibogluconate (2 mM : 1 mM) at pH 6.4 and 310 K, observed at 5, 120 and
720 min. Note the decrease in intensity of the 3-CH, of Cys (6 2.98). The
peaks marked with asterisks (*) are resonances from stibogluconate.
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set of resonances at 6 3.05 and 3.24 could be assigned to the
BCH, of Cysin T(S-S), whilst the broad resonance at 6 3.34
could be assigned to the bound BCH, of Cysin an Sh''T(S),
complex.12 Asacontrol, theintensity of the 3 protons of the Cys
residues of T(SH), remained almost unchanged in the absence
of SbY under identical conditions (< 5% after 12 h of incubation
at 310 and 298 K, respectively).

We further explored the effects of pH on the kinetics of Shv
reduction by T(SH), at 298 and 310 K. The rate of the decrease
inintensity of 3 protons of Cys(62.98) at pH 7.4 and 310K was
three times slower (k = 1.39 M—1 min—1) than at pH 6.4, and
was barely detectable at 298 K (Table 1). For comparison, the
reduction of Shv by glutathione (GSH), the mammalian
trypanothione equivalent, under the same experimental condi-
tions (i.e. pH 6.4, 310 K and the same thiolate concentration)
wasfound to be at least 200 times slower than for trypanothione
(k < 1.9 x 10-2M—1min—1, Table 1). No reduction of Shv by
GSH was observed within aweek at pH 7.4 and 298 K. Thisis
in agreement with a previous UV—vis study by Frezard et al.4
Cysteine and vitamin C, both important physiologica re-
ductants present in humans, were found to be incapable of
reducing SbY within 3 days at pH 6.4, 310 K (Table 1).

Electronic absorption spectroscopy was also used (with BPR
as an indicator) to monitor the kinetics of Sb'"! formation under
similar experimental conditions. An exponentia increase of
Sh''" concentration was observed for the 2:1 T(SH),:Shv
mixture at pH 6.4 and 310 K. The rate of Sb'!! formation was
calculated to be k = 4.76 M—1 min—1 (Table 1), which isin
good agreement with *H NMR data of 4.42 M—1 min—1, The
combination of 1H NMR and UV-vis spectroscopy allows the
reduction of ShY to Sb'"', and the simultaneous oxidation of
T(SH), to bereadily monitored. We also investigated the rate of
reduction of SbY by trypanothione in the presence of Leishma-
nia enriettii promastigote extracts (20%) and found the rate to
be similar to that in aqueous solution (k = 562 M-1
min—1).1
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Fig. 2 Plot showing the decrease in intensity of the 3-CH, of Cys (6 2.98)
of trypanothione and glutathione (vs. 3-CH, of Glu) at pH 6.4, at two
different temperatures. The rate of reduction was calculated based on a
nonlinear square fit of the data by assuming a second-order reaction. The
time for 50% disappearance of T(SH), at 310 K (W), 298 K (@) and GSH
at 310 K (A) were 113 min, 402 min and over 3.5 days, respectively.

Table 1 Therate of reduction of ShY by T(SH), (as half-lives) and selected
biological reductants together with their standard reduction potentials

Reduction rate (ty)2

Reductant E°V 310K 298 K

GSH —0.2308  >3.5days? No reductionpd
Cysteine —0.35516  >3.5 days? No reductionpd
T(SH), —0.2428 113 + 5min (pH 6.4)c 402 + 5 min (pH 6.4)c

360 min (pH 7.4)c >20 h (pH 7.4)
Ascorbic acid —0.05817 No reductionc.d No reductioncd

a All datawere obtained at pH 6.4 unless specified, t;, = 1/(k[thiolate]). b 1H
NMR measurement (pH 6.4 and 7.4) ¢ By UV-vis and *H NMR methods
d No reduction within 7 dayse Littlereduction within 24 h ( < 10% reduction
measured after 24 h).

Based on these data, we propose that the reaction between
SbY and T(SH), involves two (discrete) steps: the reduction of
ShV to Sh'!! by trypanothione, followed by the binding of the
Sb'"" to a second trypanothione molecule12 A similar mecha-
nism was suggested 70 years ago for arsenic,!3 although
arsenate reductase was shown to be morerelevant later.2 In each
step, one mole equivalent of T(SH), is consumed, hence two
mole equivalents of T(SH), are thus required for the complete
reduction/complexation of one mole Sbv.

In conclusion, T(SH), can readily reduce antimony(v) (as
sodium stibogluconate) to Sb'"' under both mildly acidic (pH
6.4) and neutral conditions (pH 7.4) at 310 K, in contrast to the
tripeptide glutathione, the mammalian analogue of trypano-
thione.4 Indeed, pharmacokinetic studies have demonstrated
that only a few percent of Shv was transformed to Sb''! in
human subjects.14 Despite T(SH), being present in both life-
cycle stages of the parasites, the lower intracellular pH,15 and
higher temperature of amastigotes (pH 6.4, 310 K) compared
with promastigotes (pH ca. 6.8, 298 K) suggest the rapid
reduction of SbY by the unique T(SH), isfavored in amastigotes
compared to promastigotes.1s These data are in good agreement
with recent measurements of Sb'"' and SbY (levels) in
Leishmania donovani based on hydride generation-inductively
coupled plasma-mass spectrometry (HG-ICP-MS).1 Up to 30%
of the SbY was reduced to Sb'!! in amastigotes (310 K) and no
reduction of Shv to Sb!"! was observed in promastigotes (299
K). Therefore, the unique low molecular thiol-containing
molecule T(SH), may play an important role in this reduction
process and consequently in the activation of the drug. Further
biological experiments are warranted to confirm this hypoth-
esis.
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