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Abstract
Background: In this study, mutations in the tripanothion reductase of Leishmania

tropica isolated from Iran was investigated using sequencing and simulation of the
enzyme by the molecular dynamic method.
Methods: Fifteen susceptible and 15 clinical resistant L. tropica specimens were
Keywords:
collected from skin lesions from different regions of Iran in 2017. After DNA exLeishmania tropica;
traction, trypanothione reductase (TRYR or TPR), gene fragment was amplified
Glucantime;
using PCR and sequencing methods. In the case of structural mutations, the comClinical resistance;
Tripanothion reductase ponents were simulated by molecular dynamics using the GROMACS software.
Results: Some structural mutations were observed in 9 amino acids surrounding
the active site of the TRYR gene of L. tropica with three-dimensional trypanothione
reductase alteration.
*Correspondence
Conclusion: Change in the active site of TRYR of L. tropica, could probably conEmail:
tribute to the development of resistant L. tropica to glucantime. Because of the likedalimi_a@modares.ac.ir ly occurrence of mutations in glucantime as well as the ease of development of L.
tropica resistant populations, more samples are needed to demonstrate the relationship between mutations in this enzyme and clinical resistance to glucantime. On
the other hand, it is recommended that enzymatic studies be performed to confirm
the role of mutation in the function and expression of trypanothione reductase in
glucantime resistant and susceptible populations.
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Introduction

P

entavalent antimonial drugs, i.e. meglumine antimony (glucantime) and sodium stibogluconate (pentostam) have
been known as the first line for the
treatment of leishmaniasis in Iran (1-3). In the
recent years, resistance to glucantime have
been reported in Iran (1-3). In drug resistance,
a significant reduction in drug sensitivity
among a particular microbial population was
observed due to the natural selection of a
strain, which is genetically distinct from the
wild strain (4-6). If there is no sign of recovery
in the lesion, after 2 weeks of completion of
local or systemic treatment with glucantime, it
is considered the failure of treatment. If the
systemic treatment failed or relapsed up to
twice, it is considered as a case of clinical resistance (1-3). In the acquired resistance to
glucantime in Leishmania, the ease of obtaining
resistance to drugs and the extension of the
drug resistant strains has great important role
(6). It is possible that Leishmania resistant
strains against glucantime caused by new mutations in the structure of the Leishmania gene
(7).
For the mechanism of drug resistance to
meglumine antimonate, it is assumed that the
drug is an inactive pentavalent compound fed
into the body (8) and reacts with thiols to
form a non-enzymatic mechanism in the host
macrophage or in the parasite itself. (9, 10).
The Thiol-dependent reductase (TDR.1) and
antimoniate reductase (ACR2) enzymatic
mechanisms reduced it from pentavalent to
trivalent form Sb(III) (11, 12), which in the
host macrophage cannot be sufficiently reduced, and intracellular mechanisms, whether
enzymatic or non-enzymatic are necessary.
Glucantime has a high affinity to react with
thiol groups in the pentavalent form. It can be
seen in the levels of enzymes in the form of
cysteine amino acid or in the form of TSH2 or
GSH, which leads to the formation of stable
complexes T-Sb and Sb (GS). Reaction with
Available at: http://ijpa.tums.ac.ir

thiol-containing groups lead to the release of
thioles from the cell or to prevent their entry
into the cells involved in drug resistance (8,
13-17). In each form, if the drug is injected
into the cell, it can react with the compounds
of the zinc finger domain, which causes the
zinc ion to escape and induces apoptotic death
by the drug, or inhibited formation of more
glutathione-spermine conjugate complexes,
trypanothione (T(SH)2), by reduction of trypanothione reductase enzyme (8, 18).
In the Leishmania a protein called trypanothione reductase is associated with the action
of the glucantime drug (13). In enzymology,
this protein acts on the basis of thiol metabolism. It can donate the electron from NADPH
to trypanothione sulfide T(S) 2 and reduce it
to trypanothione T(SH)2, based on its enzymatic property (13). Trypanothione in the depressed state is essential for parasite life; it
prevents the production of oxidative stress in
the parasite. A mutation in the gene structure
of this enzyme is likely to play an important
role in the development of drug resistance (8,
13-17).
Mutations in the tripanothion reductase of
L.tropica isolated from cutaneous leishmaniasis
patients in different parts of Iran was investigated using sequencing and simulation of the
enzyme by the molecular dynamic method.

Materials & Methods
Ethics approval

The study protocol was reviewed and approved by Medical Ethic Committee of Tarbiat Modares University, Tehran, Iran
(IR.TMU.REC.1394.868). Informed consent
was taken from all participants.

Sampling, DNA extraction

Totally, 15 clinical samples sensitive to glucantime and 15 clinical samples resistant to
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glucantime were collected from the skin biopsies of the ACL patients, in the form of
stained smears from different geographical
locations in Iran such as Mashhad, Kerman,
Esfahan and Ilam in 2017. The stain of the
smear was removed in alcohol 96%; then, they
were collected from the slides using the distilled water. Then, 200 μl of each sample were
put in a 1.5 ml tube. Finally, the DNA genetic
material was extracted using the GeneAll®
Exgene TMCell SV kit (GeneAll BiotechnologyCo. Ltd., Seoul, South Korea).

Primers Designing

To design degenerate primers, Fasta files of
the desired gene part were extracted from the
NCBI. Then, it was blasted and similar sequences of this piece were saved in fasta form
with highly overlapping, and they were aligned
with the Mega 6 program with clustal-W and
the 4 primers were designed based on the similarity in degenerate form. The total length of
the fragment is 1580bp, the length of the upstream fragment was 743bp and the length of
the downstream fragment was 958bp, which
are overlapping in 121 bp. The forward and
the reverse primers of upstream fragment
were
5’CCRGCYRTCAAAGACKMGCTCTTGC-3’
and
5’CTTCGTCAGGCTCTTGCGCACCTC–3’
and the forward and the reverse primers of
downstream
fragment
were
5’TTGAGTTTGCCGGCATCTTCAACG–3’
and
5’GCATGCCTGCTGGTCTGTGATACC-3’
respectively. Thermal cyclic conditions for
priming PCR was initially denaturalized at
95 °C for 5 min; then, 40 cycles with a denaturing temperature of 95 °C for 30 sec, an annealing temperature of 61 °C for 20 sec, an
extensional temperature of 72 °C for 60 sec
and finally the extension at a temperature of
72 °C for 10 min were conducted.

Sequencing

Five uL of PCR product was electrophoresed on a 1% agarose gel in Tris-Acetic
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acid-EDTA (TAE) and visualized the band
using ultraviolet illuminator. Then, all PCR
products were sequenced by the ABI3730XL
sequence analyzer (Macrogen, Korea). The
species of Leishmania are confirmed by DNA
sequencing.

Computational studies
Modeling, modification and molecular
dynamics

DNA sequences were aligned for glucantime
sensitive and resistant isolates of L. tropica and
translated into protein sequences using the
MEGA 6 software. Protein sequences obtained from the glucantime-sensitive and resistant Leishmania samples were processed using the SWISS MODEL software, which
compared the target protein structure with
three-dimensional
homologous
proteins
known in their PDB file. The software modeled and presented several models with the
highest overlapping with the existing structures as PDB. The trypanothione reductase
PDB file of the glucantime-sensitive and resistant isolates was used to initiate molecular
dynamics in GROMACS software. To reevaluate the molecular movement, the structure obtained as PDB was simulated using the
GROMACS software in the water solvent, so
that the stability of the model structure was
evaluated in the natural environment of protein through a more precise modelling the coreactions between proteins and water molecules. Before starting the simulation, the energy minimization process was performed to
eliminate the structure of the Van der Waals
interactions that are inadequate in terms of
energy, and allow the structure and environment to establish suitable interactions such as
electrostatic bonding.
In the next step, simulations were initially
performed in NVT conditions (number of
particles, constant volume and temperature)
for 5 ns of NVT temperature equilibration to
300 K. Then in order to achieve equilibrium
pressure, the simulation was carried out in
NPT conditions (particle number, constant
Available at: http://ijpa.tums.ac.ir
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pressure and temperature) for 5 ns, and the
components of the system were placed under
a constant pressure of 1 bar. Finally, to verify
the stability of the model and to ensure its
equilibrium in the solution, the Root Mean
Square Deviation RMSD charts were plotted
and compared to alpha carbon at 20 ns. The
RMSD is the most commonly used quantitative measure of the similarity between two superimposed atomic coordinates.

Determination of the active site and geometric distances

Based on the crystallographic structure of
antimony ion of trypanothione reductase protein related to the L. infantum, the active site of
antimony ion of the target protein sequences
of both sensitive and resistant isolates of L.

tropica were simulated by YASARA software.
The software measures the distance between
the alpha carbon (CA) from the residues surrounding antimony ion in modulated trypanothione reductase protein in sensitive and resistant isolates of L. tropica to glucantime.

Investigate the radius of gyration in the
active site

To calculate the radial distribution around a
bunch of atoms or the mass center of a bunch
of atoms, the gyration radius of the active site
and whole protein was determined in both of
sensitive and resistant L. infantum. For this
purpose, all of the residue was considered in
both sensitive and resistant isolates in the 6
angstroms surrounding antimony (Fig. 1).

Fig. 1: The summary of different procedures of present study (Original figure)

Results
Detection of mutation result

Following sequencing of 15 glucantimeresistant and 15 glucantime-sensitive samples
and translation into protein sequences related
to the desired fragment of the TRYR gene

Available at: http://ijpa.tums.ac.ir

with a length of 491 amino acids, their data
were compared with the sequence of the protein associated with trypanothione reeducates
L. infantum (Protein_ID=AAS73185.1) with a
length of 491 amino acids.
Among 15 resistant isolates of L. tropica 4
isolates (26.67%) show structural mutations in
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the TYPE protein. In Table 1 geographic location of glucantime-resistant samples with
structural mutations is shown. In the resistant

isolates, some structural changes were seen in
9 amino acids surrounding the active site of
the TRYR protein of L. tropica (Table 2).

Table 1: Frequency of clinical glucantime-resistant samples with structural mutations collected from different
cities in Iran
City

Frequency

Percentage

Mashhad
Esfahan
Kerman
Total

1
2
1
4

25
50
25
100

Table 2: Frequency of mutant amino acids in clinical cutaneous leishmaniasis resistant to glucantime samples
Amino Acid
Arginine (Arg)
Alanine (Ala)
Valine (Val)
Aspartic Acid (Asp)
Glycine (Gly)
Serine (Ser)
Total

The change is in the form of amino acid replacement. The replacements were conducted
in resistance isolates compare to the sensitive
isolates as follows: the amino acid of arginine
(Arg) at position 28 instead of the amino acid
of lysine (Lys); the amino acid of alanine (Ala)
at the 36 position instead of the amino acid of
valine (Val); Val instead of the amino acid of
alanine (Ala) at the 38 position; the aspartic
acid amino acid(Asp) instead of the amino

Frequency

Percentage

4
4
4
4
4
4
24

16.66
16.66
16.66
16.66
16.66
16.66
100

acid of Glycine at the position 41; aspartic acid amino acid (Asp) replaces Gly at the position 105; Gly replaces the amino acid of the
argentine in the place of 138; amino acid serin
(Ser) replaced by Gly at the position 209; the
amino acid aspartic acid (Asp) replacing the
amino acid asparagine (Asn) at position 385
and histidine amino acid (H) at the position
472 replacing the ARG in sensitive L. tropica
isolates (Fig. 2 and Table 3).

Table 3: Amino acid replacement in different positions of trypanothione reductase protein of glucantimeresistant L. tropica isolates compare to sensitive isolates.
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Amino acids
in sensitive isolates

Amino acids
in resistant isolates

Position

Lysine
Valine
Alanine
Glycine
Glycine
Arginine
Glycine
Asparagine
Arginine

Arginine
Alanine
Valine
Aspartic Acid
Aspartic Acid
Glycine
Serine
Aspartic Acid
Histidine

28
36
38
41
105
138
209
385
472

K
V
A
G
G
R
G
N
R

R
A
V
D
D
G
S
D
H
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Fig. 2: Multiple alignment of protein sequences related to TRYR gene fragment from glucantime resistant and sensitive
isolates of L. tropica compared with protein sequences related to TRYR gene fragment of L. infantum (FR796437)

Computational study result

Models made from the TRYR gene protein
sequence, obtained from sensitive and resistant isolates to glucantime, were approximately 98% similar to the tripanotion reductase protein (Fig. 3).

(3.2 Å) amino acid, which was related to L.
infantum. The target proteins were introduced
into YASSARA software in both sensitive and
resistant isolates of L. tropica and determined
the position of antimony ion included of CYS
52, CYS 57, THR 335 and HIS 461 (Fig. 4).
The average distance between the alpha carbon of the CYS 52, CYS 57, THR 335, HIS
461, in glucantime-resistant isolates is 7.6 A,
and among the sensitive isolates, the total average is 6.7 A; that is about 0.9 A wiser in active position.

Fig. 3: Three dimensional structure of Leishmania tropica
(PDB cod:2w0h)

Concerning the crystallographic structure,
the antimony ion is geometrically located in
the center of a tetrahedral quadrilateral geometry and the corners of this tetrahedral are atoms of SG Cys 52 (2.8Å), Cys 57 (3.0 Å),
OG1 the Thr 335 (3.0 Å) amino acid from the
first chain and the ND1 atom of the His 461

Available at: http://ijpa.tums.ac.ir

Fig. 4: Simulated active site of antimony ion in L. tropica isolate. The target proteins were introduced into
YASARA software in both sensitive and resistant isolates of L. tropica and determined the position of antimony ion included of Cys 52, Cys 57, Thr 335 and His
461
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After modelling with the Swiss Model Software, the basic simulation was conducted for
20 nanoseconds, in order to verify the stability
of the model and to ensure its equilibrium in
the solution. The RMSD charts were plotted
for alpha carbon at 20 nanoseconds and compared (Fig. 5). The analysis of the radius of
gyration also revealed a constant increase in
the radius of gyration at about 0.9 A in all
simulation time scales. Changes in the radius

of gyration around the antimony ion were calculated for both resistant and sensitive isolates.
For this purpose, all the residues found in 6 A
around antimoan were considered. The changes in the around the antimony position were
simulated for resistant isolates to glucantime
with the increase of gyration radius and for
sensitive isolates, almost without the radius
change.

Fig. 5: Root Mean Square Deviation (RMSD) change of trypanothione reductase protein in glucantimeresistant L. tropica isolates during simulation (A). RMSD change of trypanothione reductase protein in glucantime-sensitive L. tropica isolates during simulation (B). To verify the stability of the model and to ensure its
equilibrium in the solution, the RMSD charts were plotted and compared for alpha carbon at 20 ns

Discussion
Some studies in Iran have attempted to explore the genes involved in the resistance of
Leishmania to glucantime (19-24). It has been
shown that glutathione cysteine synthetase
encodes genes to increase in arsenitis-resistant
L. tarentolae, which expresses the role of thiols
in drug resistance (11). Other studies have
shown the expression increase of ACR2 gene
of L. major proteins known as the reducing of
pentavalent antimonial drug and arsenate in
the E.coli expressive vectors lacking ArsC, or
in the Saccharomyces cerevisiae species lacking the
ScACR2 gene transferred to the parasite L.
517

infantum, and its susceptibility to the pentostam drug increased. It has been assumed that
a functional mutation in the enzyme can result
in drug resistance (12). There is a direct relationship between the TDR1 enzyme, which is
a thiol-dependent reductase, and reduction of
pentavalent drug to trivalent drug (18). In another study, the crystallographic structure of
trypanothion reductase, it has been shown
that a trivalent antimony ion can be located in
the active site of the enzyme and inhibit the
production of T (SH) 2, or trypanothione (13).
In terms of molecular geometry, the trivalent antimony ion is located in the center of a
tetrahedral geometry (13), whose corners are
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occupied by SG atoms of Cys 52 (2.8Å) and
Cys 57 (3. 0 Å) and the Og1 atom of Thr 335
(3.0 Å) of the first chain; and the ND1 atom
of His 461 (3.2 Å) amino acid is from the
similar second bundle or the second fold of
this protein (13). The trypanothione T(SH)2
itself can also cause pentavalent (sbV) antimony recovery to trivalent (sbIII) under acidic
conditions without enzymatic intervention at
the 37 °C temperature. This may be done either in the host macrophage cytosol or in the
parasite cytosol (4, 8, 14-17). Trivalent antimony has a high tendency to bond with thiol
groups (SH) in trypanothione (8, 13-17). The
metal-thiol conjugates either enter in the parasite through the carriers of ABC (MRPA) or
excrete through the release of other types of
ABC carriers (8, 13-17). In the glucantimeresistant isolates, the increase of trypthanitone
has been observed with other agents such as
glutathione, thiol, cysteine and spermidine in
the parasite (8, 13-17). On the other hand, the
release of thiol-metal conjugates out of the
parasite through the pumps increases and their
entry into the parasite decreases (8, 13-17). In
another study, it was confirmed that the trypanothione reductase and glutathione peroxidase enzymes are inhibited by trivalent antimony (SbIII); therefore, an increase of the
stress oxidative and thiol groups, can be considered as potential agents for drug resistance
(25). The resistant genes were evaluated as
diagnostic markers for L. braziliensis and L.
guinensis, including HSP70, AQP1, MRPA and
TRYR; the polymorphism in the genes was
observed, except for HSP70, which had no
significant relationship with the patients' response to treatment or treatment failure. As a
result, these genes could not be used as diagnostic markers for the disease in clinical status
(26).
The current study is the first molecular dynamics investigation on the role of mutation
in the three-dimensional structure of tryptophan reductase. Out of 15 resistant and 15
clinically sensitive glucantime samples, only 4
(27%) of the drug-resistant population
Available at: http://ijpa.tums.ac.ir

showed significant mutations with threedimensional trypanothione reductase alteration. Because of the likely occurrence of mutations in Glucantime as well as the ease of development of L. tropica resistant populations,
more samples are needed to demonstrate the
relationship between mutations in this enzyme
and clinical resistance to glucantime. On the
other hand, it is recommended that enzymatic
studies be performed to confirm the role of
mutation in the function and expression of
trypanothione reductase in glucantime resistant and susceptible populations.
According to the our results, some structural
mutations were seen in 9 amino acids surrounding the active site of the TRYR gene of
L. tropica, which increased the active genes'
active site with an average of 0.9 A°. The value is likely to cause drug resistance.

Conclusion
Change in the active site of TRYR of L. tropica, could probably contribute to the development of L. tropica resistance to glucantime. For
better understanding of the mechanism, further complementary study is required.

Ethical considerations
Ethical issues (Including plagiarism, informed consent, misconduct, data fabrication
and/or falsification, double publication
and/or submission, redundancy, etc.) have
been completely observed by the authors.

Acknowledgements
This work is part of a Ph.D. thesis supported financially by Tarbiat Modares University.
The authors wish to thank Dr. Mehdi Mohebali, Dr. Mehdi Azami, Dr. Iraj Sharifi, Dr
Nayebali Ahmadi, Dr. Seyed Hossein Hejazi,
Dr. Behroz Ezatpoor, Dr Anita Mohammadiha, Dr Elham Kazemi, and Dr. Fariba

518

Iran J Parasitol: Vol. 15, No. 4, Oct-Dec 2020, pp. 511-520

Berenji for providing resistant and sensitive L.
tropica samples from different regions of Iran.

11.

Conflict of interest
The authors declare that there is no conflict
of interest.
12.

References
1.
2.

3.

4.
5.

6.
7.

8.
9.

10.

519

Nadim A, Javadian E, Mohebali M, et al.
Leishmania parasites and Leishmaniases. Tehran University Press; 2009.
Holakouie-Naieni K, Mostafavi E, Boloorani
AD, et al. Spatial modeling of cutaneous leishmaniasis in Iran from 1983 to 2013. Acta Trop.
2017;166:67-73.
Heydarpour F, Sari AA, Mohebali M, et al.
Incidence and disability-adjusted life years
(Dalys) attributable to leishmaniasis in Iran,
2013. Ethiop J Health Sci. 2016;26(4):381-8.
Bottger EC, Springer B. Tuberculosis: drug
resistance, fitness, and strategies for global control. Eur J Pediatr. 2008;167(2):141-8.
Padron-Nieves M, Ponte-Sucre A, Diaz E.
Drug resistance in Leishmania parasites: Consequences, molecular mechanisms and possible
treatments. Heidelberg New York Dordrecht
London: Springer-Verlag Wien; 2013. 462.
Croft SL. Monitoring drug resistance in leishmaniasis. Trop Med Int Health. 2001;
6(11):899-905.
Blundell TL, Sibanda BL, Montalvao RW, et al.
Structural biology and bioinformatics in drug
design: opportunities and challenges for target
identification and lead discovery. Philos Trans
R Soc Lond B Biol Sci. 2006; 361(1467):41323.
Frezard F, Demicheli C, Ribeiro RR. Pentavalent antimonials: new perspectives for old
drugs. Molecules. 2009; 14(7):2317-36.
Wyllie S, Fairlamb AH. Differential toxicity of
antimonial compounds and their effects on
glutathione homeostasis in a human leukaemia
monocyte cell line. Biochem Pharmacol. 2006;
71(3):257-67.
Saha P, Mukhopadhyay D, Chatterjee M. Immunomodulation by chemotherapeutic agents

13.
14.

15.

16.

17.

18.

19.

20.

21.

against leishmaniasis. Int Immunopharmacol.
2011;11(11):1668-79.
Grondin K, Haimeur A, Mukhopadhyay R, et
al. Co-amplification of the gammaglutamylcysteine synthetase gene gsh1 and of
the ABC transporter gene pgpA in arseniteresistant Leishmania tarentolae. EMBO J.
1997;16(11):3057-65.
Zhou Y, Messier N, Ouellette M, et al. Leishmania major LmACR2 is a pentavalent antimony
reductase that confers sensitivity to the drug
pentostam. J Biol Chem. 2004;279(36):3744551.
Baiocco P, Colotti G, Franceschini S, et al. Molecular basis of antimony treatment in leishmaniasis. J Med Chem. 2009;52(8):2603-12.
Yan S, Wong IL, Chow LM, et al. Rapid reduction of pentavalent antimony by trypanothione:
potential relevance to antimonial activation.
Chem Commun (Camb). 2003;(2):266-7.
Yan S, Li F, Ding K, et al. Reduction of pentavalent antimony by trypanothione and formation of a binary and ternary complex of antimony(III) and trypanothione. J Biol Inorg
Chem. 2003;8(6):689-97.
Ferreira Cdos S, Martins PS, Demicheli C, et al.
Thiol-induced reduction of antimony (V) into
antimony (III): a comparative study with trypanothione, cysteinyl-glycine, cysteine and glutathione. Biometals. 2003;16(3):441-6.
Vickers TJ, Fairlamb AH. Trypanothione Stransferase activity in a trypanosomatid ribosomal elongation factor 1B. J Biol Chem.
2004;279(26):27246-56.
Denton H, McGregor JC, Coombs GH. Reduction of anti-leishmanial pentavalent antimonial drugs by a parasite-specific thioldependent reductase, TDR1. Biochem J.
2004;381(Pt 2):405-12.
Hadighi R, Mohebali M, Boucher P, et al. Unresponsiveness to glucantime treatment in Iranian cutaneous leishmaniasis due to drugresistant Leishmania tropica parasites. PLoS Med.
2006;3(5):e162.
Kazemi-Rad E, Mohebali M, Khadem-Erfan
MB, et al. Overexpression of ubiquitin and
amino acid permease genes in association with
antimony resistance in Leishmania tropica field
isolates. Korean J Parasitol. 2013;51(4):413-9.
Kazemi-Rad E, Mohebali M, Khadem-Erfan
MB, et al. Identification of antimony resistance

Available at: http://ijpa.tums.ac.ir

Fozongari et al.: Trypanothione Reductase Gene Mutations in Meglumine Antimoniate …

22.

23.

24.

markers in Leishmania tropica field isolates
through a cDNA-AFLP approach. Exp Parasitol. 2013;135(2):344-9.
Mohebali M, Kazemirad E, Hajjaran H, et al.
Gene expression analysis of antimony resistance in Leishmania tropica using quantitative
real-time PCR focused on genes involved in
trypanothione metabolism and drug transport.
Arch Dermatol Res. 2019;311(1):9-17.
Erfan MBK, Mohebali M, Kazemi-Rad E, et
al. Downregulation of calcineurin gene is associated with Glucantime® resiatance in Leishmania infantum. Iran J Parasitol. 2013;8(3):359-66.
Hajjaran H, Azarian B, Mohebali M, et al.
Comparative proteomics study on meglumine

Available at: http://ijpa.tums.ac.ir

25.

26.

antimoniate sensitive and resistant Leishmania
tropica isolated from Iranian anthroponotic cutaneous leishmaniasis patients. East Mediterr
Health J. 2012;18(2):165-71.
Cunningham ML, Zvelebil MJ, Fairlamb AH.
Mechanism of inhibition of trypanothione reductase and glutathione reductase by trivalent
organic arsenicals. Eur J Biochem. 1994;
221(1):285-95.
Torres DC, Ribeiro-Alves M, Romero GA, et
al. Assessment of drug resistance related genes
as candidate markers for treatment outcome
prediction of cutaneous leishmaniasis in Brazil.
Acta Trop. 2013;126(2):132-41.

520

