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ABSTRACT 

 

It was recently demonstrated that 5-(5-nitrofuran-2-yl)-1, 3, 4-thiadiazoles with 

piperazinyl-linked benzamidine substituents are effective in vitro against Leishmania major.  

Following on this evidence, we used colorimetric assay of acid phosphatase activity in the 

promastigotes as an indicator for cell viability. Also we studied the effect of these 

compounds on induction of nitric oxide (NO) in macrophage and production of reactive 

oxygen species (ROS) in lymphocyte that have important role in activation of immune 

response against Leishmania and elimination of parasite.  

Results showed that these compounds decrease the viability of the parasite and increase ROS and 

NO production in lymphocyte and macrophage respectively.  

These compounds can induce parasite killing, directly by decreasing the parasite viability 

and indirectly by exhibiting a significant increase on immune system. 

 

Keywords: 5-(5-nitrofuran-2-yl)-1,3,4- thiadiazoles piperazinyl-linked benzamidine 

substituents; Acid phosphatase; Leishmaniasis; Nitric Oxide; Reactive oxygen species  

 

INTRODUCTION 

 

Leishmania is a trypanosomatid protozoan parasite 

which causes a variety of diseases in mammals known 

as leishmaniasis in tropical and subtropical regions of 

the world. The parasite alternates between sandfly and  
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mammalian hosts in two developmental forms; motile 

promastigote that multiplies in the sandfly gut and 

nonmotile amastigote  that  lives  and  replicates  in  the 

phagolysosomal compartment of mammalian 

macrophages.
1
 

The current treatment of leishmaniasis is primarily 

based on chemotherapeutic agents including 

pentavalent antimonials, amphotericin B, pentamidine 

isothionate, and miltefosine. The utilization of these 

compounds have some disadvantages such as high cost 

and duration of treatment, lack of patient adherence to 
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treatment, and the development of resistant parasite 

strains to some of these medicines.
2
 During the last 10 

years, the global burden of leishmaniasis and pattern of 

infections in the world has been extensively increased 

due to its co-infection with HIV and development of 

resistant strains. To date, no vaccine exists yet against 

leishmaniasis. As a result, academic researchers try to 

develop new anti-leishmania agents that are 

inexpensive, safe and orally available.
3-5

  

In the previous study, we demonstrated that 5-(5-

nitrofuran-2-yl)-1, 3, 4-thiadiazoles with piperazinyl-

linked benzamidine substituents have antiproliferative 

activities against promastigote and amastigote form of 

Leishmania major. Also these compounds showed low 

level of toxicity against macrophages.
6
 

It has been suggested that secretory products of 

Leishmania play a major role in the survival of these 

parasites.
7
 It is interesting to know that promastigotes 

of all pathogenic species of Leishmania constitutively 

secrete acid phosphatase into the culture medium 

during in vitro growth.
8-10

 Amastigotes were also 

shown to produce acid phosphatase, which might make 

the survival of the parasite longer within macrophage 

by dephosphorylating critical elements involved in 

lysosomal function and oxidative killing mechanism.
11

 

Studies on the murine model of leishmaniasis have 

indicated that induction of NO is one of the main 

effector mechanisms of macrophages for elimination of 

Leishmania parasites.
12,13

 On the other hand, activated 

macrophages produce IL-12 which induces Th1 

differentiation and proliferation. Th1 cells have 

activatory effect on macrophages by IFN-γ production, 

which is essential for the elimination of intracellular 

pathogens.
14-16

 Also studies showed that low level of 

ROS can stimulate lymphocytes for IFN-γ secretion.
17

 

Elevated level of IFN-γ induces production of ROS and 

NO in phagocyte cells that harbor Lieshmania and IL-

12 leading to potentiating of type-1 response and 

destruction of the parasite.  

For these reasons within the current study we 

investigated the effect of these compounds on the 

viability of the parasites by measuring the acid 

phoshatase activity on different growth phases and 

ROS and NO production in mice lymphocytes and 

macrophages respectively to evaluate the effect of 5-(5-

nitrofuran-2-yl)-1, 3, 4-thiadiazoles with piperazinyl-

linked benzamidine substituents on immune cells. 

 

MATERIALS AND METHODS 

 

Test Compounds 

All 5-(5-nitrofuran-2-yl)-1, 3, 4- thiadiazoles with 

piperazinyl-linked benzamidine substituents derivatives 

(Figure 1) tested in the series of experiments were 

synthesized in the laboratory, and the synthesis details, 

characterization, IC50 and their inhibitory effect on 

amastigote and promastigote form of parasite have 

been described previously.
6
 

 

 
 

Figure 1. Structure of novel 5-(5-nitrofuran-2-yl)-1, 3, 4- thiadiazoles with piperazinyl-linked benzamidine substituent ۥs 

derivatives. 
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Table 1. Acid phosphatase activity assay of L. major Promastigotes at two different growth phases, treated with 

the selected compounds and drug solvent DMSO as a negative control for 24 h. 

Compounds
a 

IC50(µM) 
Logarithmic 

phase* 

Stationary 

phase* 

Logarithmic 

phase± 
Stationary phase± 

7 104 ±  0.7 0.191 ± 0.033 0.332 ± 0.04 3.5 ± 0.91 2.4  ± 0.18 

8 48 ±  0.42 0.421 ± 0.014 0.275 ± 0.015 2.1  ± 0.19 2.9  ± 0.36 

2b 23 ±  0.25 0.313 ± 0.013 0.371 ± 0.014 2.7  ± 0.125 2.6  ± 0.23 

2c 33 ±  0.62 0.429 ± 0.036 0.425 ± 0.065 2.3  ± 0.23 2.95  ± 0.48 

2d 10 ±  0.65 0.235 ± 0.045 0.401 ± 0.04 3.6  ± 0.77 2.3  ± 0.42 

2e 11 ±  1.4 0.228 ± 0.02 0.519 ± 0.01 4.1  ± 0.43 2.2  ± 0.46 

2f 33 ± 0.21 0.337 ± 0.01 0.446±0.02 2.6 ±0.102 2.1 ±0.065 

2h 80 ±  1.6
 

0.62 ± 0.032 0.641±0.126 2.4 ±0.15 1.4±0.031 

2i 95 ±  0.8 0.317 ± 0.002 0.382±0.015 2.8 ±0.207 2.5 ±0.23 

2j 93 ±  0.9 0.562 ± 0.05 0.571±0.076 2.4 ±0.27 1.5 ±0.21 

DMSO  0.935 ± 0.009 0.941±0.052   

AcP: Acid phosphatase  

a: Promastigotes were treated with IC50 doses of thiadiazols 

*The results in these two vertical columns are OD (optical density) 

±The results in these two vertical columns are; AcP activity of control sample/AcP activity of drug-treated sample  
 

 

 

Promastigote Culture and Treatment 

The strain of L. major used in this study was  

the vaccine strain (MRHO/IR/75/ER), obtained  

from Pasteur Institute, Tehran (Iran). The infectivity 

of the parasites was maintained by regular passage  

in susceptible BALB/c mice. The parasite was  

grown in blood agar culture medium at 25 ºC. 

Promastigotes of L. major strain (MRHO/IR/75/ER) 

were cultured as described previously.
18

  

Briefly, 2×10
6
 cells/ml were routinely inoculated  

and cultured in complete RPMI 1640 medium  

pH 7.2, containing 100 U/ml penicillin and  

100 µg/ml streptomycin (Sigma), enriched with 10% 

heat-inactivated fetal calf serum (FCS), at 25°C. 

Based on growth curve, logarithmic phase appeared 

at 48h and stationary phase appeared at 96h.  

 For treatment purpose, IC50 doses of compounds 

were added to the logarithmic or stationary phases  

of parasites (Table 1). Drug solutions were made  

in 2% DMSO as stock and diluted to  

make appropriate concentrations in the medium 

immediately before adding to the cell culture. 

Glucantime is used to treat cutaneous and visceral 

leishmaniasis in humans. In order to show the 

specific effect of our compounds, we used 60 mg/ml 

glucantime which is its IC40  

on the strainof L.major used in this experiment and 

2% DMSO as vehicle control.  

 

Acid Phosphatase Activity Assay to Determine 5-

(5-Nitrofuran-2-yl)-1, 3, 4- Thiadiazole with 

Piperazinyl-Linked Benzamidine Substituents 

Toxicity 

Acid phosphatase activity is a reliable indicator 

for the parasite growth rate as well as for its virulent 

potency.
19,20

 

The acid phosphatase activity of promastigotes  

in either logarithmic or stationary phases in  

the presence or absence of IC50 concentration  

of compounds for 24h was measured;  

the cells reached the logarithmic and stationary 

phases of growth at day 2 and 4, respectively. 

Promastigote (2×10
6
) dispensed in microplate  

wells with 200 µl of medium containing IC50 

dilutions of test drugs for 24h at 25ºC. Total  

acid phosphatase activity (secretory, membranous 

and cytoplasmic) was determined as follows:
21,22

 

After 24 hours incubation, 20 µl of lysis buffer  

(1M sodium acetate, pH 5.5 and 1% Triton  

X-100) containing 10 mg/ml p-nitrophenyl 

phosphate was directly added to each  

well. Incubation was continued for a further 6h  

at 37°C, and the production of p-nitrophenol  

was determined by optical density measurements  

at 405nm using microplate reader (Bio Tek  

Power Wave XS2).  
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Evaluation of NO Production by Treated 

Peritoneal Macrophages 

Macrophages were obtained from BALB/c mice 

by lavage of peritoneal cavity. The cells were cultured 

in 24 well plates (10
6
 cells/ml, 1ml /well) in complete 

RPMI 1640 medium and incubated at 37ºC, with 5% 

CO2 for 2h and non-adherent cells were removed. Then 

the compounds at a concentration of equal to its IC50 

value were added to wells. The supernatants were 

collected after 48h and NO production was determined 

by Griess reagent.
23

 Since NO is unstable and is rapidly 

converted to nitrate and nitrite, it was necessary to 

determine both nitrate and total nitrite concentrations in 

samples. In order to convert nitrates to nitrites 100 μl 

vanadium chloride (400mg were prepared in 50 ml HCl 

1M) was used. Briefly, to 100 μl of culture medium, 

100 μl of vanadium chloride (III) and 50 μl of Griess 

reagents [1:1 (v/v) of 0.1% 

naphthylethylenediaminedihydrochloride (NEDD) in 

H2O+2% sulphanilamide in 5% H3PO4] were added 

and incubated at 37°C for 40 min and the absorbance 

was read at 540 nm using microplate reader (Bio Tek 

Power Wave XS2). 

 

 

Evaluation of ROS Production by Treated Mice 

Lymphocytes 

Intracellular ROS level was measured in treated and 

untreated lymphocytes using fluorescent probe 2,7-

dichlorodihydrofluorescein diacetate (DCFH2DA).
24

 

Briefly, lymphocytes were obtained from spleen of 

BALB/c mice and cultured in 24-well plates (10
6
 cells/ 

ml, 1ml/ well) in RPMI 1640 and 10% FCS at 37ºC 

with 5% CO2 in the presence of IC50 concentrations of 

the compounds. The plates were incubated for 

additional 24h. At the end of incubation, a final 

concentration of 25 μM of DCFH2DA was added and 

the cells were incubated at 37ºC, with 5% CO2 in 

humidified incubator for 30 min to allow loading of the 

DCFH2DA. After entering the cell membrane, 

DCFH2DA was converted to DCFH2 by cellular 

esterase. Peroxidases, cytochrome c and Fe
2+

 oxidize 

DCFH2 to 2, 7-dichlorofluorescein (DCF), a highly 

fluorescent compound, in the presence of hydrogen 

peroxide. After 30 min, the cells were washed three 

times with phosphate-buffered saline (PBS) and 

suspended in PBS. Accumulation of DCF in the cells 

was measured (Ex=485, Em=530) using Cary eclips, 

Varian Fluorospectrometer.  

 

 
Figure 2. Acid phosphatase activity assay of L.major promastigotes at two different growth phases, stationary phase and 

logarithmic phase, treated with the IC50 concentration of selected compounds and 2% DMSO as a vehicle control for 24h.  
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Figure 3. The effect of thiadiazole derivatives on NO production in mice macrophages. Macrophages were cultured in RPMI 

medium in the present of IC50 concentration of selected compounds and compared with untreated cells (medium). The bars 

are mean +/- SD for three times study which are significantly different from control (P≤0.02). 

 

Statistical Analysis 

Statistical Analysis was performed by student t-test 

(Microsoft Excel). 

 

RESULTS 

 

Significant Decrease of Acid Phosphatase 

L.major contained considerable acid phosphatase 

activity related to its viability, which is a reliable 

method for assessing the parasite growth rate, also as 

an indicator of virulent potency that contributes to 

block the phagocyte antimicrobial response; NO and 

ROS production.
19,20

 The acid phosphatase of L.major 

has a broad substrate specificity hydrolyzing glycerol 

phosphatase, mono- and di-phosphorylated sugars,
25,26

 

inositol phosphate and phosphorylated proteins.
27

 Thus 

inhibition of acid phosphatase activity has important 

role in diminishing of intracellular parasite growth. 

However, to facilitate the characterization of compound 

impact on the parasite viability and their growth 

inhibitory effects, we measured acid phosphatase 

activity during logarithmic and stationary growth 

phases. Treatment with 5-(5-nitrofuran-2-yl)-1,3,4- 

thiadiazoles with piperazinyl-linked benzamidine 

substituents compounds significantly decreased acid 

phosphatase activity on both logarithmic (~ 2.7 folds) 

and stationary (~2.2 folds) promastigotes with higher 

effect against the logarithmic phase although parasites 

at the stationary phase had relatively higher level of 

acid phosphatase activity (Table 1 and Figure 2). 

However, as previously we reported, glucantime had 

smaller effect on logarithmic phase (2.1±0.41) and 

stationary phase (1.1±1.64) comparing with 5-(5-

nitrofuran-2-yl)-1, 3, 4-thiadiazoles with piperazinyl-

linked benzamidine substituents.
28

 

 

Compounds Induce NO Production in Macrophages 

The macrophages were cultured in complete RPMI 

medium and stimulated with IC50 concentrations of the 

compounds. After 48h incubation, the supernatants 

were collected and analyzed for NO production. Data 

showed that all of compounds except 2i and glucantime 

significantly (p≤0.02) stimulate macrophages to induce 

NO production (Figure 3). It is noteworthy that 

compounds 2e, 2b and 2f showed more stimulatory 

effect on NO production.  

 

Compounds Induce Production of ROS in the Mice 

Lymphocytes 

ROS production was analyzed using 

spectrofluorometer. As shown in Figure 4, all tested 

compounds in IC50 concentration significantly (p<0.05) 

induced ROS production in lymphocytes. Maximum 

ROS production was observed with 2c, 2e.  
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Figure 4. The effect of thiadiazole derivatives on ROS production in lymphocytes treated with IC50 concentration of 

compounds. Lymphocytes (106 cells/ml) were cultured in RPMI 1640 in the presence of compounds and compared with 

untreated cells (medium). After 24 h, the cells were analyzed for ROS production by spectrofluorometer. All compounds can 

increase ROS production in lymphocytes (p<0.05) in comparison to vehicle control (2%DMSO). The bars are mean +/- SD for 

three experiments. 

 

DISCUSSION 

 

In the previous study, we reported significant effect 

of thiadiazole derivatives against promastigote and 

amastigote form of L.major.
6
 In this study, we 

evaluated the effect of these compounds on acid 

phosphatase activity and induction of NO in 

macrophage as a major mechanism in elimination of 

intracellular parasite.
12,13

 Also we evaluated the effect 

of these compounds on lymphocytes for ROS 

production because ROS can stimulate lymphocytes for 

IFN-γ secretion.
17

 Leishmania promastigotes have two 

growth stages including stationary and logarithmic 

growth phases. In the logarithmic growth phase, 

parasites have a low virulence but high growth rate; in 

the later stationary growth phase, parasites exert a high 

disease-developing potential but low growth rate.
29-31

  

Promastigotes from logarithmic and stationary 

phase cultures of Leishmania produce and secrete acid 

phosphatase outside the cell but the expression and 

activity of the enzyme is much higher in the stationary 

phase which is important for the establishment of the 

disease in this phase. The part of the enzyme located on 

the cell surface of Leishmania involves in parasite 

adhesion to host cells and promotes the entry of 

parasite into the cells. The portion of acid phosphatase 

secreted into the phagosome produces inorganic 

phosphate as a source of nutrition and disables 

hydrolyses and is essential for survival of the parasite.
20

 

It was found that 5-(5-nitrofuran-2-yl)-1,3,4- 

thiadiazoles with piperazinyl-linked benzamidine 

substituents exhibited potent anti-leishmanial activity 

on both parasite growth stages and decreased cell 

viability of parasites. In the previous study, cytotoxicity 

of these compounds were investigated using MTT test 

but in this study the parasite viability was evaluated 

using acid phosphatase activity assay.
1
 Results showed 

that all compounds decreased acid phosphatase activity 

on both logarithmic (~ 2.7 folds) and stationary (~2.2 

folds) promastigotes of leishmania.  

There is now a good clinical and experimental body 

of evidence that control of cutaneous leishmaniasis is 

obtained through the following circuit: activated 

macrophages produce IL-12 which drives Th1 cell 

differentiation and proliferation. Th1 cells produce 

IFN-γ which activates macrophages to kill Leishmania 

parasites through NO production. It is well documented 

that NO production is the major mechanism in 

leishmaniacidal activity of murine macrophages.
32-34

 

We evaluated the effect of the compounds inducing NO 

production in macrophages which were infected by 

amastigotes. All compounds except 2i could induce 

macrophage NO production after 48h. Compounds 2e 

and 2b which had the highest power of induction of NO 
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production (about 70 µM), had also significant effect 

on amastigote killing within macrophages (Infectivity 

Index less than 30).
6
  

Therefore, it appears that there is a direct 

relationship between increased NO production in 

macrophages and decreased intracellular parasites.  

It seems that induction of NO in macrophages is one  

of the main mechanisms through which  

these compounds cause intracellular parasites to be 

killed. Glucantime, as a positive control was not 

capable of inducing NO production in macrophages. If 

the new synthetic derivatives considerably increase the 

amounts of NO in macrophages, they will have great 

advantage over drug Glucantime which is commonly 

used. 

T cell response to Leishmania infection by the 

production of cytokines is responsible for the activation 

of macrophages to promote killing of intracellular 

Leishmania parasites.
17

 ROS production in 

lymphocytes after treatment with these compounds was 

also evaluated. There exists a huge body of data 

concerning the cell-damaging role of ROS.
35

 The 

generation of ROS has been connected to stress 

responses, apoptosis, aging and death.
36,37

 In recent 

years, however, the “bad reputation” of H2O2 and other 

ROS molecules has changed. These molecules are now 

being recognized as molecules of life that are essential 

to the proper development and proliferation of cells. It 

has been known for some time that low doses of H2O2 

have mitogenic effects and can mimic the function of 

growth factors.
38,39

 In the immune system, the 

activation of lymphocytes often requires a close 

cellular contact between two cells forming a synapse. 

Such a synapse is formed between an antigen-

presenting cell and a T cell as well as between B 

cells.
40,41

  

It seems that H2O2 also functions as a secondary 

messenger between cells.
42

 Thus, increased ROS 

production in lymphocytes under the influence of these 

compounds is considered as an advantage for these 

derivatives which can cause lymphocytes to be 

activated and finally they activate the immune system 

against Leishmania. The compounds can increase ROS 

production in lymphocyte and among them, compounds 

2e and 2c have more stimulatory effect. 

The mechanism of action described in this study 

needs more attention and should be considered in future 

experiments in animal and clinical studies. One of our 

next goals will be to investigate in vivo efficacy and 

cytotoxicity of these compounds. 

 

REFERENCES 

 

1. Pearson RD, Wheeler DA, Harrison LH, Kay HD. The 

immunobiology of leishmaniasis. Rev Infect Dis 1983; 

5(5):907-27. 

2. Taylor VM, Cedeno DL, Munoz DL, Jones MA, Lash 

TD, Young AM, et al. In vitro and in vivo studies of the 

utility of dimethyl and diethyl carbaporphyrin ketals in 

treatment of cutaneous leishmaniasis. Antimicrob Agents 

Chemother 2011; 55(10):4755-64. 

3. Bringaud F, Riviere L, Coustou V. Energy metabolism of 

trypanosomatids: adaptation to available carbon sources. 

Mol Biochem Parasitol 2006; 149(1):1-9. 

4. Croft SL, Sundar S, Fairlamb AH. Drug resistance in 

leishmaniasis. Clin Microbiol Rev 2006; 19(1):111-26. 

5. Guillon J, Forfar I, Mamani-Matsuda M, Desplat V, 

Saliege M, Thiolat D, et al. Synthesis, analytical 

behaviour and biological evaluation of new 4-substituted 

pyrrolo[1,2-a]quinoxalines as antileishmanial agents. 

Bioorg Med Chem 2007; 15(1):194-210. 

6. Tahghighi A, Marznaki FR, Kobarfard F, Dastmalchi S, 

Mojarrad JS, Razmi S, et al. Synthesis and 

antileishmanial activity of novel 5-(5-nitrofuran-2-yl)-

1,3,4-thiadiazoles with piperazinyl-linked benzamidine 

substituents. Eur J Med Chem 2011; 46(6):2602-8. 

7. Sacks DL. Leishmania-sand fly interactions controlling 

species-specific vector competence. Cell Microbiol 2001; 

3(4):189-96. 

8. Doyle PS, Dwyer DM. Leishmania: immunochemical 

comparison of the secretory (extracellular) acid 

phosphatases from various species. Exp Parasitol 1993; 

77(4):435-44. 

9. Shakarian AM, Dwyer DM. Structurally conserved 

soluble acid phosphatases are synthesized and released by 

Leishmania major promastigotes. Exp Parasitol 2000; 

95(2):79-84. 

10. Shakarian AM, Joshi MB, Yamage M, Ellis SL, 

Debrabant A, Dwyer DM. Members of a unique histidine 

acid phosphatase family are conserved amongst a group 

of primitive eukaryotic human pathogens. Mol Cell 

Biochem 2003; 245(1-2):31-41. 

11. Bates PA, Dwyer DM. Biosynthesis and secretion of acid 

phosphatase by Leishmania donovani promastigotes. Mol 

Biochem Parasitol 1987; 26(3):289-96. 

12. Liew FY, Xu D, Chan WL. Immune effector mechanism 

in parasitic infections. Immunol Lett 1999; 65(1-2):101-4. 

13. Mauel J, Ransijn A, Buchmuller-Rouiller Y. Killing of 



5-(5-nitrofuran-2-y l)-1, 3, 4-Thiadiazole Derivatives against Leishmania Major 

Vol. 12, No. 4, December 2013                                                                                                                             Iran J Allergy Asthma Immunol, Winter 2013 /375 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

Leishmania parasites in activated murine macrophages is 

based on an L-arginine-dependent process that produces 

nitrogen derivatives. J Leukoc Biol 1991; 49(1):73-82. 

14. Szabo SJ, Sullivan BM, Peng SL, Glimcher LH. 

Molecular mechanisms regulating Th1 immune 

responses. Annu Rev Immunol 2003; 21:713-58. 

15. Koch N, Jung M, Sabat R, Kratzschmar J, Docke WD, 

Asadullah K, et al. IL-10 protects monocytes and 

macrophages from complement-mediated lysis. J Leukoc 

Biol 2009; 86(1):155-66. 

16. Nishimura M. Cytokine release from 

phytohemagglutinin-blast triggered by normal human 

serum. Transfusion 2009; 49(3):602. 

17. Schoene NW, Kamara KS. Population doubling time, 

phosphatase activity, and hydrogen peroxide generation 

in Jurkat cells. Free Radic Biol Med 1999; 27(3-4):364-9. 

18. Behrouzi-Fardmoghadam M, Poorrajab F, Ardestani SK, 

Emami S, Shafiee A, Foroumadi A. Synthesis and in vitro 

anti-leishmanial activity of 1-[5-(5-nitrofuran-2-yl)-1,3,4-

thiadiazol-2-yl]- and 1-[5-(5-nitrothiophen-2-yl)-1,3,4-

thiadiazol-2-yl]-4-aroylpiperazines. Bioorg Med Chem 

2008; 16(8):4509-15. 

19. Katakura K, Kobayashi A. Acid phosphatase activity of 

virulent and avirulent clones of Leishmania donovani 

promastigotes. Infect Immun 1988; 56(11):2856-60. 

20. Olivier M, Gregory DJ, Forget G. Subversion 

mechanisms by which Leishmania parasites can escape 

the host immune response: a signaling point of view. Clin 

Microbiol Rev 2005; 18(2):293-305. 

21. Aragon V, Kurtz S, Cianciotto NP. Legionella 

pneumophila major acid phosphatase and its role in 

intracellular infection. Infect Immun 2001; 69(1):177-85. 

22. Lee N, Gannavaram S, Selvapandiyan A, Debrabant A. 

Characterization of metacaspases with trypsin-like 

activity and their putative role in programmed cell death 

in the protozoan parasite Leishmania. Eukaryot Cell 

2007; 6(10):1745-57. 

23. Miranda KM, Espey MG, Wink DA. A rapid, simple 

spectrophotometric method for simultaneous detection of 

nitrate and nitrite. Nitric Oxide 2001; 5(1):62-71. 

24. Kirsch JD, Yi AK, Spitz DR, Krieg AM. Accumulation of 

glutathione disulfide mediates NF-kappaB activation 

during immune stimulation with CpG DNA. Antisense 

Nucleic Acid Drug Dev 2002; 12(5):327-40. 

25. Croft SL, Yardley V. Chemotherapy of leishmaniasis. 

Curr Pharm Des 2002; 8(4):319-42. 

26. Vannier-Santos MA, Martiny A, de Souza W. Cell 

biology of Leishmania spp.: invading and evading. Curr 

Pharm Des 2002; 8(4):297-318. 

27. Werbovetz KA. Target-based drug discovery for malaria, 

leishmaniasis, and trypanosomiasis. Curr Med Chem 

2000 Aug; 7(8):835-60. 

28. Ardestani SK, Poorrajab F, Razmi S, Foroumadi A, 

Ajdary S, Gharegozlou B, et al. Cell death features 

induced in Leishmania major by 1,3,4-thiadiazole 

derivatives. Exp Parasitol 2012; 132(2):116-22. 

29. Laskay T, van Zandbergen G, Solbach W. Neutrophil 

granulocytes as host cells and transport vehicles for 

intracellular pathogens: apoptosis as infection-promoting 

factor. Immunobiology 2008; 213(3-4):183-91. 

30. van Zandbergen G, Bollinger A, Wenzel A, Kamhawi S, 

Voll R, Klinger M, et al. Leishmania disease development 

depends on the presence of apoptotic promastigotes in the 

virulent inoculum. Proc Natl Acad Sci U S A 2006; 

103(37):13837-42. 

31. Wanderley JL, Moreira ME, Benjamin A, Bonomo AC, 

Barcinski MA. Mimicry of apoptotic cells by exposing 

phosphatidylserine participates in the establishment of 

amastigotes of Leishmania (L) amazonensis in 

mammalian hosts. J Immunol 2006; 176(3):1834-9. 

32. Liew FY, Wei XQ, Proudfoot L. Cytokines and nitric 

oxide as effector molecules against parasitic infections. 

Philos Trans R Soc Lond B Biol Sci 1997; 

352(1359):1311-5. 

33. Ropert C, Gazzinelli RT. Signaling of immune system 

cells by glycosylphosphatidylinositol (GPI) anchor and 

related structures derived from parasitic protozoa. Curr 

Opin Microbiol 2000; 3(4):395-403. 

34. Balaraman S, Tewary P, Singh VK, Madhubala R. 

Leishmania donovani induces interferon regulatory factor 

in murine macrophages: a host defense response. 

Biochem Biophys Res Commun 2004; 317(2):639-47. 

35. Finkel T, Holbrook NJ. Oxidants, oxidative stress and the 

biology of ageing. Nature 2000; 408(6809):239-47. 

36. Adler V, Yin Z, Tew KD, Ronai Z. Role of redox 

potential and reactive oxygen species in stress signaling. 

Oncogene 1999; 18(45):6104-11. 

37. Buttke TM, Sandstrom PA. Redox regulation of 

programmed cell death in lymphocytes. Free Radic Res 

1995; 22(5):389-97. 

38. Roth S, Droge W. Regulation of T-cell activation and T-

cell growth factor (TCGF) production by hydrogen 

peroxide. Cell Immunol 1987; 108(2):417-24. 

39. Staal FJ, Anderson MT, Staal GE, Herzenberg LA, Gitler 

C, Herzenberg LA. Redox regulation of signal 

transduction: tyrosine phosphorylation and calcium 

influx. Proc Natl Acad Sci U S A 1994; 91(9):3619-22. 

40. Bromley SK, Burack WR, Johnson KG, Somersalo K, 



F.R. Marznaki, et al. 

376/ Iran J Allergy Asthma Immunol, Winter 2013                      Vol. 12, No. 4, December 2013 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

Sims TN, Sumen C, et al. The immunological synapse. 

Annu Rev Immunol 2001; 19:375-96. 

41. Batista FD, Iber D, Neuberger MS. B cells acquire 

antigen from target cells after synapse formation. Nature 

2001; 411(6836):489-94. 

42. Rutault K, Alderman C, Chain BM, Katz DR. Reactive 

oxygen species activate human peripheral blood dendritic 

cells. Free Radic Biol Med 1999; 26(1-2):232-8.  

  

 

 

 

 

  

 

 

 


