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Background: Leishmaniasis is an infectious disease common in tropical and subtropical

regions caused by the genus Leishmania, which is transmitted by the bite of female sandflies.

In this study, we evaluate the anti-leishmanial effect of recombinant Clostridium α-toxin

protein alone and the combination with glucantime through in vitro and in vivo.

Materials and Methods: Production, expression, and purification of recombinant α-toxin

were evaluated by SDS-PAGE and Western blotting techniques. The antileishmanial activ-

ities of the purified α-toxin plus and without glucantime were examined in vitro and in vivo.

Results: The results indicated successful expression of α-toxin as a 48 kDa band on SDS-

PAGE and Western blot methods. Also, evaluation of α-toxin IC50 showed the strong fatal

effect of it, and glucantime on medium proliferated Leishmania promastigotes at lower

concentrations compared with glucantime or α-toxin alone. Moreover, in vivo surveys

showed that at the end of treatment courses, the mean of lesion size diminished in glucantime

plus α-toxin treated mice versus negative control groups (p < 0.001). Also, there was

a significant difference in the parasite burden of the spleen and liver of the control versus

the test groups (p < 0.001).

Conclusion: The results showed recombinant α-toxin has synergistic effects with glucan-

time in destroying Leishmania parasites.
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Introduction
Leishmaniasis is an infectious disease common in tropical and subtropical regions

that are caused by parasites of the genus Leishmania, which transmitted by the bite

of female sandflies.1

The motile promastigotes multiply in the gut of the female sand-fly and spread

to the mammalian host during the blood meal. Inside the body of mammalian hosts,

the entered parasites infect macrophages of the reticuloendothelial system, and into

them that contain high temperature and low pH, get transformed into non-motile

amastigotes in the period of 12–24 h. Amastigotes multiply by dual splitting in the

phagolysosomal vacuoles, and after macrophage collapse, rereleased parasites

infect adjacent healthy macrophages and cause leishmaniasis.2

Conventional drugs for the treatment of leishmaniasis are pentavalent antimonials

that have side effects such as toxicity to other cells.3 Meglumine antimoniate (glucan-

time) is pentavalent antimony approved by the World Health Organization as the first-

choice drug for the treatment of all types of leishmaniasis; while various side effects are

reported.3
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In recent years, in addition to synthetic and herbal

medicines, some bacterial metabolites such as toxins

alone or in combination with routine medications against

various infections have also been examined.

One of the significant bacterial toxins against the

Leishmania parasites is α-toxin originated from

Clostridium septicum (C. septicum).4 The organism is a bar-

shaped, anaerobic, and gram-positive bacterium of the nat-

ural flora of the human and animal’s intestine.5 This motile

and fermentative bacterium produces molecular hydrogen

gas and carbon dioxide as a sub-product of cellular

respiration.6 Serology or enzymatic studies indicate that it

contains four toxins, such as lethal and necrotizing toxin (α-
toxin), DNase (beta-toxin), hyaluronidase (gamma-toxin)

and the thiol-activated or septicolysin (δ-toxin) toxin.7

Other enzymes, such as proteases and neuraminidase, are

also produced by C. septicum.8 This organism is the most

important cause of inflammation in gangrene of the intest-

inal wall (visceral necrotizing colitis) and visceral blood

poisoning in animals. It also causes pericarditis, non-

injurious muscle necrosis and gangrene in humans that

later lead to colon malignancy.5 C. septicum cause muscle

necrosis through the secretion of its exotoxins such as α-
toxin.9 This toxin is a pore-forming secretory exotoxin

belonging to the aerolysin-like family that is expressed by

the Csa gene as passive protoxin (Atpro, 443 amino acids,

46.5 kDa) and possibly through the secretory pathway of

type III.8,10 The protoxin is activated by proteolytic clea-

vage near the C terminus and an active monomer of

41.3-kDa cytolytically active form (ATact) which eventually

causes the release of a 45-amino-acid fragment.11 Various

proteases such as trypsin and proteinase K can activate

C. septicum. Still, it seems that furin present on the surface

of the eukaryotic cells is the primary activator of α-protoxin
in vivo.12 Then, monomeric subunits of α-toxin oligomer on

the detergent-resistant membranes (DRMs) lead to the

incorporation of this complex into the plasma membrane

of mammalian cells and generate a pore (1.3–1.6 nm in

diameter) that stimulates the selective permeability of

small ions such as potassium and induces hemolysis by

breaking the ionic balance.13,14 Also, this toxin can induce

cellular necrosis with rapid K+ efflux, deregulation of mito-

chondrial activity leading to increased ROS levels and

dramatically reduced levels of ATP.15

Because the use of a variety of drugs in the treatment

of leishmaniasis has not been effective so far, it seems that

the accompanying safety dose of a compound such as

Clostridium α-toxin as a synergistic factor with regards

to biological properties and considering that it leads to

non-specific stimulation of the immune system and immu-

nity against various infectious agents is beneficial. Due to

low scientific researches on the effect of α-toxin of

C. septicum on parasitic diseases, in this study, α-toxin

was produced recombinantly, and its killing effects alone

or in combination with glucantime on Leishmania para-

sites were investigated in vitro. Also, its properties to

accelerate lesion improvement by itself or plus glucantime

on cutaneous leishmaniasis (CL) of mouse model was

studied. A compelling hypothesis is that α-toxin has

a synergistic effect with glucantime.

Materials and Methods
Ethics Statement
Experimental protocols of this study were approved by the

Institutional Research and Ethics Committee of Medical

Sciences from Isfahan University of Medical Science (IR.

Mui.REC.1395.3.360). Also, all experimental procedures

were in accordance with the guidelines for the Care and

Use of Laboratory Animals published by National

Institutes of Health (NIH Publication) and approved by

the Research Council of Isfahan University of Medical

Sciences.

Construction of the Recombinant Vector
Host and vector were used, E. coli BL21 (DE3) F− ompT

gal dcm hsdSB (rB − mB −) and pET28a (+), respectively.

Coding sequence (CDS) of the α-toxin gene (Accession

number, Q53482) was obtained via the NCBI data bank.

Two web servers, optimizer (http://www.genoms.uvr.es),

and E. coli rare codon analyzer 2 (http://www.faculty.ucr.

edu), were performed on α-toxin CDS. The optimized

sequences (1250 bp) were ordered from the GeneCust

(Luxembourg), and synthesized DNA fragment had been

inserted into the pET28a (+) vector into sites. The recombi-

nant vector was transformed in chemically competent E. coli

BL21 by heat shock protocol and spread on Luria-Bertani

(LB) agar medium containing 50 µg/mL kanamycin.

Plasmid Extraction
A colony of bacteria with pET28a (+) α-toxin was cultured

and shakes in LB broth medium with 50µg/mL kanamycin

overnight at 37°C and 200 rpm. The plasmid DNA was

extracted according to the kit instructions (Vivantis,

Malaysia, #GF- PL-050). Subsequently, the plasmid was
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digested with Nco I/Xho I enzymes, and the digested vector

was electrophoretically separated on 1% agarose gel.

Protein Expression
The transformed recombinant bacteria were cultured over-

night in the LB broth medium contained Kanamycin (50

µg/mL) at 37°C and 200 rpm. The overnight culture was

transferred to 50 mL of LB broth medium. After reaching

the culture optical density (OD600) to 0.4–0.6, the expres-

sion of α-toxin was induced by the addition of 1 mM of

isopropyl-b-D-thiogalactopyranoside (IPTG; CinnaGen,

Iran). Again the optical density was measured by the

spectrophotometer (Shimadzu, Japan), and the temperature

was set to 30°C. After the 16hrs incubation period, the

cells were harvested by centrifugation at 12,000g (4°C),

and the total protein lysate was obtained via the five times

of sonication for the 30s at 50/60Hz.

Purification of Recombinant Protein
To purify the recombinant α-toxin, which had the

C-terminal His-tag, Ni-NTA resin (Qiagen) was used.16

The column was washed with five volumes of Wash

Buffer (10 mM Tris base, 100 mM NaH2Po4, and 8

M urea, pH: 6.3) and double-distilled H2O, respectively.

10 mL of total protein lysate sample (obtained from

300 mL of recombinant bacterial cultures) was passed

through the column. To remove non-specific bound pro-

teins, the column was washed with the washing buffer

and the recombinant protein eluted by adding elution

buffer (10 mM Tris base, NaH2Po4, and 8 M urea, pH:

5.9 and pH: 4.5).17 Finally, SDS-PAGE was applied to

detect the purified α-toxin band. To remove urea, the

recombinant protein solution was maintained in the dia-

lysis bag containing PBS for 24hrs at 4°C, and the protein

concentration was measured using a BCA kit (Parstous,

Iran).18

SDS-PAGE and Western Blot Analysis
The sample protein fraction was subjected in an SDS-

PAGE system with 10% running gel and 4% stacking gel

(Laemmli method)19 and then transferred at 80 V for 90

min to a nitrocellulose membrane. After blocking the

membrane with TBS skim milk 5% (w/v) for 1 hr at 25°

C, the membrane was incubated with a dilution of anti-his-

horseradish peroxidase antibody (HRP) (1:1000, Sigma,

USA) for 1 hr at room temperature. The HRP bound to

His-tagged protein was visualized by adding the tetra-

methylbenzidine (TMB) substrate.20

Parasite Culture
L. major parasites (MRHO/IR/75/ER) were maintained at

the Department of Parasitology and Mycology, Isfahan

University of Medical Sciences, Isfahan, Iran on suscep-

tible Balb/c mice and cryopreserved vials in liquid nitro-

gen. A cryopreserved bottle was passaged in complete

RPMI 1640 (Gibco, USA) supplemented with 10% FBS,

100 U/mL penicillin, 100 μg/mL streptomycin (Gibco,

USA) at 25°C.

Cytotoxicity Assessment
The J744-A1 cell line was purchased from the Pasteur

Institute of Tehran, Iran, in the form of cryopreserved

vials. The cells were washed after de-freezing and poured

into 75mL culture flasks containing RPMI 1640 medium

supplemented with FCS 20%, 100U/mL penicillin and

100μg/mL streptomycin and incubated at 37°C in the pre-

sence of 5% CO2 for 5–6 days. At about 100% confluency,

Trypsin-EDTAwas used to detach the cells from the floor of

the flask, washed with RPMI 1640 medium, and counted

with the hemocytometer chamber. The harvested cells were

divided into a 96 well plate 2×104 cells per well along with

complete RPMI 1640 and incubated at 37°C and 5% CO2

for 24 hrs. Afterward, the supernatant was removed, and the

wells were treated with different dilutions of α-toxin (0.-

0003–200 μg/mL) in complete medium and incubated at

37°C for 1hr under a humidified air/5% CO2. Each

treatment was repeated three times, and the wells without α-
toxin were considered as a negative control. The CC50 of α-
toxin on macrophages was determined using the MTS kit

(Promega, Madison, USA) and the GraphPad Prism 7

software.21

Infection of Macrophages with Leishmania
major Promastigotes
The sterile coverslips were placed at the bottom of the six-

well chamber glasses, and 2×105 macrophages were seeded

on into wells. The plates were incubated under 37°C and 5%

CO2 until the cells adhere entirely to the coverslips. After

24 hrs of incubation, the metacyclics were added to the

wells with approximately 10:1 parasite per cell. Then,

plates were incubated under 34±1°C and 5% CO2 as long

as the parasites enter into the macrophages.

Anti-Amastigote Assessment
The infected macrophages were treated with eighteen dilu-

tions of α-toxin (0.001 to 200 μg/mL), glucantime with the
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similar eighteen dilutions (0.001–200 μg/mL), α-toxin plus

glucantime (with the same concentrations) and finally α-
toxin 0.003 μg/mL (non-toxic dose) plus glucantime (0.-

001–200 μg/mL). For evaluating the IC50, three wells

were not exposed to the glucantime or α-toxin as negative

controls. The coverslips were exited after 48 hrs of treat-

ment, washed, and placed on slides. They were dried, fixed

with methanol and stained with Giemsa. The amastigote

number of 100 parasite-infected macrophages were

counted and compared with the negative controls. The

concentration of the drug or α-toxin, which able to elim-

inate 50% of the parasites, was considered as IC50. The

test was performed in triplicate for each concentration, and

the mean number of amastigotes was reported. To investi-

gate the synergistic effect of glucantime and α-toxin, pre-
infected macrophages in 6-wells chamber were treated

with 0.001 to 200 μg/mL α-toxin plus 0.001 to 200 μg/
mL glucantime. Also, the infected macrophages were trea-

ted with a non-cytotoxic concentration of α-toxin
(0.003μg/mL) plus different concentrations of glucantime

(0.001–200μg/mL).

In vivo Experiments
All procedures verified according to the guidelines of the

Institutional Animal Care and Ethics Committee of Isfahan

University of Medical Sciences, Isfahan, Iran (IR.MUI.

REC.1395.3.360), and measures are taken to protect ani-

mals from pain or discomfort.

Forty female Balb/c mice, 4–6 weeks old, were pur-

chased from the Pasteur Institute of Tehran, Iran. To produce

CL infection in mice, each of them was inoculated 1x106

metacyclics intradermally at the base of the tail. After 3

weeks of parasite inoculation and simultaneously with the

onset of CL lesions, they were divided into four groups of

ten mice as follows: 1). 100 mg/kg glucantime, 2). 10 μg/kg
α-toxin, 3). glucantime plus α-toxin (20 mg/kg and 10μg/kg,
respectively), 4). without treatment (negative control). The

method of treatment was a daily intra-lesional injection and

the duration of treatment was 3 weeks. Before starting the

treatment and then during the treatment period, the ulcers

were measured weekly, using a Vernier Caliper.

Evaluation of the Parasite Burden
After the end of the treatment course, five mice from each

group were sacrificed. The mice were autopsied, spleen,

and liver of them were removed and weighed in a sterile

condition, homogenized by tissue grinder in 2 and 4 mL of

Schneider’s medium, including FBS 20% and gentamicin

0.1%, respectively, and were diluted from 1 to 10−10 in

a 96 well plate. After 7 days of incubation at 25°C, the

presence or absence of motile promastigotes in each well

was recorded. The end titer was the dilution with at least

one living parasite, and the parasite burden/mg of tissue

was calculated as follows: Parasite burden =-log 10 (para-

site dilution/tissue weight).

Statistical Analysis
Values were presented as the mean ± SEM. The signifi-

cance of differences was determined by Analysis of

Variances (ANOVA) and Student’s t-test using SPSS soft-

ware version 22 with (p<0.05).

Result
The Result of Digestion
The authenticity of pET28a -α-toxin plasmid confirmed

using Nco I/Xho I restriction enzyme digestion. The result

of digestion showed two fragments of 5234 bp and 1250.

Expression and Purification of

Recombinant Protein
Protein production was carried out through vector transfor-

mation into the E. coli. This was proved by SDS-PAGE on

both bacterial lysate and purified protein derived from it.

After completion of the analysis, the investigation of the

polyacrylamide gel confirmed the existence of a 48-kDa

band related to α-toxin, which was fused with 6×His tags

(Figure 1). To ensure the detected bands were α-toxin-6×His
tags, Western blotting was carried out by implementing an

antibody against 6×His tags that were shown as a single band

with an apparent MW of 48 kDa. The protein concentration

was measured to be about 1 mg/mL (Figure 2).

The α-Toxin Cytotoxicity in J774-A1

Macrophages and Anti-Amastigote

Assessment
The level of CC50 of α-toxin on the J774-A1 cell line was

evaluated byGraphPad prism 7.01 software, whichwas 0.03 ±

0.002 µg/mL. This protein was not found to be fatal for cells at

concentrations of ≤ 0.003 μg/mL. After examining the effect

of each dilution (0.001–200 μg/mL) of glucantime and also α-
toxin, on 100 macrophages in comparison with negative con-

trol, the level of glucantime and α-toxin IC50 has obtained

4.27± 0.55 µg/mL and 0.008 ± 0.001 µg/mL, respectively. The

mean of glucantime IC50 plus α-toxin was found 0.004±

0.002 µg/mL. Also, the level of glucantime IC50 along with
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0.003 µg/mL non-toxic α-toxin was obtained 0.3± 0.001 µg/

mL (Table 1 and Figure 3A).

The results of the mean number of amastigotes in each

macrophage showed that glucantime plus the non-cytotoxic

concentration of α-toxin (0.003 µg/mL) efficiently reduced the

number of amastigotes forms of L. major in each macrophage

in all concentration compared with glucantime or α-toxin
alone (p < 0.05). The concentration of glucantime plus α-
toxin, necessary to reduce by 50% of survival index was

0.004 µg/mL ± 0.002 that is indicated more powerful anti-

leishmanial effects in the amastigotes form of L. major when

compared with glucantime (IC50 = 4.27 µg/mL ± 0.55) alone.

In addition, results demonstrated that α-toxin (IC50 = 0.008

µg/mL ± 0.001) alone induced more anti-amastigote effect

than glucantime alone (Figure 3B).

In vivo Assessment
The ulcers size was measured on day zero and during 3

weeks of the treatment course. The repeated-observations

ANOVA test showed that both the time (p < 0.001) and the

different treatment regimens (p = 0.001) had significant

differences in the size of the ulcers. As seen in Table 2,

over time, the ulcer sizes have changed, but these changes

have not been the same in four groups. A significant reduc-

tion in lesion size was observed in groups of α-toxin, glu-

cantime, and glucantime plus α-toxin, which was the

smallest in the last group (p < 0.001). There were no

significant differences in treatment responses between the

two first groups. In the negative control group, with time,

the ulcer size has increased significantly in comparison with

the three test groups.

Figure 1 SDS-PAGE analysis of purified recombinant protein of α-toxin by Ni-NTA

resin M: prestained Protein Ladder (Sinaclon, Iran) (10–170 kDa), Cat No. SL7011

(PR911654); Lanes A and B indicate second and fourth eluted fraction of recombi-

nant protein of E. coli BL21 (DE3) transformed with pET28a/-α- toxin-6×His tags.

Figure 2 Western blot analysis of purified recombinant protein of α-toxin-6×His
tags. M: prestained Protein Ladder (Sinaclon, Iran). Lane A: Negative control E. coli
strain BL21 (DE3). Lane B purified recombinant protein of E. coli BL21 (DE3)

transformed with pET28a/-α-toxin-6×His tags shows one band at 48 kDa.

Table 1 The Mean of the IC50 Level of Glucantime and α-Toxin
(µg/Ml) in vitro

Formulation Mean ± SD

The mean of glucantime IC50 on the parasite-infected

macrophages

4.27 ± 0.55

The mean of α-toxin IC50 on the parasite-infected

macrophages.

0.008 ± 0.001

The mean of glucantime IC50 plus α-toxin on the parasite-

infected macrophages.

0.004 ± 0.002

The mean of glucantime IC50 plus α-toxin (non-cytotoxic

dose, 0.003 µg/mL) on the parasite-infected macrophages.

0.3 ± 0.001
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The One Way ANOVA test showed that before the

treatment course, the mean size of the ulcers was not

significantly different among the four groups (p = 0.57).

Still, it became significantly different at the end of the

first, second and third weeks of treatment course (p=0.02,

p<0.001 and p<0.001, respectively) (Table 2, Figure 4).

Parasite Burden Assessment
At the end of the treatment course, the parasite burden was

determined via titration method. The results showed signifi-

cant differences in parasite burden of the spleen (p < 0.001)

and liver (p < 0.001) among the groups exposed to different

therapy protocols. There were significant differences in the

parasite burden of all treated groups with negative control

(Table 3 and Figure 5).

Discussion
The α-toxin is a secretory pore-forming exotoxin of C. septi-

cum responsible for muscle necrosis.9 Glycosylphosphati-

dylinositols (GPIs) in the protozoan L.major can be detected

by α-toxin. The α-toxin by inducing small ion-selective per-

meability and rapid K+ efflux binding to L. major gp63 and

GPIs and inject into the plasma causing hemolysis and cel-

lular necrosis.4

Recombinant DNA technology luckily provided

resources that can play a significant role in the use of pro-

ducts manufactured by this technique alone or in conjunction

with drugs of choice when treating serious illnesses. One of

the essential products produced by this method is some of the

desired bacterial toxins which can be removed the cell bar-

riers to the definitive impact of the drugs of choice and

facilitate an effective drug delivery system. It has enabled

researchers to treat infections like leishmaniasis, which could

not be cured using traditional methods.22 Since codon opti-

mization could be adopted as an excellent method to increase

production yield,23 in this study pET28a plasmid includes the

construction of the codon-optimized synthetic sequence of α-

toxin was provided and transformed into BL21 (DE3) cells.

Figure 3 The CC50 of α-toxin on macrophages (A) The calculation of CC50 of α-toxin, using the results of different concentrations of α-toxin on macrophage (J774-A1) at 20

concentrations in serial dilution starting from 0.0003 ug mL−1. The percentage of cellular cytotoxicity, determined by MTS assay after treatment with the indicated doses of α-toxin
after 1hr at 37°C. (B) IC50 of α-toxin, glucantime, α-toxin + glucantime and α-toxin (non-toxic dose)+ glucantime. The calculation of IC50 of glucantime and α-toxin using the

results of different concentrations of glucantime or α-toxin on amastigote forms of L. major at 18 concentrations in serial dilution starting from 0.001 ug/mL. Moreover, for

calculation of IC50 of glucantime + α-toxin, using the results of different concentrations of glucantime (0.001–200 ug mL−1) along with non-cytotoxic concentration of α-toxin
(0.003 ug mL−1) on amastigote forms of L. major. The percentage of cellular viability, measured by counting the number of amastigotes in each macrophage by examining 100

macrophages on each coverslip and comparing them with those obtained in positive control with light microscope after 48 h incubation at 37°C, 5% CO2.

Table 2 Frequency Distribution of the Mean Size ± SD of the Ulcers in Different Groups (mm)

Groups WO W1 W2 W3 P value

10 µg/kg toxin 4.03 ± 1.08 3.66 ± 0.39 3.24 ± 0.78 2.64 ± 0.73 <0.001

100 mg/kg glucantime 4.59± 0.76 4.44 ± 0.77 4.02± 0.95 3.79 ± 0 0.85 <0.001

10 µg/kg toxin + 20 mg/kg glucantime 4.09 ± 0.31 3.54 ±0.31 2.95 ± 0.34 2.25 ± 0.25 <0.001

Negative Control 4.38± 1.49 5.56 ± 2.14 6.26 ± 2.18 6.98 ± 2.19 <0.001

P value 0.57 0.02 0.001 0.001
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Whereas the recombinant pET28a-α-toxin plasmid can be

lethal to E. coli at high levels, inducing α-toxin expression

with IPTG did not continue more than 2 h. The molecular

weight of the designed construct was estimated at around 48

kDa, as SDS-PAGE and Western blot confirmed the specific

48 kDa protein band.

Despite codon optimization in our study, the expression

level of α-toxin protein was measured by about 1 mg/mL.

This amount was relatively low, and this defect was

resolved by further experiments so that further optimiza-

tion of expression and culture conditions significantly

improved protein production.

So far, several studies have been carried out on recom-

binant α-toxin production. For example, in 2006, Xu et al

colonized the α-toxin gene of C. perfringens type A in the

Pgem-T vector and expressed optimally in E. coli. Also,

immunization in a mouse model was obtained using this

recombinant protein.24 In 2007, Inoue et al showed the α-

toxin gene of C. perfringens in E. coli.25 In the same year,

Zhang et al cloned the α-toxin gene of C. septicum in an

expression vector of pQE30 and expressed in E. coli. They

also produced a toxoid vaccine by adding 0.3% formalde-

hyde into expressed α-toxin and showed that the recombi-

nant strain M15 (pQE30-alpha) could be as a candidate to

provide a protective immune response against C. septicum

infection.26

Some studies have been conducted about α-toxin’s
lethal effects on cells and various infectious agents. For

example, Gordon et al (1999) described the fatal effect of

α-toxin on Chinese hamster ovary cells (CHO) transfected

with GPI-anchored folate receptors.11 Wichroski et al

investigated the effect of intracellular morphology from α-

toxin on unicellular protozoan cells of the Toxoplasma

gondii parasite.13 They observed that toxin targets mem-

bers of the SAG family of GPI-anchored surface proteins

and toxin-treated cells showed the plasma membrane wrin-

kle along with swelling and fragmentation of the endo-

plasmic reticulum.27 In another study by Podešvová et al

using snake venom a “suicidal” program developed in

L. mexicana. This mechanism is based on the expression

and (de)stabilization of a simple phospholipase A2 toxin

from the Bothrops pauloensis snake venom, resulting in

Figure 4 The mean size of lesions (mm) in control and test groups weekly. Diagrams show the therapeutic effect of treatment with α-toxin and glucantime on lesions due to

infection of BALB/c mice L. major. Mice were infected with 1× 106 stationary phase of L. major promastigotes in the tail base. After 21 days post-infection, the treatment

course was started. Values show the mean lesion size ±SD of 10 mice per group (“*”shows significant difference (p < 0.05) and “**” shows significant difference (p < 0.001)

among control and all other test groups).

Table 3 The Mean Burden of Parasite in the Spleen/Liver of BALB/c Mice in Different Therapy Groups

Spleen/Liver N Average Spleen Average Liver Sig

α-toxin 10 μg/kg 5 3.38 ± 0.11 2.54 ± 0.07 P<0.001

Glucantime 100 mg/kg 5 2.62 ± 0.17 3.34 ± 0.12

Glucantime

(20mg/kg) Plus α-toxin (10 µg/kg)

5 2.52 ± 0.05 3.33 ± 0.09

Negative control 5 5.02 ± 0.5 5.36 ± 0.13
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inducible cell death in vitro of the parasites. The suicidal

strain during macrophage infection was strongly attenu-

ated. The authors stated that such a deliberately attenuated

parasite may be used to vaccinate the host, because its

viability is controlled by toxin stabilization, resulting in

a significantly reduced pathogenesis.28

Evaluation of α-toxin IC50 in our study showed that

there is a significant difference between the mean number

of amastigotes from 100 macrophages in groups exposed

to α-toxin plus glucantime in comparison with negative

control. As the strong fatal effect of the two mentioned

components on cultivated Leishmania parasites was found

at lower optimal concentrations (0.03 ± 0.002 µg/mL)

compared with glucantime plus non–toxic α-toxin or

each of them alone. The research of Zheng et al in 2005,

on live parasites, showed that α-toxin binds to gp63 and

GPI from L. major and has a fatal effect at a concentration

of 0.77 ng (50%).4 These results are reminiscent of the

effect of α-toxin on Toxoplasma gondii, which also has

a high concentration of GPI-anchored proteins in its

plasma membrane. As Wichroski study results showed

that tachyzoites of Toxoplasma were sensitive to low con-

centrations of α-toxin (50% effective concentration [EC50]

of 9 ng/mL [0.2 nM]; EC99 of 135 ng/mL [3 nM]).13

The results of in vivo study of the healing effect of α-
toxin on mouse CL was caused by L. major showed that

using α-toxin as a synergistic agent plus glucantime could

significant therapeutic implications. As in the control

group, the mean of the wound area was higher than the

group receiving α-toxin and glucantime. It seems that α-

toxin has an impressive effect on the cytoplasm of macro-

phages and even the parasites. On the other hand, because

of the biological properties of the α-toxin, including the

ability to create pores in the cell wall, this toxin may play

an extraordinary role in the transfer of drugs, especially in

the infections that have intracellular agents and the drug

delivery system has a vital role in the treatment of such

diseases. So the decisive results of healing of the CL

ulcers in the mice receiving glucantime plus α-toxin can

emphasize the synergistic role of α-toxin with the selected

drug in the recovery of CL. Furthermore, the mice without

treatment developed larger lesions throughout the treat-

ment course, as with time, the diameter of the ulcers

continued to increase, but the lesion size of the other

three groups, especially the group of glucantime plus α-

toxin diminished.

In this way, another study was aimed to design

a different method of drug delivery for increased transfer

of the choice drug (meglumine antimoniate) within the

host cells. Therefore, listeriolysin O (LLO), a bacterial

product which is a member of pore-forming peptides was

produced recombinant and used as an enhancer factor with

meglumine antimoniate in order to facilitate the transition

of the drug in an in vitro model of macrophage-L. major

amastigote infection. The results showed a combination of

pore-forming proteins with anti-leishmanial agents could

increase the killing effect of the medicinal agents.29 Also,

there was a significant difference in the parasitic burden of

the spleen and liver of the control group versus the group

receiving α-toxin plus glucantime. Thus, mice treated with

the α-toxin plus glucantime showed significantly higher

resistance to infection compared with the other groups.

Concerning, the lowest effective dose of the toxin (with-

out any side effects) is an essential medical aid, in this study,

the optimal dose of the toxin was determined 10 µg/kg after

doing the basic plots on different mouse groups. Also,

Tweten et al (2001) showed that intravenous injection of α-

toxin (10µg/Kg) in rats and mice resulted in shock and

death.27 They suggested that such studies on α-toxin could

develop a new generation of drugs that could have synergis-

tic effects with glucantime in the treatment of CL.

Conclusion
In this study, expression and purification of C. septicum α-

toxin were successfully done. Also, the anti-Leishmania

effect of α-toxin plus glucantime was evaluated in vitro

and in vivo. The results showed the most effective way to

control the proliferation and eliminate of parasites is to use

a combination of glucantime with α-toxin. Despite the

popular activity for recombinant α-toxin, more efforts

Figure 5 The mean burden of the parasite in the spleen and liver of BALB/c mice of

different groups. After the end of the treatment course, parasite numbers recov-

ered from spleen and liver were evaluated by limiting-dilution assay. The error bars

represent standard deviations (SD) of the mean.
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should be carried out on the characterization of α-toxin to

obtain a realistic view of valuable data on the expression

and antimicrobial properties of it and this activity should

be quantified compared to the conventional treatment pro-

tocols. It is hoped that this achievement could be used as

an experimental model for drug development studies and

generating better alternatives to common cures in human

cases.
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