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Background: Cutaneous leishmaniasis (CL) is an endemic disease in developing countries. Although pentamidine orantimonite 
(Glucantime) has been recommended for cutaneous leishmaniasis treatment by the World Health Organization, there are some concerns 
too such as high cost, side effects, need for frequent injections, and restricted efficacy. Therefore, different methods have been used for CL 
treatment so far.
Objectives: This study assessed the sensitivity of two parasite agents of cutaneous leishmaniasis: Leishmania major and L. tropica to zinc 
sulphate in vitro. In the present study, the zinc sulphate effect on urban and rural strains of cutaneous leishmaniasis, viability of old world, 
in vitro is under investigation.
Materials and Methods: The design of the present study was experimental (laboratory-trial) based. Iranian endemic species of L. major 
and L. tropica were appropriately collected, proliferated, and maintained in the standard culture. Afterward, the proper concentrations of 
zinc sulphate were provided, sterilized, and added to the cultures containing parasites. In different intervals, parasites were counted by 
two methods: the slide and cell proliferation ELISA.
Results: Both parasite species showed sensitivity to zinc sulphate in vitro and in comparison with the control group, their numbers were 
reduced. Zinc sulphate (in concentrations of 0.5, 1, 2, and 3 percent) was added to the cultures containing parasites, and the total number 
of the live parasites was counted through the slide method (Neubauer slide) every day up to the fifth day. The results were analyzed 
and found statistically significant (P < 0.05). In the second phase, the counting process was repeated with the addition of zinc sulphate 
compound with different concentrations (3, 4, 5, and 6 percent) and live parasite numbers were counted by ELISA method after 24 hours. 
The findings revealed that all the cultures containing zinc sulphate showed a slower growth in comparison to the control group. The 
mentioned difference was statistically significant (P < 0.05).
Conclusions: Considering the safety of zinc sulphate compound in comparison with Glucantime, there is a possibility of using it in the 
treatment of CL caused by both species of L. major and L. tropica. It is obvious that more researches are mandatory both in vivo and in vitro 
to figure out its daily dosage, proper concentration, time and duration, and possible side effects.

Keywords:Cutaneous Leishmaniasis; Zinc Sulphate; In Vitro; Therapeutics

Copyright ©  2014, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar. This is an open-access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the mate-
rial just in noncommercial usages, provided the original work is properly cited.

1. Background
Leishmaniasis is the name of a disease, which caused by 

several types of parasites. Each of the parasites is endem-
ic to a specific geographical zone (1). The disease could 
be found in 88 different countries, and approximately 1.5 
million of new cases are reported throughout the world 
annually; over 80% of the cases occur in the developing 
countries. Brazil, Iran, Afghanistan, and Sudan are the 
most infected countries. The disease itself is one of the 
priorities of hyperendemic areas. Morphologically, differ-
ent species of parasite are identical and only differenti-
ated  by isoenzyme pattern  and DNA analysis or mono-
clonal antibody (2). The clinical aspects are not enough 
to differentiate species. However, a special kind of disease 
or a distinct feature is possible to exist for some species.

Leishmaniasis parasite has an expanding cycle in the in-
testine of the female sandfly. During severe dermal infec-
tion in vertebrate host, amastigote form of the parasite 
exists in reticulated cells and leads to necrosis of mono-
nuclear cells. The parasite shape is round and its length 
without flagellate is 2-3 µm. In Romanowsky staining; cell 
kinetoplast gets deeply colorful and results in a particu-
lar view of organism. Leishmania species exists in sandfly 
body and cultures in the form of promastigote, which 
can move and has an anterior flagellate. Sandflies live in 
hot and wet areas, close to rodents’ nests and trees holes. 
The infection is started with sandfly bite of exposed body 
areas typically during the night.

 The parasite is zoophilic, and usually one type of it lives 
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in the body of some kind of a vertebrate animal, which is 
named as its reservoir host. Human is called as an acci-
dental host, when becomes a reservoir host in facing with 
anthroponotic kind. Regarding the mentioned evidence, 
the geographical expansion of leishmaniasis occurs in 
special climates (3). Although the infection is in the forms 
of CL and visceral leishmaniasis (VL) in human, some VL 
infection can lead to skin complications too. In south and 
center of the America, Leishmania braziliensis parasite 
may cause skin complications, which result in mucosal 
or mucocutaneous leishmaniasis. Mucosal involvement 
in other Leishmania species is relatively rare (4).

 Up to now, various treatments have been tried that 
none of them has had absolute results. Owing to the re-
strictive nature of the disease, the completion of cell im-
mune system leads to the sore recovery in the final step. 
Incubation and clinical period are too variable, and takes 
from one to several months. The evaluation of the drugs 
is too difficult and needs scientific and standard meth-
ods, which are rarely used and most of the time, sore re-
covery is reported as a result of drug effect. Consequently, 
many believe that available drugs do not have a remark-
able impact on disease treatment, and regarding the long 
course of the disease, there is not any absolute treatment.

 In short, the treatment has gone three ways: 1) using 
physical treatments, including local surgery and re-
moving necrotic tissues, cryotherapy, thermotherapy, 
X-ray therapy with different waves, and laser therapy; 
2) using local drugs, including a long list of antimony 
compounds, antimalarial compounds e.g. emetine, cor-
ticosteroids, bleomycin, zinc sulphate, sodium chloride, 
and many other drugs solely or in combination are used 
with different results; 3) using systematic drugs, mainly 
the antimony compounds which their treatment results 
are very different from 100% effective to none. Other 
drugs, including antimalarial compounds, e.g. cumalar, 
different types of antibiotics specially macrolides, mono-
mycine, neomycin, amphotericin, paromomycin, com-
pounds like zinc in different compounds and potassium 
chloride sulfur compounds and Celina are reported more 
and less in disease treatment, which none of them has led 
to the complete recovery (4-6).

Anti leishmanial activities of zinc sulphate have been 
reported recently. The effect of zinc sulphate has been in-
vestigated many times in the forms of oral consumption 
or local injection into cutaneous lesions, which shows 
relatively positive but variable results. Therefore, the 
following steps must be carried out and investigated at 
first: the effect of the zinc sulphate compound on differ-
ent species of parasite in vitro (with different dosages and 
different methods and intervals), and then in vivo and fi-
nally on human. And in later steps, there might be some 
hope to find a more effective treatment for the disease. 
We would like to mention that newer immunotherapy 
methods and probes are underway to prepare the vac-
cine for this disease, but acceptable results have not been 
reported yet. In this regard, to assess the relationship 

between CL and different gradients of zinc sulphate, we 
cultured Leishmania species and studied antimicrobial 
properties of zinc sulphate compound in vitro (7-18).

2. Objectives
This study assessed the sensitivity of two parasite agents 

of CL; L. major and L. tropica to zinc sulphate compound in 
vitro. In other words, the aim of the study was to evaluate 
the efficacy of zinc sulphate compound on urban and ru-
ral strains of CL (viability of old world) in vitro.

3. Materials and Methods
The present study is experimental (laboratory-trail) and 

conducted in several steps.

3.1. The Preparation of Parasite
L.major strain [MRHO/IR/75/ER] promastigote (PM) stage 

was collected from the Medical Parasitology Department, 
School of Medical Sciences, Tehran Tarbiat Modares Uni-
versity. Then, it was proliferated in Novy-Nicolle-Mac Neal 
(NNN) (Iran) and RPMI1640 (Gibco, SinaQuia Gen, USA) 
media with high density according to the instruction of 
Limoncu et al. (19).

L. major strain (MRHO/IR/75/ER) and L. tropica were 
maintained in BALB/c mice. Amastigotes were isolated 
from mice spleens, and transformed to PM in NNN me-
dium. Subsequently, with the third PM passage from NNN 
medium, they were progressively adopted to RPMI 1640 
media, which increasingly supplemented with antibiot-
ics, glutamine and fetal calf serum (FCS). The complete 
medium consisted of penicillin (100 U/mL), streptomy-
cin (100 µg/mL), and 20% heat-inactivated fetal calf serum 
(Gibco, SinaQuia Gen, USA) at 25°C (20).

3.2. Zinc Sulphate Preparation
Zinc sulphate heptahydrate, ZnSO4. 7H2O (BDH, Iran) 

was dissolved in distilled water in known concentration 
and autoclaved at 121°C for 20 minutes before use. Am-
pules of melamine antimonite (Glucantime) purchased 
from Spica, France.

3.3. Parasite Counting

3.3.1. The Slide Method
A fixed initial density of the parasites was transferred to 

screw-capped vials containing 5 mL of RPMI 1640 with dif-
ferent concentrations of zinc sulphate compound (0.5%, 
1%, 2% and 3%), then melamine antimonite added and for 
each concentration, three vials were chosen, as well as a 
control vial for each run. The vials were then incubated 
at 26°C for PM. On the next four days, the cultures were 
counted. A 1:10 diluted saline solution along with the ap-
propriate dye was prepared. The PMs permeable to the 
blue dye got died while viable ones exclude the dye (11). 
The chamber of a Neubauer slide was charged and the 



Fattahi Bafghi A et al.

3Jundishapur J Microbiol. 2014;7(9):e11192

number of organisms in 16 small corner squares was 
counted. The total number per mL is equal to N (counted) 
times10 (number in 1 mm3 x 103 number 1 mL) times10 
(dilution factor). 

The LD50 (Lethal dose 50%) was calculated according 
to the method of Healy et al. (12). This method was first 
described by Sharquie et al. (13). A modified method was 
used in the present study, and the obtained results were 
compared with gained ones by the previous method of L. 
major. The appropriate dye was added to a dilution of the 
parasites growing on liquid medium. Trypan blue 0.4% 
was used for PM. One drop containing the parasites was 
put on a slide along with a drop of a drug solution and 
covered by a cover slip. The slides were examined under 
the light microscope, and the percentage of stained para-
sites was noted. Normal saline was used as the control (11, 
12, 21, 22).

3.3.2. The Cell Proliferation ELISA, BrdU Method
The cell proliferation ELISA, and BrdU (Chemilumines-

cent) was performed as instructed by Roche Diagnostics 
GmbH Roche Applied Science 68298 Mannheim Germany 
(Version March 2005, Cat. No. 11 669 915 001) which is 
briefly as follows: 1) a fixed initial density of the parasites 
was transferred to screw-capped vials containing 5 mL a 
liquid medium with different concentrations of zinc sul-
phate (0.5, 1, 2, 3, 4, 5, and 6 percent) and melamine anti-
monite and each density was done in triplicates. Each run 
also had control vials; 2) the cell proliferation method of 
ELISA, and BrdU was conducted according to the Kit in-
struction (13). Finally, all data were collected to be ana-
lyzed through statistical procedures.

3.4. Data Analyses
Data are expressed as Mean ± SD of lesion’s diameter 

and animal’s weight, and were statistically analyzed by 
multivariate tests for evaluating the effect of time with-
in-subjects and multiple comparisons test for comparing 
the variables between groups. In this study, P< 0.05 was 
considered as the significant level.

4. Results
LD50of studied ZS and Glucantime on L.  major and L.  

tropica PMs are as follows: the LD50 for zinc sulphate was 
221.9 mg/mL or 44.4 mg/Ml for Zn++, and the LD50 for pen-
tavalent antimony compounds is 334.7 mg/mL (Table 1).

Table 1.  The LD50 of Zinc and Pentavalent Antimony Against L. 
major and L. tropica PMs

Organism Zn++, mg/mL Glucantime, mg/mL

Leishmania major PM 44.4 334.7

Leishmania tropica PM 32.4 2250

The LD50 Zine and Pentavalent Antimony against L(L)major
and L(L)tropica PMs

GlucantimZn++
0
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Figure 1. The LD50 of Zinc and Glucantime Against L. major and L. tropica PMs

The zinc sulphate effect on urban and rural strains of 
CL (Viability of old world) in vitro was investigated and 
the parasites were counted in different time intervals, 
by two methods of the slide and cell proliferation ELI-
SA, BrdU. Figure 1 shows the effect of different concen-
trations of zinc sulphate against L.  major PMs. Zinc, in 
geometrically increasing concentration, inhibited the 
growth of L. major PMs.

4.1. The Zinc Sulphate Effect on Rural Strains L. ma-
jor and L. tropica in Vitro by the Slide Method

The findings of zinc sulphate effect on rural strains 
Leishmania. L. major with densities of 0.5, 1, 2, 3 on the first, 
second, third, fourth, and fifth day of application showed 
that the zinc sulphate increase has an inverse relation 
with the parasite proliferation percentage. In other 
words, while the parasites in the control group showed a 
typical growth procedure, the parasites in the experi-
mental groups revealed a much slower growth rate. In-
terestingly, the growth percentage is different in differ-
ent zinc sulphate concentrations and with its increase, 
the parasite proliferation decreased remarkably. In other 
words, the growth and proliferation of the parasites were 
strictly controlled by the drug (Table 2 and Figure 2).

The mentioned findings were analyzed by repeated 
measures analysis of variance (ANOVA), and the final out-
put showed that the zinc sulphate compound has a sta-
tistically significant effect on the growth of L. major (P < 
0.001). 

Table 2.  Mean Frequency of Viability of PM of L. major [MRHO/
IR/75/ER] in Culture According to Zinc Sulphate Gradients in 
Due Times Comparing With Control Group by the Slide

Densities, d Control 0.5% 1% 2% 3%

1st 78 61 ± 2.82 46 ± 2.82 44 ± 1.41 20 ± 0.70

2nd 247 76 ± 2.12 64 ± 1.41 54 ± 2.82 33 ± 0.707

3rd 294 94 ± 1.41 91 ± 5.65 62 ± 1.41 41 ± 0.707

4th 387 101 ± 2.82 89 ± 5.65 68 ± 1.41 48 ± 1.41
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Figure 2. Mean Frequency of Viability of PM of L. major [MRHO/IR/75/ER] in 
culture According to Zinc Sulphate Concentrations in Due Times Compar-
ing With the Control Group by the Slide

To investigate the effect of different concentrations of 
zinc sulphate compound on L. major viability, four groups 
with different densities without the control group con-
sideration were statistically analyzed by repeated mea-
sures ANOVA and (P = 0.001) showed that the effect was 
significant. It means that the drug increase (higher 
concentration) has led to a significant parasite decrease 
(growth inhibition).

4.2. The Zinc Sulphate Effect on Rural Strains. L. ma-
jor and L. tropica in Vitro by ELISA, BrdU Method

Considering the results obtained from the slide meth-
od of parasite proliferation and given the fact that in-
crease in zinc sulphate compound inhibits the parasites’ 
growth, the drug concentration in ELISA, BrdU was up to 
6%. The findings showed that in the culture of L. major 
with zinc sulphate compound, the growth and prolifera-
tion were strictly affected and dropped. In other words, 
the parasitic growth decrease has a direct relationship 
with zinc sulphate concentration, and with the increase 
of zinc sulphate, there is an inhibition in parasite growth. 
Interestingly, in the concentration of 6%, the highest inhi-
bition level was observed.

To put it another way, considering the time intervals, 
parasite population in the control group have been re-
markably increased. By contrast, in the groups contain-
ing the zinc sulphate compound, the parasite growth was 
decreased. The most remarkable inhibition was seen in 
the last group containing 6% of zinc sulphate compound. 
It means that an increase in zinc sulphate compound 
was strictly inhibited the parasite growth in vitro (Table 
3 and Figure 3). The growth and proliferation of L. major 
in experimental groups containing the zinc sulphate in 
comparison with the control group showed less increase. 

It was tested by repeated measures ANOVA, and the result 
was statistically significant (P = 0.001). In addition, the 
results of different groups of zinc sulphate compounds 
were compared with each other, and the result was statis-
tically significant (P = 0.001).

Table 3.  Mean Frequency of Viability of PMs of L. tropica in Cul-
ture According to Zinc Sulphate Concentration in Due Times 
Comparing With Control Group by the Slide

Concentration, d Control 0.5% 1% 2% 3%

1st 94 92 ± 2.12 84 ± 0.707 68 ± 1.41 58 ± 1.41

2nd 127 105 ± 0.707 98 ± 1.41 92 ± 2.12 85 ± 1.41

3rd 188 107 ± 1.41 114 ± 1.41 100 ± 1.41 86 ± 1.41

4th 272 126 ± 1.41 132 ± 3.53 123 ± 2.12 94 ± 1.41

The comparison of optical density mean of parasite L. 
major the in the culture with different concentrations 
was conducted by Kruskal-Wallis Test which was statis-
tically significant among different concentrations and 
control group (P = 0.001). The ELISA, BrdU findings with 
different concentrations of zinc sulphate compound 
without considering the control group was investigated. 
The comparison of optical density mean in the case of 
parasite (L. tropica) in the culture with different densities 
was conducted by Kruskal-Wallis test leishmania which it 
was a statistically different significant among concentra-
tions (P = 0.02). It means with the increase in concentra-
tion; the inhibition effect on the parasite increases too.
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Figure 3. Mean Frequency of Viability of PM of L. tropica in Culture Ac-
cording to zinc sulphate concentrations in Due Times Comparing With 
Control Group by the Slide.

Table 4. The Effect of Zinc Sulphate on Rural & Urban Strains of 
Cutaneous Leishmaniasis, Viability of Old World in Vitro

Species, 
Concentration

Control 0.5 1 2 3

L.major 0.16733 0.14067 0.12367 0.11733 0.092

L. tropica 0.14900 0.12467 0.11433 0.10733 0.09167
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Figure 4. The effect of Zinc Sulphate on Rural & Urban Strains of Cutane-
ous Leishmaniasis, Viability of Old World in Vitro.

Table 5. Staining Mean of Urban and Rural PM in Culture on Cell 
Proliferation, ELISA Method a

Species L. major L. tropica

Zinc Sulphate Concen-
trations, %

Control 0.167 ± 0.005 0.149 ± 0.003

0.5 0.140 ± 0.003 0.124 ± 0.003

1 0.123 ± 0.006 0.114 ± 0.002

2 0.117 ± 0.004 0.107 ± 0.004

3 0.092 ± 0.006 0.091 ± 0.003
a Data are presented as mean ± SD
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Figure 5. Staining Mean of Urban & Rural PM in Culture on Cell Prolifera-
tion, ELISA Method

5. Discussion
The findings of the present study revealed that zinc sul-

phate compound had a protective effect on the promas-
tigote form of the parasites (two strains of urban and 
rural leishmaniasis), and stopped their proliferation in 
vitro. Different methods to cure leishmaniasis have been 

recommended so far that most of them comprised topi-
cal and systemic treatments. The four- and five-valentan-
timony compounds have been introduced since 1940 for 
systemic treatment and the five capacity compounds 
have been used as the first drug of choice in the treat-
ment since 1984. The mentioned drug is relatively expen-
sive and has some severe side effects. Besides, there are 
many reported cases of its inefficacy in wound recovery. 
Owing to the reasons, various drugs have been used so 
far, including sodium chloride and zinc sulphate.

The first report of efficacy of 2% zinc sulphate com-
pound dates back to a study in  2010) (17) in which zinc 
sulphate compound with a concentration of 100 to 400 
mL/kg was given to the mice. The results showed that 
the experimental group in comparison with the control 
one suffered less and the disease course was less severe 
too (18). The anti leishmanial effect of zinc sulphate is not 
completely clear. It might be the effect of zinc sulphate 
on different enzymes, which interfere in DNA and pro-
teins synthesis. Furthermore, it was reported that zinc 
can deactivate DNA enzyme of herpes virus Thus, it is 
more probable that the zinc main effect is on enzymes, 
which play some role in nucleic acids metabolism. As a 
result, zinc sulphate compound stops the parasite pro-
liferation in vitro. The present study showed the direct ef-
fect of drug on parasite. However, more precise studies 
for revealing the exact effect mechanism of the drug are 
mandatory.

Zamani Sorkhroodi et al. conducted a study in 2010 
(23). Thirty-three mice were infected by L. major, and then 
they were divided into three groups by random. The first 
group was received 0.35 mL/kg solenoid sodium for 30 
days; second group received 2 mg/kg zinc sulphate com-
pound for 30 days; and the third group received 10 mL/
kg distilled water (control group). All the groups received 
60 mg/kg standard Glucantime injection for 14 days. The 
size of the wound in solenoid sodium receiving group 
got bigger, and in the second group it stopped enlarg-
ing but no significant difference between zinc sulphate 
group and distilled water group was observed. The find-
ings of the study showed that zinc sulphate compound 
has no significant effect on disease control in laboratory 
animals (19). Regarding these results, the reduplication 
of experiments of drug effects in vitro was needed.

 Many researchers have focused on the drug effects on 
human beings. In 1998, Rafid et al. (24) used zinc sulphate 
compound through injection in animate wound and re-
ported the positive results. Sixty-three patients suffered 
from CL were divided into four groups by random. Three 
groups received 2% zinc sulphate compound, 7% colored 
sodium, and antimony injection into the wound, respec-
tively. Fourth group was the control one which received 
no treatment. At the end of 45-day treatment, the results 
revealed that the first three groups obtained compa-
rable treatment outputs and zinc sulphate compound 
group with 94.8% recovery showed the best result (20). 
Another study was conducted by Sharquie et al. (25) in 
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2001. They put 104 patients diagnosed with L.  major into 
four groups. Three groups received oral dosages of 2.5, 
5, and 10 mL/kg zinc sulphate compound, and fourth 
group, which was the control one did not receive any 
treatment. All the patients were observed for 45 days, 
and finally, the results showed that clinical and labora-
tory recovery in the groups of 2.5, 5, and 10 was 83.9, 93.1, 
and 96.9, respectively. None of the patients in the control 
group showed any cure.

 The obtained result emphasized on the efficacy of oral 
zinc sulphate compound as an appropriate and harmless 
medication in treatment of CL (11). The findings of men-
tioned studies which were conducted in Iraq showed the 
positive effect of the drug, let alone the studies of drug 
effect on the parasite in vitro, and animal models which 
were conducted in this country. However, many stud-
ies that were conducted in Iran did not report the drug 
efficacy. In 2007, a study was conducted by Yazdanpanah 
et al. (26) in Mashhad to observe the efficacy of oral zinc 
sulphate compound on cutaneous leishmaniasis. Thirty-
one patients were treated by taking 10 mg/kg oral zinc 
sulphate compound during 45 days. Twenty-two patients 
completed the treatment and only two of them showed 
perfect recovery. Therapeutic value of oral zinc sulphate in 
cutaneous leishmaniasis treatment was assessed as insig-
nificance by conductors (12). Another study was conduct-
ed by Iraji et al. (27) in Isfahan in 2004. In this study 104 
patients suffered from severe CL participated and were 
divided into two groups by random. One group received 
2% zinc sulphate compound, and the other group received 
antimony for a total of six weeks. A total of 66 patients, 35 
persons form antimony group and 31 persons from zinc 
sulphate completed the treatment. The recovery percent-
age in the antimony group was 60% and in the zinc sul-
phate group was 83.8%. In the end, the conductors came to 
this conclusion that the injection of 2% zinc sulphate into 
the wound can be the alternative treatment for CL.

Another study was conducted by Firooz et al. (28) in 
2005. A total of 72 patients suffered from severe urban 
CL were selected and divided into two groups. One group 
received zinc sulphate compound and the other one re-
ceived Glucantime injection weekly. 35 patients (13 per-
sons from zinc sulphate group and 22 ones from Glucan-
time) completed the treatment. The complete recovery 
was observed one week after the treatment completion 
in 2 and 19 patients in zinc sulphate group and Glucan-
time group, respectively. The findings revealed that the 
zinc sulphate injection in comparison with Glucantime 
had fewer side effects (22).

 Various studies emphasized on the mechanism of zinc 
sulphate action on laboratory animals and human being 
regarding the change of immune response. The shortage 
of this component changes the immune response of a 
cell from Th1 toward Th2 i.e. humoral immune response. 
Considering the fact that the Th1 immune response leads  
to the production of items such as IL2 and INF γ, which 
control virus infections and other inside-cell pathogens 

and as a result is more effective in comparison with Th2 
response (13). Also, the zinc sulphate role in determining 
molecular construction of Leishmania is important, which 
affects joining and entering the Leishmania into the cells. 
In several studies, low levels of zinc serum, selenium and 
iron accompanying with a decrease in related enzymes 
activity such as flotation peroxides and catalase were re-
ported (29, 30). Two other studies focusing on the dogs 
suffered from VL, and human beings suffered from leish-
maniasis showed the low level of zinc and iron and other 
cytotoxic compounds related to these elements (30).
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