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Summary
Cutaneous leishmaniasis (CL) is a zoonotic disease caused by Leishmania parasites. CL is still
one of the health problems in tropical areas and in Iran. In this study, the Paromomycin was
used for treatment of CL in Balb/c mice infected with Leishmania major. It is purposed that
Paromomycin can be used as an appropriate achievement for control and therapy of CL.
Paromomycin was used to inhibit leishmaniasis in susceptible Balb/c mice infected with
Leishmania major MRHO/IR/75/ER; as a prevalent strain of CL in Iran. Serum concentrations
of essential trace elements including copper (Cu) and Zinc (Zn) were determined by Flame
Atomic Absorption Spectrophotometer (FAAS). Moreover, liver enzymes including Serum
Glutamic Oxaloacetic Transaminase (SGOT), Serum Glutamic Pyruvic Transaminase (SGPT)
and Alkaline Phosphatase (ALP) were also studied by Auto Analyzer Technical RA1000.
Paromomycin therapy caused significant changes in the values of liver enzymes, Zn, Cu and
Cu/Zn ratio as observed in healthy and infected Balb/c mice. Although, SGOT, SGPT and Cu
were decreased in test groups, Zn and ALP increased in same groups in comparison with
controls in healthy and infected groups of mice. The biochemical alteration of trace elements
and liver enzymes was indicated during this study, which may attributable to anti-leishmanial
effects of Paromomycin injection during L. major infection. This result clarifies Paromomycin
as an effective therapy for the treatment of CL in rodent model of leishmaniasis.
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Introduction
Leishmaniasis is a geographically widespread severe disease, with an increasing incidence of
two million cases per year and 350 million people from 88 countries at risk. The causative
agents are species of Leishmania, a protozoan flagellate [1], which is transmitted by species of
Phlebotomine sandflies [2]. Leishmaniasis has a worldwide distribution with important foci of
infection in Central and South America, southern Europe, North and East Africa, the Middle
East, and the Indian subcontinent. Currently the main foci of visceral leishmaniasis (VL) are in
Sudan and India and those of cutaneous leishmaniasis (CL) are in Afghanistan, Syria, and
Brazil. In addition to the major clinical forms of the disease, VL and CL, there are other
cutaneous manifestations, including mucocutaneous leishmaniasis (MCL), diffuse cutaneous
leishmaniasis (DCL), recidivans leishmaniasis (LR), and post-kala-azar dermal leishmaniasis
(PKDL) that are often linked to host immune status [3]. Several species of Leishmania are
involved, including L. major, L. tropica and L. aethiopica in the Old World, and several species
of the L. braziliensis and L. mexicana in the New World [4].
In recent years, a protective immune response against intracellular Leishmania, has
been defined as Th1, whereas protection against extracellular pathogens, such as helminths,
requires a Th2 response. The murine model of experimental leishmaniasis has been
instrumental for the elaboration of the Th1/Th2 paradigm; however the preferential action of
Th1 or Th2 cytokines results in cure or progression of the disease, respectively [5-7]. Mice that
spontaneously resolve their infections develop Th1-type responses, while non-healing Balb/c
mice develop Th2-type responses [8, 9]. In addition, activated macrophages (MQ) participate in
the inflammatory response by releasing chemokines and factors that recruit additional cells to
site of infection. In addition, MQ activate the expression of genes responsible for the highoutput synthesis of intermediates, which contribute to the regulation of the inflammatory
response [10].
Trace metals, including Zn and Cu, are directly involved in metabolic processes critical
to cell differentiation and replication. Zn is an essential trace element with cofactor functions in
a large number of proteins of intermediary metabolism, hormone secretion pathways and
immune defense mechanisms [11-13]. The essentiality of Zn for humans was first documented
by Prasad in the 1960s. One of the main clinical manifestations associated with Zn deficiency is
increased susceptibility to infectious diseases [14, 15]. Thus, there was an increased interest of
researchers in studying the role of Cu and Zn in animal and human models of immunity [1619]. Although many immunologic functions depend on these processes, Cu and Zn are believed
to be essential to functioning of immunocompetent cells residing in circulating blood, and their
deficiency may result in impairment of immune responsiveness [19, 20].
Moreover, several enzymes which contribute to immune system responses require Zn
and Cu for their activities [21]. The changes in the levels of trace elements are part of immunity
of organism and are induced by IL-1, TNF-α and IL-6 [22-24]. These substances are
immunocytokines liberated dose-dependent mode, mostly by activated macrophages, in
response to several stimuli, including exercise, trauma, stress, or infection [25]. The most
known changes in inflammation and infections are alterations in Fe, Zn and Cu levels in
association with elevated levels of acute phase proteins, such as ceruloplasmin [26]. The
process of elimination of Leishmania, requires a Th1 type immune response, and Zn deficiency
decreases Th1 but not Th2 immune response [27, 28].
The human liver contains thousands of enzymes, which help necessary chemical
reactions to take place. Enzymes trigger activity in the body's cells, speeding up and facilitating
naturally occurring biochemical reactions, and maintaining various metabolic processes within
the liver [29].
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Serum Glutamic Pyruvic Transaminase (SGPT) is an enzyme that helps metabolize
protein, Serum Glutamic Oxaloacetic Transaminase (SGOT) plays a role in the metabolism of
the amino acid alanine and Alkaline Phosphatase (ALP) is an enzyme needed in small amounts
to trigger specific chemical reactions [29] and to diagnose liver function and its integrity [3032].
Paromomycin sulfate is an aminoglycoside antibiotic, first isolated from Streptomyces
krestomuceticus in 1950s with the chemical formula of C23H45N5O14 ×H2SO4. Paromomycin is
also effective against some protozoa and cestodes and it is the only aminoglycoside with
clinically important anti-leishmanial activity [33, 34]. Injectable Paromomycin was extensively
used as an antibiotic until 1980s, before cephalosporins and quinolones became popular
antibiotics. Paromomycin is poorly absorbed after oral application, however it is still marketed
as treatment for Amoebiasis and Giardiasis. Paromomycin in methylbenzethonium chloride
ointment is used as a topical treatment for L. major CL in Israel [34] and its anti-leishmanial
properties were well recognized [35-41]. Paromomycin, with its excellent efficacy, low cost,
shorter duration of administration and good safety profile, has the potential to be used as a firstline drug [42].
To our knowledge so far, the injectable form of Paromomycin has not been applied for
the treatment of CL yet. In the current study, for the first time, the anti-leishmanial effects of
Paromomycin were clarified in Balb/c mice infected with L. major. This study aimed to
investigate liver enzymes; Zn and Cu levels alter in murine model of CL, and whether these
variations might be involved in the immune responses against the parasite. This study will
complete the previous studies on the topical treatment of leishmaniasis with Paromomycin
ointment and lotion, which is able to find an appropriate solution for control and therapy.
Methods
Animals
Female inbred Balb/c mice (supplied by the Karaj Laboratory Animal Unit, Pasteur Institute of
Iran) were used in this study. The initial body weight was 19.2 ± 1.3 g (mean ± standard error
of mean, SEM) and mice were housed at room temperature (20–23 °C) on a 12-h light and 12-h
dark cycle, with unlimited access to food and tap water. Experiments with animals were done
according to the ethical standards formulated in the Declaration of Helsinki, and measures
taken to protect animals from pain or discomfort. It has been approved by Ethical Committee of
the Pasteur Institute of Iran, in which the work was done.
In vitro cultivation of L. major
The L. major MRHO/IR/75/ER used in this study was the standard strain isolated from Iran.
The infectivity of the parasite was maintained by regular passage in susceptible Balb/c mice
and parasite were cultured in the RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS), 292 mg/ml L-glutamine and 4.5 mg/ml glucose (all supplied by Sigma). Under
these conditions, the stationary phase of parasite growth was obtained in 10 days [43, 44].
Infection of Balb/c mice with L. major
Promastigotes of L. major were harvested from culture media, counted and used to infect
Balb/c mice. The base of the tail was injected intradermally with inoculums of 2 × 106
promastigotes.
Experiments and groups
The experiments were performed once in six groups considering time, budget and long-period
monitoring of animals according to the ethical issues for sample size and replication in order to
protect animals from further pain or discomfort.
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It has been approved by institutional ethical review board in which the work was done. Balb/c
mice were divided into six test and control groups (n =8 mice/group) including Group
1(Control: Uninfected mice + D.W.), Group 2 (Test: Uninfected mice + 0.4 mg/kg
Paromomycin), Group 3 (Test: Uninfected mice + 0.6 mg/kg Paromomycin), Group 4 (Control:
L. major + D.W.), Group 5 (Test: L. major + 0.4 mg/kg Paromomycin) and Group 6 (Test: L.
major + 0.6 mg/kg Paromomycin).
Drug: Paromomycin and drug vehicles
Paromomycin (Sigma) was developed as a therapeutic against leishmaniasis. 300 mg
Paromomycin was dissolved in 30 ml D.W. and injected for 3 weeks after infection in
experimental groups. Control groups were injected only with D.W. and test groups were
injected with 0.4 and 0.6 mg/kg of Paromomycin.
Preparation of Serum
Serum was prepared from blood taken by cardiac puncture, from mice terminally anaesthetized.
Serum was prepared by microfuging blood at 6000 g for 5 min, and supernatants were
transferred to an eppendorf and stored at -70ºC [45].
Measurements of blood trace metals and liver enzymes
Serum was removed by centrifugation and stored in metal-free tubes at -70° C. Zn and Cu were
determined by direct aspiration of 1:10 dilution of serum in deionized water into the Flame
Atomic Absorption Spectrophotometer (FAAS, Thermo Jarrel Ash, Germany) [46]. Serum
SGOT, SGPT and ALP were determined by Auto Analyzer Technical RA1000 [30].
Statistical analysis
Values for SGOT, SGPT, ALP, Cu and Zn are presented as the mean ± SEM for groups of n
samples. The significance of differences was determined by Analysis of Variances (ANOVA)
using Graph Pad Prism Software (Graph Pad, San Diego, California, USA).

Results
Statistically significant differences in serum Cu were observed among groups. Serum Cu
decreased in test group compared to control group in uninfected Balb/c mice [1.29 ± 0.024
µg/mL (Group 1, Control); 1.22 ± 0.027 µg/mL (Group 3, Test), with P<0.05] and also serum
Cu decreased in test groups compared to control group in infected Balb/c mice [1.33 ± 0.016
µg/mL (Group 4, Control); 1.23 ± 0.02 µg/mL (Group 5, Test) and 1.25 ± 0.021 µg/mL (Group
6, Test ), with P<0.01] (Figure 1).

Serum Zn increased in test groups as compared with control group in uninfected Balb/c mice
groups [1.25 ± 0.068 µg/mL (Group 1, Control); 1.27 ± 0.056 µg/mL (Group 2, Test) and 1.43
± 0.01 µg/mL (Group 3, Test), not significant differences (NSD)] and also serum Zn increase in
test groups observed as compared with control group in infected Balb/c mice groups [1.20 ±
0.041 µg/mL (Group 4, Control); 1.24 ± 0.026 µg/mL (Group 5, Test) and 1.29 ± 0.020 µg/mL
(Group 6, Test), NSD] (Figure 2).
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Figure 1: Serum Cu levels in control and test groups
Serum Cu was determined by FAAS in control and L major infected Balb/c mice with and
without treatment with Paromomycin. Significance of differences (*P<0.05, **P<0.01) was
determined by One-Way ANOVA test using Graph Pad Prism Software (n=8 mice/group). [H,
Healthy mice; L, Leishmania infected mice; 0.4, 0.4mg/kg Paromomycin; 0.6, 0.6mg/kg
Paromomycin].

Figure 2: Serum Zn levels in control and test groups
Serum Zn was determined by FAAS in control and L major infected Balb/c mice with and
without treatment with Paromomycin. No significance of differences was determined by OneWay ANOVA test using Graph Pad Prism Software (n=8 mice/group).
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The ratio of Cu / Zn was decreased, but this decline was NSD in test and control groups. The
ratio of Cu / Zn decreased in test group compared to control group in uninfected Balb/c mice
group [1.06 ± 0.118 (Group 1, Control) and 0.86 ± 0.127 (Group 3, Test)] ;and also the ratio of
Cu / Zn decreased in test groups compared to control group in infected Balb/c mice [1.15 ±
0.065 (Group 4, Control); 1 ± 0.039 (Group 5, Test) and 1.01 ± 0.026 (Group 6, Test), NSD]
(Figure 3).

Figure 3: Serum Cu / Zn ratios in control and test groups
Cu / Zn ratios were calculated by subtracting Cu to Zn values. No significance of differences
was determined by One-Way ANOVA test using Graph Pad Prism Software (n=8 mice/group).

Statistically significant differences in serum SGOT and SGPT were observed among groups.
SGOT decreased in test groups compared to control group in uninfected Balb/c mice [233.60 ±
17.58 U/L (Group 1, Control); 210 ± 33.50 U/L (Group 2, Test) and 141.16 ± 14.41 U/L
(Group 3, Test), with P<0.05] and also SGOT decreased in test groups compared to control
group in infected Balb/c mice [243.66 ± 19.7 U/L (Group 4, Control); 179.16 ± 15.28 U/L
(Group 5, Test) and 155.53 ± 19.42 U/L (Group 6, Test), with P<0.05] (Figure 4).
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Figure 4: SGOT concentration in control and test groups
SGOT was determined by Auto Analyzer Technical RA1000 in control and L major infected
Balb/c mice with and without treatment with Paromomycin. Significance of differences
(*P<0.05) was determined by One-Way ANOVA test using Graph Pad Prism Software (n=8
mice/group).

SGPT decreased in test groups compared to control group in uninfected Balb/c mice
[90.40 ± 5.71 U/L (Group 1, Control); 82.83 ± 3.89 U/L (Group 2, Test) and 53.16 ± 7.51 U/L
(Group 3, Test), with P<0.01] and also serum SGPT decreased in test groups compared to
control group in infected Balb/c mice [81.5 ± 3.73 U/L (Group 4, Control); 66.5 ± 8.35 U/L
(Group 5, Test) and 49.66 ± 6.48 U/L (Group 6, Test), with P<0.05] (Figure 5).

Serum ALP increase in test group observed as compared with control group in uninfected mice
[411.4 ± 17.74 U/L (Group 1, Control) and 432.16 ± 35.79 U/L (Group 3, Test), NSD]. Serum
ALP increased in test groups observed as compared with control group in infected mice
[208.83 ± 19.77 U/L (Group 4, Control); 313 ± 26.94 U/L (Group 5, Test) and 369.83 ± 40.36
U/L (Group 6, Test), with P<0.01] (Figure 6).
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Figure 5: SGPT concentration in control and test groups
SGPT was determined by Auto Analyzer Technical RA1000 in control and L major infected
Balb/c mice with and without treatment with Paromomycin. Significance of differences
(*P<0.05, **P<0.01) was determined by One-Way ANOVA test using Graph Pad Prism
Software (n=8 mice/group).

Figure 6: ALP concentration in control and test groups
ALP was determined by Auto Analyzer Technical RA1000 in control and L major infected
Balb/c mice with and without treatment with Paromomycin. Significance of differences
(**P<0.01) was determined by One-Way ANOVA test using Graph Pad Prism Software (n=8
mice/group).
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Discusssion
Micro- elements and liver enzymes play a major role in leishmania disease and their increasing
rates could affect disease progress and its pathologies. It is concluded that the concentrations of
essential trace elements including Zn and Cu were probably altered by the leishmania parasite
during CL infection, which should be considered as therapy or vaccine strategies for CL. In
addition, due to the importance of Zn and possibly deleterious effect of Cu in protective Th1
response, it is proposed that trace Zn and Cu levels should be taken into account for CL
treatment and vaccine strategies [47].
Zn was reported to increase the immune response [48] and association between Zn
concentration and disease status may result to Zn redistribution in response to infection [49].
High levels of Zn and low values of Cu might be correlated to anti-parasitic pattern of host
immunity [27]. Results of this study revealed an increase in Zn and a decrease in Cu levels in
test groups under treatment with Paromomycin, which might be a cause, rather than a
consequence of CL in this model. This is in agreement with previous publication on
leishmaniasis as a non-protective Th2 / humoral immune response [50]. High Zn and low Cu
levels in serum of infected host under treatment with Paromomycin might be responsible for
the ability of the host to clear the parasite. This could be associated with disease inflammation
and production of various cytokines during treatment with Paromomycin. In addition, Cu levels
in this study were observed to be higher in infected control group without treatment than test
group, which is reported to be attributable to the disease induction [26]. On the other hand,
characteristic changes in metabolism of trace elements are integral parts of the acute-phase
response. The alternations of Zn and Cu may probably depend on cytokines specially IL-1 and
TNF-α. It is concluded that serum trace elements were probably altered by the some
immunocytokines as a host defense strategy during CL infection [51, 22].
In this study the ratio of Cu/Zn was also lower in test groups than control groups. Cu/Zn
ratio can be a useful marker for immune dysfunction and its implication in both humoral and
cellular anti-leishmania immune response, which should inspire future strategies for therapy
and immunoprophylaxis of human leishmaniasis [27].
The rise of ALP and the fall of SGOT and SGPT levels as key liver enzymes, might be
correlated to treatment with Paromomycin, indicating an anti-parasitic immune response. Liver
plays a key role in the metabolic conversion and elimination of many enzymes [52], therefore
SGOT, SGPT and ALP, could be used to determine whether the liver is functioning normally
or if it has an injury or disease [53].
In this research for the first time, the injectable form of Paromomycin rather than orally
inoculation was used, resulting an inhibitory effect of Paromomycin against parasite replication
during treatment of CL in L. major infected Balb/c mice. Paromomycin clarified its antileishmanial effects with presenting the least toxicity on host phsiopathological markers
including body weight, survival rate, hepato / splenomegaly, nephrotoxicity and blood
leukocyte / reticolocyte ratio. Considering biochemical, parasitological, pharmacological and
physiopathological points of view, it is suggested that Paromomycin can be used as an
alternative therapy for classic leishmania treatment, however supplementary studies are
required.
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