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Abstract

Background: Cutaneous leishmaniasis (CL) is a tropical parasitic infection that involves several factors in its pathogenesis,

including oxidative stress. The oxidative stress in CL may deplete antioxidant nutrients.

Objectives: The aim of the study was to measure glutathione peroxidase (GPx) activity in patients with CL.

Methods: The investigation included 80 patients with CL and 80 healthy participants. A diagnostic kit was used to measure GPx

activity.

Results: The results showed a significant decrease in GPx activity in the CL patient group compared to the control group (P <

0.001), which is related to increased oxidative stress in patients.

Conclusions: According to the results, GPx enzyme activity can serve as a biomarker for the diagnosis, prognosis, and
monitoring of treatment in patients with CL.
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1. Background

Leishmaniasis is a tropical parasitic infection caused

by the genus Leishmania spp. This intracellular parasite
is transmitted via the bite of a sand fly vector. Cutaneous

leishmaniasis (CL), the predominant form of infection,

has a worldwide distribution and affects about 1 million
people each year in endemic countries (1). Cutaneous

leishmaniasis is a significant public health and social
issue in Iran due to its high incidence (77 per 100,000

population), the absence of an effective vaccine, and the

lack of effective antileishmanial drugs (2, 3). Although
the pathogenesis of CL is not fully understood, evidence

has shown that the host immune system response plays
a vital role in the disease outcome (4).

Oxidative stress is important in the pathogenesis of
leishmaniasis. During infection, skin macrophages

phagocytize the promastigote form of the parasite,
causing it to convert into the amastigote stage (5).

Leishmania amastigotes induce an increase in

macrophage oxygen consumption and the generation

of reactive oxygen species (ROS) in the phagosome,
leading to the eventual death of phagocytosed

microorganisms. Reactive oxygen species are highly
reactive molecules that can cause cell and tissue damage

due to an oxidant-antioxidant imbalance (6). The host

body possesses antioxidant defense systems, including
antioxidant enzymes, to protect cells from ROS damage.

Some antioxidant enzymes require a sufficient quantity
of trace elements (TE) to function (7).

Copper, zinc, and selenium (Se) are key elements vital
to the immune system. These trace elements support

antioxidant enzymes that help the body eliminate
harmful free radicals by acting as cofactors. Antioxidant

levels vary in a wide range of illnesses, including

leishmaniasis. These alterations are part of the
organism's defense strategies and are induced by
different cytokines (8, 9). Glutathione peroxidase (GPx),
an enzyme that recycles glutathione and catalyzes the

oxidation of reduced glutathione by H2O2 and other
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hydroperoxides to generate oxidized glutathione and

water, requires selenium, making it a vital nutrient for

human health (10, 11). In the presence of reduced
glutathione (GSH), this enzyme catalyzes detoxification

(12). Previous research has found that CL patients have
lower GPx enzyme activity and higher GSH

concentrations (7).

2. Objectives

However, while the significance of Se and its
redistribution during Leishmania infection is well-

documented, information regarding GPx activity is
limited. The aim of this study was to measure GPx
activity in patients with CL.

3. Methods

3.1. Sampling and Patients

A total of 80 patients with CL and 80 healthy
volunteers from the same areas who had not been
exposed to the parasite were recruited for this

investigation. All CL patients were recruited from health
clinics affiliated with Abadan University of Medical

Sciences. A physician verified the clinical, paraclinical,

or combination of diagnoses made for the patients.
Clinical confirmation of the diagnosis was obtained, in

addition to laboratory confirmation of the parasite in
the lesions using direct smears, cultures, or both. After

cleaning with ethanol, sterile lancets were used to

puncture the lesion at its margins. Exuding material was
used to make smears, which were then air-dried and

fixed in methanol. Giemsa's stain was then applied to
them so that light microscopy could be used to examine

them. When amastigotes were found in the smears,

microscopic diagnoses were made. Patients with lesions
for 6 months or longer were excluded from the trial due

to spontaneous healing.

3.2. Ethical Statement

All participants voluntarily agreed to be tested for

the cause of ulcers. This study was approved by the
Behbahan Faculty of Medical Sciences Ethical

Committee (IR.BHN.REC.1399.004).

3.3. Biochemical Assays

The chemicals used in this study were purchased

from Merck Co. (Germany). Five milliliters of venous
blood were collected from the subjects and transferred

into tubes containing heparin. The activity of GPx was

subsequently measured.

3.4. Determination of Glutathione Peroxidase Activity

Glutathione peroxidase activities were measured in

whole blood as previously described (13, 14).

3.5. Statistical Analysis

Summary statistics (mean and standard deviation)

were computed in this case-control study. One-way
analysis of variance (ANOVA) was used to statistically
compare values. A P-value of < 0.05 was considered
statistically significant, and all results were reported as

mean ± SD. SPSS 21 for Windows was used to conduct the

statistical analysis.

4. Results

The matching process was strictly conducted by our

team for age and two physical characteristics, including
weight and body mass index, between the case and

control groups to minimize bias in the outcomes. The

data reveal that these parameters were comparable
across the two groups (P > 0.05), indicating the absence

of any confounding factors. In the study, a significant
reduction in GPx activity was observed in CL patients

compared to the control group (67.85 ± 12.67 vs. 100.80 ±

11.21 U/g Hb, P < 0.001).

5. Discussion

Because antileishmanial drugs have significant

adverse effects and there is no vaccine to prevent the
disease, finding biomarkers that interfere with disease

pathogenesis can aid in the diagnosis and treatment of
CL (15). The current study discovered that GPx activity
was considerably reduced in CL patients.

The immune system protects the host from

Leishmania infection through various mechanisms,
including NADPH oxidase, inducible nitric oxide

synthase (iNOS), and myeloperoxidase activation. In

response to parasite invasion, activated macrophages
produce ROS such as superoxide (•O2), hydrogen

peroxide (H2O2), and hydroxyl radicals (•OH) (16).

Recently, there has been a surge of interest in

identifying oxidative stress indicators in CL patients to
estimate disease severity (17). Several investigations have

shown an increase in ROS production and a decrease in

antioxidant defense levels in leishmaniasis patients,
indicating that oxidative damage plays a significant role

in disease pathogenesis (18-20). Prolonged exposure to
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high levels of ROS leads to the development of

leishmaniasis and tissue damage (17).

Minerals have been shown to affect the

antileishmanial immune response through the
production of antioxidant enzymes. Selenium has been

linked to the pathophysiology of CL (21). This

micronutrient element participates in free radical
scavenging by functioning as a cofactor for many
antioxidant enzymes such as GPx (22). Se deficiency can
be caused by malnutrition or by various illnesses,

including leishmaniasis (23). Prior studies have shown

that patients with CL have reduced amounts of
selenium in their serum (13, 24-26). Decreased serum Se

during parasitic diseases has been related to the
redistribution of Se from the plasma pool into the

tissues, increased metabolism or consumption, stress,

or hyperthermia (27). Furthermore, it has been
proposed that Se deficiency, as a host defensive

mechanism, kills parasites by lowering GPx activity and
increasing the number of hydroperoxides (24). Several

studies have found a link between low Se levels in the

blood and the severity of leishmaniasis, suggesting that
Se may have therapeutic potential in severe

leishmaniasis (22, 26). We examined enzyme activity to
test the hypothesis that lower Se levels would diminish

GPx activity in patients.

Glutathione peroxidase, a selenoenzyme, plays a vital

role in the antioxidant defense system by protecting
membranes against peroxide damage (27). Numerous

parasitic diseases, such as leishmaniasis, have been

shown to modify antioxidant enzymes (5). In line with
previous research, a decrease in GPx activity was

observed in patients with CL, suggesting that this
enzyme may be involved in the pathogenesis of CL (7,

18). Various studies have reported decreased GPx enzyme
activity and elevated rGSH concentrations in CL patients,

which were reversed after treatment (16-18). During the

infection, increased production of ROS and reactive
nitrogen species (RNS) leads to a decrease in GPx activity
(28). The release of oxygen and nitrogen free radicals by
neutrophils and macrophages reduces GPx activity
and/or levels by consuming the enzyme during ROS

scavenging (29, 30). The increased content of hydrogen
peroxides in CL patients' erythrocytes was demonstrated

in a previous study (16). In addition, the lack of selenium
in CL patients may lead to diminished GPx activity or

suppression of GPx expression, resulting in an

accumulation of H2O2 and an increase in lipid

peroxidation (24). This result is consistent with Kocyigit
et al.'s study, which demonstrated a considerable

decrease in serum Se and GPx activity in patients with CL
(13). Furthermore, a decrease in the amount of GSH, the

substrate of GPx, may result in decreased GPx activity in

CL patients (31). Therefore, it seems that GPx enzyme

activity can be considered a diagnostic and prognostic
biomarker in CL patients, as well as a treatment

monitoring tool.

The main findings and strength of the present study
were the possible role of GPx enzyme activity in the
development of CL. However, there were some

limitations in this study. First, while the association
between GPx enzyme activity and CL progression is

established, a comparative analysis of GPx enzyme

activity in other forms of leishmaniasis would have
provided more context for understanding the current

investigation's findings. Second, the study only
examined a small sample size; as a result, larger studies

examining a greater number of samples are required.

5.1. Conclusions

This study suggests that monitoring the activity of

the GPx enzyme in the serum of CL patients can be used
to assess the effectiveness of treatment. Thus, the

activity of the GPx enzyme can serve as a biomarker for

diagnosis, prognosis, and treatment monitoring in
patients with CL.
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