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Abstract

Dermatophytosis is an endemic superficial zoonotic fungal infectious disease seen in many countries of the world
affecting humans, cats, dogs, cattle, laboratory animals such as rabbits. T. verrucosum considered the main cause of
ringworm in cattle. Cattle typically have circular, white-gray crust-shaped lesions on the skin on the neck and head. This
study was carried out on a total of 40 native and crossbred cattle, 20 clinically healthy cattle and 20 clinical cases of
dermatophytosis. The influence of dermatophytosis on lipid peroxidation and the antioxidant system was investigated.
Serum MDA, TAS, TOS, GSH, GPx, SOD and CAT level were measured in groups. Cattle in group dermatophytosis had
significantly higher MDA and TOS level and TAS, GSH levels, GPx, SOD and CAT activities were significantly lower (P <
0.001). These findings suggest a relationship between dermatophytosis, the oxidant-antioxidant system and lipid
peroxidation.
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1. Introduction

Dermatophytosis, Tinea or Ringworm, is a superficial fungal infection of mainly hair, skin and other tissues, hair
removal, folliculitis, exudation and other clinical signs which is an infection of domestic animals as well as human caused
by various fungi, including Epidermophyton spp., Trichophyton spp. and Microsporum spp. The disease as a major public
health problem is widespread and economically important. Following infection, the skin response after infection varies
from mild to severe, depending on various factors such as host reaction to the metabolic products of the fungus,
anatomical location and environmental factors, virulence of the infecting fungus, the infected site (location), and host
response.

Following infection, skin response is mild to severe, depending on various factors, such as the hosts reaction to the
metabolic products of the fungus, virulence of the infecting fungus, anatomic location, and environmental factors.
Crowded housing, as is seen in winter housing, increases the incidence of the disease is also hot and humidity climate
[1-4].

Dermatophytosis has adverse effects on animal growth, skin integrity and meat production. For this reason, these
diseases should be prevented and controlled since they can cause great economic losses in livestock. The infection
caused by Microsporum gypseum, Trichophyton verrucosum (T. verrucosum), Trichophyton mentagrophytes,
Trichophyton rubrum and Trichophyton simii has been reported [5].
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Increased free radicals in cells cause oxidative stress due to imbalance of oxidant and antioxidant factors. [6]. It is very
important to find biomarkers occurring in oxidative stress for risk stratification and prognosis evaluation in the disease.
Generally, the overall antioxidant status of the body is determined to measure the the total antioxidant status (TAS),
and to assess the oxidation state, the total oxidant status (TOS). In addition, the oxidative stress index (0SI), the ratio of
TOS to TAS, is calculated as a more precise biomarker reflecting oxidative stress and may reflect the imbalance between
antioxidants and oxidation [7-9]. Malondialdehyde (MDA) is the indicator of oxidative stress and the end product of
lipid peroxidation. Glutathione peroxidase (GPx), superoxide dismutase (SOD) and catalase (CAT) are some of the
important antioxidant enzymes. In the absence of these antioxidant enzymes, lipid peroxidation occurs in cell
membranes.

The effector mechanisms required to kill the causative agents of in dermatophytosis are not fully understood [11]. Itis
seen that the biochemical changes of dermatophytosis in cattle, especially oxidative stress and antioxidant enzymes
have not been sufficiently studied. Therefore, the aim of this study was to determine the levels of TAS, TOS, OSI, MDA,
GSH; GPx, SOD and CAT activities in native and crossbred cattle with Dermatophytosis.

2. Material and methods

2.1. Animals and experimental design

During a routine veterinary examination of cattle at a farm located in Erzurum region, a total of 40 cattle clinical signs
of dermatophytosis were noted in age from 8 to 18 months, native and crossbred cattle. The ethical norms were
obtained prior to start study for Science Ethics Committee Decision (No: 06.04.2018 -ATA-46 Turkey/Erzurum). The
animals were divided into two groups, namely, control (non-infected, healthy) group (n=20) and dermatophytosis
(infected) group (n=20), which were found to have dermatophytosis in mycological examinations of samples taken
under appropriate conditions and showing all clinical signs of dermatophytosis according to clinical examinations.
Calves lesions are mainly on head and neck, few lesions were seen on the trunk and back. Round areas of alopecia with
a diameter of 0.5-2 cm in various places, mainly on the head and body, were covered with thick scales (Figure 1).
Diseased and healthy cattle were kept in different barns on the same farm. All calves in both groups were subjected to
similar management conditions.

Figure 1 Dermatophytosis in native and crossbred cattle. Multifocal dermatophytosis lesions that appear as dry,
crusted areas of alopecia grayish-white desquamations around the head and neck in a native and crossbred cattle.

2.2. Mycological examination
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Hair samples and skin scraping were collected from the periphery of the lesions signs of dermatophytosis after wiping
with sterile cotton dipped in 70% ethyl alcohol. After the alcohol was dried, sufficient amount of skin scrapings and hair
samples were collected from the active areas at the margin of the lesions by scraping with a scalpel in sterile falcon
tubes and sent for fungal examination at laboratory (YYU, Department of Microbiology, Turkey). By adding 10% KOH
solution to the samples taken, hyphae, macroconidium, microconidium, blastospore, arthrospores and chlamidospore
structures of dermatophytes were searched in direct microscopic examination. Separately, the cultures were inoculated
onto into Sabouraud Dextrose Agar (SDA) by horizontal stub method and incubated at 37 °C for 21 days. The species of
dermatophyte were identified based on production of typical spores and colony texture. The growth status and
duration, shape, structure and pigmentation characteristics on the anterior and posterior surfaces of the colonies
formed macroscopically in the medium were taken into consideration. In the morphological examination of urinary
colonies by microscope; It was identified by staining with lactophenol solution by looking at the colonies' hyphae,
microconidium, macroconidium, chlamidospore, arthrospore and blastospore structures. It was determined that the
samples taken were T. verrucosum after isolation and identification procedures.

2.3. Biochemical analysis

Blood samples were taken according to the procedures from V. jugularis. Whole blood was collected into serum
separating tubes (without anticoagulants). Serum was obtained from these whole blood samples by centrifugation
(4000 rpm for 10 min) to separate the serum and stored at -202C for estimating the levels of Total oxidant status (TOS)
and Total antioxidant status (TAS) levels by quantitative enzyme linked immunosorbent assay kits (Rel Assay
Diagnostics Kit) according to the manufacturer's instructions. TAS results are expressed in mmol Trolox Equ./L. TOS
results were expressed as umol H202 Equ / L. For the calculation of Oxidative stress index (OSI), TAS unit was converted
to mmol pmol unit and OSI results were expressed as “arbitrary unit” (AU) and calculated by the following formula.

OSI = (TOS, pmol H202 Equ./ L / TAS, mmol Trolox Equ ./ L) X 100

The total protein amount was measured according to the method of Lowry et al [12]. The levels of MDA [13], GSH [14];
GSH-Px [15], SOD [16] and CAT activities [17] from the serums obtained were measured using a spectrophotometer
(Biotek ELISA Reader model pQuant MQX200 /USA) in accordance with the procedure.

2.4. Statistical analysis

Independent t test was used for statistical analysis using SPSS software package, 22.0 version. Datas are expressed as
mean * standard error

3. Results

Presented in Table 1 are levels of TAS, TOS, OS], concentrations of lipid peroxidation product (MDA), GSH levels, GPx,
SOD and CAT activities in the control and dermatophytosis groups. The results were presented as mean * standard error
(mean+SEM) (P <0.001) for 20 cattle in each group.

Table 1 Serum biochemical parameter of cattle infected with T. verrucosum and healthy cattle.

Groups Control Group | Dermatophytosis Group
TAS (mmol Trolox Equ./L) 2.48+0.01 1.16+0.01

TOS (umol H202 Equ./L) 6.06+0.24 12.06+0.58

OSI (AU) 0.24+0.01 1.04+0.05

MDA (mmol/L) 6.35+0.06 23.32+0.44

GSH (nmol/L) 0.67+0.01 0.30+0.00

GPx(U/mL) 0.24+0.00 0.12+0.01

SOD (U/mL) 3.41+0.06 1.49+0.06

CAT (KU/L) 35.11+0.49 21.760.20

P 0.000 0.000

P<0.001: Values with different superscripts within one row differ significantly. All value are given mean# standard error.
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Serum TOS, OSI and MDA level in control group was determined as 6.06+0.24 pmol H202 Equ./L, while serum OSI level
was 0.24+0.01AU and MDA level was 6.35+0.06 mmol/L. As shown in Table 1, serum TOS, OSI and MDA level in
dermatophytosis group was determined as 12.06+0.58 pmol H202 Equ./L, 1.04+0.05 AU and 23.32+0.44 mmol/L which
was significantly higher than control group (P=0.000). TAS, the level of GSH which is a nonenzymatic antioxidant, the
activity of the antioxidant enzymes GPx, SOD and CAT were significantly decreased in dermatophytosis group when
compared to control group (p<0.001).

4. Discussion

According to clinical signs and research results, dermatophyt lesions can be seen mainly on the head and neck, especially
around the eyes and face, and even on the whole body. The reason why it is seen especially in the head and neck has not
been clarified yet. Since the skin tissue around the eyes of cattle is soft, it is more sensitive to the adhesion and growth
of the fungus.

In the case of oxidative stress, there is insufficient antioxidant capacity that causes excessive production of free radicals
that damage cellular compounds such as DNA, Proteins and lipids by accumulating end products of lipid peroxidation
such as MDA [18]. The importance of oxidative stress and oxidative stress parameters, which are defined as the
disruption of the balance between antioxidants and oxidants, in determining the prognosis, pathogenesis or etiology of
various diseases in farm animals is known [19]. Antioxidant oxidant balance changes in many infected diseases such as
parasitic, bacterial and fungal diseases. Some authors reported antioxidant oxidant imbalance in infected animals with
dermatophytosis [20, 21]. Formation of free radicals and subsequent lipid peroxidation may be caused by
dermatophytosis through the production of ROS following skin damage [22]. Natural defenses against dermatophytes
depend on non-immunological and immunological mechanisms [23]. Although some systemic fungi have antioxidant
systems, there is no such information about dermatophytosis in the published work [24]. For this reason, we do not
know whether the skin or host is the principle source of increased antioxidant enzymes. In the present study, we have
found a significant increase in TOS, OSI and MDA levels and decrease in TAS, GSH levels, GSH-Px, SOD and CAT activities
in the serum of dermatophytosis cattle compared to control cattle. This is in agreement with dermatophytosis animal
studies [25-28].

5. Conclusion

Our results suggest a possible relationship between antioxidant imbalance, lipid peroxidation, and dermatophytosis
disease; however, in order to more definitively delineate the pathogenesis of dermatophyte infection, further studies
are necessary. The determination of oxidative stress may require that clinicians treating this disease should include
antioxidative drugs together with antifungal agents treatment regime.
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