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Original Article
Serum Trace Elements and Oxidant/Antioxidant 
Status in Persian Cats With Dermatophytosis 
Compared to Other Dermatological Disorders

Background: Despite the high prevalence of dermatophytosis in cats, little is known about 
the impact of this disease on the antioxidant status and trace elements in these animals.

Objectives: This study aimed to investigate the concentration of serum trace elements 
(copper, iron, zinc, and selenium) and oxidant/antioxidant status (malondialdehyde, total 
antioxidant capacity (TAC), and thiol group) in Persian cats with dermatophytosis compared 
to healthy controls and other dermatological disorders. 

Methods: Three groups of cats were selected: Cats with dermatophytosis (n=13), cats with 
other dermatological conditions (n=6), and clinically and dermatologically healthy cats 
(n=6). All 25 cats were subjected to clinical and dermatological examinations, including 
direct microscopic examination and fungal cultures. Additionally, possible contamination 
with feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV) were tested.

Results: Microsporum canis was the only dermatophyte species isolated from the affected 
cats, and only two cats were infected with the FIV: One in the dermatophytosis group and one 
in the other skin disease group. For trace elements, we did not detect any differences between 
cats with dermatophytosis and healthy cats. However, copper levels were higher in other 
skin disease groups than healthy controls (P<0.05). Cats with dermatophytosis and other skin 
diseases revealed a decrease in TAC compared to healthy controls (P<0.01). 

Conclusion: The present study found variations in the oxidative indices in cats with 
dermatophytosis and other skin disorders. This result supports the hypothesis that improving 
antioxidant status through dietary supplementation may be beneficial in preventing and 
resolving skin diseases in cats. 

Keywords: Oxidative stress, Dermatophytosis, Cat, Trace elements, Dermatological 
disorders
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Introduction 

ermatophytosis, a fungal infection of ke-
ratinized skin structures resulting in vari-
ous skin lesions, alopecia, and pruritus, 
is a significant health concern in animals 
and humans (Moriello & Coyner, 2021; 
Shokri & Khosravi, 2016). Small animals 
are primarily affected by Microsporum. 

canis, Microsporum. gypseum, and Trichophyton spe-
cies, with cats being the most susceptible species and M. 
canis being the most prevalent (Moriello, 2019; Abas-
tabar et al., 2019). M. canis is also considered to be a 
frequent agent of tinea capitis, tinea corporis, and tinea 
manum in humans (Shokri & Khosravi, 2016; Moriello, 
2019; Abastabar et al., 2019; Ansari et al., 2016).

Several factors predispose animals to infection, in-
cluding age, genetic susceptibility of certain breeds 
(particularly Persian cats), housing conditions, host im-
munity status (immunosuppressive diseases, such as fe-
line immunodeficiency virus [FIV] or feline leukemia 
virus [FeLV] infection in cats, and immunosuppressive 
drugs), and nutritional status (Al-Qudah et al., 2010; 
Beigh et al., 2014; Moriello et al., 2017; Nikbakht; 2022; 
Ramezanpour Eshkevari; 2024). Due to its zoonotic sta-
tus, pleomorphic clinical signs, and infectious and con-
tagious nature, dermatophytosis is a crucial issue in vet-
erinary medicine (Moriello et al., 2017). The skin plays 
a crucial role in preventing the penetration of fungal 
pathogens, but it is also vulnerable to oxidative damage 
(Khan et al., 2022). Various defense mechanisms include 
non-enzymatic and enzymatic compounds in the skin 
that act as powerful antioxidants or oxidant-degrading 
systems (Portugal et al., 2007). During oxidative stress, 
the skin’s defenses become overloaded, causing various 
skin disorders, such as erythema, edema, wrinkles, hy-
persensitivity, and keratinization (Trouba et al., 2002). 
Dermatophytes can trigger the production of reactive 
oxygen species (ROS), either directly or indirectly. Fol-
lowing dermatophyte infection, ROS are produced by 
immune cells, such as neutrophils and macrophages, 
to help eliminate fungal infections (Pathakumar et al., 
2020; Linnerz & Hall, 2020). Different enzymatic sys-
tems, such as the nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase system, mitochondrial 
respiratory chain, and lipoxygenase pathway, can gen-
erate ROS in immune cells. These systems generate a 
variety of ROS, including hydroxyl radicals, hydrogen 
peroxide, and superoxide anions (Brieger et al., 2012). 
Furthermore, oxidative stress can activate the transcrip-
tion factor of nuclear factor kappa B (NF-kB), which 
regulates gene expression in inflammation and immune 

responses (Celestrino et al., 2021). Nuclear factor kappa 
B (NF-kB) activation can further increase ROS produc-
tion by immune cells, leading to a positive feedback loop 
that amplifies the immune response and oxidative stress 
(Linnerz & Hall, 2020). In addition to immune cells, 
dermatophytes produce ROS as part of their metabolic 
processes. Fungal cell walls contain enzymes, such as 
NADPH oxidase and lipoxygenase, which can produce 
ROS while breaking down nutrients. The ROS produced 
by dermatophytes can damage host tissues and contrib-
ute to the pathogenesis of infection (Hogan & Wheeler, 
2014). Trace minerals, such as iron, copper, zinc, and 
selenium, are essential for proper immune function and 
skin health. These micronutrients are components and 
cofactors of endogenous antioxidants. Cytoplasmic su-
peroxide dismutase (SOD) contains copper and zinc 
metals as cofactors, glutathione peroxidase contains se-
lenium, and catalase contains iron (Sloup et al., 2017). 
Iron and zinc play crucial roles in immune cell develop-
ment, differentiation, and function (Maggini et al., 2007; 
Gombart et al., 2020; Seyednejad et al., 2023). Selenium 
is a crucial trace element frequently used as an antioxi-
dant to protect the skin against ROS (Zhu et al., 2015). 
Selenium also plays a role in immune regulation by af-
fecting the proliferation and function of immune cells, 
such as T lymphocytes and natural killer cells (Avery & 
Hoffmann, 2018). Copper regulates wound healing, mel-
anin production, and defense against oxidative stress in 
animals (Park, 2015). Selenium deficiency has been as-
sociated with skin disorders, including impaired wound 
healing and increased vulnerability to UV-induced skin 
damage (lv et al., 2020). Similarly, zinc deficiency has 
been associated with a range of dermatological issues, 
including cutaneous lesions, impaired wound healing, 
and heightened vulnerability to infections (Nosewicz et 
al., 2022). Previous studies have indicated that some ani-
mals, such as dogs and calves with skin disorders, have 
altered trace element concentrations and compromised 
antioxidant defenses (Al-Qudah et al., 2010; Beigh et al., 
2014; Beigh SA, et al., 2016). 

Despite the high prevalence of dermatophytosis in cats, 
little is known about its impact on antioxidant status and 
trace elements in these animals. The present study aimed 
to investigate the concentration of serum trace elements 
(copper, iron, zinc, and selenium) and oxidant/antioxi-
dant status (malondialdehyde [MDA], total antioxidant 
capacity [TAC], and thiol group) in Persian cats with 
dermatophytosis compared to healthy controls and other 
dermatological disorders. 

D
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Additionally, the researchers checked the cats for 
“FIV” and “FeLV” infections to minimize the potential 
effect of these immunosuppressive diseases on the inci-
dence of dermatophytosis.

Materials and Methods

Animal selection

A total of 25 cats enrolled in this study were admitted for 
clinical and dermatological examinations at the Ferdowsi 
University of Mashhad (FUM) Vet Hospital from Sep-
tember 2017 to February 2019. Only Persian cats were 
included in this clinical study to minimize possible breed 
differences. Cats diagnosed with dermatophytosis based 
on clinical signs and a positive Wood’s lamp followed by 
a positive mycological culture and microscopic identifi-
cation of the fungus were included in this study only when 
the presence of other probable dermatological diseases or 
other problems were ruled out. Following the analysis of 
the dermatologic data collected, 25 privately owned Per-
sian cats were divided into three groups as follows:

1. Healthy control group: Six adult healthy cats 
(four males and two females), age group 6-84 months 
(Mean±SD; 38.5±32.6). These cats were presented to the 
hospital for routine checkups and vaccinations. Healthy 
control cats had no history of ear or skin diseases and 
were negative for dermatophytes.

2. Cats with dermatophytosis: Thirteen cats with der-
matophytosis (four males and seven females, two unde-
termined) with an age group of 1-17 months (Mean±SD; 
7.5±6 months) were selected. 

3. Cats with other dermatologic conditions: The study 
included six cats (one male and five females) with 
various skin problems but dermatophyte-negative with 
an age group of 12-126 months (Mean±SD; 46.5±42 
months).

The diseased cats had a history of dermatological prob-
lems for at least 4–5 weeks before presentation. All cats 
included in the study were medication-free for at least 
30 days before collecting blood samples and had lived 
exclusively in domestic environments.

Dermatological examination

The techniques evaluated for the dermatologic diag-
nostics evaluation of cats were skin scrapings, tricho-
grams, tape strips, Wood’s lamp and direct sampling for 
fungal culture, direct examination of the exudates from 

pustules or draining tracts, bacteriological tests, and skin 
biopsies. To gather debris, skin-scraping samples were 
collected with sharp or dull scalpel blades. The debris 
was examined under a microscope at low magnification. 
For the trichogram study, an area of 1 cm was plucked 
with forceps in the direction of hair growth and placed in 
a drop of mineral oil on a slide. In the present study, flea 
and/or food allergies presented as a concurrent problem 
in some cats, and others could not be ruled out owing to 
owner compliance issues. 

Mycological examination

All cats with suspected dermatophytosis skin lesions 
were closely examined, including observation and pal-
pation of the skin for any primary and/or secondary skin 
lesions. Hair samples were collected based on clinical 
signs and Wood’s lamp examination. Hair sampling was 
chosen according to clinical signs and was either done 
using the toothbrush technique when lesions were gen-
eralized or by using a hair pluck at the margins of lo-
calized lesions (Moriello et al., 2017). All samples were 
examined for fungal elements under a light microscope 
at 40 x magnification using 20% potassium hydroxide /
dimethyl sulfoxide (Merck Co., Darmstadt, Germany). 
All samples were inoculated onto Mycosel agar (Merck 
Co., Darmstadt, Germany). The plates were incubated at 
27 ◦C and examined daily for four weeks. Dermatophyte 
isolates were identified by colony morphology and mi-
croscopic examination with a lactophenol cotton blue 
preparation. 

Collection of blood and serum samples

Blood samples were obtained from each cat by jugular 
or cephalic venipuncture. Five mL of blood without anti-
coagulant was centrifuged at 1800 g for 10 minutes. The 
serum was collected and stored at −20 ◦C until analysis.

FeLV infection and FIV examination

All cats selected for this study were tested for FIV 
and FeLV using ELISA (SensPERT FIV/FeLV Rapid 
Test; VetAll Laboratories), which detects the presence 
of FeLV p27-antigen (sensitivity, 98.6%; specificity, 
98.2%) and FIV antibodies (sensitivity, 93.5%; specific-
ity, 100%).

Measurement of serum trace elements

Serum levels of copper, iron, zinc, and selenium were 
measured using commercial kits (Pars Azmoon, Iran, 
for iron; Giesse Diagnostics, Italy, for zinc; EliTech 
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Diagnostics, France, for copper) using an autoanalyzer 
(Biotecnica, Targa 3000, Rome, Italy). Selenium con-
centration was determined using atomic absorption 
spectrophotometry (Perkin Elmer 3030, USA). Control 
serum (Randox control sera, Antrim, UK) was used to 
control measurement accuracy.

Measurement of oxidant/antioxidants

MDA

The concentration of MDA in the serum was deter-
mined as TBA reactive substances, according to Placer 
et al. (1966). This method depends on forming a colored 
complex between MDA and TBA. Briefly, 0.2 ml of se-
rum was added to 1.3 mL of 0.2 mol/L tris, 0.16 mol/L 
KCl buffer (pH 7.4). TBA (1.5 mL) was added, and the 
mixture was heated in a boiling water bath for 10 min-
utes. After cooling, 3 mL of pyridine–butanol (3:1, v/v) 
and 1 mL of 1 mol/L NaOH were added. Absorbance 
was measured at 548 nm against distilled water as a 
blank. The nmol of MDA per mL of serum was calcu-
lated using 1.56±105 as the extinction coefficient. 

Thiol groups

Total thiol groups in serum samples were measured us-
ing a spectrophotometric assay with 2,2-dithiobisnitro-
benzoic acid (DTNB or Ellman’s reagent) (Hu, 1994). 
After adding Tris buffer to the serum sample, the ab-
sorbance was measured at 412 nm (A1). Then DTNB 
was added, and the absorbance at 412 nm was measured 
(A2). The concentration of total thiol groups was calcu-
lated and expressed as mmol/L.

TAC

The TAC of the serum sample was measured using the 
ferric-reducing ability of plasma (FRAP) assay (Boligon 
et al., (2014), which depends on the reduction of ferric 
tripyridyltriazine (Fe(III)-TPTZ) complex to ferrous 
Fe(II) (TPTZ) by a reductant at low pH. Fe (II)-TPTZ 
had an intense blue color and could be monitored at 593 
nm. The FRAP values were determined by extrapolation 
from the standard curve and were expressed in mmol/L.

Statistical analysis

All the statistical analysis was performed using SPSS 
software, version 26. Values of the measured parameters 
were expressed as Mean±SD. After testing the data for 
normal distribution, differences between groups were 
determined using a one-way analysis of variance. Sig-

nificance was considered at P<0.05. The Bonferroni test 
was used to compare the groups.

Results

Demographic characteristics 

The study participants included Persian cats living ex-
clusively in domestic environments and fed mostly com-
mercial dry food. Table 1 summarizes the sex and age of 
the 25 cats studied.

Dermatological manifestations 

Of the 13 dermatophyte-positive cases, all were posi-
tive for fungal elements by direct microscopic exami-
nation and culture-positive. According to the culture 
results, M. canis was the only dermatophyte species iso-
lated from the cats. M. canis produces a yellow-greenish 
fluorescence in hair and small ectothrix spores. The 
colonies are white to buff in color with a characteristic 
yellow-to-orange-brown reverse. Macroaleuriospores 
are numerous, spindle-shaped, with thick walls and 6–15 
cells; microaleuriospores are rare, small, clavate to elon-
gate, and single-celled (Carter, 1990). 

In the present study, 77% of dermatophytosis-positive 
cats had dermatological manifestations, which includ-
ed one or more irregular or annular areas of alopecia, 
scaling, crusting, erythema, ringworm lesions, diffused 
dermatitis, ‘stud tail’ and conjunctivitis. All 13 derma-
tophyte-positive cats tested positive for wood infection.

The affected regions based on the fungal culture results 
were as follows: Head and neck, 41% (9/13); limbs, 27% 
(6/13); dorsal midline and tail, 18% (4/13); and abdo-
men, 14% (3/13). The areas around the eyes, mouth, 
nose, and ears were involved on the head. The forelimbs 
were affected more often (5 out of 6 affected limbs) than 
the hindlimbs. Overall, most infected cats revealed a 
generalized distribution pattern of the disease. 

Among the six cats with different skin conditions (der-
matophyte-negative cats), feline acne (2/6), food hyper-
sensitivity (1/6), moderate facial and otic pruritus due to 
otodectic mange (2/6), and traumatic alopecia (1/6). 

Trace elements

The serum copper level was higher in cats with other 
skin diseases (2.31±0.7 ppm) than in healthy controls 
(1.48±0.7 ppm) (P<0.05). No differences were detected 
in the serum trace elements between the dermatophyto-
sis-affected cats and the healthy control group (Table 2).
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Oxidant/antioxidant parameters

A significant decrease in TAC (measured using the 
FRAP assay) was detected in cats with dermatophyto-
sis (120.31±33.7) and other skin diseases (94.54±37.8) 
in comparison with healthy cats (187.06±47) (P<0.01) 
(Table 3).

Discussion

Dermatophytosis is a crucial skin disease in small 
animals and is highly prevalent in Persian cats. It is a 
zoonotic disease with a public health impact, causing 
skin infections that can be contagious, chronic, and sig-
nificantly affect the quality of life of affected individu-
als (Shokri & Khosravi, 2016; Moriello, 2019; Gordon 

et al., 2020; Khodadadi et al., 2021). Among immuno-
competent hosts, dermatophytosis is a self-limiting skin 
disease that occurs within weeks to months (Moriello & 
Coyner, 2021). A crucial step towards preventing this 
disease and improving treatment is identifying the fac-
tors influencing its occurrence. 

Previous studies identified M. canis as the predominant 
dermatophyte isolate in affected cats (Moriello, 2019; 
Katiraee et al., 2021; Cafarchia et al., 2013; Lavari et al., 
2022). Our results are consistent with previous studies, 
in which M. canis was the only fungal species identified 
in cats with dermatophytosis. 

Table 1. Sex and age of all 25 studied cats

Parameters
No./Mean±SD

Dermatophytosis Group Other Skin Diseases Group Control Group

Sex
Male 4 1 4

Female 7 7 2

Age (m) 7.5±6 46.5±42 38.5±32.6 

Table 2. Serum trace minerals profile in cats affected with dermatophytosis, other skin diseases, and healthy control 

Parameters
Mean±SD

Dermatophytosis Group Other Skin Diseases Group Control Group

Copper (ppm) 1.26±0.38a 2.31±0.7b 1.48±0.7a

Zinc (ppm) 0.92±0.4 1.4±0.6 1.39±0.9

Iron (ppm) 15.34±11.8 14.46±9.5 18.93±12.5

Selenium (ppm) 0.38±0.1 0.44±0.1 0.39±0.1

a, bSignificantly differences at P<0.05.

Table 3. Oxidative stress parameters in cats affected with dermatophytosis, other skin diseases, and healthy control 

Parameters
Mean±SD

Dermatophytosis Group Other Skin Diseases Group Control Group

FRAP (mmol/L) 120.31±33.7a 94.54±37.8a 187.06±47b

MDA (mmol/L) 0.8±0.1 0.75±0.1 0.88±0.1

Total thiol groups (mmol/L) 1.44±0.6 1.13±0.5 1.48±0.7

Abbreviations: FRAP: Ferric reducing ability of plasma; MDAL: Malondialdehyde.

a, bSignificantly differences at P<0.01.
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Dermatophytes have been shown to possess multiple 
enzymatic properties that can vary according to the fun-
gal strain. Keratinase secreted from M. canis may be as-
sociated with increased inflammation and pruritus (Dahl, 
1994). This inflammatory reaction can produce extreme 
amounts of reactive oxidants, which can cause oxidative 
stress (Beigh et al., 2014). Trace elements have been re-
ported to be required for the activity of several enzymes, 
including antioxidant enzymes (Chow, 2019). Although 
the trace element status and antioxidant imbalance in fe-
line dermatophytosis have not been studied, similar stud-
ies have investigated a variety of infectious and inflam-
matory skin disorders in other animals, including canine 
dermatophytosis (Beigh et al., 2014; Ural et al., 2009; 
Nafie et al., 2021), sarcoptic mange (Beigh et al., 2016), 
demodicosis (Dimri et al., 2008), and bovine dermato-
phytosis (Al-Qudah et al., 2010; Nisbet et al., 2006; Pasa 
& Kiral, 2009). 

The excessive production of free radicals, inadequate 
antioxidants, or a combination of both causes oxidative 
stress. It contributes to the pathogenesis of various infec-
tious, inflammatory, and degenerative diseases, includ-
ing skin disorders (Al-Qudah et al., 2010; Beigh et al., 
2014; Beigh et al., 2016; Dimri et al., 2008; Saleh et al., 
2011). Our study indicated that cats with skin diseases, 
including dermatophytosis, were found in a state of sig-
nificant oxidative stress, as indicated by reduced TAC 
compared with healthy controls. The observed decrease 
in TAC in cats with dermatophytosis and other skin 
disorders might be related to the overconsumption of 
antioxidants during infestation. Due to this insufficient 
antioxidant capacity, excess free radicals can damage 
cellular compounds, such as lipids, proteins, and DNA 
(Halliwell, 1999).

Previous studies conducted on dogs and calves have 
also found alterations in the oxidant/antioxidant balance 
in animals with dermatophytosis (Al-Qudah et al., 2010; 
Beigh et al., 2014) and in diabetic rats (Shahsavari et al., 
2023). In 2014, Beigh et al. reported a decrease in SOD 
and catalase activities and an increase in MDA levels in 
dermatophytosis-affected dogs. However, the results of 
this study did not show a relationship between reduced 
glutathione and MDA levels and dermatophytosis in 
cats. Several authors have demonstrated an exhausted 
antioxidant system in dogs with other skin diseases, in-
cluding sarcoptic mange (Beigh et al., 2016) and demod-
icosis (Dimri et al., 2008). However, their possible role 
in feline skin diseases has not yet been studied.

Trace minerals are essential components in living or-
ganisms. They are now recognized as essential for health 
and play a vital role in antioxidant defense (Evans & 
Halliwell, 2001). Deficits in trace elements may lead to 
cat dermatophytosis by suppressing their immune sys-
tem and lowering the activity of antioxidant enzymes 
containing copper, zinc, iron, and selenium as cofac-
tors. Many studies have shown the relationship between 
micronutrient level and pathogenicity of infectious and 
inflammatory skin diseases in dogs and calves (Al-Qu-
dah et al., 2010; Beigh et al., 2014; Beigh et al., 2016; 
Dimri et al., 2008; Nisbet et al., 2006). In 2014, Beigh 
et al. observed lower copper and zinc concentrations and 
higher iron levels in dogs with dermatophytosis. In 2010, 
researchers studied the trace elements copper, zinc, and 
selenium in calves (Beigh et al., 2014). Al-Qudah et al. 
(2010) found that the levels of these elements in the 
blood of calves with dermatophytosis were lower than 
those in healthy controls. Dogs with demodicosis also 
indicated reduced zinc and copper concentrations (Dimri 
et al., 2008). However, two other studies did not show a 
relationship between dogs’ zinc and copper concentra-
tions and dermatophytosis (Ural et al., 2009; Nafie et al., 
2021). Similarly, no differences were detected in serum 
trace elements between the dermatophytosis-affected 
cats and the healthy control group in the present study. 

According to the results of this study, serum cop-
per levels were higher in cats with other skin diseases 
than in healthy controls (P<0.05). Both copper and zinc 
are cofactors of the SOD enzyme (Evans & Halliwell, 
2001), and studies have shown that zinc and copper con-
centrations correlate with SOD activity in both derma-
tophytosis and healthy dogs (Beigh, 2014; Nafie, et al., 
2021). Therefore, increased serum copper levels in feline 
dermatoses may result from a probable increase in SOD 
activity.

Conclusion 

The present study found variations in the oxidative in-
dices in cats with dermatophytosis and other skin disor-
ders. This result supports the hypothesis that improving 
antioxidant status through dietary supplementation may 
be beneficial in preventing and resolving skin diseases 
in cats. Nevertheless, in the current study, trace minerals 
and oxidative stress indices in the skin were not inves-
tigated and can be analyzed in further research. Future 
therapeutic trials are required to determine the role of 
minerals and antioxidants in treating dermatophytosis.

Ahmadi Torkamani., et al. (2025). Trace Elements and Antioxidants in Cats With Dermatophytosis. Iran J Vet Med, 19(2):307-316.

https://ijvm.ut.ac.ir/
https://ludwig.guru/s/there+are+no+studies+in+the+literature+that+show+the+relationship+between


313

April 2025. Volume 19. Number 2

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of 
Ferdowsi University of Mashhad (FUM), Mashhad, 
Iran. This study used only non-experimental animals 
(including owned or unowned animals). It followed in-
ternationally recognized high standards (best practices) 
of individual veterinary clinical patient care. 

Funding

The paper was extracted from the DVM thesis of Baha-
reh Ahmadi Torkamani, approved by the Department of 
Clinical Sciences, Faculty of Veterinary Medicine, Fer-
dowsi University of Mashhad, Mashhad, Iran.

Authors' contributions

Conceptualization and supervision: Javad khoshnegah 
and Mohammad Heidarpour; Methodology: Javad 
Khoshnegah and Samaneh Eidi; Data collection: Javad 
Khoshnegah, and Bahareh Ahmadi; Data analysis: Mo-
hammad Heidapour; Investigation and writing: Bahareh 
Ahmadi and Javad Khoshnegah; Funding acquisition 
and resources: Javad Khoshnegah.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors thank the technicians who kindly helped 
them collect the sample for this study.

References

Abastabar, M., Jedi, A., Guillot, J., Ilkit, M., Eidi, S., & Hedayati, 
M. T., et al. (2019). In vitro activities of 15 antifungal drugs 
against a large collection of clinical isolates of Microsporum 
canis. Mycoses, 62(11), 1069–1078. [DOI:10.1111/myc.12986] 
[PMID]

Afarchia, C., Gasser, R. B., Figueredo, L. A., Weigl, S., Danesi, 
P., & Capelli, G., et al. (2013). An improved molecular diag-
nostic assay for canine and feline dermatophytosis. Medical 
Mycology, 51(2), 136–143. [DOI:10.3109/13693786.2012.69199
5] [PMID]

Al-Qudah, K. M., Gharaibeh, A. A., & Al-Shyyab, M. M. (2010). 
Trace minerals status and antioxidant enzymes activities in 
calves with dermatophytosis. Biological Trace Element Research, 
136(1), 40–47. [DOI:10.1007/s12011-009-8525-4] [PMID]

Ansari, S., Hedayati, M. T., Zomorodian, K., Pakshir, K., Bada-
li, H., & Rafiei, A., et al. (2016). Molecular characterization 
and in vitro antifungal susceptibility of 316 clinical isolates 
of dermatophytes in Iran. Mycopathologia, 181(1-2), 89–95.
[DOI:10.1007/s11046-015-9941-y] [PMID]

Avery, J. C., & Hoffmann, P. R. (2018). Selenium, selenoproteins, 
and immunity. Nutrients, 10(9), 1203. [PMID]

Beigh, S. A., Soodan, J. S., Singh, R., Khan, A. M., & Dar, M. A. 
(2014). Evaluation of trace elements, oxidant/antioxidant sta-
tus, vitamin C and β-carotene in dogs with dermatophytosis. 
Mycoses, 57(6), 358–365. [DOI:10.1111/myc.12163] [PMID]

Beigh, S. A., Soodan, J. S., & Bhat, A. M. (2016). Sarcoptic mange 
in dogs: Its effect on liver, oxidative stress, trace minerals and 
vitamins. Veterinary Parasitology, 227, 30–34.[DOI:10.1016/j.
vetpar.2016.07.013] [PMID]

Boligon, A. A., Machado, M. M., & Athayde, M. L. (2014). Tech-
nical evaluation of antioxidant activity. Medicinal chemistry, 
4(7), 517-522. [Link]

Brieger, K., Schiavone, S., Miller, F. J., Jr, & Krause, K. H. (2012). 
Reactive oxygen species: From health to disease. Swiss Medical 
Weekly, 142, w13659. [DOI:10.4414/smw.2012.13659] [PMID]

Carter, G. R. (1990). Dermatophytes and dermatophytoses. In G. 
R. Carter, & J. R. Cole, Jr. (Eds.), Diagnostic Procedure in Vet-
erinary Bacteriology and Mycology (pp. 381-404). Massachusetts: 
Academic Press. DOI:10.1016/B978-0-12-161775-2.50033-5]

Chow, C. K. (2019). Cellular antioxidant defense mechanisms. Flori-
da: CRC Press. [Link]

Celestrino, G. A., Verrinder Veasey, J., Benard, G., & Sousa, 
M. G. T. (2021). Host immune responses in dermatophytes 
infection. Mycoses, 64(5), 477–483. [DOI:10.1111/myc.13246] 
[PMID]

Dahl, M. V. (1994). Dermatophytosis and the immune response. 
Journal of the American Academy of Dermatology, 31(3 Pt 2), S34–
S41. [DOI:10.1016/S0190-9622(08)81265-0] [PMID]

Dimri, U., Ranjan, R., Kumar, N., Sharma, M. C., Swarup, D., & 
Sharma, B., et al. (2008). Changes in oxidative stress indices, 
zinc and copper concentrations in blood in canine demodi-
cosis. Veterinary Parasitology, 154(1-2), 98–102. [DOI:10.1016/j.
vetpar.2008.03.001] [PMID]

Evans, P., & Halliwell, B. (2001). Micronutrients: Oxidant/an-
tioxidant status. British Journal of Nutrition, 85(S2), S67-S74. 
[Link]

Gombart, A. F., Pierre, A., & Maggini, S. (2020). A review of mi-
cronutrients and the immune system-working in harmony to 
reduce the risk of infection. Nutrients, 12(1), 236.[DOI:10.3390/
nu12010236] [PMID] 

Gordon, E., Idle, A., & DeTar, L. (2020). Descriptive epidemi-
ology of companion animal dermatophytosis in a Canadian 
Pacific Northwest animal shelter system. The Canadian Vet-
erinary Journal=La revue Veterinaire Canadienne, 61(7), 763–770. 
[PMID]

Halliwell, B. (1999). Antioxidant defence mechanisms: from the 
beginning to the end (of the beginning). Free Radical Research, 
31(4), 261–272. [DOI:10.1080/10715769900300841] [PMID]

Ahmadi Torkamani., et al. (2025). Trace Elements and Antioxidants in Cats With Dermatophytosis. Iran J Vet Med, 19(2):307-316.

https://ijvm.ut.ac.ir/
https://en.um.ac.ir/
https://en.um.ac.ir/
https://en.um.ac.ir/
https://doi.org/10.1111/myc.12986
https://pubmed.ncbi.nlm.nih.gov/31408550/
https://doi.org/10.3109/13693786.2012.691995
https://doi.org/10.3109/13693786.2012.691995
https://www.ncbi.nlm.nih.gov/pubmed/22686247
https://doi.org/10.1007/s12011-009-8525-4
https://www.ncbi.nlm.nih.gov/pubmed/19777167
https://doi.org/10.1007/s11046-015-9941-y
https://www.ncbi.nlm.nih.gov/pubmed/26369643
https://pubmed.ncbi.nlm.nih.gov/30200430/
https://doi.org/10.1111/myc.12163
https://www.ncbi.nlm.nih.gov/pubmed/24329950
https://doi.org/10.1016/j.vetpar.2016.07.013
https://doi.org/10.1016/j.vetpar.2016.07.013
https://www.ncbi.nlm.nih.gov/pubmed/27523934
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Boligon+A.A.%2C+Machado+M.M.%2C+Athayde+M.L.+Technical+evaluation+of+the+antioxidant+activity.+Med.+Chem.+2014%3B4%287%29%3A517-522.+&btnG=
https://doi.org/10.4414/smw.2012.13659
https://www.ncbi.nlm.nih.gov/pubmed/22903797
https://doi.org/10.1016/B978-0-12-161775-2.50033-5
https://www.researchgate.net/publication/336322629_Cellular_Antioxidant_Defense_Mechanisms
https://doi.org/10.1111/myc.13246
https://www.ncbi.nlm.nih.gov/pubmed/33480106
https://doi.org/10.1016/S0190-9622(08)81265-0
https://www.ncbi.nlm.nih.gov/pubmed/8077506
https://doi.org/10.1016/j.vetpar.2008.03.001
https://doi.org/10.1016/j.vetpar.2008.03.001
https://www.ncbi.nlm.nih.gov/pubmed/18440148
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/micronutrients-oxidantantioxidant-status/BE86BA2BB8F2529F376CA3209F74DC7C
https://doi.org/10.3390/nu12010236
https://doi.org/10.3390/nu12010236
https://www.ncbi.nlm.nih.gov/pubmed/31963293
https://pubmed.ncbi.nlm.nih.gov/32655161/
https://doi.org/10.1080/10715769900300841
https://www.ncbi.nlm.nih.gov/pubmed/10517532


314

April 2025. Volume 19. Number 2

Hogan, D., & Wheeler, R. T. (2014). The complex roles of NA-
DPH oxidases in fungal infection. Cellular Microbiology, 16(8), 
1156–1167. [DOI:10.1111/cmi.12320] [PMID] 

Hu M. L. (1994). Measurement of protein thiol groups and 
glutathione in plasma. Methods in Enzymology, 233, 380–385. 
[DOI:10.1016/s0076-6879(94)33044-1] [PMID]

Katiraee, F., Kouchak Kosari, Y., Soltani, M., Shokri, H., & Has-
san Minooieanhaghighi, M. (2021). Molecular identification 
and antifungal susceptibility patterns of dermatophytes iso-
lated from companion animals with clinical symptoms of 
dermatophytosis. Journal of Veterinary Research, 65(2), 175–182.
[DOI:10.2478/jvetres-2021-0020] [PMID] 

Khan, A. Q., Agha, M. V., Sheikhan, K. S. A. M., Younis, S. 
M., Tamimi, M. A., & Alam, M., et al. (2022). Targeting 
deregulated oxidative stress in skin inflammatory dis-
eases: An update on clinical importance. Biomedicine & 
Pharmacotherapy=Biomedecine & Pharmacotherapie, 154, 113601. 
[DOI:10.1016/j.biopha.2022.113601] [PMID]

Khodadadi, H., Zomorodian, K., Nouraei, H., Zareshahrabadi, 
Z., Barzegar, S., & Zare, M. R., et al. (2021). Prevalence of 
superficial-cutaneous fungal infections in Shiraz, Iran: A five-
year retrospective study (2015-2019). Journal of Clinical Labora-
tory Analysis, 35(7), e23850. [DOI:10.1002/jcla.23850] [PMID] 

Lavari, A., Eidi, S., & Soltani, M. (2022). Molecular diagnosis of 
dermatophyte isolates from canine and feline dermatophy-
tosis in Northeast Iran. Veterinary Medicine and Science, 8(2), 
492–497. [DOI:10.1002/vms3.698] [PMID] 

Linnerz, T., & Hall, C. J. (2020). The diverse roles of phagocytes 
during bacterial and fungal infections and sterile inflamma-
tion: lessons from Zebrafish. Frontiers in Immunology, 11, 1094.
[DOI:10.3389/fimmu.2020.01094] [PMID] 

Lv, J., Ai, P., Lei, S., Zhou, F., Chen, S., & Zhang, Y. (2020). Se-
lenium levels and skin diseases: Systematic review and me-
ta-analysis. Journal of Trace Elements in Medicine and Biology: 
Organ of the Society for Minerals and Trace Elements (GMS), 62, 
126548. [DOI:10.1016/j.jtemb.2020.126548] [PMID]

Maggini, S., Wintergerst, E. S., Beveridge, S., & Hornig, D. H. 
(2007). Selected vitamins and trace elements support immune 
function by strengthening epithelial barriers and cellular and 
humoral immune responses. The British Journal of Nutrition, 
98 (Suppl 1), S29–S35. [DOI:10.1017/S0007114507832971] 
[PMID]

Moriello, K. A., Coyner, K., Paterson, S., & Mignon, B. (2017). 
Diagnosis and treatment of dermatophytosis in dogs and cats: 
Clinical Consensus Guidelines of the World Association for 
Veterinary Dermatology. Veterinary Dermatology, 28(3), 266–
e68. [DOI:10.1111/vde.12440] [PMID]

Moriello, K. (2019). Dermatophytosis in cats and dogs: A practi-
cal guide to diagnosis and treatment. In Practice, 41(4), 138-
147. [DOI:10.1136/inp.l1539]

Moriello, K. A., & Coyner, K. (2021). Dermatophytosis. In J. E. 
Sykes (Ed.), Greene’s infectious diseases of the dog and cat (pp. 
961-977). Amsterdam: Elsevier. [DOI:10.1016/B978-0-323-
50934-3.00078-1]

Nafie, T., Mahmoud, M., & Abdelkhalek, D. (2021). Clinical and 
laboratory studies of dermatophytosis affected dogs in corre-
lation to oxidative stress. Suez Canal Veterinary Medical Journal 
(SCVMJ),26(1), 17-26. [DOI:10.21608/scvmj.2021.184731]

Nikbakht, G. (2022). Novel insights into infection and im-
munity. Iranian Journal of Veterinary Medicine, 16(2), 99-100. 
[DOI:10.22059/ijvm.2022.337927.1005234]

Nisbet, C., Yarim, G. F., Ciftci, G., Arslan, H. H., & Ciftci, A. 
(2006). Effects of trichophytosis on serum zinc levels in 
calves. Biological Trace Element Research, 113(3), 273–280. 
[DOI:10.1385/BTER:113:3:273] [PMID]

Nosewicz, J., Spaccarelli, N., Roberts, K. M., Hart, P. A., Kaffen-
berger, J. A., & Trinidad, J. C., et al. (2022). The epidemiology, 
impact, and diagnosis of micronutrient nutritional derma-
toses part 1: Zinc, selenium, copper, vitamin A, and vitamin 
C. Journal of the American Academy of Dermatology, 86(2), 267–
278. [DOI:10.1016/j.jaad.2021.07.079] [PMID]

Park, K. (2015). Role of micronutrients in skin health and func-
tion. Biomolecules & Therapeutics, 23(3), 207–217. [DOI:10.4062/
biomolther.2015.003] [PMID] 

Pasa, S., & Kiral, F. (2009). Serum zinc and vitamin A concentra-
tions in calves with dermatophytosis. Kafkas Üniversitesi Vet-
eriner Fakültesi Dergisi, 15(1), 9-12. [Link] 

Pathakumari, B., Liang, G., & Liu, W. (2020). Immune defence to 
invasive fungal infections: A comprehensive review. Biomedi-
cine & Pharmacotherapy=Biomedecine & Pharmacotherapie, 130, 
110550. [DOI:10.1016/j.biopha.2020.110550] [PMID]

Placer, Z. A., Cushman, L. L., & Johnson, B. C. (1966). Estima-
tion of product of lipid peroxidation (malonyl dialdehyde) in 
biochemical systems. Analytical Biochemistry, 16(2), 359–364.
[DOI:10.1016/0003-2697(66)90167-9] [PMID]

Portugal, M., Barak, V., Ginsburg, I., & Kohen, R. (2007). In-
terplay among oxidants, antioxidants, and cytokines in skin 
disorders: Present status and future considerations. Biomedi-
cine & Pharmacotherapy=Biomedecine & pharmacotherapie, 61(7), 
412–422. [DOI:10.1016/j.biopha.2007.05.010] [PMID]

Ramezanpour Eshkevari, S., Sasani, F., Shokrpoor, S., Mardjan-
mehr, S. H., Akbarein, H., & Ashrafi, I. (2024). A histopatho-
logical study on the changes in the central nervous system 
of dead cats with neurological symptoms. Iranian Journal of 
Veterinary Medicine, 18(4), 545-554. [Link]

Saleh, M. A., Mahran, O. M., & Bassam Al-Salahy, M. (2011). Cir-
culating oxidative stress status in dromedary camels infested 
with sarcoptic mange. Veterinary Research Communications, 
35(1), 35–45. [DOI:10.1007/s11259-010-9450-x] [PMID]

Seyednejad, S. F., Shirani, D., Bokai, S. and Nasiri, S. M. (2023). 
Evaluation of iron status in cats with hypertrophic cardio-
myopathy with and without congestive heart failure. Iranian 
Journal of Veterinary Medicine, 17(3), 209-216. [DOI:10.32598/
ijvm.17.3.1005245]

Shahsavari, M., Norouzi, P., Kalalianmoghaddam, H., & 
Teimouri, M. (2023). Effects of kudzu root on oxidative 
stress and inflammation in streptozotocin-induced diabetic 
rats. Iranian Journal of Veterinary Medicine, 17(4), 401-408. 
[DOI:10.32598/ijvm.17.4.1005281]

Shokri, H., & & Khosravi, A. R. (2016). An epidemiological 
study of animals dermatomycoses in Iran. Journal de Mycologie 
Médicale, 26(2), 170–177. [DOI:10.1016/j.mycmed.2016.04.007] 
[PMID]

Sloup, V., Jankovská, I., Nechybová, S., Peřinková, P., & Lan-
grová, I. (2017). Zinc in the animal organism: A review. Scien-
tia Agriculturae Bohemica, 48(1), 13-21. [Link]

Ahmadi Torkamani., et al. (2025). Trace Elements and Antioxidants in Cats With Dermatophytosis. Iran J Vet Med, 19(2):307-316.

https://ijvm.ut.ac.ir/
https://doi.org/10.1111/cmi.12320
https://www.ncbi.nlm.nih.gov/pubmed/24905433
https://doi.org/10.1016/s0076-6879(94)33044-1
https://www.ncbi.nlm.nih.gov/pubmed/8015473
https://doi.org/10.2478/jvetres-2021-0020
https://www.ncbi.nlm.nih.gov/pubmed/34250302
https://doi.org/10.1016/j.biopha.2022.113601
https://www.ncbi.nlm.nih.gov/pubmed/36049315
https://doi.org/10.1002/jcla.23850
https://www.ncbi.nlm.nih.gov/pubmed/34028857
https://doi.org/10.1002/vms3.698
https://www.ncbi.nlm.nih.gov/pubmed/34919354
https://doi.org/10.3389/fimmu.2020.01094
https://www.ncbi.nlm.nih.gov/pubmed/32582182
https://doi.org/10.1016/j.jtemb.2020.126548
https://www.ncbi.nlm.nih.gov/pubmed/32497930
https://doi.org/10.1017/S0007114507832971
https://www.ncbi.nlm.nih.gov/pubmed/17922955
https://doi.org/10.1111/vde.12440
https://www.ncbi.nlm.nih.gov/pubmed/28516493
https://doi.org/10.1136/inp.l1539
https://doi.org/10.1016/B978-0-323-50934-3.00078-1
https://doi.org/10.1016/B978-0-323-50934-3.00078-1
https://doi.org/10.21608/scvmj.2021.184731
https://doi.org/10.22059/ijvm.2022.337927.1005234
https://doi.org/10.1385/BTER:113:3:273
https://www.ncbi.nlm.nih.gov/pubmed/17194927
https://doi.org/10.1016/j.jaad.2021.07.079
https://www.ncbi.nlm.nih.gov/pubmed/34748862
https://doi.org/10.4062/biomolther.2015.003
https://doi.org/10.4062/biomolther.2015.003
https://www.ncbi.nlm.nih.gov/pubmed/25995818
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_425.pdf
https://doi.org/10.1016/j.biopha.2020.110550
https://www.ncbi.nlm.nih.gov/pubmed/32739740
https://doi.org/10.1016/0003-2697(66)90167-9
https://www.ncbi.nlm.nih.gov/pubmed/6007581
https://doi.org/10.1016/j.biopha.2007.05.010
https://www.ncbi.nlm.nih.gov/pubmed/17604942
https://ijvm.ut.ac.ir/article_94899.html
https://doi.org/10.1007/s11259-010-9450-x
https://www.ncbi.nlm.nih.gov/pubmed/21082344
https://doi.org/10.32598/ijvm.17.3.1005245
https://doi.org/10.32598/ijvm.17.3.1005245
https://doi.org/10.32598/ijvm.17.4.1005281
https://doi.org/10.1016/j.mycmed.2016.04.007
https://www.ncbi.nlm.nih.gov/pubmed/27180290
https://www.researchgate.net/profile/Vladislav-Sloup/publication/316069680_Zinc_in_the_Animal_Organism_A_Review/links/5a7a395345851541ce5e7476/Zinc-in-the-Animal-Organism-A-Review.pdf


315

April 2025. Volume 19. Number 2

Trouba, K. J., Hamadeh, H. K., Amin, R. P., & Germolec, 
D. R. (2002). Oxidative stress and its role in skin dis-
ease. Antioxidants & Redox Signaling, 4(4), 665–673.
[DOI:10.1089/15230860260220175] [PMID]

Ural, K., Karakurum, M. Ç., Duru, O., CINGI, C. Ç., & 
Haydardedeoğlu, A. E. (2009). Serum zinc concentrations 
in dogs with Microsporum canis dermatophytosis: A pilot 
study. Turkish Journal of Veterinary and Animal Sciences, 33(4), 
279-283. [DOI:10.3906/vet-0711-20]

Zhu, X., Jiang, M., Song, E., Jiang, X., & Song, Y. (2015). Seleni-
um deficiency sensitizes the skin for UVB-induced oxidative 
damage and inflammation which involved the activation of 
p38 MAPK signaling. Food and Chemical Toxicology: An Inter-
national Journal Published For The British Industrial Biological Re-
search Association, 75, 139–145. [DOI:10.1016/j.fct.2014.11.017] 
[PMID]

Ahmadi Torkamani., et al. (2025). Trace Elements and Antioxidants in Cats With Dermatophytosis. Iran J Vet Med, 19(2):307-316.

https://ijvm.ut.ac.ir/
https://doi.org/10.1089/15230860260220175
https://www.ncbi.nlm.nih.gov/pubmed/12230879
https://doi.org/10.3906/vet-0711-20
https://doi.org/10.1016/j.fct.2014.11.017
https://www.ncbi.nlm.nih.gov/pubmed/25460360


مقاله پژوهشی

ارزیابی ارتباط استرس اکسیداتیو و عناصر کمیاب در گربه های دچار درماتوفیتوز و سایر بیماری های 
پوستی 

* نویسنده مسئول: 
دکتر جواد خوش نگاه

نشانی: مشهد، دانشگاه فردوسی مشهد، دانشکده دامپزشکی، گروه پاتوبیولوژی، بخش تحقیقات قارچ شناسی. 
تلفن: 8763851 (511) 98+ 

 khoshnegah@um.ac.ir, jkhoshnegah@gmail.com :رایانامه

، *جواد خوش نگاه3 ، محمد حیدرپور3  ، سمانه عیدی2  بهاره احمدی ترکمانی1 

1. دانشکده دامپزشکی، دانشگاه فردوسی مشهد، مشهد، ایران.
2. بخش تحقیقات قارچ شناسی، گروه پاتوبیولوژی، دانشکده دامپزشکی، دانشگاه فردوسی مشهد، مشهد، ایران.

3. گروه علوم درمانگاهی، دانشکده دامپزشکی، دانشگاه فردوسی مشهد، مشهد، ایران.

زمینه مطالعه: علی رغم شیوع بسیار درماتوفیتوز در گربه ها، اطلاعات کمی درخصوص اثر این بیماری بر مقادیر آنتی اکسیدانی و عناصر 
کمیاب در گربه های مبتلا وجود دارد.

هدف: مطالعه حاضر با هدف بررسی غلظت عناصر کمیاب سرم (مس، آهن، روی و سلنیوم) و شاخص های اکسیدانی/آنتی اکسیدانی 
(مالون دی آلدئید، ظرفیت تام آنتی اکسیدانی و گروه تیول) در گربه های پرشین مبتلا به درماتوفیتوز و مقایسه آن ها با گربه های مبتلا به 

سایر بیماری های پوستی و نیز گربه های سالم صورت گرفت.
روش کار: بدین منظور سه گروه از گربه ها انتخاب شدند: 13 گربه مبتلا به درماتوفیتوز، 6 گربه مبتلا به سایر بیماری های پوستی و 6 
گربه سالم. پس از معاینه فیزیکی همه گربه ها، ارزیابی جامع درماتولوژیک و نمونه گیری برای آزمایش مستقیم میکروسکوپی و کشت 

قارچ صورت گرفت. همچنین احتمال آلودگی همه گربه ها با ویروس های FIV و FeLV بررسی شد. 
نتایج: در گروه گربه های دچار درماتوفیتوز، تنها گونه درماتوفیت جداشده، میکروسپوروم کنیس بود. در میان کل گربه های موردمطالعه، 
تنها دو گربه (یکی از گربه های دچار درماتوفیتوز و یکی از گربه های مبتلا به سایر بیماری های پوست و مو)، FIV مثبت بودند. هیچ گونه 
تفاوتی در مقادیر سرمی عناصر کمیاب بین گربه های مبتلا به درماتوفیتوز و گربه های سالم وجود نداشت. بااین حال، مقدار سرمی مس 
در گروه  گربه های مبتلا به سایر بیماری های پوستی در مقایسه با گروه سالم بالاتر بود (P>0/05). گربه های دچار درماتوفیتوز و گربه های 

 .(P>0/01) مبتلا به سایر بیماری های پوستی در قیاس با گربه های سالم، دارای کاهش ظرفیت آنتی اکسیدانی کل بودند
نتیجه گیری نهایی: مطالعه حاضر تغییراتی را در شاخص های اکسیداتیو در گربه های مبتلا به درماتوفیتوز و سایر اختلالات پوستی نشان 
داد. این یافته ها از این فرضیه حمایت می کند که بهبود وضعیت آنتی اکسیدانی با افزودن مکمل های غذایی به رژیم غذایی گربه ها، ممکن 

است در پیشگیری و رفع بیماری های پوستی آن ها مفید باشد.
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