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Research article
Ερευνητικό άρθρο

ABSTRACT: Objectives: The aim of this study was to determine the oxidative stress index and redox balance in 
healthy Van cats and to evaluate it’s association with gender, age and eye color. Methods: 80 healthy Van cats from 
different eye color, gender and age were used in the study. All cats were grouped according to their age (A) as <12 
months (A1, n=30), ≥1 and <3 years (A2, n= 22), ≥3 and <5 years (A3, n=12) ve ≥5 years (A4, n= 16); eye color (E) 
from left to right as blue-blue (E1, n=31), blue-amber (E2, n= 19), amber-blue (E3, n= 12), amber-amber (E4, n= 19) 
respectively and gender (G) as female (G1, n=43) and male (G2, n=37). Blood serum reactive oxygen species (ROM) 
and serum antioxidant power (PAO) analyzed and oxydative stress index (OSI) was measured in all groups. Results: 
There was no statistically significant difference between age, gender and eye color regarding ROM, PAO and OSI in 
healthy Van cats. Mean ROM (H2O2/dL), PAO (HClO/ml) and OSI CarrU/(µmol HClO/ml)) were 1.79, 434.8 and 
0.05, respectively ( P>0.05). Conclusions: Since oxidative stress plays a critical role as a biomarker of various diseas-
es, determination of redox balance may provide a useful tool in healthy Van cats. It was observed that ROM, PAO and 
OSI were not affected by age, gender and eye color in healthy Van cats. Breed differences among cat population may 
lead to dramatic changes in redox balance.
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INTRODUCTION

Reactive oxygen metabolites (ROM) are chemi-
cally active free radicals that play an important 

role in numerous biological processes (Castro et al., 
2021). ROM’s overproduction causes various dam-
ages in organism such as protein and DNA oxida-
tion, lipid peroxidation and cellular death (Lu et al., 
2009; Krumova and Cosa, 2016; Purohit et al., 2019). 
Endogenous factors such as electron leakage from 
electron transport chains, cytochrome P450, peroxi-
somes, lipoxygenases, cyclooxygenases, xanthine 
oxidase, nicotinamide adenine dinucleotide phos-
phate oxidase (NADPH) and various inflammatory 
cells in the endoplasmic reticulum; exogenous factors 
such as UV light, drugs and cigarette smoke induce 
ROS formation (McMichael, 2007; Celi and Gabai, 
2015). The increased production of ROM lead to ac-
tivation of various antioxidant mechanisms in cells. 
These mechanisms also include antioxidant proteins 
such as albumin, haptoglobin, ferritin and ceruloplas-
min; enzymatic antioxidants such as superoxide dis-
mutase (SOD), catalase and glutathione peroxidase; 
water-soluble antioxidants such as ascorbic acid, uric 
acid, bilirubin, glutathione, zinc and selenium; and 
fat-soluble antioxidants such as tocopherols, β-caro-
tene, coenzyme Q10 and lycopene (Halliwell, 1999). 
Neutralization capacity of those antioxidants is ex-
ceeded, the imbalance between oxidant and antioxi-
dants causes oxidative stress (Celi et al., 2010).

It is known that the reactions mediated by ROM 
and free radicals cause oxidative damage to many 
biomolecules such as lipid, protein, DNA and even-
tually leading to many diseases (Huang et al., 2007). 
Due to the fact that oxidative stress plays a critical 
role in the pathogenesis of various diseases, consider-
able studies on the measurement of free radicals and 
their metabolites has been reported (Lefer and Frang-
er, 2000; Iamele et al., 2002; Jenner, 2003; Madaman-
chi et al., 2005). Similarly, there are many studies 
in veterinary medicine investigating the relationship 
between various diseases and oxidative stress in cats 
and dogs (Sakallioglu et al., 2005; Brown, 2008; 
Webb and Twedt, 2008; Verk et al., 2017; Candellone 
et al., 2019). Furthermore, reference values ​​of many 
oxidative stress parameters such as Malondialdehyde 
(MDA), SOD and Catalase (CAT) in healthy cats and 
dogs were determined (Todorova et al., 2005). Total 
antioxidant capacity (PAO) is defined as the sum of 
nonspecific antioxidant activities. It is used as a pa-
rameter measuring the resultant force counteracting 
undesired oxidation in a material (Bartosz, 2003). The 

oxidative stress index (OSI) has been used both as a 
biomarker in many diseases in humans and veterinary 
medicine and to determine the imbalance between 
PAO and ROM levels (Rabus et al., 2008; Izuta et al., 
2010; Abuelo et al., 2013; Baltacıoğlu et al., 2014; 
Bottegaro et al., 2018)

Turkish Van cats are known to have lived in the 
Van Lake region in eastern Turkey for centuries. One 
of the characteristic features of Van cats, whose spe-
cies are in danger of extinction, is eye color. Accord-
ing to eye color, they are divided into three groups 
as blue-blue, yellow-yellow, and blue-yellow (Cak, 
2017). Besides the studies on Van cats are quite lim-
ited, there is no study evaluating the redox balance in 
Van cats. In this study, it was aimed to determine the 
oxidative stress index and redox balance in healthy 
Van cats and to evaluate it’s association with gender, 
age and eye color.

MATERIAL-METHOD

Animals and Study Design
The study was carried out at Istanbul Universi-

ty-Cerrahpaşa, Faculty of Veterinary Medicine, In-
ternal Medicine department and Van Yüzüncü Yıl 
University, Faculty of Veterinary Medicine, Van Cat 
Research Center and Perugia Zooprophylaxis Institute 
with the ethical approved obtained by Van Yüzüncü 
Yıl University, Local Ethics Committee. 80 Van cats 
from different eye color, gender and age were used 
in the study. All cats were grouped according to their 
age (A) as <12 months (A1, n=30), ≥1 and <3 years 
(A2, n= 22), ≥3 and <5 years (A3, n=12) ve ≥5 years 
(A4, n= 16); eye color (E) from left to right as blue-
blue (E1, n=31), blue-amber (E2, n= 19), amber-blue 
(E3, n= 12), amber-amber (E4, n= 19) respectively 
and gender (G) as female (G1, n=43) and male (G2, 
n=37). Fasting blood samples were taken from jugu-
lar vein and centrifuged at 1500 rpm for 10 minutes. 
Serum samples were transferred to the eppendorfs 
and stored at -20 °C for about 3 months until ROM 
and PAO measurements were made.

In the study, all animals were fed with similar 
commercial dry food and hosted in Van Cat Research 
Center. They were routinely administered endopara-
site and ectoparasite treatments and vaccines. Phys-
ical and laboratory examinations of all cats were 
assessed and only healthy cats were included in the 
study. Accordingly, serum biochemistry and hemo-
gram analyzes were performed with the FUJI DRI-
CHEM NX600V and VH5R Hemogram Device. Cats 
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whose blood values were between the reference val-
ues shown in Table 1 were included and using any 
medication or supplements were excluded from the 
study.

Informed consent has been obtained for cli-
ent-owned animals included in this study.

ROM measurement
Free radicals (FRs) determination system (D-Roms 

test, Diacron; Grosseto, Italy) was used in this study. 
This test is based on the ability of transition metals 
to catalyse in the presence of peroxides with forma-
tion of FRs, which are trapped by an alchilamine. The 
alchilamine reacts forming a coloured radical detect-
able at 505 nm. ROM were assayed using the spectro-
photometric d-ROM test (Diacron International, Oxi-
dative Stress index Grosseto, Italy), which determines 
hydroperoxides (breakdown products of lipids as well 
as of other organic substrate, generated by the oxida-
tive attack of ROS) through their reaction with the 
chromogen N, N-diethylparaphenylenediamine. The 
components of the ROM’s kit are:

•	 R1 reagent that is a Chromogen mixture (al-
kyl-substituted aromatic amine)

•	 R2 reagent that is Acetate Buffer (pH 4,8) to pre-
serve and stabilize

•	 Calibrator

•	 Lyophilized serum

Serum samples were used and calibrator was re-
constituted with 1 mL of freshly distilled water. Ac-
cording to the end-point mode, the following proce-
dure was performed (Table 2).

All the solutions were delicately mixed and after 
90 min of incubation at 37 °C they underwent imme-
diately photometric reading, by measuring their ab-
sorbance at 505 nm. The absorbance value of reagent 
blank was subtracted from that the calibrator and the 
samples. The intensity of color change in the sample 
solution is directly proportional with the concentration 
of ROMs in that sample, according to Lambert-Beer’s 
law. The results were expressed as mg H2O2/dL.

PAO measurement
Serum antioxidant power was measured using the 

Oxi-adsorbent test (Diacron, Grosseto, Italy). Reac-
tion with an alkyl-substituted aromatic amine produc-
es a pink-colored product that can be detected spec-
trophotometrically. The concentration of the colored 
complex is directly proportional to the concentration 
of HClO and indirectly proportional to the antioxidant 
capacity. The results were expressed as mol of HClO 
consumed by 1 ml of serum sample (μmol HClO/ml). 

Table 1. Reference values for hematology and serum biochemistry in laboratory analyzes performed in Van cats included in the study 
(FUJI DRI-CHEM NX600V, VH5R Hemogram Device)
Parameters Reference Values
WBC (109/L) 5.50 - 19.50
RBC (1012/L) 4.60 - 12.00
PLT (109/L ) 100.00 - 518.00
ALP (U/l) 9.00 - 53.00
ALT (U/l) 22.00 - 84.00
GGT (U/l) 1.00 - 10.00
AMY (U/l) 200.00 - 1900.00
LIPAZ (U/l) 0.00 - 200.00
BUN (mg/dL) 17.60 - 32.80
CREA (mg/dL) 0.80 - 1.80
TP (g/dL) 5.70 - 7.80
TBIL (mg/dL) 0.10 - 0.40
GLU (mg/dL) 71.00 - 148.00

Table 2. The amount of solutions used in ROM test
  Reagent blank Calibrator Sample
R2 Reagent 1 ml 1 ml 1 ml
R1 Reagent 10µl 10µl 10µl
Distilled water 5µl - -
Calibrator - 5µl -
Sample - - 5µl
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Values lower than 350 μmol HClO/ml suggest a re-
duced antioxidant capacity. Sample was mixed with 
HClO solution (one of the powerful reactive oxygen 
species emitted by leukocytes). HClO subjects the 
sample to massive oxidation; the antioxidant sub-
stances contained in the sample react with the acid 
and can be quantified by measuring the excess of 
HClO. Quantification of the unreacted acid was car-
ried out by the spectrophotometric method (reading 
at λ = 490 nm), after addition of suitable buffered 
chromogenic agent, an aromatic alkyl diamine (N, 
N-diethyl-para-phenylendiamine). The color concen-
tration was directly proportional to the concentration 
of HClO and was indirectly related to the antioxidant 
capacity (Table 3).

Solutions were kept at 37° C for 10 min. After add-
ing 10µl of R2 reagent (chromogenic mixture) in each 
assay, all the solutions underwent immediatly photo-
metric reading, by measuring their absorbance at 505 
nm. The results were expressed as µmol of HCLO/ml 
of sample.

OSI calculation
The OSI was calculated as ROM/PAO and ex-

pressed as CarrU/(µmol HClO/ml). For this, the ROM 

values were converted to Carratelli Units (CARR U) 
according to the following formula:

CARR U = Abs sample/Abs calibrator X [calibra-
tor]

1 CARR U = 0,08 mg H2O2/dL

where: Abs sample and Abs calibrator are the mea-
sured absorbance values (for the sample and the cal-
ibrator, respectively). The method is linear up to 500 
CARR U (Table 4).

RESULTS
Results of ROM test were expressed as mg H2O2/

dL and the results of PAO test are expressed as µmol 
HCLO/ml. OSI value was calculated by converting 
the ROM values to CarrU units and expressed as Car-
rU/(µmol HClO/ml). Accordingly, the mean ROM 
values in A1, A2, A3 ve A4 groups were measured as 
1.76, 1.96, 1.53 and 1.78 respectively (mg H2O2/dL). 
In the same group, PAO values were 425.6, 430.2, 
439.2, 438.4, respectively (µmol HClO/ml). Accord-
ingly, there was no statistically significant difference 
in ROM and PAO values for all age groups (P>0.05). 
The mean OSI values were 0.07, 0.06, 0.03 and 0.05, 
respectively (CarrU/(µmol HClO/ml)) (Table 5).

Table 3. The amount of solutions used in PAO test
  Reagent blank Calibrator* Sample*
R1 Reagent 1 ml 1 ml 1 ml
Distilled water 10µl - -
Calibrator* - 10µl -
Sample* - - 10µl

*Diluite both solution 1:100 with distilled water

Table 4: ROM values conversion as CARR U and mg H2O2/dL
ROM (CARR U) ROM (mg H2O2/dL)

300-320 24.08-25.60
321-340 25.68-27.20
341-400 27.28-32.00
401-500 32.08-40.00

>500 >40.00

Table 5. Mean ROM and PAO values in Van cats grouped by age
ROM (mg H2O2/dL) PAO (µmol HClO/ml) OSI (CarrU/(µmol HClO/ml))

Groups M±SE Min-Max M±SE Min-Max M±SE Min-Max
A1 (n=30) 1.76 ±0.12 1.51-2.01 425.6±8.33 409-442.2 0.07±0.01 0.003-0.61
A2 (n=22) 1.96 ±0.15 1.66-2.26 430.2±10.03 410.2-450.1 0.06±0.02 0.03-0.09
A3 (n=12) 1.53 ±0.19 1.15-1.92 439.2±12.87 413.6-464.9 0.03±0.02 0.02-0.07
A4 (n=16) 1.78 ±0.16 1.45-2.1 438.4±11.08 416.3-460.5 0.05±0.02 0.02-0.08

M ± SE: Mean ± standard error, OSI: Oxidative stress index, ROM: Reactive oxygen metabolites, PAO: Antioxidant capacity, y.o: 
years old
 A1: <12 months, A2: ≥1 and <3 y.o, A3: ≥3 and <5 y.o, A4: ≥5 y.o
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The mean ROM values for E1, E2, E3 and E4 were 
1.71, 1.95, 1.68 and 1.69, respectively (mg H2O2/
dL); mean PAO values were measured as 443.4, 
438.5, 415.8 and 440.5, respectively (µmol HClO/
ml). In these groups, it wasn’t detected a significant 
difference (P>0.05) for both ROM and PAO. Howev-
er, PAO was tended to be lower for the E3 compared 
to the other eye color groups. The mean OSI values 
were 0.04, 0.05, 0.07, and 0.04, respectively (CarrU/
(µmol HClO/ml)) (Table 6).

The mean ROM values measured in the G1 and G2 
groups were 1.77 and 1.72, respectively (mg H2O2/
dL) and the mean PAO value was 426.8 and 439.9, 

respectively (µmol HClO/ml). There was no signifi-
cant difference between genders for ROM and PAO 
(P>0.05). The mean OSI values for males and females 
were 0.06 and 0.04 respectively (CarrU/(µmol HClO/
ml)) (Table 7).

The p values were given in Table 8. Accordingly, 
ROM and PAO didn’t significiantly differ in each pa-
rameters. However, PAO was tended to be significant 
for group E (p=0.056) (Table 8).

In healthy Van cats, mean ROM (H2O2/dL), PAO 
(µmol HClO/ml) and OSI (CarrU/(µmol HClO/ml)) 
values were 1.79 (0.11-3.40), 434.8 (50.9-456.7) and 
0.05 (0.003-0.61), respectively (Table 9).

Table 6. Mean ROM, PAO and OSI values in Van cats grouped by eye color
ROM (mg H2O2/dL) PAO (µmol HClO/ml) OSI (CarrU/(µmol HClO/ml))

Groups M±SE Min-Max M±SE  Min-Max M±SE  Min-Max
E1 (n=31) 1.71±0.12 1.47-1.95 443.4±10.50 422.4-464.5 0.04±0.01 0.003-0.09
E2 (n=19) 1.95±0.15 1.64-2.26 438.5±16.28 405.9-471.1 0.05±0.02 0.02-0.09
E3 (n=12) 1.68 ±0.19 1.30-2.06 415.8±15.04 385.7-446 0.07±0.02 0.02-0.61
E4 (n=18) 1.69±0.15 1.38-2.01 440.5±12.86 414.7-466.3 0.04±0.02 0.02-0.08

(M ± SE: Mean ± standard error, OSI: Oxidative stress index, ROM: Reactive oxygen metabolites, PAO: Antioxidant capacity, E1: 
blue-blue, E2: blue-amber, E3: amber-blue, E4: amber-amber)

Table 7. ROM, PAO and OSI values in Van cats grouped by gender
ROM (mg H2O2/dL) PAO (µmol HClO/ml) OSI (CarrU/(µmol HClO/ml))

Groups M±SE Min-Max M±SE Min-Max M±SE Min-Max
G1 (n=43) 1.77±0.13 1.49-2.04 426.8±7.10 412.6-441 0.065±0.014 0.003-0.61
G2 (n=37) 1.72±0.16 1.39-2.05 439.9±7.80 424.3-455.4 0.046±0.017 0.01-0.09

(M ± SE: Mean ± standard error, OSI: Oxidative stress index, ROM: Reactive oxygen metabolites, PAO: Antioxidant capacity, G1: 
female, G2: male)

Table 8. P values for gender, age group and eye color parameters
PARAMETERS ROM (p) PAO (p)
Gender 0.832 0.211
Age 0.672 0.717
Eye color 0.749 0.056

Table 9. ROM, PAO and OSI values in healthy Van cats
Mean (n=80) Minimum Maksimum Standart error

ROM (H2O2/dL) 1.79 0.11 3.40 0.64
PAO (HClO/ml) 434.8 50.9 456.7 44.3
OSI (CarrU/(µmol HClO/ml)) 0.05 0.003 0.61 0.01

DISCUSSION
Van cats are originated from Van lake in Turkey 

(Lipinski et al., 2008). They have a long white body, 
semi-long hair and characteristically different eye 
colors as blue-blue, yellow-yellow, blue-yellow or 
yellow-blue. Considering gradually decrease in their 
numbers worldwide, they are a breed at risk of extinc-

tion. Furthermore, studies on Van cats are very limited 
(Eksen et al., 1992; Altunok et al., 2011; Erat et al., 
2012; Hakkı Nur et al., 2020). This is the first study 
that evaluate the oxidative stress parameters and re-
dox balance in healthy Van cats.

In order to evaluate the oxidative stress due to an 
imbalance between oxidant and antioxidant substanc-
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es in the body, it is a useful method to analyze the 
relationship between oxidant and antioxidant sub-
stance concentrations, rather than evaluating them 
separately. This method has been used as a biomark-
er in various diseases in human medicine and many 
veterinary practices (Sharma et al., 1999; Celi, 2011; 
Abuelo et al., 2013; Yesilova et al., 2013; Baltacıoğlu 
et al., 2014). It was reported that many infectious and 
non-infectious diseases incats were associated with 
redox unbalance (Tecles et al., 2015; Candellone et al., 
2019; Michałek et al., 2020). In a study conducted with 
the cats diagnosed with feline infectious peritonitis, it 
was reported that total antioxidant capacity decreased 
in affected cats compare to healthy group (Tecles et 
al., 2015). Similarly it was showed that hyperthyroid-
ism in cats increases the free radical production and 
leads to compare to healthy cats (Candellone et al., 
2019). OSI has been used to diagnose oxidative stress 
in many disease conditions (Kolesnikova, 2014). In a 
study in cattles with Brucellosis, it was reported that 
SAC value was lower, total oxidant capacity and OSI 
values were found to be significantly higher compare 
to healthy group (Merhan et al., 2017). In our study, 
reference OSI values were calculated by evaluating 
the mean oxidative load and antioxidant defense sta-
tus in healthy Van cats. In a previous study evaluat-
ing the OSI ratio in healthy cats without any breed 
difference the mean ROM (CarrU) value was 155.9 
(Castillo et al., 2013). This result is inconsistent with 
our mean ROM (CarrU) measurement (22.375) which 
may suggests that the ROM values may be affected 
by various factors such as cat breeds. However in the 
same study, mean serum antioxidant capacity (SAC) 
was 384.2 ± 25.1 which is consistent with our re-
sults (434.8 ± 44.3). Consequently, antioxidant status 
seems similar in healthy Van cats and healthy mixed 
breeds. In the study, it was also reported that the male 
cats are at oxidative risk comparing with the females 
(Castillo et al., 2013).

In veterinary medicine redox balance were also 
evaluated in different animal species such as cattles, 
horses and dogs (Lykkesfeldt and Svendsen, 2007; 
Pasquini et al., 2008; Panda et al., 2009; Abuelo et al., 
2013; Candellone et al., 2022; Pugliese et al., 2022). 
In a study investigating the redox status in cows, mean 
ROM value (135.6 CarrU) was greater than our re-
sults while SAC (480 mmol HClO/ml) was measured 
as similar values (Abuelo et al., 2013). In a study in-
vestigating OSI in race horses, ROM values related 
to race distance and difficulty were greater than our 
results (Bottegaro et al., 2018). It is also stated that 

the d-ROM concentrations in horses were significant-
ly higher (p<0.001) than in the other animals (Shono 
et al., 2020). All of these studies suggest that ROM 
values and redox status may differ between animals.

There are many human studies (Mezzetti et al., 
1996; Taddei et al., 2001; Baumann et al., 2016; Luo 
et al., 2020; ) evaluating the relationship between 
oxidative stress and age. It was reported that ageing 
is related to decrease in antioxidants and increase in 
oxidative stress components in human medicine (Jun-
queira et al., 2004) and suggested that oxidative stress 
has an important role in the pathogenesis of many 
age-related diseases (Baumann et al., 2016; Liguori 
et al., 2018; Luo et al., 2020). In a study investigating 
the relationship between ageing and oxidative stress 
markers in human, it was reported that total antiox-
idant capacity tented to decrease with age (Mendo-
za-Núñez et al., 2007). In veterinary medicine, it was 
reported that the older dogs had greater oxidative 
stress parameters such as MDA, SOD and glutathione 
peroxidase (GSH-Px) (Vajdovich et al., 1997). In the 
study using thoroughbred racehorses (Kusano et al., 
2016), higher serum antioxidant potential and low-
er OSI were reported in low age of female horses. A 
similar study suggested that there is a significant neg-
ative correlation between age and serum antioxidant 
potential of older adult human (Pesce et al., 2018). 
In the study of Castillo et al. (2013), it was reported 
that ROM values were higher in young cats than in 
adult cats. In our study, it was observed that there was 
no significant age-related difference in oxidative load 
and antioxidant defense in Van cats.

In various studies in human medicine, it has been 
reported that the gender has a significant effect on the 
OSI level (Vassalle et al., 2008; Kaya et al., 2010; Vas-
salle et al., 2011). In a study of veterinary medicine, 
MDA levels measured greater in male cats and dogs 
and suggested that old and male dogs are subjected to 
more harmful effects of free radicals and lipid perox-
idation (Todorova et al., 2005). In the study of Panda 
et al. (2009), it was stated that oxidative stress indices 
aren’t affected by gender, breed or age in dogs. In a 
study in Thoroughbred foals, it was indicated that sys-
temic and local OS biomarkers did not differ between 
gender of the horses (Po et al., 2013). In the study 
of Castillo et al. (2013), OSI levels were higher in 
male cats than females and it was stated that the male 
cats had a higher oxidative load than females. In a 
human study, it was reported that men are more ex-
posed to oxidative stress (Pansarasa et al., 2000). Ide 



J HELLENIC VET MED SOC 2024, 75 (2)
ΠΕΚΕ 2024, 75 (2)

B. BILGIÇ, C. ÖZKAN, L. MOSCATI, A. KAYA, B. DOKUZEYLÜL, A. KAYAR, M.E. OR 7307

at al. (2002) showed that oxidative stress is greater in 
healthy young males than in premenopausal females 
due to greater generation of ROS and reduced antiox-
idant activity. Unlike these studies, we observed that 
the gender factor did not show significant changes in 
oxidative stress and antioxidant defense in healthy 
Van cats.

The eye is an organ that is metabolically active, 
constantly in contact with light, therefore exposed to 
oxidative stress including photo-oxidative processes. 
In human studies, the relationship between age-relat-
ed changes in the eye and oxidative stress has been in-
vestigated and age-related ocular pathologies and ox-
idative stress has been suggested (Beatty et al., 2000; 
Kruk et al., 2016; Goodman and Ness, 2023). Also in 
veterinary medicine, relationship between oxidative 
stress and ocular patholgies were evaluated (Chen et 
al., 2015; Simeonova et al., 2018). However, although 
the influence of eye colour on oxidative stress param-
eters has not been investigated and not clear yet, the 
use of eye as a biomarker of oxidative stress is prom-
ising in the future (Choodet et al., 2019).

In our study, two important points should be em-

phasized. Firstly, it was previously determined that 
there are different redox balances in different animal 
species (McMichael, 2007; Aktas et al., 2017; Botte-
garo et al., 2018; Barbato et al., 2019) and the ROM 
and PAO values were determined in healthy cats with-
out any breed consideration. However our study un-
derlines that breed differences among cats may also 
lead to dramatic changes in redox balance. Second-
ly, this is the first study to evaluate redox balance in 
healthy Van cats. Since oxidative stress plays a criti-
cal role as a biomarker of various diseases, determi-
nation of redox balance may provide a useful tool in 
healthy Van cats.

CONCLUSION
Reactive oxygen species, total antioxidant capac-

ity and oxidative stress index values in healthy Van 
cats were determined. It was observed that reactive 
oxygen species, total antioxidant capacity and oxida-
tive stress index were not affected by age, gender and 
eye color in healthy Van cats.

ACKOWLEDGEMENTS
This work was not supported by any funding.

REFERENCES

Abuelo A, Hernandez J, Benedito JL, Castillo C (2013) Oxidative stress 
index (OSi) as a new tool to assess redox status in dairy cattle during 
the transition period. Animal 7:1374-1378.

Aktas MS, Kandemir FM, Kirbas A, Hanedan B, Aydın MA (2017) Evalua-
tion of oxidative stress in sheep infected with Psoroptes ovis using total 
antioxidant capacity, total oxidant status, and malondialdehyde level. J 
Vet Res 61:197-201.

Altunok V, Yüksek N, Berkman CC, Ağaoğlu ZT, Togan I (2011) Genetic 
structure and variation of Van cats. Biochem Genet 49:511-522.

Baltacıoğlu E, Yuva P, Aydın G, Alver A, Kahraman C, Karabulut E, Akalın 
FA (2014) Lipid peroxidation levels and total oxidant/antioxidant status 
in serum and saliva from patients with chronic and aggressive peri-
odontitis. Oxidative stress index: a new biomarker for periodontal dis-
ease. J Periodontol 85:1432-1441.

Barbato O, Holmes B, Filipescu IE, Celi P (2019) Dietary supplementation 
of yerba mate (Ilex paraguariensis) during the dry period improves re-
dox balance in lactating dairy cows. Antioxidants 8:38.

Bartosz G (2003) Total antioxidant capacity. Adv Clin Chem 37:219-292.
Baumann CW, Kwak D, Liu HM, Thompson LV (2016) Age-induced oxi-

dative stress: how does it influence skeletal muscle quantity and quali-
ty? J Appl Physiol 121:1047-1052.

Beatty S, Koh HH, Phil M, Henson D, Boulton M (2000) The role of oxi-
dative stress in the pathogenesis of age-related macular degeneration. 
Surv Ophthalmol 45:115-134.

Bottegaro N, Gotić J, Šuran J, Brozić D, Klobučar K, Bojanić K, Vrbanac 
Z (2018) Effect of prolonged submaximal exercise on serum oxidative 
stress biomarkers (d-ROMs, MDA, BAP) and oxidative stress index in 
endurance horses. BMC Vet Res 14:1-9.

Brkljača Bottegaro N, Gotić J, Šuran J, Brozić D, Klobučar K, Bojanić K, 
Vrbanac Z (2018) Effect of prolonged submaximal exercise on serum 
oxidative stress biomarkers (d-ROMs, MDA, BAP) and oxidative 
stress index in endurance horses. BMC Vet Res 14:1-9.

Brown SA (2008) Oxidative stress and chronic kidney disease. Vet Clin 

North Am Small Anim Pract 38:157-166.
Cak B (2017) Turkish Van Cat and Turkish Angora Cat: A Review. J Agric 

Sci Technol A 7:151-159
Candellone A, Gianella P, Ceccarelli L, Raviri G, Badino P, Roncone S, 

Kooistra HS, Meineri G (2019) Redox unbalance in the hyperthyroid 
cat: A comparison with healthy and non-thyroidal diseased cats. BMC 
Vet Res 15:1-8.

Candellone A, Girolami F, Badino P, Jarriyawattanachaikul W, Odore R 
(2022) Changes in the Oxidative Stress Status of Dogs Affected by 
Acute Enteropathies. Vet Sci 9:276.

Castillo C, Pereira V, Abuelo A, García-Vaquero M, Benedito JL, Hernan-
dez J (2013) Preliminar results in the redox balance in healthy cats: 
influence of age and gender. J Feline Med Surg 15:28-332.

Castro B, Citterico M, Kimura S, Stevens DM, Wrzaczek M, Coaker G 
(2021) Stress-induced reactive oxygen species compartmentalization, 
perception and signalling. Nature plants 7:403-412.

Celi P (2011) Biomarkers of oxidative stress in ruminant medicine. Immu-
nopharmacol Immunotoxicol 33:233-240.

Celi P, Gabai G (2015) Oxidant/antioxidant balance in animal nutrition and 
health: the role of protein oxidation. Front Vet Sci 2:48.

Celi P, Sullivan M, Evans D (2010) The stability of the reactive oxygen 
metabolites (d-ROMs) and biological antioxidant potential (BAP) tests 
on stored horse blood. Vet J 183:217-218.

Chen T, Gionfriddo JR, Tai PY, Novakowski AN, Alyahya K, Madl JE 
(2015) Oxidative stress increases in retinas of dogs in acute glaucoma 
but not in chronic glaucoma. Vet Ophthalmol 18:261-270.

Choodet C, Toomjeen P, Phanchai W, Matulakula P, Thananbcd R, Sakon-
sinsiribcd C, Puangmali T (2019) Combined in silico and in vitro study 
of an aptasensor based on citrate-capped AuNPs for naked-eye detec-
tion of a critical biomarker of oxidative stress. RSC advances 9:17592-
17600.

Eksen M, Ağaoğlu ZT, Keskin E (1992) Some haematological values in the 
healthy Van Cats. EJVS 8:45-47.



J HELLENIC VET MED SOC 2024, 75 (2)
ΠΕΚΕ 2024, 75 (2)

7308 B. BILGIÇ, C. ÖZKAN, L. MOSCATI, A. KAYA, B. DOKUZEYLÜL, A. KAYAR, M.E. OR

Erat S, Arikan Ş (2012) The hair characteristics of Turkish Angora and Van 
cats. Turk J Vet Anim Sci 36:215-221.

Goodman D, Ness S (2023) The Role of Oxidative Stress in the Aging Eye. 
Life 13:837.

Hakkı Nur İ, Keleş H, Pérez W (2020) Origin and distribution of the brachi-
al plexus of the Van cats. Anat Histol Embryol 49:251-259.

Halliwell B (1999) Antioxidant defence mechanisms: from the beginning to 
the end of the beginning. Free Radic Res 31:261-272.

Huang WY, Cai YZ, Xing J, Corke H, Sun M (2007) A potential antioxidant 
resource: endophytic fungi isolated from traditional Chinese medicinal 
plants. Econ Bot 61:14-30.

Iamele L, Fiocchi R, Vernocchi A (2002) Evaluation of an automated spec-
trophotometric assay for reactive oxygen metabolites in serum. Clin 
Chem Lab Med 40:673-676.

Ide T, Tsutsui H, Ohashi N, Hayashidani S, Suematsu N, Tsuchihashi M, 
Tamai H, Takeshita, A (2002) Greater oxidative stress in healthy young 
men compared with premenopausal women. Arterioscler Thromb Vasc 
Biol, 22(3):438-442.

Izuta H, Matsunaga N, Shimazawa M, Sugiyama T, Ikeda T, Hara H (2010) 
Proliferative diabetic retinopathy and relations among antioxidant ac-
tivity, oxidative stress, and VEGF in the vitreous body. Mol Vis 16:130-
6.

Jenner P (2003) Oxidative stress in Parkinson’s disease. Ann Neurol 53:26-
36.

Junqueira VB, Barros SB, Chan SS, Rodrigues L, Giavarotti L, Abud RL, 
Deucher GP (2004) Aging and oxidative stress. Mol Aspects Med 25:5-
16.

Kaya A, Uzunhasan I, Baskurt M, Ozkan A, Ataoğlu E, Okçun B, Yiğit Z 
(2010) Oxidative status and lipid profile in metabolic syndrome: gender 
differences. Metab Syndr Relat Disord 8:53-58.

Kolesnikova LI, Semyonova NV, Grebenkina LA, Darenskaya MA, Su-
turina LV, Gnusina SV (2014) Integral indicator of oxidative stress in 
human blood. Bull Exp Biol Med 157:715-717.

Kruk J, Kubasik-Kladna K, Y Aboul-Enein H (2016) The role oxidative 
stress in the pathogenesis of eye diseases: current status and a dual role 
of physical activity. Mini Rev Med Chem 16:241-257.

Krumova K, Cosa G (2016) Overview of reactive oxygen species. In: Oxy-
gen: Applications in Biosciences and Nanosciences. 1st ed, The Royal 
Society of Chemistry: Cambridge, United Kingdom: pp 1-21.

Kusano K, Yamazaki M, Kiuchi M, Kaneko K, Koyama K (2016) Refer-
ence range of blood biomarkers for oxidative stress in Thoroughbred 
racehorses (2-5 years old). J. Equine Sci 27:125-129.

Lefer DJ, Granger DN (2000) Oxidative stress and cardiac disease. Am J 
Med 4:315-323.

Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, Gargiulo G, 
Testa G, Cacciatore F, Bonaduce D, Abete P (2018) Oxidative stress, 
aging, and diseases. Clin Interv Aging 13:757.

Lipinski MJ, Froenicke L, Baysac KC, Billings NC, Leutenegger CM, Levy 
AM, Longeri M, Niini T, Ozpinar H, Slater MR, Pedersen NC, Lyons 
LA (2008) The ascent of cat breeds: genetic evaluations of breeds and 
worldwide random-bred populations. Genomics 91:12-21.

Lu M, Gong X (2009) Upstream reactive oxidative species (ROS) signals 
in exogenous oxidative stress-induced mitochondrial dysfunction. Cell 
Biol Int 33:658-664.

Luo J, Mills K, le Cessie S, Noordam R, Heemst D (2020) Ageing, age-re-
lated diseases and oxidative stress: what to do next? Ageing Res Rev 
57:100982.

Lykkesfeldt J, Svendsen O (2007) Oxidants and antioxidants in disease: ox-
idative stress in farm animals. Vet J 173:502-511.

Madamanchi NR, Vendrov A, Runge MS (2005) Oxidative stress and vas-
cular disease. Arterioscler Thromb Vasc Biol 25:29-38.

McMichael MA (2007) Oxidative stress, antioxidants, and assessment of 
oxidative stress in dogs and cats. J Am Vet Med Assoc 231:714-720.

Mendoza-Núñez VM, Ruiz-Ramos M, Sánchez-Rodríguez MA, Reta-
na-Ugalde R., Muñoz-Sánchez JL (2007) Aging-related oxidative 
stress in healthy humans. Tohoku J Exp Med, 213(3):261-268.

Merhan O, Bozukluhan K, Kuru M, Büyük F, Özden Ö, Kükürt A (2017) 
Investigation of oxidative stress index and lipid profile in cattle with 
Brucellosis. Kafkas Üniversitesi Veteriner Fakültesi Dergisi, 23 (6): 
933-937.

Mezzetti A, Lapenna D, Romano F, Costantini F, Pierdomenico SD, De 
Cesare D, Cuccurullo F, Riario-Sforza G, Zuliani G, Fellin R (1996) 

Systemic oxidative stress and its relationship with age and illness. J Am 
Geriatr Soc 44:823-827.

Michałek M, Tabiś A, Pasławska U, Noszczyk-Nowak A (2020) Antioxi-
dant defence and oxidative stress markers in cats with asymptomatic 
and symptomatic hypertrophic cardiomyopathy: a pilot study. BMC 
Vet Res 16:1-9.

Panda D, Patra RC, Nandi S, Swarup D (2009) Oxidative stress indices 
in gastroenteritis in dogs with canine parvoviral infection. Res Vet Sci 
86:36-42.

Pansarasa O, Castagna L, Colombi B, Vecchiet J, Felzani G, Marzatico F 
(2000) Age and sex differences in human skeletal muscle: role of reac-
tive oxygen species. Free Radic Res 33:287-293.

Pasquini A, Luchetti E, Marchetti V, Cardini G, Iorio EL (2008) Analytical 
performances of d-ROMs test and BAP test in canine plasma. Defini-
tion of the normal range in healthy Labrador dogs. Vet Res Commun 
32:137-143.

Pesce M, Tatangelo R, La Fratta I, Rizzuto A, Campagna G, Turli C, Fer-
rone A, Franceschelli S, Speranza L, Patruno A, Ballerini P, De Lutiis 
MA, Felaco M, Grilli, A (2018). Aging-related oxidative stress: posi-
tive effect of memory training. Neuroscience, 370:246-255.

Po E, Williams C, Muscatello G, Celi P (2013) Assessment of oxidative 
stress biomarkers in exhaled breath condensate and blood of Thorough-
bred foals. Vet J, 196(2):269-271.

Pugliese M, Biondi V, Merola G, Landi A, Passantino A (2022) Oxidative 
stress evaluation in dogs affected with Canine Monocytic Ehrlichiosis. 
Antioxidants 11:328.

Purohit V, Simeone DM, and Lyssiotis CA (2019) Metabolic regulation of 
redox balance in cancer. Cancers 11:955.

Rabus M, Demirbağ R, Sezen Y, Konukoğlu O, Yıldız A, Erel Ö, Zeybek 
R, Yakut C (2008) Plasma and tissue oxidative stress index in patients 
with rheumatic and degenerative heart valve disease. Turk Kardiyol 
Dern Ars 36:536-40.

Sakallioglu U, Aliyev E, Eren Z, Akşimşek G, Keskiner İ, Yavuz Ü (2005) 
Reactive oxygen species scavenging activity during periodontal mu-
coperiosteal healing: An experimental study in dogs. Arch Oral Biol 
50:1040-1046.

Sharma RK, Pasqualotto FF, Nelson DR, Thomas AJ, Agarwal A (1999) 
The reactive oxygen species vs total antioxidant capacity score is a 
new measure of oxidative stress to predict male infertility. Hum Rep 
14:2801-2807.

Shono S, Gin A, Minowa F, Okubo K, Mochizuki M (2020) The oxidative 
stress markers of horses-the comparison with other animals and the in-
fluence of exercise and disease. Animals 10:617.

Simeonova GP, Nedev VS, Sleiman MU (2018) Evidence of local oxidative 
stress in canine senile cataract. Rev Med Vet 169:173-179.

Taddei S, Virdis A, Ghiadoni L, Salvetti G, Bernini G, Magagna A, Salvetti 
A (2001) Age-related reduction of NO availability and oxidative stress 
in humans. Hypertension 38:274-279.

Tecles F, Caldín M, Tvarijonaviciute A, Escribano D, Martínez-Subiela S, 
Cerón JJ (2015) Serum biomarkers of oxidative stress in cats with fe-
line infectious peritonitis. Res Vet Sci 100:12-17.

Todorova I, Simeonova G, Kyuchukova D, Dinev D, Gadjeva V (2005) 
Reference values of oxidative stress parameters (MDA, SOD, CAT) in 
dogs and cats. Comp Clin Pathol 13:190-4.

Vajdovich P, Gaal T, Szilagyi A, Harnos A (1997) Changes in some red 
blood cell and clinical laboratory parameters in young and old Beagle 
dogs. Veterinary Res Commun 21:463-470

Vassalle C, Maffei S, Boni C, Zucchelli GC (2008) Gender-related differ-
ences in oxidative stress levels among elderly patients with coronary 
artery disease. Fertil Steril 89:608-613.

Vassalle C, Novembrino C, Maffei S, Sciarrino R, Giuseppe RD, Vigna L, 
Liso F, Mercuri A, Bamonti F (2011) Determinants of oxidative stress 
related to gender: relevance of age and smoking habit. Clin Chem Lab 
Med 49:1509-1513.

Verk B, Nemec Svete A, Salobir J, Rezar V, Petric AD (2017) Markers of 
oxidative stress in dogs with heart failure. J Vet Diagn Investig 29:636-
44.

Webb C, Twedt D (2008) Oxidative stress and liver disease. Vet Clin North 
Am Small Anim Pract 38:125-135.

Yesilova Y, Ucmak D, Selek S, Dertlioğlu SB, Sula B, Bozkuş F, Turan E 
(2013) Oxidative stress index may play a key role in patients with pem-
phigus vulgaris. J Eur Acad Dermatol Venereol 27:465-467.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

