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ABSTRACT 
 

Feline calicivirus (FCV) is a pathogen that affects cats, causing respiratory and oral issues. 

Oxidative stress constitutes a pivotal element in the pathophysiology of FCV, arising from 

imbalances between reactive oxygen species (ROS) and antioxidant defenses. Given the 

heightened sensitivity of cats to oxidative stress, the present study aims to explore its 

presence in felines afflicted with FCV via serum markers. A total of 20 plasma samples 

were obtained from the control group and the patient group (n=10 each). The patient 

group was confirmed using RT-PCR. Furthermore, the presence of plasma markers, 

including malondialdehyde (MDA), superoxide dismutase (SOD), catalase, and 

glutathione peroxidase, has been observed. The present study will examine the 

relationship between GPx and Total Antioxidant Capacity. TAC) for oxidative stress were 

assessed using the ELISA kit. Finally, data analyses and visual representations were 

executed using Python. Distinct variations in oxidative stress markers were observed 

among feline cohorts. The patient's SOD and GPx levels were 39.73 u/L and 75.63 u/L, 

respectively, while the control group exhibited levels of 36.41 u/L and 218.48 u/L (p-

values: 0.05, 0.017). The mean values of CAT and MDA in patients were 3.7 u/L and 9.85 

nmol, respectively, contrasting with 11.81 u/L and 4.17 nmol in the control group (p-

values: 0.002, 0.050). Meanwhile, the levels of TAC exhibited minimal differences. The 

study's findings indicated significant variations in oxidative markers such as SOD, GPx, 

and MDA when compared to healthy cats. The observed rise in SOD and decline in GPx 

activity indicate a heightened state of oxidative stress. Moreover, these findings 

underscore the possibility of oxidative disruptions in FCV-infected cats, underscoring the 

necessity for additional investigation and the potential development of therapeutic 

strategies. Furthermore, the exploration of potential therapeutic interventions, such as 

antioxidant supplementation, may facilitate the development of enhanced disease 

management strategies for affected felines. 

  

Keywords: Oxidative Stress, Feline Calicivirus, Malondialdehyde, Superoxide 
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1. Introduction 
Feline calicivirus (FCV) is a prevalent concern among cats, 
manifesting as respiratory challenges or oral ulcers and 
often resulting in multiple health complications (1). This 
virus is known to manifest as oral lesions, predominantly 
affecting the tongue and the roof of the mouth. In some 
cases, upper respiratory tract symptoms may also be 
present. Colonization by FCV has been observed to result 
in significant pulmonary complications in juvenile cats and, 
on rare occasions, in adult felines (2). The virus in question 
has been classified as a member of the Vesivirus genus 
within the Caliciviridae family. It is characterized as a 
single-stranded, positive-sense RNA virus devoid of an 
envelope. The FCV genetic material, which spans 7.5 
kilobases (kb), comprises three interrelated open reading 
frames (ORF). The first open reading frame (ORF) encodes 
non-structural proteins, while the second is responsible for 
the VP1 major capsid protein and the third for the VP2 
minor capsid protein. Given its RNA genome, it is 
anticipated that FCV would exhibit significant genomic 
variability, with a range of 1.3 × 10^-2 to 2.6 × 10^-2 
substitutions per nucleotide (3).  This tendency is 
attributable to the absence of a proofreading mechanism, a 
common occurrence in viral RNA-dependent RNA 
polymerases, resulting in diminished fidelity. This 
propensity for replication with errors has been 
demonstrated to enhance the adaptability of FCV, thereby 
enabling it to adapt to novel environmental settings. This 
adaptability engenders contemporary challenges linked to 
FCV, including the complexities involved in selecting 
typical strains for vaccination, the occurrence of persistently 
infected felines, and the emergence of exceptionally 
virulent FCV strains (4). In order to address complications 
induced by FCV, a comprehensive assessment of the virus's 
pathogenic attributes is imperative. Therefore, the objective 
of this study is to deepen our comprehension of the 
pathogenesis of FCV. The primary site of replication for the 
FCV is the respiratory tissues; however, it is also capable of 
transmitting to other tissues, including visceral tissues, 
faeces and, on occasion, urine. The virus lacks a specific 
cap structure and replicates within the intercellular 
membranes via a minus-strand RNA intermediate (5). A 
study by Alessandro Natoni et al. found that FCV can 
trigger the mitochondrial apoptosis pathway by inducing 
the translocation of phosphatidylserine to the host cell's 
outer membrane (6). A more profound comprehension of 
the molecular mechanisms and pathways associated with 
this infection will facilitate our understanding of the 
pathogenicity of the virus. Consequently, the objective of 
this study is to ascertain the presence of oxidative stress, a 
significant cellular pathway during FCV infection, with a 
view to enhancing our comprehension of FCV 
pathogenesis. Oxidative stress is characterized by an 
imbalance between elevated concentrations of reactive 
oxygen species (ROS) and diminished antioxidant defense 
activity. Excessive oxidative stress can result in cellular 
damage and tissue degradation. Although ROS plays an 

indispensable role in optimal cellular operations, notably 
energy generation by the mitochondria, augmented 
oxidative stress has been implicated in natural processes 
like ageing and physical exertion, as well as in various 
disease states encompassing oncological conditions, 
neurodegenerative disorders, cardiovascular ailments, 
diabetes, inflammatory conditions, and toxin-induced 
disturbances (7). Felines appear to display heightened 
vulnerability to oxidative stress and its subsequent harm. 
This inherent tendency may be influenced by variations in 
spleen anatomy (8, 9). Evidence of oxidative stress has 
been documented in various disorders affecting this species, 
including diabetes mellitus (10), chronic kidney disease 
(11), and feline immunodeficiency virus (FIV) infections 
(12). To ascertain the occurrence of oxidative stress, it is 
imperative to select suitable biomarkers that are indicative 
of its presence. As demonstrated by several studies, three 
key enzymes have been identified as being pivotal in the 
context of oxidative stress: namely, superoxide dismutase 
(SOD), glutathione peroxidase (GPx), and catalase (CAT) 
(13). Furthermore, a multitude of molecules are susceptible 
to oxidation, a process that is particularly prevalent in lipids, 
which are inherently prone to oxidation due to their 
molecular composition, which is rich in reactive double 
bonds (14). Lipid peroxidation is a central element in the 
realm of oxidative stress. Among the extensively 
researched indicators of lipid peroxidation are isoprostanes 
(IsoPs) and malondialdehyde (MDA) (15). The total 
antioxidant capacity (TAC) is an additional indicator in 
serum that reflects the collective influence of all 
antioxidants found in the bloodstream. It provides a 
comprehensive metric of oxidative conditions. Optimal 
superoxide production serves as a beneficial metabolite, 
assuming pivotal roles in cellular processes such as 
division. In addition, it acts as a countermeasure against 
lipid peroxidation. However, excessive production of this 
radical can lead to lipid peroxidation initiation, protein 
impairment and DNA damage. This sequence of events can 
result in cellular dysfunction and eventual cell death 
through either apoptosis or necrosis. The dual-edged nature 
of these properties makes it challenging to reinstate the 
ideal equilibrium between superoxide and SOD, especially 
when disrupted by trauma, illness, or the aging process 
(16). The intracellular antioxidant system encompasses 
both enzymatic and non-enzymatic components. As 
previously stated, the enzymatic elements comprise SOD, 
CAT, and GPx, while glutathione is distinguished as a non-
enzymatic antioxidant (AOX) (15). SOD facilitates the 
dismutation of O2•-, yielding O2 and H2O2 as byproducts. 
Concurrently, CAT and GPx collaborate to breakdown 
H2O2 into H2O and O2. Conversely, when reactive species 
(RS) are generated in excess and exceed AOX's 
neutralizing capacity, the balance shifts towards oxidants, 
resulting in the onset of oxidative stress (17). The 
assessment of biomarkers associated with oxidative stress 
provides a comprehensive perspective on the presence of 
reactive oxygen species (ROS) and the effectiveness of the 
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antioxidant (AOX) system. The objective of this study is to 
determine the occurrence of oxidative stress in felines 
infected with feline calicivirus (FCV) through the 
measurement of serum oxidative biomarkers. By deepening 
our understanding of this condition and its associated 
oxidative stress patterns, we may identify treatment 
strategies that utilize antioxidants or agents that mitigate 
oxidative stress. 
 
2. Materials and Methods 
2.1. Sample Collection 
The plasma specimens employed in this study were 
obtained with meticulous care from Nikan Pet Hospital in 
Tehran Province. These samples were then methodically 
organised into two distinct groups for a comprehensive 
comparative analysis. The first group, designated as the 
Control Group, comprised plasma samples extracted from 
10 cats that had been presented for routine health 
screenings. Intriguingly, these felines, despite their diverse 
backgrounds and age groups, exhibited no discernible 
clinical anomalies upon thorough physical examinations. In 
contrast, the Patient Group presented a contrasting scenario. 
This group comprised plasma samples from a separate set 
of 10 cats, all of whom had tested positive for FCV when 
subjected to the RT-PCR diagnostic method. A further 
compounding factor in the health status of the cats was the 
presence of oral ulcers, which indicated the virulence and 
symptomatic manifestation of the infection. The ages of all 
feline subjects in the study ranged from 8 to 24 months. 
Once collected, all serum samples underwent stringent 
storage protocols. They were methodically preserved at an 
ultra-low temperature of -80°C. This ensured the stability 
and integrity of the samples, making them suitable for the 
subsequent laboratory analyses. These imminent tests were 
designed with precision to target and quantify specific 
markers, namely malondialdehyde (MDA), superoxide 
dismutase (SOD), catalase, glutathione peroxidase (GPx), 
and total antioxidant capacity (TAC). These markers are 
integral to understanding the oxidative stress levels and 
overall health status of the subjects. 
2.2 RT-PCR 
In the course of the procurement of plasma samples from 
felines manifesting potential clinical indications, 
concomitant rectal and mucosal specimens were obtained. 
These specimens were then subjected to an RT-PCR 
analysis targeting FCV, employing the primers delineated 
by Kim et al. (18). Following this evaluation, samples that 
yielded positive results were incorporated into our 
designated "Patient Group." 
2.3. ELISA 
In order to assess the levels of MDA, SOD, GPx, CAT and 
TAC, the ZellBio ELISA kit was employed. Adherence to 
the manufacturer's guidelines was maintained throughout 
the assay procedures. The outcomes for all parameters, with 
the exception of MDA, were determined using an ELISA 
reader. However, MDA levels, which are indicative of lipid 
peroxidation, were measured photometrically. SOD activity 

represents the conversion of O2•- to H2O2 and O2. It is 
evident that both the chemical oxygen demand (COD) and 
the glutathione-S-transferase (GST) play pivotal roles in the 
decomposition of H2O2 into H2O and oxygen. 
Furthermore, the total acidity coefficient (TAC) has been 
shown to serve as an index reflecting the overall status of 
the AOX system. 
2.4. Statistical Analysis 
In order to assess the levels of MDA, SOD, GPx, CAT and 
TAC, the ZellBio ELISA kit was employed. Adherence to 
the manufacturer's guidelines was maintained throughout 
the assay procedures. The outcomes for all parameters, with 
the exception of MDA, were determined using an ELISA 
reader. However, MDA levels, which are indicative of lipid 
peroxidation, were measured photometrically. SOD activity 
represents the conversion of O2•- to H2O2 and O2. It is 
evident that both the chemical oxygen demand (COD) and 
the glutathione-S-transferase (GST) play pivotal roles in the 
decomposition of H2O2 into H2O and oxygen. 
Furthermore, the total acidity coefficient (TAC) has been 
shown to serve as an index reflecting the overall status of 
the AOX system. 
2.5. Ethical Considerations 
The study protocol, incorporating sample collection and 
analyses, received formal approval from the Ethics 
Committee of the Karaj Islamic Azad University, with the 
reference code IR.IAU.K.REC.1401.153. 
 
3. Results 
The present investigation involved the analysis of oxidative 
stress parameters within two distinct groups: patients and 
controls. It was found that there were notable variances in 
these parameters, which may offer profound insights into 
the underlying biochemical pathways associated with the 
disease conditions. As demonstrated in Figure 1, the mean 
levels of the Superoxide Dismutase (SOD) enzyme 
observed in the affected cohort were 39.73 u/L, with a 
standard error of 5.11. In comparison, the mean SOD 
concentration recorded in the healthy subjects was 36.41 
u/L, with a standard error of 2.33. This yielded a statistical 
significance indexed at p=0.05. Transitioning to the 
Glutathione Peroxidase (GPx) enzyme, the data for the 
affected group showcased a median value of 75.63 u/L with 
a fluctuation encapsulated within a 14.86 standard error. In 
contrast, the unaffected subjects exhibited a significant GPx 
mean value of 218.48 u/L and an oscillation of 34.6, 
resulting in a noteworthy p-value of 0.017. The mean 
catalase (CAT) enzymatic activity in the affected sample 
was found to be 3.7 u/L, with a standard deviation of 0.43. 
In contrast, the healthy counterparts exhibited a mean CAT 
activity of 11.81 u/L, with a standard deviation of 1.46. The 
resulting p-value was significant at the 0.002 level. An 
investigation into the malondialdehyde (MDA) metrics 
revealed a central tendency for the patient pool of 9.85 
nmol, accompanied by a tight spread of 0.98. In contrast, 
the baseline group exhibited an MDA mean of 4.17 nmol, 
with a concomitant spread of 0.68, 
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yielding a significant p-value of 0.050. Finally, the Total 
Antioxidant Capacity (TAC) exhibited an average value of 
1.35 µmol/L, with a nominal standard error of 0.02. In 
summary, the findings of the present study emphasized the 
existence of distinct intergroup variations in several 
oxidative stress parameters, which may serve to elucidate 
the biochemical intricacies associated with the examined 
conditions. 

 
4. Discussion 
Oxidative stress is defined as a state of imbalance in which 
oxidants surpass antioxidants in concentration, potentially 
leading to cellular damage (19). The production of oxidants 
is a by-product of aerobic metabolism, and their synthesis 
can be amplified under specific pathological circumstances. 
A complex network of antioxidants functions as a 
regulatory system, maintaining a delicate equilibrium. 
These antioxidant mechanisms possess a degree of 
adaptability, allowing them to adjust to fluctuating demands 
to a limited extent (20, 21). The intricate relationship 
between oxidative stress and disease pathogenesis has 
gained momentum in veterinary research over recent years. 
In the study by Ho et al., the enzymatic antioxidant 
activities, namely CAT, GPx, and SOD, were meticulously 
measured in plasma in order to gauge the antioxidant 
potential (15). The present study contributes to the growing 
body of evidence in this field by discerning the differences 
in key oxidative stress parameters, namely SOD, GPx, 
CAT, and MDA TAC, between two feline groups. The first 
group consists of patients affected by FCV, while the 
second group comprises a healthy control cohort. Figure 2 
demonstrates the relationship between the aforementioned 
enzymes and oxidative stress. The SOD plays a crucial role 
in neutralizing superoxide radicals, serving as the primary 
defense against oxygen-derived free radicals (ROS). In 
response to elevated ROS levels, SOD catalyzes their 
conversion to hydrogen peroxide (H2O2), which, in turn, 
protects cells from oxidative damage. The findings of this  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
study indicate an observed increase in SOD levels within 
the patient group compared to the control group. The 
movement of superoxide within cellular environments is 
somewhat restricted, primarily due to its difficulty in 
permeating cell membranes. Additionally, its transient 
nature suggests that its effects are likely confined to its 
immediate region of formation (22, 23). Glutathione 
Peroxidase (GPx) functions as a vital antioxidant defense 
mechanism against oxidative injury. Typically, GPx aids in 
mitigating oxidative stress by converting H2O2 and organic 
hydroperoxides into water and their respective alcohols 
(24). The heightened activity of reactive oxygen species 
(ROS) gave rise to elevated levels of H₂O₂. In this case, 
both GPx and catalase (CAT) work to detoxify the H2O2 
produced to protect the cell. However, GPx requires 
glutathione as a cofactor, and in the absence of glutathione 
it cannot detoxify H2O2 efficiently. Our results showed a 
significant decrease in GPx activity in the patient cohort 
compared to controls. This reduction may be due to a 
decrease in glutathione levels. Reduced GPx and CAT 
activity can make cells vulnerable to hydrogen peroxide, 
which can further decompose to form highly reactive 
hydroxyl radicals, escalating oxidative stress. The observed 
decrease in GPx activity in FCV-infected cats highlights a 
key aspect of viral infections. Viruses often manipulate host 
cell machinery, including antioxidant defences, to create an 
environment conducive to their replication. Consequently, 
the reduced GPx activity may result from the virus 
interfering with the host's antioxidant systems. This finding 
highlights the need for antiviral strategies that not only 
target the virus directly, but also boost the host's antioxidant 
defences. Further evidence of oxidative imbalance was 
found by analysing MDA levels. MDA, a low molecular 
weight tri-carbon aldehyde, results from free radical-
induced degradation of polyunsaturated fatty acids in 
biological membranes. Insufficient activity of GPx and 
CAT, coupled with an increase in superoxide radicals, leads 
to increased lipid peroxidation. The assessment of MDA  

 

Figure 1. This figure illustrates the logarithmic activities of 

each enzyme along with their corresponding estimated p-values. 

The red color represents the patient group, while the green color 

represents the control group. 
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levels serves as a reliable indicator of lipid peroxidation in 
biological samples, as it is a significant product of this 
mechanism (25). The almost doubled MDA concentration 
in the patient group compared to controls suggests a 
scenario of increased cellular membrane damage, possibly 
induced by reactive oxygen species (26, 27). Furthermore, 
the elevated MDA levels in FCV-infected cats highlight the 
severity of cellular damage induced by oxidative stress. 
MDA, a by-product of lipid peroxidation, is not only a 
marker but also an active contributor to cell membrane 
destabilization. This suggests a potential vicious cycle in 
which virus-induced oxidative stress damages cell 
membranes, leading to further oxidative stress. Breaking 
this cycle may be a promising avenue for therapeutic 
intervention. Research into antioxidants or compounds that 
specifically target lipid peroxidation may provide new 
opportunities to mitigate FCV-induced oxidative stress and 
its consequences. Although the difference bordered on 
statistical significance, from a biological point of view, such 
an increase cannot be overlooked. Finally, Total 
Antioxidant Capacity (TAC) provides a comprehensive 
view of the collective activity of both enzymatic and non-
enzymatic antioxidants. In the presence of oxidative stress, 
it has been speculated that the number of antioxidants may 
decrease as they bind to oxidative radicals to detoxify them. 
It is important to note that TAC is not only influenced by 
the amount of oxidative radicals, but also changes 
according to feeding conditions and dietary intake. 
According to our analysis, TAC decreased in the patient 
group, indicating an increase in oxidative radicals in this 
group. Given the importance of these findings, further 
studies should investigate the complex mechanisms of 
oxidative stress in FCV infection. Investigating how  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
specific viral proteins modulate oxidative stress-related 
pathways may reveal novel therapeutic targets. In addition, 
longitudinal studies monitoring these oxidative stress 
markers during different stages of FCV infection could 
provide valuable insights into disease progression and 
severity. In conclusion, our findings highlight a potential 
oxidative imbalance in cats infected with FCV, suggesting 
oxidative stress as a possible player in the etiology or 
progression of the disease. This oxidative stress, 
characterized by disturbed levels of SOD, GPx, CAT and 
MDA, demonstrates the profound impact of FCV infection 
on feline physiology. These changes highlight the need for 
a multifaceted approach to the treatment of FCV, 
integrating antiviral strategies to combat the virus with 
antioxidant therapies to alleviate the oxidative burden on 
feline cells. While our findings provide valuable insights, 
they also pave the way for more in-depth investigations. 
Delving deeper into the mechanisms causing these changes, 
perhaps through molecular and genetic studies, could 
provide a more complete understanding. In addition, 
exploring potential therapeutic interventions, such as 
antioxidant supplementation, may open avenues for 
improved disease management strategies in affected cats. 
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Figure 2. This diagram illustrates the connection between the 

biomarker and oxidative stress. 
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