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ABSTRACT

Background: The feline leukemia virus (FeLV) is clinically important retroviruses that infect domestic and wild feline
worldwide, affecting more than 3 million cats representing a great risk for premature death. Some studies have demonstrated
that oxidative stress, as well as the adenosinergic system, exert an important role in the pathogenesis of viral diseases.
Oxidative stress is considered a disturbance in the antioxidant/oxidant status in favor of the excessive generation or lower
removal of free radicals. Therefore, the aim of this study was to evaluate whether changes on the adenosinergic system
and oxidative stress occurred in cats positives for feline leukemia virus (FeLV).
Materials, Methods & Results: Forty-nine serum samples of cats (between 4 months and 13 years of age) seen at the
Veterinary Hospital of the University of Santa Catarina State (UDESC - Lages, SC, Brazil) were used. Blood samples
were collected from the jugular vein and stored in tubes without anticoagulant to obtain serum. An aliquot was used to
detect both viral infections using the kit SNAP FIV/FeLV, that detects the p27 protein from FeLV and antibodies against
the p24 protein from FIV. The test was performed according the manufacture’s recommendations. Based on this result,
this study involved 20 FeLV negative cats, 20 FeLV positive symptomatic cats, and 9 FeLV positives asymptomatic
cats. Serum samples were used to determine the activities of adenosine deaminase (ADA) and glutathione-S-transferase
(GST), as well as thiobarbituric acid reactive substances (TBARS) and reactive oxygen levels (ROS). Seric ADA and GST
activities, as well as TBARS (lipid peroxidation) and ROS (free radical) levels were determined spectrophotometrically
according to the specific method. Seric ADA activity was increased in symptomatic animals compared to negatives and
also to asymptomatic positive animals, and the same was observed for seric TBARS levels. On the other hand, GST activity decreased in the symptomatic and asymptomatic groups compared to the negative control group. No difference was
observed regarding seric ROS levels.
Discussion: The upregulation of seric ADA activity observed in this present study could contribute to the inflammatory
process since it would decrease seric levels of Ado, a nucleoside with anti-inflammatory effects. Lipids, especially the
polyunsaturated fatty acids, are sensitive to oxidation by free radicals, generating MDA, and cause to increase of TBARS
levels. A significant negative correlation between lipid peroxidation and ADA activity in kidney samples of rats experimentally infected by protozoan, and these authors demonstrated that increase on lipid peroxidation is linked to decreased
ADA activity. The reduction on seric GST activity can be explained since the antioxidant enzyme was unable to remove
the excess of peroxides and superoxide anion, resulting on decreased cellular antioxidant activity. Based on these evidences, it is possible to conclude that symptomatic FeLV cats showed an upregulation on seric ADA activity associated
to the impairment of the immune response, contributing to inflammatory processes. Moreover, FeLV symptomatic cats
showed damage to lipids and an impairment on antioxidant/oxidant status, alterations compatible to oxidative stress and
oxidative damage. In summary, these alterations contribute to the pathophysiology of FeLV infection, and can be used as
markers of this disease.
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INTRODUCTION

samples were collected from the jugular vein, and
stored in tubes without anticoagulant to obtain serum,
divided into two micro tubes. An aliquot of serum
was used for diagnostic serological tests. The second
aliquot of sera was used to perform the biochemical
analyses.

The feline immunodeficiency virus (FIV)
and the feline leukemia virus (FeLV) are clinically
important retroviruses that infect domestic and wild
feline worldwide, affecting more than 3 million cats
representing a great risk for premature death [3,13].
FeLV infection may present different outcomes, such
as progressive form, commonly acquired via the oronasal route by mutual grooming, nursing, bites or food
sharing, and adult males with outdoor access are at
higher risk for acquiring this infection [13]. Progressive
infection can induce the development of neoplasms
such as lymphoma, hematopoietic and neurological
disorders, immunodeficiencies, and stomatitis [7], that
contribute to premature death. Recently, some studies
have demonstrated that oxidative stress, as well as the
adenosinergic system, exert an important role in the
pathogenesis of viral diseases, such as observed by
researchers in mice infected by herpes simplex virus
2 (HSV-2) [17].
Oxidative stress is considered a disturbance in
the antioxidant/oxidant status in favor of the excessive
generation or lower removal of free radicals [20], that
can lead to an oxidation of biomolecules with consequent loss of their biological function, contributing
to disease pathogenesis of viral infections [17]. The
involvement of oxidative stress during FeLV infection remains poorly understood, limited only to an
oxidative effect on peripheric leukocytes of naturally
infected cats [9]. Similarly, the adenosinergic system,
through the enzyme adenosine deaminase (ADA) is
considered a novel marker for inflammatory process
during infectious diseases [18]. ADA, as a key enzyme
in the purine metabolism, catalyzes the irreversible
deamination of adenosine (Ado) into inosine, regulating the extracellular Ado levels, a molecule with antiinflammatory profile [4]. Based on these evidences, the
aim of this study was to evaluate whether changes on
the adenosinergic system and oxidative stress occurred
in FeLV positive cats.

Serological examinations and experimental group

In the laboratory, the tubes were centrifuged
at 2000 x g during 10 min. The serum was divided
into two microtubes and stored at -80ºC. An aliquot
was used to detect both viral infections using the kit
SNAP FIV/FeLV (Combo test®)1, that detects the p27
protein from FeLV and antibodies against the p24
protein from FIV. The test was performed according
the manufacture’s recommendations.
The second aliquot of sera was used to perform
the biochemical analyses.
Seric ADA analysis

Seric ADA activity was determined spectrophotometrically according to the method described in
details [2]. The specific activity was reported as U/L.
Seric lipid peroxidation analysis

Seric lipid peroxidation was determined by
TBARS levels [11]. The reaction product was measured spectrophotometrically at 532 nm, and the results
were expressed as nanomoles of malondialdehyde by
milliliter of serum (nmol/MDA/mL of serum). Seric
reactive oxygen species (ROS) levels were determined
as an index from peroxide produced in the cellular
components via DCFH production on the oxidation
assay [12]. The absorbance was measured by a spectrophotometer at 522 nm. The results were expressed
as U DCF/mL of serum.
Seric GST analysis

Seric glutathione-S-transferase (GST) activity
was measured using the assay based on the biochemical
method [5]. The absorbance was measured at timed
intervals, and the specific GST activity of each lysate
was determined based on the increase of absorbance,
the time between measurements (min), and the amount
of protein (µg). Seric GST activity as calculated as
µmol of Cdnb/min/mg of protein.

MATERIALS AND METHODS

Animals

In this study, 49 serum samples of cats (between 4 months and 13 years of age) seen at the Veterinary Hospital of the University of Santa Catarina
State (UDESC - Lages, SC, Brazil) were used. Blood

Statistical analysis

For each group all parameters were tested for
normality using the Shapiro-Wilk test, and the skew-
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ness, kurtosis and homogeneity by the Levene test,
and log transformation was applied when needed. A
one-way ANOVA was used to analyze all parameters,
and post hoc test Tukey test was usedaccordingly.
Significantly different was assumed if P < 0.05. The
statistical process was performed using R-language,
v.3.1 (R Development Core Team 2012).

20 cats were positives for FeLV (symptomatic animals
with anemia, immunosuppression and lymphoma), and
9 cats were positives for FeLV (asymptomatic animals).
Seric ADA activity was increased in symptomatic animals compared to negatives and also to
asymptomatic positive animals (Figure 1), and the
same was observed for seric TBARS levels (Figure
2A). On the other hand, GST activity decreased in the
symptomatic and asymptomatic groups compared to
the negative control group (Figure 2B). No difference
was observed regarding seric ROS levels (Figure 2C).

RESULTS

Among the selected animals, 20 cats were
negatives for both diseases (used in the control group);

Figure 1. Seric adenosine deaminase (ADA) activity in symptomatic and asymptomatic positive cats afterfeline leukemia virus (FeLV) infection compared to negative
cats using the Tukey post hoc test.

Figure 2. Seric levels of thiobarbituric acid reactive substances (TBARS) [A], activity of glutathione
S-transferase (GST) [B] and reactive oxygen levels (ROS) [C] in symptomatic and asymptomatic
positive cats afterinfection by feline leukemia virus (FeLV) compared to negative cats using the
Tukey post hoc test.
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DISCUSSION

was observed in this present study. In summary, lipid
peroxidation contributes to disease pathogenesis of
FeLV through oxidative and inflammatory pathways.
The lipid peroxidation significantly increased with
concomitant depletion of GST activity, that acts for
metabolism detoxification [8]. This reduction on seric
GST activity can be explained since the antioxidant
enzyme was unable to remove the excess of peroxides
and superoxide anion, resulting on decreased cellular
antioxidant activity [15].

The upregulation of seric ADA activity observed
in this present study could contribute to the inflammatory
process since it would decrease seric levels of Ado, a
nucleoside with anti-inflammatory effects, in disagree to
what was observed in other report [1]. A study demonstrated a significant reduction on seric total ADA activity,
as well in the seric ADA1 and ADA2 activities in cats
positives for FeLV [1]. According to these authors, the
downregulation of seric ADA activity works as an attempt
to restore the immunity by increasing Ado levels, and this
response is linkedto the immunosuppressive effect of the
protein p15E during chronic infections by retrovirus [10]
and to functional defects of peripheral T-lymphocytes
[16]. In our study, the upregulation on ADA activity
might be correlated to injured tissues and cells, i.e, with
oxidative stress [2,19]. In summary, the upregulation on
seric ADA activity exerts a pro-inflammatory profile that
contributes to the impairment of the immune response,
and it may be linked to oxidative stress.
A significant increase in TBARS levels was observed in serum of symptomatic cats for FeLV. Lipids,
especially the polyunsaturated fatty acids, are sensitive
to oxidation by free radicals, generating MDA [6]. To
the best of our knowledge, there are no reports regarding the seric lipid peroxidation in symptomatic and/
or asymptomatic cats for FeLV, but there are several
evidences of lipid peroxidation caused by retroviruses
[14]. Recently, a study demonstrated a significant
negative correlation between lipid peroxidation and
ADA activity in kidney samples of rats experimentally
infected by Trypanosoma evansi [2], and these authors
demonstrated that increase on lipid peroxidation is
linked to decreased ADA activity, similarly to what

CONCLUSIONS

Based on these evidences, symptomatic cats
infected by FeLV showed an upregulation on seric
ADA activity that is associated to the impairment
of immune responses, contributing to inflammatory
processes. Moreover, symptomatic cats infected by
FeLV showed damage to lipids and an impairment on
antioxidant/oxidant status, alterations compatible to
oxidative stress and oxidative damage. In summary,
these alterationson ADA activity and oxidative stress
contribute to the pathophysiology of FeLV.
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