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Research article
Ερευνητικό άρθρο

ABSTRACT: This study was performed to evaluate serum homocysteine and nitric oxide levels in cats with Feline 
Infectious Peritonitis and present biochemical and clinicopathological alterations related to the disease. The material 
of this study consisted of 30 Turkish Van Cats of different ages and genders with Feline Infectious Peritonitis that 
were definitely diagnosed by post-mortem examinations and immunohistochemistry. The control group consisted of 
6 healthy Turkish Van Cats of different ages and genders that were brought for routine clinical examination. Cats in 
the study group had clinical findings such as loss of appetite, weight loss, high fever, persistent fever, jaundice, dehy-
dration, vomiting, respiratory system symptoms, anemia, nervous findings, uveitis, and ascites. These cats were mon-
itored and following the death, post-mortem examinations were performed and cases with a definitive diagnosis were 
included in the study. Among the cats consisting study group, while 25 had the dry form of the disease, 5 had wet form. 
According to the hematological results, there was a statistically significant reduction in platelet counts. The biochemi-
cal results showed statistically significant alterations that creatinine, aspartate aminotransferase, alkaline phosphatase, 
creatine kinase myocardial band, homocysteine, and nitric oxide concentrations were higher than the control group. 
Besides albumin concentrations were lower and the albumin/globulin ratio was 0.53. As a result; this is the first detailed 
study in Turkish Van Cats with Feline Infectious Peritonitis that evaluated clinical, hematological, biochemical, and 
pathological findings. Furthermore, serum homocysteine and nitric oxide levels were evaluated for the first time in cats 
with vasculitis which is the most important complication of the disease. It is concluded that the evaluation of serum 
homocysteine and nitric oxide concentrations in Feline Infectious Peritonitis may assist the antemortem diagnosis of 
e disease.
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INTRODUCTION

Feline Infectious Peritonitis (FIP) is a fatal disease 
caused by Feline Coronavirus (FeCoV) (Peder-

sen, 2009; Kipar and Meli, 2014). FeCoV generally 
leads to mild diarrhea, while the mutated virus cause-
sa mortal disease that is called Feline Infectious Peri-
tonitis (Paltrinieri et al., 2001; German, 2012; Peders-
en 2014). There is not any known definitive treatment 
of the disease, nevertheless, to increase the survival 
and life quality of the patients, several symptomatic 
therapies, as well as supportive treatments are nec-
essary. However, death is inevitable due to vasculitis 
and pathological disorders in multiple organs (Hart-
mann et al., 2003; Kipar et al., 2005; Addie et al., 
2009; Pedersen, 2009).

According to previous studies, alterations in serum 
homocysteine (Hcy) and nitric oxide (NO) concentra-
tions were associated with vascular and cardio-vas-
cular disorders (Stein and McBride, 1998; Hankey 
and Eikelboom, 1999; Chai and Abrams, 2001). Hcy 
increase was reported in several diseases and gained 
importance in the early diagnosis especially of cardio-
vascular disorders. Several studies are present in hu-
man medicine related to the effect of Hcy on the car-
diovascular system, however, there are not numerous 
detailed studies in veterinary medicine related to FIP 
(McMichael et al., 2000; Kural et al., 2003; Stangl et 
al., 2000; Rezaei and Dalir-Naghadeh, 2009; Uren et 
al., 2009; Nursalim et al., 2013).

The purpose of this study was to evaluate serum 
homocysteine and nitric oxide levels in cats with Fe-
line Infectious Peritonitis and evaluate biochemical 
and clinicopathological alterations related to the dis-
ease.

MATERIALS AND METHODS
The material of this study consisted of 30 Turk-

ish Van Cats of different ages (1.15±0.82 years) and 
genders that were brought to the clinics of Van Yuzu-
ncu Yil University, Faculty of Veterinary Medicine, 
Department of Internal Medicine. The control group 
consisted of 6 healthy cats of different ages (1.22±0.94 
years) and genders that were brought for routine clin-
ical examination. This study was performed with-
permission of the Animal Experiments Local Ethics 
Committee, Rectorship of Van Yuzuncu Yil Universi-
ty (March 2th, 2017 - 2017/02). 

Clinical examinations of the cats were performed 
and cats that were suspected of FIP were included 

in the study. Blood samples were obtained from ra-
dial veins and transferred to tubes containing EDTA 
and coagulant-free tubes for hematological and bio-
chemical analyses, respectively. Hematological anal-
yses were performed in hematology analyzer device 
(MS4-s Haematology Analyzer S.N. JCS211, France) 
and blood samples in coagulant-free tubes were 
centrifuged for 15 mins with 3000 RPM (Rotofix 
32®-Hettich) to extract serum samples. The samples 
were stored at -20 °C until biochemical analyses.

Considering the clinical examinations and alter-
ations in hematological and biochemical parameters, 
the cats who received routine symptomatic and sup-
portive treatment with a pre-diagnosis of the disease 
were recorded and monitored.  Animals that died during 
this period despite receiving treatment were prepared 
for necropsy. Necropsy was performed on the animals 
and following necropsy examination, macroscopic 
findings were recorded and tissue samples were ob-
tained from the specific lesions for histopathological 
examination to perform definitive diagnosis. For his-
topathological examination, tissue samples obtained 
from brain, lung, liver, kidney, spleen, and intestines 
were fixed in 10% formalin solution for 48 hours. Fol-
lowing the fixation, the samples were embedded into 
paraffin blocks and tissue sections were cut in 4µm 
thickness. Preparations were stained with hematoxy-
lin-eosin (HE) and examined under light microscope 
(Leica DM 1000, Germany). Besides, all of the sec-
tions taken to adhesive (poly-L-Lysin) glasses were 
passed through xylol and alcohol series, deparaffin-
ized and dehydrated, and washed with distilled water 
for 5 minutes. Afterward, preparations were washed 
with phosphate buffer solution (PBS, pH 7.2) for 5 
minutes, held in hydrogen peroxide solution (3%) and 
endogenous peroxidase was added. After rewashing 
with PBS for 5 minutes, protein blocks suitable with 
all primary and secondary antibodies were incubated 
for 5 minutes to avoid nonspecific surface staining. 
At the end of the incubation, extra amount of block 
solution over tissue sections were poured and prima-
ry FIP antibody (Catalog no: Rab11-FIP1 Antibody, 
Santa Cruz, USA) was dropped and incubated for 
one night in +4 °C. Sections were washed twice for 
5 minutes and incubated with secondary antibody for 
30 minutes under room temperature. After incubation, 
sections were rewashed with PBS and held in strepta-
vidin-peroxidase for 30 minutes and again washed 
with PBS. Following the washing processes, 3-ami-
no-9-ethyl-carbazole (AEC) was dropped on each tis-
sue sections and incubated for 10 minutes. Then the 
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sections were held in Mayer’s hematoxylen for 2 min-
utes for surface staining and washed under tap water. 
Eventually aquous adhesive was dripped and covered 
with glass and examined under light microscope (Lei-
ca DM 1000). 

Hematocrit (Hct), hemoglobin concentration 
(Hgb), total leukocyte (WBC), erythrocyte (RBC), 
and platelet (PLT) counts were obtained. For bio-
chemical analyses, total protein (TP), albumin (ALB), 
globulin (GLB), glucose (GLU), blood urea nitrogen 
(BUN), creatinine (CREA), aspartate aminotransfer-
ase (AST), alkaline phosphatase (ALP), alanine ami-
notransferase (ALT), lactate dehydrogenase (LDH), 
creatine kinase (CK), creatine kinase - myocardial 
band (CK-MB), total bilirubin (TBIL), direct biliru-
bin (DBIL), calcium (Ca), magnesium (Mg), phos-
phorus (P), triglyceride (TG), low-density lipoprotein 
(LDL), very-low-density lipoprotein (VLDL), iron 
(Fe), sodium (Na), potassium (K) and chloride (Cl) 
concentrations were measured in the auto-analyzer 
device (Cobas-6000 c501, Roche-Hitachi). 

Serum homocysteine and nitric oxide concentra-
tions were colorimetrically measured in ELISA device 
(ELISA reader®-DAS, Italy) according to each kits’ 
procedure (Homocysteine ELISA Kit-CUSABIO, 
Catalog Number; CSB-E13814h; Nitrate/nitrite col-
orimetric assay kit, Cayman Chemical Company, cat-
alog No: 780001/USA; respectively). Serum vitamin 
B12 and folate levels were measured in hormone de-
vice (Cobas-6000 e601, Roche-Hitachi). 

As there are not any present Hcy and Nitrate/ni-
trite kits validated for use in feline serum samples, 
kits which were validated for use in humans were 
used in the study. This is a study limitation, and fur-
ther studies may be necessary to validate the results in 
feline serum samples.

Statistical analyses were performed by using SPSS 
(for Windows ver. 22.0) statistical package software. 
Independent samples t-test was used to compare the 
arithmetic means and standard errors (SEM). Statisti-
cal p < 0.05 values were accepted as significant in the 
calculations.

RESULTS

Clinical findings
According to the clinical examinations, while 25 

of the cats were suspected with dry form of the dis-
ease, 4 had wet form, and 1 had a mixed form. 18 of 
the suspected cats were male and 12 of them were 
female. Eighteen of the animals were less than 1 year 
old, 9 of them were 1-2 years old, and 3 of them were 
over 2 years old. Loss of appetite, weight loss, high 
fever which did not decrease despite using antibiotics, 
jaundice, dehydration, vomiting, respiratory system 
symptoms, anemia, nervous findings (2/30), uveitis 
(3/30), and ascites (5/30) were observed in animals as 
general clinical findings. Especially in animals with 
the dry form, pyogranulomatous lesions were detect-
ed especially in the kidney and gastrointestinal tract 
by palpation of the abdominal region.

Hematological findings
Hct, Hb, RBC, and thrombocyte levels of the ani-

mals in the study group were found to be lower than 
the control group, and there was a significant increase 
in WBC values (p < 0.05). While there was a dramat-
ic decrease in platelet count (p < 0.05), the changes 
in other parameters were not found to be statistically 
significant (Table 1).

Biochemical findings
TP values were found to be close to each other in 

the control group and study group, but albumin lev-
els in sick animals were statistically lower (p < 0.01) 

Table 1. Some hematological parameter values and statistical comparisons of control and study group.

Parameters
Control group

n: 6
(x̅±Sx̅)

Study group
n: 30

(x̅±Sx̅)
Hct (%) 40.57±2.18 30.00±326
Hgb (g/dl) 13.35±1.07 10.14±1.11
WBC (m/mm3) 10.72±0.76 19.59±4.71
RBC (M/mm3) 8.26±0.11 6.88±0.41
PLT (m/mm3) 336.75±65.44 147.40±49.44*

*: p˂0.05, Hct: Hematocrit, Hgb: Hemoglobin, WBC: White Blood Cell Count, RBC: Red Blood Cell Count, PLT: Platelet Count
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and there was a significant increase in globulin val-
ues, however, this increase was not statistically sig-
nificant. In addition, BUN values were higher and 
creatinine values increased statistically in animals in 
the patient group (p < 0.001). However, there was a 
decrease in ALP levels, increases in AST, ALT, LDH, 
CK, CK-MB, total and direct bilirubin levels in sick 

animals, and the increase in total and direct bilirubin 
levels were statistically significant (p < 0.001) (Table 
2).

Serum homocysteine and nitric oxide concentra-
tions were found to be higher in cats with FIP when 
compared with the control group. The increase in 

Table 2. Some biochemical parameters and statistical comparisons of control and study group.

Parameters
Control group

n: 6
(x̅±Sx̅)

Study group
n: 30

(x̅±Sx̅)
TP (g/dL) 7.50±0.16 7.45±0.37
ALB (g/dL) 3.50±0.15 2.53±0.09**
GLB (g/dL) 4.17±0.30 4.90±0.28
ALB/GLB 0.88±0.10 0.53±0.03*
GLU (mg/dL) 63.17±5.54 119.25±19.51*
BUN (mg/dL) 18.83±0.70 38.90±11.39
CREA (mg/dL) 1.16±0.05 1.65±0.08***
AST (U/L) 17.12±1.33 183.75±43.48**
ALP (U/L) 41.17±7.26 15.00±4.71**
ALT (U/L) 33.42±3.88 95.28±35.34
LDH (U/L) 15.86±2.28 38.39±8.39
CK (U/L) 119.50±18.07 565.00±179.10
CK-MB (U/L) 37.61±22.97 224.82±66.34*
TBIL (mg/dL) 0.03±0.00 4.42±0.99**
DBIL (mg/dL) 0.02±0.00 4.13±1.03**
Ca (mg/dL) 8.98±0.28 8.76±0.30
Mg (mg/dL) 2.06±0.05 2.77±0.21*
P (mg/dL) 5.25±0.35 6.97±0.39*
Chol (mg/dL) 110.43±9.65 131.96±18.78
TG (mg/dl) 54.16±9.94 125.11±21.80*
LDL Chol (mg/dL) 15.86±2.28 38.39±8.39*
VLDL Chol (mg/dL) 10.83±2.06 24.30±4.55*
Fe (ug/dL) 82.16±12.61 151.50±41.00
Na (mmol/L 152.00±1.03 143.10±2.77*
K (mmol/L) 4.58±0.08 3.73±0.24*
Cl (mmol/L) 110.85±0.72 100.60±3.01*

*: p˂0.05, **: p<0.01,***: p<0.001, TP: Total protein, ALB: Albumin, GLB: Globulin, GLU: Glucose, BUN: Blood Urea 
Nitrogen, CREA: Creatinine, AST: Aspartate Aminotransferase, ALP: Alkaline Phospatase, ALT: Alanine Aminotransferase, LDH: 
Lactate Dehydrogenase, CK: Creatine Kinase, CK-MB: Creatine Kinase Myocardial Band, TBIL: Total Bilirubin, DBIL: Direct 
Bilirubin, Ca: Calcium, Mg: Magnesium, P: Phosphorus, Chol: Cholesterol, TG: Triglyceride, LDL Chol: Low Density Lipoprotein 
Cholesterol, VLDL Chol: Very Low Density Lipoprotein Cholesterol, Fe: Iron, Na: Sodium, K: Potassium, Cl: Chloride

Table 3. Serum homocysteine and nitric oxide concentrations and statistical comparisons of control and study group.

Parameters
Control group

n: 6
(x̅±Sx̅)

Study group
n: 30

(x̅±Sx̅)
Hcy (nmol/mL) 9.80±4.54 24.15±2.66*
NO (µmol/L) 54.54±4.20 158.70±14.32**
Vitamin B12 (pg/mL) 573.83±43.36 744.36±274.03
Folate (ng/mL) 17.00±0.85 17.70±0.59

*: p˂0.05, **: p<0.01, Hcy: Homocysteine, NO: Nitric Oxide
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these parameters were statistically significant (p < 
0.05, p < 0.01, respectively) (Table 3). Besides vita-
min B12 and folate levels were also found to be high-
er, however, these increases were not statistically sig-
nificant (p > 0.05).

Pathological findings
According to the necropsy findings; macroscopi-

cally severe jaundice in the mucous membranes and 
approximately one liter of a dark, yellow, fibrinous, 
coagulating effusion fluid was found in the abdominal 
cavity in animals with wet form (Figure 1). In ani-
mals with the dry form, grayish-white granulomatous 
lesions close to serosa and serous atrophy in adipose 
tissues were detected in organs such as kidneys, liver, 
intestines, lung, spleen and brain (Figure 2 and Figure 
3).

Figure 1. Fibrinous effusion fluid in the abdominal cavity, fibrin-
ous (arrows) and granulomatous lesions in the intestinal serosa in 
a cat with the wet form of FIP.

Figure 2. Multiple granulomatous lesions (arrows) in the 
liver and severe jaundice in the subcutaneous tissue in a cat 
with the dry form of FIP.

Figure 3. Pyrogranulomatous lesions in various tissues. A: 
Kidneys, B: Brain Tissue.

According to the histopathological examinations; 
advanced pyogranulomas, particularly on kidney, liv-
er, intestine, lung, spleen, and brain tissues, mostly in 
the serosa, and in some cases, deeper in parenchyma 
tissues were detected in animals with the dry form. 
A necrotic mass was observed in the middle of these 
pyogranulomas surrounded by dense neutrophil leu-
kocyte infiltration, macrophage, and lymphocyte in-
filtrations (Figure 4).

According to the immunohistochemical examina-
tions, the agent was detected in organs with lesions in 
necrotic mass in the middle of granulomatous lesions 
and in neutrophils and macrophages which surround-
ed the lesions (Figure 5).
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Figure 4. Pyogranuloma in the intertubular space of kidney 
tissue. Necrosis, neutrophil, macrophage, and lymphocyte 
infiltrates (arrows), H&E, Bar:100µm.

Figure 5. Neutrophils and macrophages on the granulomatous le-
sions in the intertubular spaces of kidney tissue (arrows), IHC-P, 
Bar:20µm.

DISCUSSION 
FIP is a fatal disease of cats and has a complex 

and controversial diagnosis. The absence of pathog-
nomonic and specific clinical, hematological and bio-
chemical findings in both forms of the disease, and 
the lack of routine specific tests make the definitive 
diagnosis quite difficult. It has been reported that an-
amnesis, clinical findings, alterations in hematologi-
cal and biochemical parameters, PCR tests, and serum 
antibody titers should be evaluated together for diag-
nosis (Hartmann et al., 2003; Paltrinieri et al., 2001; 
Norris et al., 2005; Addie et al., 2009; Pedersen, 2009; 
Tsai et al., 2011; Pedersen, 2014). Although serum an-
tibody titers assist diagnosis, detected FCoV antibody 
titers do not mean that FIP is positive. Although many 
researchers have used RT-PCR or real-time RT-PCR 

to detect FCoVs in cats with FIP, it is still challenging 
to effectively distinguish FIPVs from FCoVs (Guan 
et al., 2020). Therefore, the most valuable diagnostic 
method is reported to be the histopathological find-
ings and immunohistochemistry (Paltrinieri et al., 
2001; Hartmann et al., 2003; Norris et al., 2005; Ad-
die et al., 2009; Pedersen, 2009). Hence, in this study, 
patients suspected of the disease and found to be FIP 
positive following post-mortem examinations were 
included in the study.

In this study, severe jaundice in mucous mem-
branes, fluid accumulation in the abdominal cavities, 
gray-white granulomatous lesions in various organs, 
and serous atrophy in adipose tissues were observed 
macroscopically. Microscopically; pyogranulomas 
advanced to deeper parenchymal tissue, mostly in 
the serosa, were found in various organs. By immu-
nohistochemical examinations, agents were detected 
in organs with lesions, necrotic masses in the middle 
of granulomatous lesions, as well as neutrophils and 
macrophages. It was determined that these findings 
were consistent with the pathological findings report-
ed in previous studies (Paltrinieri et al., 2001; Addie 
et al., 2009; Diaz and Poma, 2009; Pedersen, 2009).

In this study, clinical symptoms such as anorexia, 
weight loss, high fever, the persistence of fever de-
spite using antibiotics, jaundice, dehydration, vomit-
ing, respiratory system symptoms, anemia, nervous 
symptoms, uveitis, and ascites were observed in an-
imals. On the other hand, particularly in animals with 
the dry form, clinical findings of the affected organs 
were notably distinct, and pyogranulomatous lesions 
in the kidney and GIS of some animals were clearly 
detected in the palpation of the abdominal regions. 
Besides clinical symptoms of the disease were not 
completely remarkable, and occasionally aggravated 
in these animals. In previous studies (Paltrinieri et 
al., 2001; Addie et al., 2009; Diaz and Poma, 2009; 
Pedersen, 2009; Tsai et al., 2011; Pedersen, 2014), 
non-specific alterations in some hematological pa-
rameters were reported in cats with FIP, because there 
may be increases or decreases in WBC levels, lymph-
openia and neutrophilia may be observed and usual-
ly are associated with the stress leukogram that may 
also be seen in several other diseases. In addition, 
mild or moderate non-regenerative anemia is another 
common hematological condition detected in the dis-
ease. Likewise, it is reported that this condition can 
be seen in many other chronic disorders in cats. In 
this study, there was a decrease in Hct, Hb, and RBC 
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levels, and an increase in WBC counts in cats with 
FIP which were not statistically significant. However, 
PLT counts were low and the decrease was statistical-
ly significant (p < 0.05).

Parallel to the previous reports (Diaz and Poma, 
2000; Paltrinieri et al., 2001; Addie et al., 2009; Ped-
ersen, 2009; Tsai et al., 2011; Pedersen, 2014), ane-
mia and increased WBC counts were determined in 
cats with FIP in this study. Besides PLT levels were 
significantly low and attributed to the vasculitis that 
occurs in the disease. Furthermore, it has been report-
ed that the decreases in PLT levels may also be due 
to the migration of the activated platelets towards the 
affected organ and disseminated intravascular coag-
ulopathy (DIC) which occurs in cases of infectious 
diseases and endotoxemia (Nyarko et al., 1998; Kuck-
leburg et al., 2008).

Alterations in some biochemical parameters are 
also observed in FIP disease. It has been reported that 
an increase in serum protein and globulin levels and a 
decrease in serum albumin levels in cats with FIP may 
be observed (Addie et al., 2009; Pedersen, 2009; Diaz 
and Poma, 2009; Pedersen, 2014). However, in some 
cases where the liver is severely affected, serum TP 
concentrations may decrease. In addition, a decrease 
in serum TP levels may also be seen due to the protein 
losses in animals with glomerular dysfunction and the 
transfer of protein-rich fluid to the extravascular area 
in animals with vasculitis (Throop et al., 2004; Addie 
et al., 2009; Fischer et al., 2012; Riemer et al., 2016). 
It is stated that the albumin/globulin ratio is one of the 
golden standard diagnostic parameters for FIP, and 
the albumin/globulin ratio less than 0.4 can be posi-
tive evidence and in healthy cats, this ratio is usually 
greater than 0.8. According to the previous studies, 
it is reported that in 50% of cats with effusion and 
in 70% of cats without effusion, hypergammaglobulin 
was detected in the blood, and protein levels in the 
fluid obtained from animals with effusion were found 
in high concentrations (Paltrinieri et al., 2001; Norris 
et al., 2005; Addie et al., 2009; Pedersen, 2009; Tsai et 
al., 2011). Furthermore, biochemical parameters can 
be variable due to the lesions in which they are lo-
cated. There may be an increase, particularly in liver 
enzymes, urea and creatinine concentrations. Detec-
tion of hyperbilirubinemia and jaundice also indicates 
liver damage. It has been reported that the increase in 
bilirubin concentration in the blood assists the diag-
nosis in FIP (Addie et al., 2009; Pedersen, 2009; Tsai 
et al., 2011).

In our study, TP concentrations were similar in 
both control and study groups, however, albumin lev-
els were lower in sick animals, and this decrease was 
statistically significant (p < 0.01). Globulin concen-
trations were higher in cats with FIP, however, this 
increase was not statistically significant (p > 0.05). 
However, while the albumin/globulin value was de-
termined as 0.88 ± 0.10 in the control group animals, 
this value was determined as 0.53 ± 0.03 in the study 
group that was also statistically significant (p < 0.05). 
The decrease in ALP, increases in AST, ALT, LDH, 
CK, CK-MB, total and direct bilirubin concentrations 
in sick animals, and especially increase in total and 
direct bilirubin levels were found to be statistically 
significant. Besides, there was an increase in BUN 
and creatinine concentrations in animals in the study 
group. Alterations in biochemical parameters in our 
study correspond with the previously reported studies 
(Paltrinieri et al., 2001; Pedersen, 2009; Addie et al., 
2009; Diaz and Poma, 2009; Tsai et al., 2011; Riemer 
et al., 2016).

Homocysteine is a sulfurous amino acid that is 
formed as a result of methionine metabolism and is 
not present in the primary structure of proteins (Stein 
and McBride, 1998; Rezaei and Dalir-Naghadeh, 
2009; Uren et al., 2009; Nursalim et al., 2013). When 
homocysteine concentrations increase, it leads to sev-
eral harmful effects in the body such as endothelial 
damage which can be like the effects of free radicals. 
Although the mechanism of the vascular damage 
caused by homocysteine is not fully elucidated, it has 
been reported that it may be caused by the oxidative 
damage and eventual platelet dysfunction in the vas-
cular endothelium, and increase in coagulation (Stein 
and McBride, 1998; McMichael et al., 2000; Gauthier 
et al., 2003; Uren et al., 2009; Nursalim et al., 2013).

NO is synthesized from L-arginine and has several 
physiological functions such as endothelial inhibition, 
vasodilation, platelet aggregation, and adhesion, re-
duction of vascular smooth muscle cell proliferation, 
relaxation in vascular endothelium, neurotransmit-
ting, immunomodulating. Furthermore, NO also has 
antioxidant and prooxidant roles. It has been reported 
that while the secretion of nitric oxide at basal lev-
els is involved in physiological events, its excessive 
release has pathological consequences by destructing 
the cells (Turkoz and Ozerol, 1997; Alderton et al., 
2001; Bruckdorfer, 2005).

In recent years, according to the studies in the field 
of human medicine (Kural et al., 2003; Nursalim et 
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al., 2013; Bostom and Lathrop, 1997), increase in 
homocysteine levels was reported in many diseases, 
particularly in cardiovascular diseases. It is reported 
that alterations in Hcy levels is reported to be import-
ant in the early diagnosis of cardiovascular diseases. 
While there are numerous studies in human medicine 
regarding the effects of Hcy on the cardiovascular 
system, detailed research has not been performed in 
the field of veterinary medicine, particularly on cats. 
In this study, serum Hcy and NO concentrations were 
found to be increased in cats with FIP and this increase 
was statistically significant. According to the studies 
in human medicine (Stein and McBride, 1998; Han-
key and Eikelboom, 1999; Chai and Abrams, 2001; 
Nursalim et al., 2013; Gauthier et al., 2003), increase 
in Hcy concentrations was attributed to the damage 
in the vascular endothelium, and in this study, it is 
thought that increase in Hcy concentrations (24.15 ± 
2.66 nmol/mL) in sick cats compared to healthy cats 
(9.80 ± 4.54 nmol/mL) is associated with damage in 
vascular endothelium and vasculitis that resulted by 
FIP. Regarding NO concentrations in human medicine 
(Stein and McBride, 1998; Hankey and Eikelboom, 
1999; Chai and Abrams, 2001), decreases in serum 
NO levels were reported due to the vascular endothe-
lium damage. Besides, in several previous studies Hcy 
levels were reported to increase due to kidney and liv-
er disorders. In kidney disorders while Hcy increase 
was associated with the deterioration of transferase 
mechanism, in liver disorders it is associated with the 
impairment in methylation reactions (Bosy-Westphal 
et al., 2001; Ward, 2001; Siow, 2018).

Contrary to these reports, in this study, there 

was an increase in serum NO levels in cats with FIP 
(158.70 ± 14.32 µmol/L) than healthy cats (54.54 ± 
4.20 µmol/L). This increase is thought to occur due 
to the increase in total leukocyte levels that are in-
creased by the disease, as NO is released from leu-
kocytes due to the effect of iNOS. Besides, in studies 
regarding NO (Turkoz and Ozerol, 1997; Alderton et 
al., 2001; Bruckdorfer, 2005), leukocyte counts may 
increase in various viral, bacterial, and parasitic dis-
eases which also results in an increase in serum NO 
concentrations.

CONCLUSIONS
As a result; this is the first detailed study in Turk-

ish Van Cats with FIP that reported the significant 
changes in clinical, hematological, biochemical, and 
pathological findings. Furthermore, serum homocys-
teine and NO concentrations were evaluated for the 
first time in cats with vasculitis which is the most im-
portant complication of FIP. It is concluded that pre-
senting the current study is believed to enlighten fu-
ture studies regarding this subject. In addition, it was 
concluded that the evaluation of serum homocysteine 
and nitric oxide concentrations in FIP may be helpful 
in the antemortem diagnosis of FIP.
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