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ABSTRACT

Dirofilariosis is a common asymptomatic zoonotic disease in which parasite adults are primarily found in the right-side of the
heart and pulmonary arteries. Interest about the role of paraoxonase (PON) activity in cardiovascular diseases is increasing
day by day. The aim of the present study is to define the changes in lipid prophile and enzyme activities (AST, ALT, LDH, CK,
CK-MB) with paraoxonase activity in dogs with dirofilariosis. 15 healthy dogs and 30 dogs with dirofilariosis (antigen positive
for adult D. immitis and negative for microfilariae) between 4-6 years of old age were enrolled in this study. Significantly higher
serum trigliseride (p<0.01). very low-density lipoprotein (p<0.05), and low-density lipoprotein (p < 0.001) levels and aspartate
aminotransferase (p<0.001), alanin aminotransferase (p<0.001), creatine kinase (p<0.001), creatine kinase MB fraction (p<0.001),
lactate dehydrogenase (p<0.01) activities were found in dogs with dirofilariosis compared to healthy dogs. On the other hand,
significantly lower total cholesterol (p <0.001) and high-density lipoprotein (p < 0.01) levels were found in dogs with dirofilariosis.
Also, serum basal paraoxonase (p<0.01) activities of dogs with dirofilariosis were significantly lower than in the control group.
In conclusion, serum bazal paraoxonase activity can be used as a marker of cardiac damage, such as LDH and CK-MB, in dogs
with dirofilariosis.
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Dirofilariosisli Kopeklerde Bir Biyomarker Olarak Paraoksonaz Aktivitesinin Belirlenmesi

0ZET

Dirofilariosis, sivrisineklerle bulasan 6zellikle kardiopulmoner hastaliklara yol acan dirofilaria tlrlerinin neden oldugu zoonoz
bir paraziter hastaliktir. Bu ¢calismada D. immitis ile enfekte kopeklerde paracksonaz (PON) aktivitesi yaninda, diger enzim
aktivite (AST, ALT, LDH, CK, CK-MB)ile lipid profili (trigliserit, total kolesterol, ok disiik dansiteli lipoprtotein, Diislk dansiteli
lipoprotein, Yiksek Dansiteli lipoprotein) degisimlerinin ortaya konulmasi amaglanmistir. Calisma, 4-6 yas arasi 30 saglikli ve
30 dirofilariosisli kopekde gergeklestirilmistir. Dirofilariosisli kopeklerde serum aspartat aminotransferaz (p < 0.001), alanin
aminotransferaz (p < 0.001), kreatin kinaz (p < 0.001) ve laktat dehidrogenaz (p < 0.01) aktivitesi ile kreatin kinaz-MB izoenzim
(p < 0.001) aktivitesi, saglkli kopeklere gére ylksek bulunmustur. Serum bazal paracksonaz (p < 0.01) ise saglikli kdpeklere
gore distk bulunmustur. Yapilan lipid profili analizlerinde ise, dirofilariosisli képeklerde serum trigliserid (p < 0.01), ¢ok diisik
dansiteli lipoprotein (p < 0.05) ve distk dansiteli lipoprotein (p < 0.001) dizeyleri saglikli képeklere gére yiksek bulunurken,
serum total kolesterol (p < 0.001) ve yiksek dansiteli lipoprotein (p < 0.01) aktivitesi ise distk bulunmustur. Arastirmadan elde
edilen verilerin isiginda, serum bazal paraoksonaz aktivite diizeyi 6lctimlerinin, dirofilariosisli kopeklerde meydana gelen kardiak
hasarin belirlenmesinde, LOH ve CK-MB gibi yararli bir indikator olabilecedi kanisina variimistir.
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INTRODUCTION

Dirofilariosis is a zoonotic disease of canids which is
caused by infection with the nematode Dirofilaria immitis.
The disease is transmitted by mosquitoes and particulary
causes cardiopulmonary diseases in their hosts (Montaya et
al. 2006; Sevimli et al.2007). The distribution of Dirofilariosis
is worldwide, esp. in tropical, subtropical and temperate
regions (Saritas et al 2005).

Dirofilaria immitis is the causative agent of canine heartworm
disease, and the parasite adults are primarily found in the
right-side of the heart and the pulmonary arteries of dogs
(Cakiroglu ve Meral 2007). The main hosts of D.immitis are
dogs. Mosquitoes are the intermediate hosts of the Dirofilaria
species. These species can also be transmitted to humans
causing human pulmonary disease (HPD)which is responsible
for the development of benign pulmonary nodules when
people are bitten by culicide mosquitoes (Kartashev et al.
2011).

Dirofilariosis is rarely observed in dogs under the age of one.
Dogs between the ages of 4-7 compose the most vulnerable
group (McCall et al. 2004; Oncel ve Vural 2007). Dirofilariosis
generally proceeds as clinical and subclinical. Despite the
presence of microfilers in the peripheral blood in most of
subclinical events, symptoms in dogs may be absent(Vencoa
et al. 2014).

There is growing interest in the role of paraoxonase (PON,
aryldialylphosphatase, EC 3.1.8.1) in cardiovascular disease.
PON is a calcium-dependent esterase and it hydrolyse
the aromatic carboxylic esters and organophosphorus
insecticides(Juretic et al. 2001). Also PON has multifunctional
roles in various biochemical pathways like protection against
oxidative stress, contribution to innate immunity, and
requlation of cell proliferation/apoptosis. PON seemsto be the
"hunters" of peroxynitrite-generated oxidized phospholipids
which caused atherosclerosis or thrombogenesis (Martinelli
et al. 2013).

Heartworm disease has importance in veterinary medicine
and public health. Therefore diagnosis and screening of the
disease are essential for control of the disease (Voyvoda et al.
2004; Carretdna et al. 2014). Diagnosis of Dirofilaria infection

is made by clinical symptoms, native examination into
peripheral blood, microfilariae detection with the Knott test
and serological tests (Carretona et al. 2014; Meral ve Bakirel
2007). In order to prevent, economic losses in countries, a
determination of the porter animals with specific biochemical
parameters is very important. The aim of the present study
is to determine whether the measurement of paraoxonase
activity may have a diagnostic or prognostic value in canine
dirofilariosis, and whether change in paraoxonase activity is
related with the arterial damage.

MATERIALS AND METHODS

Atotal of 60 big breed dogs between 4-6 years old, comprised
of 30 clinically healthy and 30 dogs with dirofilariosis (antigen
positive for adult D. immitis and negative for microfilariae)
from Hatay, were enrolled in the present study. The animals
were added to the proper groups after clinical examination,
modified Knott test and antigen-ELISA assay.

Blood samples were collected from the cephalic vein to
the lithium heparine and silicone gel-coated test tubes.
Serum/plasma samples were separated by centrifugation
at 2500 rpm for 10 min at room temperature and kept at
-80°C until processing. Samples were analyzed for lipid
profile (triglycerides, total cholesterol, VLDL, HDL and LDL),
and enzyme activities (AST, ALT, LDH, CK, CK-MB) besides
paraoxonase (PON1).

Parasitological Analysis

The presence of microfilariaein peripheral blood wasdetected
by the Knott test. After centrifugation of blood samples with
2 % formalin mixture (5 min, 1500 rpm), the sediment stained
with 0.5 % methylene blue. Stained sediment was examined
underamicroscope at 400x magnification for the presence of
microfilariae (15). The presence of adult D. immitis circulating
antigens in blood were determined with a commercial Elisa
kit (DiroCHEK®, Synbiotics, San Diego, USA) spesific for D.
immitis. According to results of the Knott test and antigen-
ELISA assay, the dogs which have adult D. immitis parasite
circulating antigen and no microfilaria in the blood were
selected for the patient group.
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Biochemical Analysis

In the present study,PON enzyme activity was determined
with a method by Eckerson et al(16). The principal of the
method based is the enzymatic hydrolyses of paraoxon
by PON enzyme into diethylphosphate and p-nitrophenol.
Determination of the other ezyme activities (LDH, ALT,
AST, CK, and CK-MB) in blood samples were performed in
the Roche Modular System autoanalyzer by using Roche
Diagnostic's reagent. Triglyceride, total cholesterol, and HDL
analyses were also performed in the Roche Modular System
autoanalyzer. The calculation of LDL and VLDL cholesterol
levels were performed by Friedewald formulae (Friedewald et
al., 1972)17).

LDL = Total cholesterol - [(HDL) + (Triglycerides /5)]
VLDL = Triglycerides /5)
Statistical Analysis

For statistical evaluation of the results, SPSS 13.0 for
windows packet program was used. Statistical differences
between groups were evaluated by using the student t-test.
Data were presented as mean + standard error (+ SE), and P<
0.05 was considered as significant.

RESULTS

The activity levels of PON, LOH, AST, ALT, CK and CK-MB in
both the dogs with dirofilariosis and the healthy controls are
shown in Table 1.

Table 1. The activity levels of PONT, AST, ALT, LDH, CK and
CK-MB in the dogs with dirofilariosis and the healthy group.

Parameter Control Group Dogs with
Dirofilariosis (n=30) (n=30)
ALT (lU/L) 3b4+76 70,7 £12,5
AST (lu/L) 29,8 +6,1 63,4 13,72
LDH (IU/L) 1977+ 26,3 272,3 +32,8°
CK(IU/L) 92,4+28,6 158,5 + 41,5
CK-MB(IU/L) 185+5,7 54,1+22,5°
Basal PON1(IU/L) 53,9+ 15,4 33,2 +12,1°

Data are expressed as mean = standart error of the mean values.

a,b Significantly different from the contral group (p<0.001, p<0.01 and p<0.05,
respectively).

Serum LDH, AST, ALT, CK and CK-MB activity levels were
significantly higher (P<0.001, P<0.001, P<0.01, P<0.001 and
P<0.001, respectively) in the dogs with dirofilariosis in
comparison to the control group. Whereas, PONT activity
levels were lower (P<0.01) than those of the control group.

In the study we also determined the lipid profile of dogs
with dirofilariosis. Table 2 shows the changes in lipid profile
(triglyceride, total cholesterol, VLDL, LDL, HDL) between
the control group and the dogs with dirofilariosis. The dogs
with dirofilariosis exhibited a significant increase in plasma
triglyceride (p < 0.001), VLDL levels (p < 0.01), and LDL levels
(p < 0.001), compared to the healthy dogs. On the other hand,
the patient group had significantly lower total cholesterol
(p < 0.001), and HDL levels (p < 0.01), when compared to the
healthy contrals.

Table 2. The changes in lipid profile between the healthy
group and dogs with dirofilariosis.

Parameter Control Group Dogs with
Dirofilariosis (n=30) (n=30)
Triglyceride (mg/dI) 55,4+ 16,3 72,9 +19,6°
Total cholesterol (mg/dl)  170,6 + 25,1 137,0 +18,2°
VLDL (mg/dl) 92+0,8 n6+13
LDL (mg/dI) 78,7+9,2 1034+ M7
HDL (mg/dl) 817+15,4 56,3 + 8,6

Data are expressed as mean = standart error of the mean values.

a,b Significantly different from the control group (p<0.001, p<0.01 and p<0.05,
respectively).

DISCUSSION

In dogs with dirofilariosis, organs such as the heart,
lungs, liver and kidneys are affected both functionally and
morphologically in various rates. But in the late stage of
Heartworm infection can cause the compliance of the
pulmonary arteries and right-sided heart failure (Vencoa
et al. 2014; Sarkar et al. 1978). In veterinary medicine,
cardiac biomarkers are important for the early detection
of cardiopulmonary diseases, the prognosis of disease
and the efficiency of treatment (Vencoa et al. 2014). The
determination of LDH, CK, CK-MB, AST and ALT enzyme
activities which have great importance on diagnosing the
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disease in both human and dogs were determined in this
study in order to determine heart and liver damage in dogs
with dirofilariosis.

It was mentioned in the study that serum LDH, CK, CK-MB, AST
and ALT enzyme activity volumes significantly increase as a
result of cardiopulmonary lesions in dogs with dirofilariosis
(Song et al. 2003; Bakirel ve Giines 2009). High serum LDH,
CK, CK-MB, AST and ALT enzyme activity volumes in dogs with
dirofilariosis indicate that adult D. immitis nematode causes
cardiovascular damage by settling in the right ventricular and
pulmonary artery in dogs (Cakiroglu ve Meral 2007). Besides, it
was notified that increases of liver enzyme activities in dogs
with dirofilariosis is due to ascites and passive congestion
which develop due to right-sided heart failure in the disease.

It was mentioned that adult D.immitis cause endothelial
damage, myocardial infarction and arteriosclerosis by settling
in the right ventricular and pulmaonary artery in dogs with
dirofilaria disease (Bakirel ve Glines 2009; Jarvik et al. 2003
It was mentioned that PON1 activity determination is the best
indicator for diagnosis of vascular diseases. And reduced PONT
activityappearstobeassociatedwithincreased cardiovascular
risk (Martinelli et al. 2013). Although it was determined
that PON1 activity decreases in many diseases of humans
and animals such as ulcerative colitis (Baskol et al. 2006),
reumatoid arthritis (Altindag et al. 2007) and acute purpura
(Ece et al. 2007), Behcet disease, atherosclerosis, coronary
heart disease, myocardial infarction, hypercholesterolemia
and diabetes (Farid ve Horii 2008; Efrat et al. 2009), there is
no information about the PONT activity levels in dogs with
dirofilariosis. The finding of this study (Farid ve Horii 2008)
showed that serum PONT activity decreased in rats with N.
brasiliensis infection. Reduced PON activity appears to be
associated with increased cardiovascular risk. In the present
study, the serum PONT activity in dogs with dirofilariosis were
found to be lower than in healthy dogs (p<0.001). Decrease of
PON1 enzyme activity levels in dogs with dirofilariosis in the
present study may be related with the decrease of hepatic
PONT production and the use of this antioxidant enzyme for
the prevention of oxidative damage that is caused by adult
parasites in the heart. PON1T also has multiple enzymatic
activities, including esterase and lactonase.

In this study serum total cholesterol, triglyceride, VLDL, LDL

and HDL cholesterol levels of dogs with dirofilariosis were also
HDL-associated PONT has
functions in the control of oxidative stress and inflammation.

measured in relation with PONT.

The findings of these studies (Kitagawa et al. 1981; Jacobs et
al. 1992) showed that serum triglyceride, free cholesterol, LDL
cholesterol and total bladdery acids volumes increase, while
HDL cholesterol levels decrease in dogs with dirofilariosis.
Similar to the studies, serum triglyceride, VLOL and LDL
cholesteral levels were found higher in dogs with dirofilariosis
than in the healthy dogs in the present study, but the total and
HOL cholesterol levels were found to be low. The increase in
serum triglyceride and VLDL levels in dogs with dirofilariosis
may be related with the lipolysis of fats in the host which
stimulatesthe productionof triglyceridesand VLDL cholesterol
in the liver. And high LDL levels in dogs with dirofilariosis may
be related with the inhibition of LDL enterance to the cells in
organs as a result of the parasite blocking on LDL receptors
(28). The reason why total cholesterol and HDL volumes are
found to be low in the study may be because that cholesterol’s
normal synthesis cannot be provided by hepatosites due to
liver damage that occurred during the disease.

CONCLUSIONS

Parasites which are in dogs that are in close contact with
humans have great importance on the environment and
human health. The canine heartworm disease is a common
zoonotic disease which causes economic losses not only in
Turkey but also all around the world (Cakiroglu ve Meral 2007).

Dirofilariosis is generally asymptomatic. As a result, there
is need for new specific biomarkers for the diagnosis of
the subclinical disease. Before treatment with adulticide,
determination of the cardiac status of the dog for choosing
the appropriate treatment is important (Carretona et al. 2014).
In this study, we determined the PONTenzyme activity in dogs
with dirofilariosis. In conclusion, serum bazal paraoxonase
activity can be used as a biomarker of cardiac damage, like
LDH and CK-MB, in dogs with dirofilariosis.
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