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Inna V. Chala', Diana V. Feshchenko!, Oksana A. Dubova', Tetiana I. Bakhur?*,
Oksana A. Zghozinska!, and Vasyl S. Rusak?®

'Department of Parasitology, Veterinary-Sanitary Expertise and Zoohygiene, Faculty of Veterinary Medicine,
Polissia National University, Ukraine

’Department of Parasitology and Pharmacology, Faculty of Veterinary Medicine, Bila Tserkva National Agrarian
University, Bila Tserkva, Ukraine

3Department of internal animal diseases and physiology, Faculty of Veterinary Medicine, Polissia National
University, Zhytomyr, Ukraine

CHALA,L V,D. V.FESHCHENKO, O.A. DUBOVA, T.1. BAKHUR, 0. A. ZGHOZINSKA, V. S. RUSAK:
Changes in the lipid profile of neutered cats’ blood in cases of obesity and diabetes. Vet. arhiv 91, 635-645, 2021.

ABSTRACT

The aim of the present study was to examine the lipid profile, lipid fractions and the lipid peroxidation state in
the blood of neutered cats with obesity and diabetes. Three groups of neutered cats (males and females) were formed
for the study. We compared cats with obesity (7-9 points on a 9-point BCS scale), with obesity complicated by
diabetes, and clinically healthy animals with normal body condition scores (4-5 BCS points). Lipidogram parameters,
fractions of high-density lipoprotein (HDL), low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL),
chylomicrons (CM), lipid peroxidation products (POL) - lipid hydroperoxides (GPL) and malondialdehyde (MDA)
were analysed. In obese cats, a decrease in HDL and phospholipids was observed, and an increase in LDL, VLDL, CM,
triglycerides, and cholesterol. No significant differences in lipid and lipoprotein metabolism between neutered females
and males were found. A tendency towards increasing concentrations of lipoproteins, triglycerides and cholesterol
in males, as well as an increase in phospholipids in females was found. In cats with obesity and associated diabetes,
the ratio of phospholipids: cholesterol was less than one, while in healthy cats - more than one. Obesity and diabetes
initiate POL and increased concentrations of GPL and MDA, which were the highest in the blood of females with
associated pathology.

Key words: cat; obesity; triglycerides; cholesterol; phospholipids; lipid hydroperoxides

Introduction

Obesity in domestic cats has recently become an
urgent problem in veterinary medicine. According
to O'CONNELL et al. (2018), 16-63% of cats 5
years old and more are overweight. The causes
of this pathology are various: keeping animals in
an urban environment (COLLIARD et al., 2009),
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hypodynamia, unlimited access to food, and
sterilization (HOENIG, 2014). Obesity in cats may
be accompanied by concomitant diseases of the
skin, and the urinary and musculoskeletal systems
(ALLAN et al., 2000; BACKLUND et al., 2011;
MARINO et al., 2014).
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Diabetes occurs as an independent pathology or
as a consequence of obesity. According to statistics,
the probability of diabetes developing in an obese
cat is four times higher than in animals with normal
body weight (HENSON and O'BRIEN, 2006;
LOFTUS and WARKSHLAG, 2015). Over the
past thirty years, the number of diabetes cases in
cats at veterinary practices has increased 15 times
(GOTTLIEB and RAND, 2018).

The vast majority of cats with diabetes
associated with obesity are neutered males, where
the change in hormonal status is directed towards
the accumulation of lipids in the fat depot and
reduced protein synthesis (LARSEN, 2017).

Hyperglycemia and hyperlipemia are the
components of a single pathology, known as
metabolic  syndrome (VERBRUGGHE and
BAKOVIC, 2013), in which changes in lipid
metabolism occur (BUTTERWICK et al., 2001;
ZORAN, 2010). Lipids are found in the blood in the
form of lipoproteins - complexes of triglycerides,
cholesterol, phospholipids and stabilizing proteins.
Blood lipoproteins are divided into fractions:
high density lipoproteins (HDL), low density
lipoproteins (LDL), very low density lipoproteins
(VLDL) and chylomicrons (CM) (JERICO et al.,
2009). Cholesterol is contained in each fraction
of the lipoproteins, but its metabolism differs
significantly. Cholesterol from HDL is used to
build cell membranes and synthesizable acids.
LDL and VLDL cholesterol penetrate the intima of
blood vessels and change their structure (reducing
elasticity), causing an atherogenic effect (FORTI
and DIAMENT, 2006).

In the blood of cats, in contrast to humans, the
content of HDL predominates (DEMACKER et al.,
1987). Obesity, diabetes and changes in hormonal
status in neutered cats significantly change the ratio
of lipoprotein fractions, increasing the proportion
of LDL and VLDL. This creates the preconditions
for the development of atherosclerosis and
coronary heart disease (BAILHACHE et al., 2003;
FUJIWARA et al., 2015).

Obesity and diabetes initiate the formation of
reactive oxygen species. Free radicals accelerate
the reactions of lipid peroxidation (POL), the
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formation of lipid hydroperoxides (GPL), and
malonic dialdehyde (MDA). POL is most active the
in cell membranes. Modification of membrane lipids
disrupts the transport of substances, and changes
the cells’ sensitivity to humoral regulators, which
complicates the primary disease (KAWASUMI
et al., 2018). Therefore, the possibility exists that
the findings of this research, the lipid blood profile
in cats, could be used in more comprehensive
assessment of feline patients with diabetes,
influence their therapy or predict its effectiveness.

The aim of the study was to examine changes
in the lipid profile, blood lipid fractions and POL
products in neutered cats of different sexes with
obesity and obesity-associated diabetes.

Materials and methods

Animals and experimental design. The research
was conducted in the laboratories of the Polissia
National University. A total of 30 neutered
domestic cats aged 5-9 years, short-haired breeds
(British and European short-haired, Siamese) or
their crossbreeds were used, which were sent to the
university clinic for routine medical examinations.
The animals were divided into 3 groups on the
principle of: 1) the presence of obesity; 2) obesity +
diabetes; 3) healthy cats (Table 1).

Previously, according to the standard protocol of
the clinical examination, the presence of parasites,
infections and other pathologies in cats was
excluded.

For 14 days before the procedure of taking
representative blood samples, all cats (n = 30)
kept at home were provided with a standardized
diet: canned "Purina Felix Fantastic with chicken
in jelly" food and unrestricted water. Outpatient
observation of the animals was over three days.
The presence of obesity was established after
visual-analogue evaluation of body parameters on
a 9-point BCS scale.

Serum and plasma samples. Blood samples were
taken from the animals from the Vena cephalica
antebrachii on an empty stomach two days in a
row, starting from 14 days after the formation of the
experimental groups. The duration of fasting was
12 hours.
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Table 1. Division principles of experimental animals into groups

Group
Experimental A Experimental B
(obesity) (obesity+diabetes) Control C (healthy)

Diagnostic parameters n=10(5 2+53) n=10( 2+53) n=10(5 2+53)
BCS 7-9 7-9 4-5

Glucose, mmol/L 42-6.3 7.9-18.3 3.9-6.1
Serum | Fructosamine, mmol/L 210-345 420-560 190-339

Creatinine, pmol/L <140 140-160 <140

Glucose negative positive negative
Urine Protein negative positive negative

Ketone bodies negative negative negative

Note: BCS-body condition score is 9 points

Blood samples were taken in vacuum tubes with
an EDTA stabilizer, and the resulting plasma was
immediately cooled to 4 °C. Plasma samples were
used to determine the concentration of lipoproteins
and their fractions, GPL and MDA.

Serum samples were used to determine the
concentration of glucose, fructosamine, creatinine,
cholesterol, phospholipids and triglycerides.

Urine samples. Urine samples were taken in the
morning before feeding using a urethral catheter
for cats 1 x 130 mm (Kruuse, Denmark), and
the standard volume was used for the study. The
presence and content of glucose, protein, ketone
bodies in the urine were determined using H11-
MA Urine Strips (Dirui Industrial Group Co., Ltd,
China).

Analytical procedures. Glucose and fructosamine
concentrations were determined in serum samples
to confirm diabetes mellitus. Creatinine content was
determined in serum samples to detect concomitant
chronic renal pathology.

Most of the cats admitted to the study had
creatinine levels consistent with healthy animals.
Some individuals reached values of 160 umol/L,
corresponding to the stage of mild azotemia,
according to the IRIS classification (International
Renal Interest Society). To determine the fractions
of lipoproteins, plasma samples were centrifuged in
a solution with a density of 1.063 g/mL. The LDL
were precipitated with heparin and manganese
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chloride. The HDL remained in solution, and
CM formed a film on the surface, which was
removed. Lipoprotein fractions were separated by
differentiated polyacrylamide gel electrophoresis
with a pH of 8.9. Three layers of gel with a PAAG
concentration of 10, 5 and 3% were used to separate
the lipoproteins.

The GPL concentration was determined using
a Mapoda UV-1800 spectrophotometer (Shangai
Mapoda Instruments Co., Ltd, China) (wavelength
A =232 nm, UV spectra). The plasma lipid fraction
was extracted in isopropanol-heptane (1:1) for one
hour, the mixture was acidified with hydrochloric
acid and distilled heptane was added.

The concentration of MDA (TBA-active
product) was also determined in the plasma
spectrophotometrically (wavelength A = 550 nm).
A mixture of plasma samples with orthophosphate
and thiobarbituric acids (0.5%) was preliminarily
incubated in a water bath, cooled, then n-butane
was added and it was centrifuged.

The concentration of glucose, total cholesterol
and creatinine was determined using a semi-
automatic biochemical analyser Chem 7 (Erba,
Czech Republic) with a line of reagents from DAC
(Republic of Moldova).

The concentration of triglycerides was
determined by an enzymatic colorimetric method
(PAP) using a set of reagents from the company
"Diagnosticum" (Hungary), "Triglycerides PAP".

637



I. V. Chala et al.: Changes in the lipid profile of neutered cats’ blood in cases of obesity and diabetes

The concentration of phospholipids was
determined by extraction of the lipid fraction with
isoamyl alcohol, and subsequent mineralization.
Inorganic  phosphorus in interaction with
ammonium molybdate forms phosphomolybdic
acid, the optical density of which was measured at
a wavelength of A = 630 nm.

The concentration of fructosamine was
determined by a set of reagents from Sentinel
(Italy), Fructosamine 17350HS and Fructosamine
Ctrl, 16353.

Statistical evaluation of the results. The
results obtained were statistically processed using
Statistica 13.3 software, the data were checked for
normal distribution using the Distribution Fitting
module. We determined the arithmetic mean, the
standard error of the mean, and as in the studies n
= 10, the calculations were performed according
to the formulas for a small sample. To assess the
equality of regressions, Fisher's test (ANOVA) was
determined for a significance level of 0.05. To test
the hypothesis of consistency between the indicators
of healthy animals and animals of the experimental
groups, 2 (Pearson's consistency criterion) was
determined for a significance level of 0.05.

Results

Analysis of the plasma lipoprotein spectrum of
healthy neutered cats (Control group C) showed that
the concentration of HDL exceeded other fractions
of lipoproteins; the lower the density of lipoproteins,
the lower the values of their concentration (Table
2). In males, the concentrations of all lipoprotein
fractions were higher than in females (P>0.05)
(Fig. 1-4). Also in healthy males, the concentration
of triglycerides and cholesterol was slightly higher
than in females. However, the concentration of
phospholipids and their ratio to the cholesterol were
higher in females (P>0.05) (Table 3, Fig. 5).

In cats with obesity and associated diabetes
(groups A and B), the concentration of all fractions of
lipids (triglycerides, cholesterol and phospholipids)
was higher than in healthy animals (group C).

The content of POL products in sick cats of both
experimental groups exceeded those in the control
group, where the concentration of GPL and MDA
was lower in males compared to females (P>0.05)
(Table 4).
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In obese cats (group A) compared to healthy
animals, some changes in the concentration of the
lipoprotein fractions were observed. In particular,
the concentration of HDL was lower than that
of the control analogues and the differences
were statistically significant by the criterion y2
(P<0.05). The concentration of other lipoprotein
fractions in obese cats had increased compared to
that in the control animals. The degree of increase
in the content of different fractions varied. The
most significant differences were found in the
concentrations of CM and LDL (P<0.05). The
difference in the concentration of VLDL in males
and females of group A differed significantly from
the corresponding values in the control. However,
comparisons of VLDL concentrations between
groups A and C (males + females) showed high
variance (P>0.05) (Table 2). In general, in obese
males, the concentrations of all the studied fractions
of lipoproteins exceeded those in females (P>0.05).
The largest differences were found in the content of
VLDL, the smallest in the content of CM (Fig. 1-4).

Also, in obese cats there was an increase in
the concentrations of cholesterol (P>0.05) and
triglycerides (P<0.05), as well as a decrease in the
concentration of phospholipids (P>0.05) (Table 3).
Males in group A had higher cholesterol content
and lower content of phospholipids compared to
the females. Such changes significantly affected the
ratio of phospholipids to cholesterol. In general, in
the group it was less than 1 and half as much as
in the animals in the control group C (P<0.05). In
males, this ratio was lower than in females (P>0.05)
(Fig. 5).

The concentration of GPL and MDA in obese
cats was higher than in healthy cats (P>0.05). A
significant increase in the concentration of MDA
was recorded in females in group A, compared
with the control analogues (P<0.05). In females,
the concentration of both POL products was higher
than that of males (P>0.05) (Table 4).

In cats with obesity and diabetes mellitus (group
B), the concentration of HDL was lower than in
group A and the control (P>0.05). But in females in
group B this indicator slightly exceeded the value
in males (P>0.05).
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Table 2. Lipoprotein concentrations of various densities in the blood plasma of cats, mg/100 mL, M + m

Group of animals HDL x 10 LDL VLDL CM
n=10 383+ 131" 81.6£3.05" 34.1+£2.54" 14.5+1.52"
Experimental A d.n=5 39.7+ 1.69 864+334° | 362+1.58" 14.8 = 1.0°
(obesity) Q.n=5 36.2+2.07 74.9 £4.58 31.14+2.74" 142 +1.87
n=10 36.8+1.41" 84.8 £+2.86™ 37.4+392" 13.4+1.91*
Experimental B d.n=5 34.6 +3.39" 87.7+4.46 39.9+£3.20" 12.9 +1.59"
(obesity+diabetes) Q.n=5 39.0 £ 1.26' 81.9+4.02 34.8 +3.90™ 13.9+1.22*
n=10 40.8+1.33 70.1 £3.07 28.5+1.15 8.0+ 0.86
Control C d.n=5 41.6 £1.83 72.5+£4.70 309+ 1.06 89+1.24
(healthy) Q.n=5 39.9+2.32 68.4+4.52 25.3+£2.31 69+1.17

# - statistically significant difference between the indicators of the control and experimental groups according to the Fisher criterion;
P<0.05; * - the difference between the indicators of the control and experimental groups for y? is significant at P<0.05

Table 3. The cats’ serum lipid fractions, M + m, mmol/L

Group of animals Cholesterol Triglycerides Phospholipids
. n=10 3.82 £ 0.466 123+0.109 221+0238
Z’g’e:‘tl;l)emal A d.n=5 402+ 0378 123+ 0.092 2.04+0.198
O.n=5 3.54 4 0.307 123+ 0.208' 2,43+ 0.230
. n=10 3.73£0.197 1.62+0.164" 27540121
;Eo’gfsri‘t‘;‘fé‘it:éges) d.n=5 3.79+0312 1.63+0.174 2.66+0210
O.n=5 3.68 40313 1,60+ 0.123 2.83+0.159
n=10 247+ 0352 0.67 £ 0.078 2.82+0.567
fiféﬁﬁﬁly)c dn=5 266+ 0212 0.73 £ 0.048 2.80 + 0268
O.n=5 222015 0.58 + 0.048 28440118

* - o* for indicators of control and experimental groups is more than critical if P<0.05; # - statistically significant difference between
the indicators of the control and experimental groups according to the Fisher criterion P<0.05

Table 4. Concentrations of GPL and MDA in the plasma of cats, M = m

Group of animals GPL, units MDA, pmol/L
' n=10 3.72+0.457 276 +0.191
i’;iesri‘gl)emal A d.n=>5 3.54 + 0.254 2,63+ 0247
0.n=5 3.89 + 0.266 2.88 + 0,343

_ n=10 4.82 + 0262V 332+ 0360"
iﬁ:ﬁ;ﬁg ges) d.n=5 452+ 0428 3.09+ 0.589'
O.n=5 5.12 + 0.403 3.55+0.532
n=10 3.04 + 0239 1,55+ 0.080
&%‘;ﬁﬁ;c d.n=5 286+0416 1.40 + 0.066
O.n=5 3.12+0.208 170+ 0.129

# - the difference between the control and experimental; " - the difference between the experimental groups according to the Fisher

criterion is significant at the level of P<0.05
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In animals with associated pathology, the
content of LDL and VLDL fractions exceeded
that of healthy cats (P<0.05) and cats from group
A (P>0.05). In females, the content of LDL and
VLDL was higher than that of males (p>0.05). The
concentration of CM in cats in group B was higher
than that of healthy cats (P<0.05) and lower than
in cats with only obesity from group A (P>0.05)
(Table 2). In females of group B the concentration
of CM was higher than in males, and twice as high
as in healthy females in group C (P<0.05) (Fig. 4).

In the study of lipid fractions in the cats in group
B, it was found that the cholesterol content of
obese and diabetic animals was in an intermediate
position: its concentration was just higher than in
healthy animals and lower than in cats with obesity
(P>0.05). The concentration of cholesterol in
group B was slightly higher in males compared to
females (P>0.05). However, there was a significant
difference between females in groups B and C
(P<0.05). The content of triglycerides in cats in
group B exceeded that in groups A and C (P<0.05). In
males with associated pathology, the concentration
of triglycerides exceeded that of similar females
and healthy males from group C (P<0.05) (Table 3).
The concentration of phospholipids in the members
of group B was lower than in the control group and
higher than in cats in group A (P>0.05). Females
were characterized by slightly higher values of
phospholipid content than males (P>0.05).

The ratio between phospholipids and cholesterol
in the blood of cats in group B also had intermediate
values: less than in group C (P<0.05) and more than
in group A (P>0.05). The values of this coefficient
almost did not differ at all between animals of
different sexes (Fig. 5).

The concentration of GPL and MDA in cats
in group B was the highest among the studied
animals (Table 4), and differed significantly from
the indicators of groups A and C (P<0.05). Higher
values were measured for both parameters in group
B for females than for males (P>0.05). A significant
difference in the value of the concentrations of GPL
and MDA was recorded between females in groups
B and C (P<0.05).
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Discussion

The lipid and lipoprotein profiles of healthy
neutered cats. A specific feature of Felis silvestris
catus (Linnaeus, 1758) is the dominance of the
HDL fraction in the lipid profile (DEMACKER
et al., 1987). The present study showed that, even
after neutering cats, HDL does not lose its dominant
position. In healthy neutered males, the content of
all lipoprotein fractions was slightly higher than in
females.

Males also tended to have higher triglyceride
and cholesterol levels, with a significant increase
in VLDL. Probably the intensive synthesis of
these metabolites by de novo enzyme systems is
characteristic of the neutered cat’s body (USUI et
al., 2015).

In females, a predominant concentration of
phospholipids was noted. These differences were
recorded within the statistical error. The rather
low level of atherogenic process development
in neutered cats was evidenced by the high
ratio of phospholipids to cholesterol (ALLAN
et al.,, 2000, COLLIARD et al, 2009). After all,
phospholipids play an important role in stabilizing
lipoprotein membranes, transporting cholesterol
and its inclusion in subsequent metabolic processes
(SHOVELLER et al., 2016). The low concentration
of POL products (GPL and MDA), with higher
values in females, indicates the absence of marked
oxidative stress in the body of sexually inactive
animals (CHALA et al., 2018, PRASENIJIT and
SUSHIL, 2015).

The lipid and lipoprotein profiles of neutered
cats with obesity. Obesity is a risk factor for cats
after being neutered (LARSEN, 2017), as it not
only causes the accumulation of triglycerides in the
fat depot, but also leads to significant changes in
all parts of the metabolism (ZORAN, 2010). In the
experiment, obesity caused a slight decrease in the
concentration of HDL in the cats’ blood. This may
have been due to a decrease in the concentration
of phospholipids, which make up a significant
proportion of HDL (FORTI and DIAMENT,
2006). The concentrations of LDL, VLDL and CM
fractions, in contrast, exceeded those of healthy
cats. These data are consistent with other studies
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(BAILHACHE et al., 2003; JORDAN et al., 2008).
The degree of increase in the concentration of
fractions correlated with a decrease in their density,
which is a sign of arecorded increase in triglycerides
in the blood of obese cats (WATSON, 1996). The
maximum difference between healthy and obese
cats was observed in the CM content. This fraction
of lipoproteins consists of 85% triglycerides and
serves as a transport medium in tissues (JEUSETTE
et al., 2005). CM is also rich in cholesterol and its
esters (TAKAHARA et al.,, 2013). Thus, obese
cats had an increase in lipoprotein fractions rich
in triglycerides and cholesterol. The concentration
of cholesterol was the highest among all studied
groups of animals, but the ratio of the phospholipid
concentration to cholesterol was minimal. The data
obtained correspond to the results of HOENIG et
al. (2003).

In obese males the concentration of all
lipoprotein fractions was higher than in females.
However, these differences are not the same for
different fractions: HDL values differed the least.
Quite significant gender fluctuations were observed
with respect to LDL and CM concentrations,
and the Ilargest with respect to VLDL. No
gender differences were observed in triglyceride
concentrations, but cholesterol levels in obese males
were higher than in females. The results obtained
require further research because BUTTERWICK
et al. (2001) determined that the concentration of
cholesterol was influenced more by the age of the
animal than by sex. At the same time, the current
study corresponds to the data of TARKOSOVA
et al. (2016), who claimedthat it is overweight
which determines the metabolism of cholesterol
and triglycerides. The data of these researchers are
consistent with our results regarding the increased
concentration of POL products in obese cats of both
sexes, compared with healthy animals. Moreover,
the intensity of the accumulation of GPL and MDA
is more dynamic in females.

The lipid and lipoprotein profiles of neutered
cats with obesity and diabetes. Overweight cats
are often prone to developing diabetes (FEITOSA
et al.,, 2016; CHANDLER et al., 2017). Obesity
leads to functional changes in the endocrine
system, which reduces the sensitivity of cells to
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insulin and reduces its synthesis (BAILHACHE et
al., 2003; VERBRUGGHE and HESTA, 2017). In
terms of pathophysiological changes, the clinical
signs of diabetes in cats are similar to type 2
in humans (HOENIG, 2012; HOENIG, 2014).
According to our findings, the blood of obese cats
with associated diabetes mellitus is classically
dominated by the HDL fraction, and the share of
"atherogenic" fractions of LDL and VLDL were
the lowest of all lipoproteins. These phenomena are
more characteristic of females. At the same time,
the concentration of VLDL in cats with compatible
pathologies exceeded that in healthy cats by almost
a third. The priority content of lipoprotein fractions
with a high content of triglycerides and the so-
called "bad" cholesterol indicates the progressive
accumulation of dangerous cholesterol fractions
due to the development of diabetes (MORI et al.,
2011; MORI et al., 2015). Cholesterol metabolism
disorders are an additional stress for the liver and
other organs (JORDAN et al., 2008; HOENIG et
al., 2010). Importantly, the gender differences in
LDL were smaller than in obese cats, and slightly
greater than in healthy ones. It is possible that
disorders of carbohydrate metabolism partially
compensate for the changes caused by the decrease
in the concentration of sex hormones.

The observed decrease in the CM in cats with
complicated diabetes, compared to cats with only
obesity, may be associated with inhibition of
intestinal triglyceride resynthesis in conditions
of insulin deficiency. Due to the disruption of the
incorporation of triglycerides into the adipose
tissue, their total amount in the blood of cats with
diabetes exceeded the results in the other groups.
The concentration of the CM in females was slightly
higher than in males.

The elevated levels of phospholipids in the
blood of obese and diabetic cats may be due to an
increase in the proportion of lysophospholipids, as
reported by GOTTLIEB and RAND (2018). The
concentration of triglycerides was also the highest
among the studied animals. These data, together
with the results of lipoprotein analysis, indicate
possible disturbances in the hepatic transformation
of LDL and VLDL, and a high risk of atherogenic
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events due to diabetes. Similar findings were
presented by HENSON and O'BRIEN (2006).

Females with diabetes had a higher content of
phospholipids in their blood than the analogous
males. In contrast, males had greater concentrations
of triglycerides and cholesterol. Such changes
indicate the reduced intensity of phospholipid
metabolism in neutered males (HOENIG et
al., 2003). However, the significant variance of
these indicators does not allow us to draw an
unambiguous conclusion about gender differences
in the fractional distribution of lipids.

Diabetes mellitus in cats exacerbates the
pathological changes in lipid metabolism caused at
the stage of obesity (PAZAK etal., 1998; OKADA et
al., 2017). However, the differences between obese
animals and individuals with obesity complicated
by diabetes are smaller than between healthy and
obese cats. This may indicate certain adaptive
mechanisms that occur in obese animals, because
diabetes has developed as a secondary pathology
(TARKOSOVA et al., 2016; PHILIPS et al., 2017).

Excess glucose and lipids are considered to be
one of the leading factors that cause dysfunction
of pancreas [B-cells (PRASENJIT and SUSHIL,
2015). Insulin-synthesizing cells are characterized
by a limited set of genes to encode the expression of
the antioxidant system’s components (DE GODOY
and SWANSON, 2014). The consequence of such
changes is the intensification of the formation of
reactive oxygen species and the development of POL
(PRASENIJIT and SUSHIL, 2015). In the present
study, the combined course of obesity and diabetes
led to an increase in the concentration of POL
products (GPL and MDA). Cats with an associated
pathology had the highest values of both indicators,
which differed significantly from healthy animals
and cats with obesity but without diabetes. In
contrast to lipid fractions, the concentration of POL
products was higher in females than in males. Thus,
obesity associated with diabetes leads to ultra-high
intensity of POL. Some studies show that modified
forms of lipids, in particular fatty acid peroxides,
lead to pathological changes in membranes and the
development of ischemic pathology (MORI et al.,
2015).

Vet. arhiv 91 (6), 635-645, 2021

Conclusions

The results of this study show that the blood of
neutered obese cats is characterized by increased
concentrations of LDL, VLDL, CM, triglycerides
and cholesterol, but reduced levels of HDL and
phospholipids. Diabetes mellitus, as a secondary
pathology, did not exacerbate the existing disorders
in the lipid profile of cats, recorded at the stage
of obesity. The exception is the increasing
concentration of triglycerides, which indicates a
violation of their metabolism with the development
of diabetes. These changes in males were more
intense than in females. Obesity and diabetes
intensified the POL processes. These pathologies led
to the accumulation in the blood of POL products:
GPL and MDA. Maximum concentrations were
found in obese females with associated diabetes
mellitus.
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SAZETAK

Cilj ovog rada bio je istraziti lipidni profil, lipidne frakcije i lipidnu peroksidaciju u krvi ster-iliziranih pretilih

macaka s dijabetesom. Za istrazivanje formirane su tri skupine steriliziranih macaka (muZzjaka i zenki). Usporedene
su pretile macke (7 — 9 bodova na BCS ljestvici od 9 bodova) s onima u kojih je pretilost komplicirana dijabetesom
te klini¢ki zdravim zivotinjama s normalnim tjelesnim pokazateljima (4 — 5 BCS bodova). Analiziran je lipidogram,
frakcije lipopro-teina visoke gustoce (HDL), lipoproteina niske gusto¢e (LDL) i lipoproteina vrlo niske gustoce
(VLDL), kilomikroni (CM), produkti lipidne peroksidacije (POL) — lipidna hidroperoksidaza (GPL) i malondialdehid
(MDA). U pretilih je macaka uocen snizen HDL i fosfolipidi te povisen LDL, VLDL, CM, trigliceridi i kolesterol. Nije
bilo znakovite razlike u metabolizmu lipida i lipo-proteina izmedu kastriranih Zenki i muzjaka. Uocena je sklonost
porastu koncentracije lipopro-teina, triglicerida i kolesterola u muzjaka kao i porast fosfolipida u Zenki. U pretilih
macaka s dija-betesom omjer fosfolipida i kolesterola bio je manji od jedan, dok je u zdravih macaka bio veéi od jedan.
Pretilost i dijabetes poti¢u lipidnu peroksidaciju i povecavaju koncentraciju GPL-a i MDA-a, koja je najveéa u krvi
zenki s tom patologijom.
Kljucne rijeci: macka; pretilost; trigliceridi; kolesterol; fosfolipidi; lipidni hidroperoksidi
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