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ABSTRACT
This study aimed to identify seasonal and age related variability in triglycerides (TRI), paraoxonase (PON),
stimulated PON (PON I) and cholesterol (CHOL, HDL, LDL) in extensively reared Lička pramenka sheep. The study
was conducted 30 randomly chosen non-gravid Lička pramenka sheep on an extensive farm, grouped into three age
groups in the Karlovac County, Croatia. Blood was collected by venepuncture of the jugular vein, twice in one year the first sampling in spring (April) and the second in autumn (October). The results showed that age had no significant
effect on any of the investigated indicators, while seasonality significantly affected five out of the six parameters
examined. Significantly higher levels of serum lipid components in autumn can be explained by the influence of the
traditional way of rearing and feeding Lička pramenka sheep. Furthermore, the results of PON I in all three age groups
showed that the sheep are well adapted to the environment and to the rearing system. Future research should be carried
out on higher number of farms, and should include more sheep in order to determine objective benchmarks for serum
lipids and the enzymes connected to those lipids.
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Introduction
The Mediterranean basin is an ancient sheep
habitat and, compared to other species, local sheep
farming is much more significant than in Northern
Europe (SANUDO et al. 1998). In Croatia, as well
as throughout Europe, sheep are bred in many

different systems, depending on the microclimate
of the breeding area, and the purpose of the sheep
or their products (VNUČEC, 2011). The Lička
pramenka belongs to a group of medium-developed
sheep, with high resilience and adaptability, and it
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is a typical representative of one of nine Croatian
indigenous sheep breeds (Grgas, 2014).
Sheep’s serum composition is important for
assessment of the animal’s health status. However,
to be able to interpret collected biochemical data
correctly, the results obtained in the laboratory must
be compared with benchmark or so-called reference
values. Numerous different factors such as species,
breed, gender, age, diet, health, reproduction
and seasonal variations can affect the serum
composition (PERNTHANER et al., 1993; NAZIFI
et al., 2003; YOKUS et al., 2006). Lipid compounds
have ambiguous functions in animal’s bodies, from
physical insulation of the body and serving as a
rich energy source through their metabolism, to
forming the building materials of bio-membranes,
hormones and hormone precursors. Lipoproteins
are macromolecules composed of lipids and
proteins (apolipoproteins) that are soluble in the
majority of body fluids. Their major role in serum is
transportation of lipids from the intestines and liver
to peripheral tissues. In ruminants, the chemical
composition and the rate of secretion of lipoproteins
are among the main factors that control lipid
utilization by tissues and, thereby, the qualitative
and quantitative characteristics of meat production
and milk yield (BAUCHART, 1993). Lipoproteins
have been divided into several main groups:
chylomicrons (CM), very-low-density lipoproteins
(VLDL), low-density lipoproteins (LDL) and highdensity lipoproteins (HDL) (ENGELKING, 2015),
and any major modification in their blood levels can
lead to a variety of clinical disorders (ADAMU et
al., 2008).
Paraoxonase (PON, aryldialkylphosphatase,
EC 3.1.8.1) is an HDL-associated and calciumdependent ester hydrolase that catalyzes the
hydrolysis of many xenobiotics, and its gene
is expressed most in the liver (FERRE´ et al.,
2002; ROZEK et al., 2005). Although the blood
concentration of PON is relatively stable throughout
the lifespan of an individual (MACKNESS et al.,
1998), it is influenced by diet, disease state, and
other environmental factors (COSTA et al., 2003).
These fluctuations are a repercussion of the specific
characteristics of the PONs, as some remain inside
the hepatocyte, and a portion is released into
32

the blood stream where it binds to high-density
lipoproteins (HDL) by coupling with apolipoprotein
A1 (MACKNESS et al., 1998). Paraoxonase in
sheep has been scarcely researched in the normal
physiological status of the animal (KULKA,
2016), as most of the literature sources are related
to some non-physiological life experiences which
include higher levels of stress (DEVECI et al. 2018;
SALAR et al. 2018). Recent studies show that PON
I could have a role as an oxidative stress marker
in veterinary medicine, similar to that in human
medicine (KULKA, 2016).
Due to the difficulties of finding the benchmark
values of several scientifically interesting serum
lipids, lipoproteins and the enzymes connected
to them, the aim of this study was to determine
seasonal and age related variables in triglycerides
(TRI), PON, stimulated PON (PON I) and
cholesterol (CHOL) in extensively reared Lička
pramenka sheep.
Materials and methods
Farm and animals. The research was conducted
on an extensive sheep farm situated in Karlovac
County, central Croatia, (for details see ŽURA
ŽAJA et al., 2019). The herd is composed of 200
sheep and 20 rams of different ages, all of the Lička
pramenka breed. The animals are kept extensively,
grazing in the warmer periods of the year (Spring Autumn) and kept in the barn during winter months,
when they are fed with hay from the surrounding
fields.
Study design and blood collection. The research
comprised 30 randomly chosen non-gravid Lička
pramenka sheep, grouped into three age groups,
with an average body weight of 35 kg. All animals
in the herd were registered with the Croatian
Agricultural Agency and previous to the sampling,
they were clinically inspected to confirm that they
were in good health. Groups were organized as
follows: Group A -one and two years of age; Group
B - three years of age; Group C - four and five years
of age. The sheep were clinically examined, their
welfare was assessed, and their blood was drawn
for further hematological analyses. Blood was
collected by venepuncture of the jugular vein using
vacuum-tubes with EDTA. After the venepuncture
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and blood collection into vacuum-tubes, 500 µL
of blood was separated into micro test tubes (BD
Microtainer® Tube, K2EDTA). The samples were
then stored at +4 °C and processed in the laboratory
on the same day. Blood sampling was done in
April and October 2018. Plasma was obtained by
centrifuging the full blood for 15 minutes at 1500
G using a compact centrifuge HERMLE Z 206A
(Labortechnik GmbH, Germany).
Biochemical analysis. All biochemical analyses
were conducted in the biochemical laboratory of
the Clinical Department for Medical Biochemistry
and Laboratory Medicine, Merkur, Clinical
Hospital, Zagreb, accredited by ISO 15189 through
international guidelines for external quality
assessment.
Triglycerides (TRI) and cholesterol (CHOL)
concentrations were assayed using standard
commercial kits (Beckman Coulter Biomedical
Ltd., O’Callaghan’s Mills, Co. Clare, Ireland) on
an automatic Beckman Coulter AU 680 analyzer
(Beckman Coulter Biomedical Ltd, Ireland).
Triglycerides were measured by the photometric UV
method. Cholesterol was measured by photometrics
with cholesterol oxidase.
Basal (PON) and stimulated (PON I) catalytic
activity of paraoxonase was determined by
the spectrophotometric method on a selective
biochemical analyzer, Olympus AU 600 (Olympus,
Tokyo, Japan) at the Clinical Department for
Medical Biochemistry and Laboratory Medicine,
Merkur Clinical Hospital, Zagreb. The catalytic
activity of the enzyme was expressed in international
units per liter of serum (U/L), and in international
units per mmol of HDL-cholesterol (U/mmol).
Standardization of enzyme catalytic activities
eliminated the possible influence of lipoprotein
particle concentration on enzyme activity.
Ethics. All procedures conducted on animals
used in this research were approved by the Ethical
Committee for Veterinary Science, Faculty of
Veterinary Medicine, University of Zagreb, Croatia
(No.: 640-01/16-17/54; file No.: 251-61-01/139-162) and the Veterinary and Food Safety Directorate,
Ministry of Agriculture, Republic of Croatia (No.:
UP/I-322-01/17-01/31; file No.: 525-10/0529-17-2).
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Statistical analysis. The results were analyzed
using the SAS 9.4 software package (Statistical
Analysis Software 2002-2012 by the SAS Institute
Inc., Cary, USA). Normal distribution of data was
assessed with the PROC TRANSREG module, and
in the case of non-normality, the transformation
of variables was performed (log or exponential
transformation) prior to analysis using the Box-Cox
transformation. The mixed model (PROC MIXED)
was used and the statistical model included the fixed
effects of group and period. The animal effect on
the repeated measurements over time was included
in the model with a compound-symmetry structure.
The multiple-comparison test of the least-square
means with Tukey correction was performed. After
the analysis, the data were back-transformed to the
original values. Correlation analysis was performed
using the module PROC CORR to calculate
Spearman and Pearson correlations. Differences
were considered significant when the p value was
below 0.05.
Results
Although sheep were initially grouped in
three age groups, the results collected showed no
significant differences between the age classes for
any of the preselected parameters (Table 1). For
this reason, further data analysis was done on the
collated results of all 30 sheep, taking only season
into consideration (spring - autumn).
In contrast to age, seasonality had a major
influence on levels of CHOL in sheep serum. The
autumn results were significantly higher than spring
samples. There were no major seasonal differences
recorded regarding TRI levels (Fig. 1).
Further differentiation of CHOL on HDL
and LDL sub variables also showed significant
differences in favor of autumn sampling in both
parameters (Fig. 2).
Fig. 3 shows the differences in levels of PON
and PON I linked to spring and autumn. As well as
the HDL and LDL, the results for PON and PON I
also show significant difference between samplings,
both in favor of the autumn sampling.
Through further statistical analysis of the
obtained results, it was determined that there were
positive correlations between CHOL and all the
other recorded indicators (Table 2).
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231.83
(52.53)
270.30
(95.4)
199.37
(37.63)

PON
0.410
<0.01

331.83
(115.61)
328.70
(63.57)
374.62
(92.99)

PONa
(U/L)
554.5
(171.67)
567.30
(162.35)
500.75
(155.05)

1.70
(1.12)
1.73
(1.23)
1.41
(0.27)

Mean ( ± SD)
2.48
0.38
(0.42)
(0.39)
2.33
0.36
(0.21)
(0.45)
2.33
0.19
(0.39)
(0.05)
0.38
(0.08)
0.39
(0.16)
0.42
(0.14)

0.91
(0.16)
0.90
(0.13)
0.91
(0.17)

PON I
0. 444
<0.01

TRI
0.687
<0.0001

HDL
0.925
<0.0001

Table 2. Correlation coefficient (r) between CHOL and all other recorded parameters

447.91
(92.58)
490.80
(163.06)
385.50
(64.43)

1.49
(0.23)
1.48
(0.16)
1.39
(0.21)

LDL
0.987
<0.0001

0.56
(0.73)
0.63
(0.80)
0.39
(0.14)

1.25
(0.25)
1.12
(0.13)
1.21
(0.23)

PON Is
PON Ia
CHOLs
CHOLa
TRIs
TRIa
HDLs
HDLa
LDLs
LDLa
(U/mmol) (U/mmol) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)

Fig. 1. Difference of seasonal levels of
Triglycerides and Cholesterol (in mmol/L).
Statistically different parameters are marked with
*. (P<0.05)

Fig. 2 Difference of seasonal levels of HDL
and LDL Cholesterol (in mmol/L). Statistically
different parameters are marked with *. (P<0.05)

Fig. 3 Difference of seasonal levels of
Paraoxonase (PON) (U/L) and Stimulated
Paraoxonase (PON I) in U/mmol. Statistically
different parameters are marked with *. (P<0.05).

PON - Paraoxonase; PON I - Stimulated Paraoxonase; CHOL - Cholesterol; TRI - Triglycerides; HDL - High Densitty; ipoproteins; LDL - Low Density Lipoproteins

Parameter
r
P

(s- spring, a - autumn)

GROUP C

GROUP B

GROUP A

Parameter

PONs
(U/L)

Table 1. Seasonal mean values of preselected parameters
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Discussion
Studies of basal physiological indicators in
sheep blood serum are rare, and therefore there is
a serious need to establish benchmarks, since even
the physiological values that have been established
are often only indicative in nature and depend
on many external influences, such as the feeding
or rearing system (YOKUS et al., 2006, SHEK
VUGROVEČKI et al., 2017). Preselected nongravid animals were used as previous research has
confirmed that pregnancy has a significant impact
on serum lipids (NAZIFI et al., 2003), and the
objective of this experiment was only to examine
the influence of age and season on the preselected
parameters.
The results show that age did not significantly
affect any of the investigated indicators, which may
be due to the somewhat small number of animals
used in this research. Thus, in future studies a larger
sample of animals from different farms should be
considered, in order to obtain more certain and
reliable baseline reference values for the monitored
indicators.
In all three groups of sheep, the indicators
CHOL, TRI, HDL and LDL (Table 1) were within
(or very close to) the physiological limits common
to traditional sheep breeds (NAZIFI et al., 2003;
PICCIONE et al., 2009; NJIDDA et al., 2014),
and unlike age, seasonality had a major impact on
almost all the studied parameters, except TRI (Figs.
1-3). For all indicators with significant differences
(P<0.05), all the values were significantly higher
in autumn. This finding is in line with the research
conducted so far in sheep (YOKUS et al., 2006;
SABREEN et al., 2017), and other ruminants
(YOKUS and CAKIR, 2006; TAJIK et al., 2013)
reared in similar, more traditional conditions. The
effect of seasonality on the levels of serum lipid
components can be explained by the influence
of the traditional way of rearing or feeding.
Specifically, sheep in the Lika region traditionally
graze during the late spring and summer months on
nutrient-rich pastures, in a mild climate that favors
the accumulation of proteins, and subsequently
fat (ANTUNOVIĆ et al., 2002). In the winter, in
traditional rearing systems, such as the one used in
this research, feeding is based on voluminous dry
Vet. arhiv 91 (1), 31-37, 2021

fodder, and the quality and nutritional value of such
fodder declines during the winter (HOFFMAN et
al., 1993) and is at its lowest in the early spring.
It is important, therefore, that seasonal variations
must be taken into consideration for the correct
interpretation of serum lipids in sheep.
Paraoxonase in sheep is a rarely researched
enzyme and very often studies are based on
determining PON and PON I levels in relation to
certain pathological conditions (STEFANOVIĆ et
al., 2009; CAO et al., 2017; DEVECI et al. 2018)
rather than a physiological or seasonal parameter.
MIKAIL et al., (2011) found that PON and PON
I levels in sheep differ on the breed level, and
although the levels determined by this study are
similar to their findings, they cannot be objectively
compared. However, although it is not possible to
objectively compare the established levels of PON
and PON I with other sheep breeds, the results
show that PON I in all three groups of studied sheep
was at a physiological level, so it can be argued that
the sheep were well adapted to the conditions and
manner of keeping (MIKAIL et al., 2011; CERON
et al., 2014).
The correlation of cholesterol with all other
monitored parameters is emphasized because
cholesterol is involved in the metabolism of all the
other compounds studied. The positive correlation
that is visible in Table 2 speaks in favour of this, and
indicates that even data on serum cholesterol levels
alone can provide a good insight into the status of
the other parameters monitored, and as such can
contribute to our understanding of the metabolic
status of the animals.
Conclusions
The Lička pramenka is the most common
Croatian breed of sheep, but it is still very difficult
to find the representative, physiological levels of
serum lipids, lipoproteins and paraoxonase in the
current scientific literature. Age had no significant
effect on any of the six monitored blood serum
indicators. Seasonality had an impact on five of the
six monitored indicators in such a way that values
in the autumn were significantly higher than those
measured in the spring.
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The results presented in this paper, as far as
the authors are aware, are the first of their kind,
and will serve in future research. Future research
should be carried out on more farms and a larger
number of sheep in order to objectively determine
the benchmarks of serum lipids and enzymes, and
to enable better interpretation of the results.
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SAŽETAK
Istraživanje je imalo za cilj identificirati sezonske i dobne varijacije triglicerida (TRI), paraoksonaze (PON),
stimulirane paraoksonaze PON (PON I) i kolesterola (CHOL) kod ekstenzivno držanih ovaca pasmine lička pramenka.
Iz Karlovačke županije u Hrvatskoj, nasumično je odabrano 30 ekstenzivno uzgajanih, negravidnih ličkih pramenki,
raspoređenih u tri dobne skupine. Krv je uzorkovana iz jugularne vene, dva puta u jednoj godini – prvo uzorkovanje
obavljeno je u proljeće (travanj), a drugo ujesen (listopad). Rezultati pokazuju da dob ovaca nije znakovito utjecala
ni na jedan istraživani pokazatelj, dok je sezonalnost znakovito utjecala na pet od šest analiziranih pokazatelja.
Znakovito viša razina lipida i lipidnih spojeva u serumu ujesen može se objasniti utjecajem tradicionalnog načina
uzgoja i hranjenja ovaca pasmine lička pramenka. Nadalje rezultati PON I u svim trima dobnim skupinama potvrđuju
da su ovce dobro prilagođene okolišu i sustavu u kojem se drže. Buduća istraživanja trebala bi se provesti na većem
broju uzgoja/farmi i trebala bi uključiti više ovaca kako bi se objektivno ustanovile referentne vrijednosti serumskih
lipida i enzima povezanih s tim lipidima.
Ključne riječi: ovce; lipidi plazme; paraoksonaza; kolesterol; sezonske varijacije; dob
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