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Abstract: In this study, the activity of paraoxonase 1 (PON1) in various cattle races in different age groups was investigated. PON1 is
capable of hydrolyzing organophosphate agents of pesticides that are amongst the most significant stress sources for farm animals. PON1
can also hydrolyse nerve gases and can protect the organism against lipid peroxide formations that occur as a result of oxidation of LDL.
The cattle races in the study were separated into 3different age groups of young (0 to6 months), middle-age (6 months to 4 years) and old
(4 years of age and above), and 5 mL of blood sample was collected from each animal to analyse and determine their PONI activities.
The statistical analyses were then performed. Based on the knowledge that the animals with high PON1 enzyme activity would have
higher adaptation capabilities for regions that are being sprayed with pesticides compared to animals with low PON1 enzyme activity,
the possibility of using PON1 activity tests as a potential precharacterization study for marker assisted selection (MAS) was investigated.

The results have revealed that PON1 enzyme activity could be used as a biomarker for determination of pesticide resistance.
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1. Introduction

Due to the limited amount of agricultural production
area available, animals are being rehabilitated to get
the maximum performance from each animal with
expectations to be able to meet the increasing nourishment
needs of humanity [1]. Fast and accurate estimations of
existing animal husbandry data are essential to be able
to increase future product performances in agriculture
and livestock practices [2]. Since the 1990s, phenotype
and parent information of the animals have been used to
estimate their breeding values, and all genetic progress was
achieved based on the phenotypic selection of animals for
breeding purposes [3].

Genetic improvements of efficiency characters of
farm animals take place very slowly due to (a) certain
efficiency features being only measurable for lof the
sexes, (b) expression of numerous genes being obtained
by the sum of their effects, and (c) major impact of
environmental effects on the quantitative characters. This
situation reduces the accuracy of genetic evaluations as
well. Furthermore, generation range gets longer and the
rate of genetic improvement slows down due to the fact
that productivity qualifications can only be measured on
adult animals [4].
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The possibility of utilizing genome analysis to provide
faster genetic progress on productivity characters has
been investigated in recent years. Genome analyses are
performed in 3major types as structural, functional,
and comparative analyses. Functional genomics studies,
biological functions of genes, and the formations and
products thereof [5].

Genes in a cell give directions to the interior systems
of the cell to perform their functions. Various biochemical
events occur in the cell as a result of these directions.
Metabolites arise from these biochemical events. A
phenotype for the aforementioned features can be
presented by revealing their relationship with the diseases,
efficiencies, and their adaptation.

Factors that affect the appearance of metabolites must
be fully determined in order to be able to use them in
selection studies. The factors that affect metabolites are
generally the species, race, age, productivity period, and
health conditions of the animals.

Metabolomics can be used as biomarkers for some
diseases. The relationships between the metabolites and
the productivity performances of animals, their adaptation
capacities, and their resistance to diseases were identified,
and the potential use of metabolites on selection studies was

This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0002-7882-9586
https://orcid.org/0000-0001-8281-3838
https://orcid.org/0000-0002-6857-4380

ARSLAN et al. / Turk J Vet Anim Sci

investigated. Productivity performances of farm animals
are generally controlled by the genetic configurations and
the environmental factors. Animal breeders try to provide
suitable environmental conditions for animals to get the
maximum amount of yields from them. While certain
environmental factors can be controlled, others cannot be
[2]. This is particularly important considering the fact that
each and every environmental factor causes a certain level
of stress on animals [1].

One of the important stress sources for animals is the
pesticide use in the fight against agricultural pests. These
pesticides enter the metabolisms of the animals either
directly or through their feeds. It has been estimated
that only 0.015% -6% of the applied pesticide reaches
the targeted pests, whereas the remaining 94%-99.9%
just contaminate the environment, the soil, and other
untargeted organisms [6].

Harmful effects of pesticides on organisms can be
classified into 2groups as acute and chronic effects.
Acute reactions can vary from slight allergies to death.
Chronic effects include; neurotoxicity, behavioural
disorders, reduced breeding and fertility, and mutagenic,
teratogenetic, and carcinogenic effects [7,8].

Paraoxon is a catabolic output of the parathion
compound, which in turn is a pesticide used to increase
agricultural productivity. Paraoxon initially inhibits
the activities of acetylcholine esterase and certain other
enzymes that play important roles in nerve impulse
transmitting. That being said, organisms have already
developed defense systems for most of these effects.
One such defence mechanism is the paraoxonase (PON)
enzyme. This enzyme eliminates the harmful effects of
paraoxon by hydrolysing it [9]. PON enzyme also has a
certain degree of antioxidant activity [10,11]. It has been
suggested that on cattle, factors like race, age, productivity
period, and health issues can cause changes on PONI1
enzyme activity [12,13,14].

By presenting PONI1 enzyme activities of cattle
with different race and age properties in this study and
considering the data obtained from previous studies
regarding the higher resistance profiles of some animals
with high PONI activity against certain diseases and
organophosphate poisoning, this study aims to investigate
the opportunities for performing genomic analyses using
functional genomics method to determine adaptation
capabilities and disease resistance of the animals, and
provide a precharacterization study for future marker-
assisted selection (MAS) studies.

2. Materials and methods

2.1. Material
Holstein, Jersey, and Simmental race animals were used
as study materials, considering their high productivity

performance and field utilization. Three age groups were
created for each race as young (0 to 6 months), middle age
(6 months to 4 years) and old (4 years and above). A total
of 54 cattle were used, each group having 6 cattle. 5 mL
blood was taken from the tail veins (V. coccygea) of young
cattle, and from the jugular vein (V. jugulars) of others.

2.2. Method

Blood samples were centrifuged with 5000 rpm in +4 °C
for 10 min, after which the serum collected on the top was
collected into falcon tubes using a dropper. These were
then kept in -70 °C until the activities were measured.

Buffer solution (850 pL), 100 uL paraoxon solution,
and 100 puL serum were added together rapidly, and
absorbance taking place in 1 min in 37 °C on 412 nm
was measured. The same process was repeated without
the enzyme and the difference was determined as the
unit enzyme performance. One unit of paraoxonase was
determined as nmol of p-nitrophenol occurring in a single
minute.

In the statistical analysis, the comparisons between
race and age groups were performed using Univariate
Analysis of Variance method. Duncan test was utilized as
the multiple-comparison test. SPSS 23 package software
(IBM Corp., Armonk, NY, USA) was used to perform the
statistical analysis.

3. Results

3.1. PONI activity in young cattle group

Holstein, Simmental, and Jersey young cattle between
0 and 6 months of age, and their PON1 enzyme activity
values are presented in Table 1 with average value, standard
deviation, standard error, and minimum and maximum
values.

When Table 1 is inspected, it can be seen that the
PONI1 enzyme activities of Holstein, Jersey, and Simmental
races were determined as 114.24, 450.80, and 482.53,
respectively. Statistical difference between the mentioned
groups was verified to be significant (P < 0.01). It can be
understood from in multiple comparisons that, the reason
for the variation is raised from the lower PON1 enzyme
activity of Holstein race compared to the other races.

3.2. PONI activity in middle age cattle groups

Middle age cattle groups consisted of animals between 6
months and 4 years of age, and their data are presented in
Table 2 as an average value, standard deviation, standard
error, and minimum and maximum values.

When Table 2 is inspected, it can be observed that
middle age Holstein animals had an average activity
of 19.60, while Jerseys had an average of 264.73, and
Simmental had an average of 200.25. Although the PON1
activity of Jersey race in the middle age group was higher
than the other groups, this difference was determined to
be statistically insignificant.
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Table 1. PON1 activity in young age groups (U/L).

0 to 6 months | Average zliriliai:i iizfard Minimum Maximum
Holstein 114.24° 26.19 10.69 63.64 133.33
Simmental 482.53° 148.06 34.90 236.84 702.20
Jersey 450.80° 246.17 71.06 213.41 926.67

F value 10.19**

P < 0.01, > Values with different letters in the same column were found to be different from

each other (P < 0.01).

Table 2. PON1 enzyme activity in middle age groups (U/L).

6 months to Standard Standard .. .
Average - Minimum Maximum
4 years deviation error
Holstein 193.60 86.44 35.29 91.78 347.14
Simmental 200.25 97.29 22.93 86.90 393.88
Jersey 264.73 76.69 22.14 134.43 387.50
F value 2.208 -
- P>0.05.

3.3. PONI activity in old age cattle groups

Old age was determined as 4 years and above. Values
are presented in Table 3 as average, standard deviation,
standard error, minimum and maximum.

As can be seen in Table 3, the average activity value for
the old Holstein group was found to be 125.41, whereas
old Jersey group had an average value of 270.25, and
old Simmental group had an average value of 104.53.
PONI activity of old Jersey group was found to be higher
compared to the others and this difference was statistically
significant (P < 0.01).

3.4. PONI activity according to age groups
Age groups compared to each other, regardless of race and
values are given in Table 4.

As Table 4 is inspected, it can be seen that PON1
activity values of young groups had an average of 349.19,
while middle age group had an average of 219.53, and old
age group had an average of 166.73. Although the average
value for young cattle was found to be higher compared
to the other age groups, multiple comparisons revealed
that the difference was caused by the low activity value of
PONT in the old age group.

3.5. PONI1 activity according to race groups

Values of PON1 activity based on race are presented in
Table 5 with average value, standard deviation, standard
error, and minimum and maximum values.
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Average values for Holstein, Simmental, and Jersey
races are shown in Table 5. The average value for the
Holstein race was found as 144.42, whereas the average
value for the Simmental race was 262.44, and the average
for the Jersey race was 328.59. As can be seen, the Jersey
race has an advantage in terms of average PONI1 activity
over the other races. The difference between race groups
was found to be statistically significant (P < 0.01).

3.6. Correlation and regression values between age and
PONT activity

Correlation ratio between PON1 activity and age of cattle
with different ages were found as -0.408. This value is
considered to be moderately negative and is statistically
significant with a level of P < 0.01. According to this result,
as age increases, PONI1 activity decreases in a significant
manner.

Regression ratio between different ages and PON1
activity was found as 0.430. In this study, the PON1
enzyme activity level was found to decrease by -91.229 for
each 1 year of age increase, and the regression ratio was
found to be statistically significant.

The age regression equation of PON1 = 427.608-
91.229* was obtained to describe the relationship
between age and PON1 enzyme activity. Furthermore, R?
(determination ratio) was found to be 0.185. This value
indicates that 18.5% of PON1 enzyme activity change was
based on the age of the cattle.
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Table 3. PONI1 activity values in old cattle races (U/L).

4 years and Standard Standard . .
Average . Minimum Maximum

above deviation error

Holstein 125.41° 47.32 19.32 71.43 202,44

Simmental 104.53° 14.43 3.40 88.24 133,33

Jersey 270.25° 128.03 36.96 87.71 441,67

F value 17.601"

“P < 0,01, **Values with different letters in the same column were found to be different from

each other (P < 0.01).

Table 4. PON1 activity according to age groups (U / L).

Age groups Average 222;1321 i;::;iard Minimum Maximum
0 to 6 months 349.19* 237.73 56.03 63.64 926.67

6 months to 4 years | 219.53° 91.35 21.53 86.90 393.88

4 years and above 166.73" 108.54 25.58 71.43 441.67
Chi-square 8.937"

“P <0.01, *®Values with different letters in the same column were found to be different from each other

(P < 0.01).

Table 5. PON1 activity based on race groups (U/L).

Race groups | Average Zz?ijgi ::gfard Minimum Maximum
Holstein 144.42° 66.03 15.56 63.64 347.14
Simmental 262.44" 194.41 45.82 86.90 702.20
Jersey 328.59* 186.34 43.92 87.71 926.67
Chi-square 14.07"

“P < 0.01, **Values with different letters in the same column were found to be different from

each other (P < 0.01).

4. Discussions

Numerous studies about organophosphate toxicity or
disease sensitivity were presented only as polymerase chain
reaction (PCR) based nucleotide polymorphism studies
(QI192R, L55M, C-108T). Although this analysis method
is more informative, direct measurement of PON1 enzyme
activity as functional genomics analysis also indicates
the amount of all polymorphisms that may influence
the activity. On the other hand, enzyme determination
with paraoxon and diazoxon PONI1 enzyme substrates
can be carried out with higher efficiency [15,16]. As the
PONI1 enzyme activity increases, its protective effect
against organophosphate poisoning also increases. It is

thereby very important to determine the PON1 enzyme
activity in a given population [15,17,18]. Even though
PON1 and SNP amounts can be determined for each
individual animal, these alone are not enough to provide
accurate information regarding the PONI activity and its
effectiveness on that particular individual animal. In other
words; an enzymatic analysis with 2 substrates is required
to reveal exact PONI levels and its functional efficiency
[19]. Factors affecting PON1 enzyme activity should
be revealed to be able to use the results of this study as
biomarkers. PON1 enzyme activity is influenced by factors
like race, species, sex, health condition, and animal welfare
[20,21].
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The effects of race and age on the PONI enzyme
activity of cattle were determined in this study. Average
PONI1 activity value for the Holstein race was determined
as 144.42. This value is higher compared to Holstein
race dry (97.17) and the postpartum period (83.17)
average PONI activities and as well as the peak lactation
period’s (90.93) determined by Kulka et al. [22]. On the
other hand, this value is lower compared to Holstein-
Friesian (178.69), Polish Red (168.54) and Norwegian
(145.8) race average values determined by Erzengin
et al. [14] and Kulka et al. [23]. On the other hand, the
average PON1 enzyme activity determined in this study
(144.42) was similar to the average Holstein race value
(152.29) determined by Turk et al. [24], while it was
lower compared to pregnant Holstein cows in first 3
months of pregnancy (283), 3 to 6 months of pregnancy
(257), intramammary infusion (216) pre-puerperal in
nonpregnancy (223), late puerperal (189), and peak
lactation (329) values determined in the same study [24].

PONI1 enzyme activity average values in Simmental
and Jersey races were found to be 262.44 and 328.59,
respectively. PON1 enzyme activity values for these races
were not found in literature searches. However, Turk et
al. [24] have determined similar values for pregnant cows
of the Holstein race (first 3 months of pregnancy (283),
3 to 6 months of pregnancy (257), and peak lactation
(329)). The researchers also reported higher values than
the aforementioned averages for intramammary infusion
period (216) and nonpregnant cows (pre-puerperal in
nonpregnancy (223), late puerperal (189)).

It is believed that Simmental and Jersey race cows
have higher adaptation capabilities compared to the
Holstein race based on the fact that they can be raised in
even average-quality pastures, which in turn may depend
on higher average PON1 enzyme activity.

The result of decreasing PON1 enzyme activity with
age as was shown in this study was found to be similar
to another study performed for 17-19-month Heifer
and 3-4-year-old Holstein cows by Antonic-Svetina et
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According to all this information, it has been
concluded that necessary preconditions were fulfilled for
using average PON1 enzyme activity value of cattle races
as a biomarker towards pesticide resistance. Although
there are other types of studies for this particular
property, no study was found in the literature to use it
as a biomarker for cattle. It was shown in the research of
Wan-Fen et al. [27] that PON1 enzyme activity could be
used as a biomarker on humans for pesticide resistance
[27].

In a study performed on Drosophila melanogaster
flies which lack PON enzymes as a species, transgenic
flies with the capability of producing PONI1 enzyme
were obtained first, and the effects of this change on
Pseudomonas aeruginosa (a gram - bacteria) virulence
on the flies were investigated. It was determined that the
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