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INTRODUCTION

Metabolism signals and hormone diversity modulate animal body
homeostasis in regulating feed consumption as well as energy balance. If
energy recourses are depleted due to the disruption in metabolism signals
diffusion, neurohumoral stimulation, sex hormones synthesis and oestrus
cycle are disrupted (Hausman et al., 2012).

During the last decade scientific opinion of the on the role of adipose
tissue and its functions in organism has changed; now it is treated not just as
a component regulating energy exchange in organism, but as factor making
influence to origination of metabolism disturbances and reproduction system
endocrine pathology (Llaramoma, 2012). Adipose tissue is regarded as an
internal endocrine gland secreting hormones and biologically active
substances which take part in neuroendocrine regulation of energy exchange
(Jackson, Ahima, 2006; Korbonits, 2008). The adipose tissue influence on
organism metabolic processes is being associated with leptin secretion
(aranoga, [Tpunenckas, 2010).

Due to the transformation in fat cells function or due to the reduced
leptin hormone secretion in adipose tissue, variations in the body weight or
in the nutrition state occur that influence organism energy homeostasis
(Lubis et al., 2008). Leptin receptors were described in various organs and
tissues and due to decrease in sensitivity to leptin stimulus functions of these
organs are perturbed (Barb et al., 2001).

The physiological role of leptin is regulated by feedback mechanism
between the central nervous system and the body adipose tissue (Yaraii et
al., 2008). Leptin has direct impact to many metabolic processes —
suppresses insulin secretion of pancreatic B-cells, stimulates mechanism of
glucose metabolism and platelet aggregation (Klok et al., 2007). Leptin has
very important regulating role in reproduction processes through the direct
influence to neurohumoral processes (Lubis et al., 2008). The secretion of
leptin is modulated by food depreviation or obesity (Houseknecht et al.,
1998; Ramsay et al., 1998). Currently pig breeding is oriented towards
selection of leaner breeds in order to obtain larger quantities of leaner meat.
But this tendency has negative impact to pigs’ reproduction qualities. Sows
that lost a lot of fat during gestation, have difficulties to conceive, show
disturbances of oestrus cycle and conception rate. This occurs due to
inability of lean animals do not produce enough leptin as they lack of fat
tissue or because the cells are insensible to leptin (these animals usually are
obese) and it impairs the normal function of the reproductive system
(Farooqi et al., 2007) as leptin signals transmission to other endocrine



mediators — growth hormone, insulin, glucagon, gonadotropin hormones and
glucocorticoids is impaired (Lloyd et al., 2001; Margetic et al., 2002).

The role of leptin in regulation of pigs’ reproductive processes was
analysed by various researchers, but we did not succeeded in finding data on
leptin importance and influence of leptin gene polymorphism on
reproduction functions of sows, culled due to reproductive disorders. This
study had an aim to evaluate leptin and its gene the role in pathology of pigs
reproduction.

The aim of the study

Define anoestrous repeat-breading sows’ leptin gene (LEP)
polymorphism and leptin concentration in blood as well as evaluate its
influence to the factors regulating oestrus cycle.

Goalsof the study
1. Define a diversity of leptin gene in normal sows (NS) and in
anoestrous repeat-breading sows (NNS).

2. Define an influence of leptin gene (LEP) polymorphism to sows’ fat
thickness after weaning.

3. Evaluate the influence of leptin gene polymorphism to newborn
piglet viability and survival.

4. Define causal relationship of leptin gene polymorphism on sows
culling rate.

5. Define and compare leptin concentration in blood of different leptin
genotypes sows.

6. Evaluate and compare the influence of leptin gene polymorphism on
sows’ blood biochemical parameters.

7. Evaluate the functional ovarian status of sows, culled due to
anoestrous or failure to conceive, considering leptin gene polymorphism.

8. Define an influence of leptin gene polymorphism to secretion of NNS
sows’ gonadotropin hormones and sex hormones.

9. Define an influence of leptin gene polymorphism on ovarian
morphology.

10. Define an influence of leptin concentration in blood on ovarian
morphology.



Research novelty

For the first time leptin gene (LEP) polymorphism was determined for
non-conceiving and anoestrous sows (NNS) as well as the influence of this
gene on reproductive disorders in sows. We also assessed the effect of leptin
gene (LEP) polymorphism and leptin concentration on NNS sows’ fat
thickness following weaning, on piglet viability and survival rate as well as
sow culling rate. The effect of this gene on biochemical blood parameters,
secretion of gonadotropin and sex hormones, ovarian functional status and
morphology was determined.

MATERIALS AND METHODS

Time and place of research

Current research was conducted during the year 2009-2013 in the
Laboratory of Animal Reproduction, in K. JanuSauskas Laboratory of
Genetics, Department of Infectious Diseases of Veterinary Academy,
Lithuanian University of Health Sciences, at the Laboratory of Histology,
VA Pathology Centre and in UAB ‘Merkio agrofirma’ pig farm.

For current research purposes a total of 116 Large White and Danish
Landrace crossbred sows, delivered during the period of 2006-2008 were
selected. Sows were of 2—-3 (£0.66) parity.

Of the animals included in the study, 31 sows did not display any oestrus
cycle abnormalities — normal reproduction sows (NS) — group I. The rest
85 were sows, that displayed anoestrus behaviour, or were inseminated, but
did not conceive (63.40+1.7 days). These were representing Il group of
animals — anoestrous and non-conceiving animals (NNS).

All sows were kept in group boxes, were fed diets prepared for breeding
sows adapted to their reproduction status, and that that met nutritional
standards of the Republic of Lithuania for sows (Jatkauskas et al., 2002).

Research was conducted according to the scheme provided below.
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Evaluation of sows* leptin gene polymorphism

Blood samples were collected from the jugular vein of all 116 crossbred
sows that showed disturbances in reproduction. The blood was sampled
from each individual animal by the means of vacuum-pressuized test-tube
with EDTA anticoagulant (Venoject, Terumo Europe N. V., Leuven,
Belgium).

Quantity and quality of genomic DNA was assessed by
spectrophotometric method. DNA quantity was determined measuring
optical density (OD) of the diluted solution at 260 nm wavelength.

DNA quality was determined by measuring optical densities of the
diluted solution at 260 and 280 nm wavelengths. Optical densities ratio of
0OD260/0D280 shows a DNA purity. If solution contains protein or phenol
additions, this ratio is lower. Protein concentration shouldn’t exceed
0.5 mg/ml.

DNA was extracted from blood by chloroform/phenol method.
Genotyping of Obese of gene was performed by polymerase chain reaction —
restriction fragment length polymorphism (PCR/RFLP) method (Stratil et
al., 1997), using a pair of primers with the following sequences:
5’TGCAGTCTGTCTCCTCCAAA3’ (forward) and
5S’CGATAATTGGATCACATTTCTG3’ (reverse), which amplifies an
amplicon of 152 bp. All PCR reactions were performed using Applied
Biosystems 2700 Thermal Cycler.

Following preheating at 95 °C for 2 min, amplification was done using
34 cycles at 95 °C for 1 min, 55 °C for 1 min, and 7 2°C for 1 min. For the
PCR assays, 1 U Tagq DNA polymerase, 10X PCR buffer, 3.0 mM MgCls,
200 uM of each dNTP, 10 pM of each primer and 200 ng genomic DNA in a
final volume of 20 pL were used.

After amplification, 10 pL of the PCR amplicon was digested with 2 U
Hinfl restriction enzyme; genotyping was performed on a 3 % agarose gel
using pBR322 DNA/AIul molecular marker (MBI Fermentas) and coloured
with ethidium bromide (10 mg/mL) and the results were visualized in UV
light.

The fat measurements were performed twice: before the farrowing and at
the day of weaning.

The backfat thickness was determined by using a-mode ultrasonography
(Lean-meater, Renco Corporation, Minneapolis, MN, 2005). Backfat level
was measured in 3 points: 1) — in between 6-7 ribs; 2) — at the 10" rib;
3) — behind the last rib.

Biochemical tests were performed using Glucose-TR, Triglycerides,
Total Protein, HDLc-D (Spinreact, Spain) reagents; amounts of glucose,



total proteins, triglycerides and HDL cholesterol were determined in the
sows’ blood.

Determination of hormones concentration in sows’ blood

Blood for the assessment of LH and FSH, progesterone, estradiol and
leptin hormones was collected from v. jugularis 1-2 hours prior to
slaughtering and in 2 hours time it was centrifuged for 7 min. at 3000
rev./min. speed. Serum was frozen at -20°C temperature till hormone
concentration determination.

Hormone analysis was performed using ELISA kits for Estradiol E2,
Progesterone, Luteinizing Hormone, Follicle — Stimulating Hormone,
manufactured by General Biological Corporation, Taiwan R. O. C.

Leptin concentrations were assessed from individual animal’s blood
serum samples using Leptin — EASIA (DIAsourse Immune Assays S. A.,
Belgium) diagnostic kit. ELISA principle is based on competitive reaction
between the hormone under investigation present in the sample and the anti-
hormone conjugate marked with enzyme horseradish peroxidase. Hormone
concentration was measured using spectrophotometer Synergy HT, (Bio-
Tek, 2004).

Macroscopic evaluation of sows’ ovaries to determine the phase of
oestrus cycle. For the current research the ovaries of culled sows that failed
to return to cyclicity or conceive following insemination (NNS) (n=36) were
used.

Ovarian functional status and the phase of oestrus cycle were determined
using methodology of Dalin et al. (1997) immediately after slaughtering.

Histological an morphometric investigation of sows* ovaries

The ovaries samples were taken from both sides, fixed in 10 % bufered
solution of formaldehyde for about 24 hours. After fixation and dehydration
ovaries were covered with paraffin using tissue embedding device Tess-99
(Japan, 2007), then samples were sliced in 4 pm thick tissue sections, using
Sakura Accu-Cut® SRM ™ (Japan, 2007) microtome. Ovaries tissue
sections were coloured with haematoxylin/eosin dye (HE) using automatic
histological sections colouring device Sakura Tissue-Tek® DRS ™ (Japan,
2011). Evaluation was performed using Olympus BX63 (Japan, 2011)
microscope with digital camera DP72 (Olympus), morphometric tests were
performed using Image Pro Plus programme system (Olympus) (2010).

Statistical analysis. A statistical data analysis was performed using
statistical data processing programme Statistical Package for the Social
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Science (SPSS), package version No 20 (2011). Descriptive statistics was
used to describe quantitative indicators (arithmetic mean, standard
deviation). Independent data T test was used to compare the data of normal
reproduction (NS) and non-cycling, non-conceiving sows. Stjudent Test was
used for dependent samples for different genotypes groups when comparing
average fat loss values during lactation. Pearson correlation matrix was used
to compare Linear relationship strength and correlations. Multi-factor
analysis (ANOVA) was used for averages comparison in different genotypes
groups. Differences among groups were analysed using LSD method. Chi-
squared test was used to evaluate statistical significance and covariance
among factors under investigation. The differences regarded as statistically
significant when bias probability was p<0.05.

GENERAL RESULTS AND DISCUSSION

Leptin is a product of leptin gene functioning as a mediator between
adipose tissue and reproduction system regulating amount of energy
resources in organism. Function of leptin is to inform brain about energy
resources in organism. Brain, responding to leptin stimulus, stimulates
appetite, energy usage, thermogenic processes and, taking into account
organisms current energy status, it messages hypothalamus and pituitary
gonadotropin chain to stimulate or to suppress reproduction functions
(Ahima et al., 1997; Williams, 2002; Hausman et al., 2012). However not all
leptin functions and its influences to organism processes are completely
defined so far.

Especially there is a lack the data on leptin gene polymorphism impact to
sows reproduction. We haven’t succeeded in finding information about what
kind of polymorphism of leptin gene is specific to sows that are culled due
to oestrus cycle disorders, non-conceiving or de to other reproductive
failures. One is clear, leptin secretion place and function in the regulation of
different reproduction processes could differ considerably between various
animal species (Wylie, 2010).

Genetic tests performed to normal sows NS (group I) and to anoestrous,
and non-conceiving sows NNS (group Il) we have found the polymorphism
of leptin gene. During this research we have found two alleles of leptin
gene: T that has one 152 bp fragment and C that has two fragments (84 and
68 bp) and also we have identified three genotypes: TT, TC and CC (Fig. 1).
The frequency of C allele was 0.21 and of allele T— 0.79 for both animal
groups.
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Fig. 1. Hinfl polymorphism in the Obese (leptin) gene detected by
polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP). Lanes 1, 3, 4, 5, 7, 9-17 = samples of genotype TT;
lanes 2, 8, 18 = samples of genotype TC; lane 6 = sample of genotype CC

Very similar allele frequencies were found by other researchers but their
investigations were performed just with pigs having no disorders in oestrus
cycles (Stratil et al., 1997; Korwin-Kossakowska et al., 2001; Kulig et al.,
2001; Szydlowski et al., 2004). Silveira (2008) with colleagues were
investigating pigs of Large White and Pietrain paternal lineage and of
Pietrain mother line and they estimated genotypes TT and TC with allele
frequencies T — 93.75 and C — 6.25 %. Burges and Goulart (2002) in Large
White pigs have estimated 82.5 % of pigs with genotype TT and 17.5 % of
pigs with genotype TC and the genotype CC was not found. Analysis of
distribution of these genotypes among Pietrain pigs revealed that 90.56 % of
pigs had genotype TT; 7.54 % of pigs — genotype TC and 1.88 % of pigs—
genotype CC.

In total 63.53 % of anoestrous and non-conceiving sows belonged to
genotype TT, and 30.59 % — to genotype TC. Unlike to other authors, we
have estimated 5.88 % (its frequency on the average was 0.06) sows with
mutated genotype CC. The genotype CC found very rarely (in average its
frequency ranges from 0 till 0.02 and very rarely till 0.08) among various
pig breeds (Kennes et al., 2001; Kuryl et al., 2003; Amillis et al., 2007).

It was notices that pigs with CC genotype have fast weight increase due
to fat accumulation in lumbar region and sows of TT genotype are
characterised with thinner layer of back fat (Opemmn, 2010; Segantini et al.,
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2002). However scientist Stachowiak with colleagues (2007) did not find
any relationship between fat accumulation in sows and leptin concentration.

Fat thickness measurements performed on the day of weaning revealed
that sows of genotype TT that did not have any reproduction disturbances
(group 1) had the smallest fat layer thickness in all three measurement points
when compared to the other two genotypes (TC and CC) sows after
weaning. In normal reproduction sows (NS) all three backfat thickness
measurement points (p<0.05) differed significantly from sows with
genotypes TT and CC. Positive correlation in genotype TT sows’ for fat
thicknesses between the first measurement point and the second and the
third point data (r=0.92 and r=0.91; p<0.001) was found as well as between
the second and the third measurement point data (r=0.93; p<0.001). Fat
thickness of genotype TC sows in the first point was correlating positively
with fat thickness in the second measurement point (r=0.85; p<0.001) and
for CC genotype sows it was estimated the negative fat thickness correlation
between the first measurement point and the third point (r=-0.99; p<0.05).

The results of our tests have shown that the fat thickness of anoestrous
and non-conceiving sows (NNS) that had mutated C allele in leptin gene
was larger if compared with sows of genotype TT and TC that had allele T
(p<0.05). After performed fat thickness measurements for NNS sows (group
I1) of genotype TT in the first point it was found that back fat thickness was
by 6.10 % and 16.80 % smaller (p<0.05), than the genotype TC and CC
sows, in the second point — for 2.80 % and 21.65 % (p<0.05), in the third
point — for 4.84 % and 18.32 % (p<0.05) accordingly.

We have estimated that fat thickness of group Il genotype TT sows in
the first point is correlated positively with the fat thickness in the second and
third measurement points (r=0.85 and r=0.78; p<0.001) and between the
second and the third fat measurement point (r=0.87; p<0.001). In genotype
TC fat thickness was correlating positively in all measurement points:
between the first measurement point and the second and the third (r=0.86
and r=0.69; p<0.001) as well as between the second and the third fat
measurement points relatively (r=0.87; p<0.001). Correlation of genotype
CC was estimated just between the second and the third measurement points
(r=0.96; p<0.01).

After comparing relatively back fat thickness in the groups I and 11 after
weaning we have found that group I genotype TT sows’ fat thickness in the
second and the third points was surely smaller (p<0.05).

When analysing percentage loss of fat from both sows’ groups we have
found that the largest amount of fat was lost during lactation in the genotype
TT sows and the smallest — in genotype CC sows.
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Results analysie revealed that group | genotype CC pigs have lost
statistically significantly 53.46 % and 34,81 % less of fat in the fist and the
third measurement points if compare with genotype TT pigs in the same
points (p<0.03; p<0.05). Among the sows of group Il genotype CC the
biggest loss in fat was anticipated in the first point; and in the second and
third points it was 5.45 % and 10.91 % lower accordingly. Statistically
significant difference was estimated between TT and TC (p<0.01) in the
first measurement point and between TT and CC in the third point (p<0.03).

The same factors may have different influence on pigs’ production and
reproduction.

Our data analysis of different leptin gene genotype production we
haven’t estimated statistically significant differences among live and
stillborn piglets born to different leptin genotype sows, but the tendency was
noticed that genotype CC pigs that have more fat and larger amount of leptin
were delivering more lively piglets and less stillborn ones. NNS of genotype
TT delivered 2.15 % less of live piglets if compared to that of TC type and
by 5.45 % less than genotype CC sows. Genotype CC sows delivered 2.07
% less of stillborn piglets if compare with genotype TC and 9.94 % less if
compare with genotype TT. Dr Niu with colleagues (2009) reported similar
data - genotype CC sows delivered more piglets that had better survival
compared to the genotype TT sows.

We haven’t succeeded in finding scientific data on how (or if) leptin
gene impacts in newborn piglets survival during lactation.

We have estimated statistically significant differences in piglets’ survival
percentage among different leptin genotypes sows. In our cases sows of
genotype TT that had the thinnest layer of back fat after weaning had
highest piglet survival rate, compared to sows of genotypes TC and CC, In
comparison to sows of genotype CC, piglet survival ratio was in TT
genotype sows was by 7.19 % (p<0.05) better.

Our results could be explained by leptin mode of action described by
Summer et al. (2009) who stated, that a sow of genotype TT even if it has
the smallest amount of fat savings, it uses the energy depot for the milk
production and piglets nursing. Lactation is a complex and unique
physiological state, that is characterised by behaviour and neuroendocrinal
adaptation that changes energy balance for milk components synthesis but
the leptinemia of sow has no impact on milk production and its composition.
Whitley (2009) and colleagues reported that amount of leptin in sows milk
has no direct impact on piglets survival ratio.

Metabolism is a complex process in which leptin is the main signal
molecule that transmits information to brain about the body energy
resources, nutrition state and variations in metabolism (Hausman et al.,
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2012). Sexual maturity and normal cycle are functioning coordinated by
hormones when organism has enough energy savings (Wylie, 2010). Record
(2006) estimated that amount of leptin increases before attainment of sexual
maturity. It stimulates oestrus behaviour in normal, but not yet sexually
matured sows (Ahima et al., 1997; Chehab et al., 1997). Leptin, injected to
female rabbits before ovulation, increases conception rates (Sirotkin, 2009).
All this research have shown reproduction is dependent on the balance of fat
and energy in the organism and on the amount of leptin that coordinates it
(Considine et al., 1996).

We did not find any information in the scientific literature leptin
concentration characteristic for sows that are culled due to failure in
reproduction (NNS).

Based on culling reasonswe have segregated sows with detected oestrous
behaviour, and who did not conceive and these that never expressed
oestrous behaviour (NNS). Based on our observations, NNS sows with
conception failure were 21.18 % (n=18) and the rest 78.82 % (n=67) of sows
did not display symptoms of oestrus after weaning.

Of the sows tested, 17.16 % and 0.41 % anoestrous sows were found
among genotypes TT and CC sows and 17.57 % of sows with conception
failures were found among genotype TC sows (Fig. 2).
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Fig. 2. Distribution of culled sows (in percents) among different genotypes
considering causality of culling
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Evaluating ovaries of culled sows after slaughtering we have found that
in the time of slaughtering 25 % of genotype TT sows were in the stage of
prooestrus, 56.25 % — in dioestrus and 18.75 % — in anoestrus stage. 60 % of
sows of genotype TC were in dioestrus stage, and 20 % of sows were in
proestrus and 20 % in anoestrus. In sows of genotype CC proestrus and
dioestrus was found in 50 % of sows respectively, and no sows were in
anoestrus stage.

Variation of leptin hormone concentration of NNS sows revealed that
blood serum leptin concentration of genotype TT sows was by 0.13 ng/ml
and by 0.26 ng/ml lower than that of genotypes TC (p<0.05) and CC
(p<0.01) sows.

Statistically significant differences (p<0.05) were found in leptin
concentration of NP and NNP sows of genotypes TT and CC Leptin
concentration of all three genotypes NNS sows was highest (TT — 0.16
ng/ml; TC — 0.18 ng/ml; and CC — 0.35 ng/ml) if compared to the sows that
had no reproduction disorders (NS). The highest concentration of leptin was
found in genotype CC sows in both NS and NNS groups with genetically the
largest fat thickness (Fig. 3).

08
. 07 <
= :
g8 0 .
cc 04 —
S a
e g 03 F —
5= T
o 0,2 -

B e T

0 === . . L
TT TC cC
Genotype
E Group | OGroup Il

Fig. 3. Concentration of leptin hormone in blood among the groups of
different genotypes sows (ng/ml)
Note. Differences among genotypes (a,b) are statistically significant
when p<0.05. Differences among genotypes (a,c) are statistically
significant when p<0.01.
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We showed anoestrous and with reproductive disorders sows had thicker
layer of fat at the onsert of lactation and following weaning, if compared to
normal sows (NS).

One can assume that even if organisms of fat pigs produced higher levels
of leptin, there is a possibility that these sows are resistant to the function of
leptin.

It is known that certain individuals that are resistant to leptin have
increased level of leptin, which cannot stimulate CNS and endocrine axis
and that causes infertility — ovarian follicles do not mature or mature
incompletely, less sex steroids are secreted (Huypens, 2007; Martin et al.,
2008; Myers et al., 2008; Gonzalez-Bulnes et al., 2011). Our data supports
these findings.

Good digestive system and especially nutrient intake and resorption have
direct impact not just to the rate of pig growth, to the feed conversion, to the
pork quality, but also to the sows’ reproduction qualities (Leikus et al.,
2008). Ovarian development, ovulation and conception are stimulated
through maintaining normal energy balance. Lack of any nutrientsevokes
disturbances of oestrus cycle due to increased energy consumption during
periods of gestation and lactation. When resistance to leptin develops
analogical state is created: even if an animal has enough of energy,
corresponding systems (i.e. reproduction system) do not receive information
about this situation.

Biochemical blood parameters are early indicators of energy balance and
its deviations in organism. Several authors report that such biochemical
blood parameters as glucose, triglycerides, HDL cholesterol and total
proteins are dependent on breed, sex, age, constitution, health status, feeding
and housing conditions (Harpin, 2003; Czech Republic, 2004; Kapalenski,
2004; Zvorc, 2006). Also it was determined that amount of these substances
in blood is correlating closely with the leptin concentration. We did not find
literature data how above-mentioned biochemical blood parameters are
correlating with leptin concentration among NNS sows of different
genotypes.

We did not find significant correlation between blood biochemical
parameters and concentration of leptin in blood. Still we could show
statistically significant differences in concentration of biochemical
parameters of different leptin gene genotypes. Amount of triglycerides in
blood of genotype TT NNS pigs was statistically significantly lower
(p<0.05) if compared with genotype TC and CC and differences in mean
HDL cholesterol in blood of NNS sows was statistically significant between
genotypes TT and CC (p<0.001) as well as between genotypes TC and CC
(p<0.008). In genotype TT, average negative correlation was found in NNS
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sows between levels of total proteins and triglycerides in blood (r=-0.59;
p<0.005) and levels of HDL cholesterol (r=-0.87; p<0.02). Inadequate
proportion of proteins and fat in animal body is also one of the parameters
influencing fertility (Jindal et al., 1996).

We found that in genotype TT group I sows’ amount of HDL cholesterol
was by 27.91 % lower if compared with NNS group sows (p<0.003).

We found a very strong to medium strong relationship between leptin
gene polymorphism with biochemical blood parameters as well as leptin
concentrations. In NS sows genotype CC strong negative correlation
between leptin and glucose concentration and total protein (r=-1; p<0.02) as
well as strong positive correlation between leptin and triglycerides and HDL
cholesterol concentration (r=1; p<0.02) Wierzchowska (2012) et al. reported
that in genotype TT sows during gestation glucose levels of was
significantly higher (p<0.05) compared to genotype CC homozygotic pigs
The difference among heterozygotic pigs was smaller, but still statistically
significant (p<0.05). The author, though in her study did not analyse
glucoses relation with leptin. On the contrary Elberg (1994) and Revell
(1998) with colleagues did not find any differences in glucose levels
between sows with variable back fat thickness.

Our analysis of biochemical parameters and their relationship with leptin
in NNS sows in most of the cases revealed lack of energy.

Manifestation of oestrus and grow of the follicles is a complex process
that involves endocrine mechanisms: leptin, LH, FSH and sex hormones. It
is known for long time already that lack of energy provokes perturbations of
the oestrus cycle idue to disturbances in secretion of gonadotropin hormones
(Zumoff, 1998).

Leptin is a very important element that binds together metabolic status,
neuroendocrinal axis and fecundity (Barb et al., 2008). Leptin can stimulate
or suppress the ovarian function. When there is a deficit or resistance to
leptin and due to this GnRH stimulus to pituitary gets imbalanced, as a
consequence we see irreversible pathological condition of the ovaries,
manifested as: follicular atresia and connective tissue outgrow. Leptin
insufficiency is also associated with disturbances in folliculogenesi (number
of follicles is decreased, granulosa cell apoptosis is increased (Hamm et al.,
2004). Due to this, oestrus in pigs gets disturbed, due to low amount of
estrogens oestrus becomes silent or ceases completely — animals become
anoestrous (Choate, Resko, 1999).

Leptin has a direct influence on GnRH secretion in hypothalamus, LH in
pituitary and steroid hormone production in ovaries (Hausman, Barb, 2010).
Leptin positively influences sexual maturation, stimulates maturation of
follicles and ovulation, reduces follicle atresia, and stimulates production of
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insulin, progesterone, testosterone and estradiol. Leptin can stop ovulation
processes in juvenile rats (Almog et al., 2001; Roman et al., 2005; Kitawaki
etal., 1999; Swain et al., 2004).

Concentration of sex and GTH hormones is strictly dependant on oestrus
cycle stage. Due to these variations in hormone concentrations among
different genotypes NNS sows were analysed considering its oestrus cycle
stage.

We analysed variations of these hormones in NNS sows of genotypes
TT, TC and CC when sows were in the stage of proestrus, dioestrus or
anoestrus. During dioestrus, LH levels of the the genotype TT sows were
correlating positively with amount of progesterone in blood (r=0.83;
p<0.04). This finding is conflicting with the physiological norm. Similarly,
we did not find any correlation of this hormone with leptin concentrations
(p>0.05). Other authors (Gregoraszczuk, 2013) expressed the idea that leptin
influences follicular atresia suppressing ovulation of the follicles’
development through increased secretion of progesterone and testosterone,

In genotype TT sows during anoestrus even stronger positive correlation
with LH and progesterone (r=1; p<0.009) was found. It proves the scenario
that when hypothalamic stimulus is disrupted connective tissue starts to
proliferate in the ovary during anoestrus stage. In TT sows during anoestrus
stage a negative LH and progesterone correlation (r=-0.99; p<0.03; p<0.04)
was found. Normally LH concentration is correlating positively with leptin
(Nagatani et al., 1998; Whisnant, Harrell, 2001) as Leptin regulates energy
homeostasis and LH secretion. Impact of Leptin to GnRH/LH secretion is
upregulated by neuropeptide Y (NPY) and kispeptin secretion (Barb et al.,
2008) and the status of sows we have assessed is characteristic to the status
of the resistance to leptin.

In TC sows during dioestrus a negative correlation (r=-0.91; p<0.002)
between the levels of LH and estradiol was found. This corresponds to
physiological norm. At the same time positive correlation between FSH and
LH during dioestrus (r=0.78; p<0.01) was found. In normal conditions LH
cannot act separately from FSH and both hormones are secreted
simultaneously, but at different proportions.

In genotype CC sows during proestrus LH and FSH concentrations were
correlating positively (r=0.99; p<0.046). It demonstrates an inadequate
stimulus as during proestrus LH hormone should be dominant.

During dioestrus a strong positive correlation was found between LH,
progesterone and estradiol concentrations, as well as between estradiol and
progesterone concentration (r=1; p<0.001). These results demonstrate that
secretion of these hormones is impaired.
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Influence of exogenous leptin on steroid hormone production in follicles
is not yet completely understood and opinions on this process are
controversial (Gregoraszczuk et al., 2003).

Synergistic effect of leptin and LH on progesterone secretion has been
described. Small doses of leptin stimulate progesterone secretion by
granulosa cells (Sirotkin, Meszarosova, 2010). It has been also described
that depending on the degree of maturation of the follicle, leptin influences
estradiol and progesterone secretion (Gregoraszczuk et al., 2006). In an in
vitro trial Gregoraszczuk, Rak-Mardyta (2013) showed that leptin increases
progesterone secretion in small and average size follicles and stimulates
their atresia, decreasing estradiol secretion. Our results in anoestrus stage
support this finding.

In proestrus stage of TC sows progesterone were lowest(11.71£1.53
ng/ml), but in genotype TT sows these levels were by 47.23 % and in
genotype CC sows were by 56.53 % higher, dhe differences being
statistically significant (p<0.03; p<0.02) (Fig. 4). This shows that hormone
secretion of genotypes TT and CC sows does not correspond to the stage of
the oestrus cycle ovary is in and during the oestrus, oestrus signs are not
manifested due to the increase of progesterone secretion by leptin in small
and average size follicles, which stimulates follicles atresia, and decreasing
secretion of estradiol (Gregoraszczuk, Rak-Mardyta, 2013). The
concentration of estradiol in genotype TT sows was statistically significantly
greater than that of genotype TC sows (p<0.03). Pigs of this genotype had
optimal amount of body fat and their leptin concentration was the lowedt as
compared to the other genotypes. Also we found that blood FSH
concentration in in sows of genotype TT was statistically significantly lower
compared to the sows of genotype TC (p<0.015). During proestrus stage of
CC sows positive correlation between LH and FSH was found (r=0.99;
p<0.046).

We did not find a statistically significant difference of leptin hormone
levels among different genotypes of sows during proestrus but the highest
values being found for genotype CC sows.

Significant differences of leptin concentration was found during
dioestrus for all groups of sows genotypes (CC, TC and TT) (p<0.04;
p<0.01). The highest was in genotype CC sows and the lowest in genotype
TT sows.

Our current research depicts strong or medium relationship among
hormones under investigation during dioestrus. Strong association was
found for blood progesterone and LH concentrations in genotype TT sows
(r=0.83; p<0.04). A positive correlation was found between the levels of
FSH and LH (r=0.78; p<0.01) and negative correlation between the levels of
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LH and estradiol (r=-0.91; p<0.002). In genotype TC sows A positive
correlation was found between levels of LH and progesterone and estradiol
concentrations, as well as between estradiol and progesterone concentration
(r=1; p<0.001) for genotype CC sows.
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Fig. 4. The concentration of estradiol and progesterone in blood of different
genotypes sows during proestrus stage (ng/ml)
* Differences between points are significant when p < 0.05;
* Differences between columns are significant when p < 0.05.

A statistically significant difference in leptin hormone concentration
means was also estimated during anoestrus stage between genotypes TT and
TC (p<0.02). This concentration in sows’ blood was bigger in the genotype
TC than in the genotype TT. During this stage it was estimated a strong
positive correlation between LH and progesterone (r=1; p<0.009) and
negative correlation between LH and progesterone with hormone leptin (r =-
0.99; p<0.03; p<0.04).

Leptin stimulates female reproductive function through the hypothalamis
axis. Scientists Barb and Krealing (2004) have raised the hypothesis that
estradiol down regulates hypothalamic — pituitary responses to leptin axis.
Obese pigs can have resistance to leptin stimulation and this resistance
impacts decreased reproduction functions of these animals (Ramsay et al.,
1998). Among the sows of current investigation just the genotype CC sows
were obese, but amount of leptin in their blood compared to the values of
normal cycling sows was largest for all genotypes (TT, TC and CC). This
state is typical to individuals that are resistant to leptin.
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There was no statisticaly significant differences for morphometric
indexes of different genotypes sows’ ovaries (p>0.05), the granulosa cell
layer thickness during proestrus was found for genotype TC sows. These
sows had medium levels of leptin in blood; and the granulosa cells layer
thickness was found in genotype TT pigs, that had the lowest levels of
leptin. Leptin insufficiency is associated with impairment in
follicullogenesis the numbers of follicles is decreases, increasing apoptosis
of granulosa cells and follicular atresia (Hamm et al., 2004).

In TT sows during proestrus a strong positive correlation was found
between the thickness of granulosa cells layer and estradiol concentration
(r=0.99; p<0.03) and also progesterone concentration (r=1; p<0.02).
Estradiol stimulates proliferation of granulosa cells and protects them from
apoptosis, modulates differentiation and survival of ovarian cells (Palter et
al., 2001).

We found a strong positive correlation between granulosa cells layer
thickness and FSH concentration during dioestrus (r=0.99; p<0.02).
Endocrinal impact of leptin to ovary can be explained by the presence of
leptin receptors pigs’ theca and granulosa cells, in corpus luteum cells and in
ovarian stroma (Lin et al., 2000; Ruiz-Cortes et al., 2000; Smolinska et al.,
2007). It is known that leptin decreases gonadotropin and somatotropin
synthesis in isolated theca and granulosa cells of cattle, humans and rats
(Agarwal et al., 1999; Brannian et al., 1999) and in our case the lowest
amount of leptin was found in genotype TT pigs as compared to other
genotypes pigs.

Leptin is activating StAR (steroidogenic acute regulatory protein) and
steroidogenesis in sows ovaries’ granulosa cells, higher doses of leptin
supress StAR secretion and estradiol production (Ruiz-Cortes et al., 2003).
It is known that a leptin has different biological activities, such as follicle
growth in the ovaries (Craig et al., 2004), angiogenesis (Ruiz-Cortes et al.,
2000), follicular rupture and to corpus luteum formation (Ruiz-Cortes et al.,
2003; Gregoraszczuk et al., 2004).

After comparing morphometric data from different genotypes sows’
ovaries we have found that during proestrus the perimeter of tertiary
follicles was statistically significantly different in TT and TC sows
(p<0.005) and in TT and CC sows (p<0.01). The largest (1472.44+£594.72
um) perimeter of tertiary follicles was in genotype TT sows who had the
lowest levels of leptin in their blood and, alternatively - the smallest
(1162.97+£90.49 um) perimeter was found in TC sows with larger leptin
levels (p<0.05) as compared to TT sows.

In current research findings reveal that leptin and leptin gene
polymorphism are very important factors that contribute to reproduction
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qualities (piglet numbers, survival rate, backfat thickness, hormone secretion
regulation, oestrus behaviour and functional status of ovaries) of sows that
following weaning were not cycling or were cycling, but did not conceive
after insemination (NNS). The reason for reproduction disorders could be
lowered sensitivity of target cells to leptin and due to this — impaired signal
transduction to CNS and to neurohumoral centres. As a consequence to this
— this leads to impaired GnRH secretion and steroid sex hormones that cause
disturbances in follicullogenesis and ovulation. This was particularly well
expressed in TT and CC sows. No literature data exists about similar
research conducted on NNS sows’.

CONCLUSIONS

1. For NS sows the following frequencies of leptin gene genotypes were
found: genotype TT — 0.68, genotype TC — 0.22 and genotype CC — 0.10;
for NNS sows: genotype TT — 0.63, genotype TC — 0.31 and genotype CC —
0.06. Frequency of allele C was 0.21 and of allele T —0.79.

2. NNS sows carrying mutated allele C had larger backfat thickness if
compared to sows with allele T (p<0.05). Backfat thickness as measured in
all measurement points was significantly related to the genotype (p<0.05).

3. As compared to the genotypes TC and CC sows, the highest
percentage of piglets survival before weaning was found in NNS sows with
genotype TT (p<0.05). Percentage of piglet survival before weaning was
greater in NS sows with corresponding genotypes TT (p<0.001), TC
(p<0.002) and CC (p<0.008) compared to that in NNS sows accordingly.
Largest numbers of delivered piglets was recorded in NS sow group of TT
(p<0.01) and TC genotypes (p<0.001) as compared to that of NNS sows.

4. Among TT and CC sows 17.16 % and 0.41 % were culled due to
anoestrus, and by 17.57 % more sows were not able to conceive, as
compared to the numbers of sows in genotype TC.

5. In NNS group sows leptin concentration was larger in genotypes TT
and CC (p<0.05) as compared to NS sows. NNS sows of genotype TT had
the lowest level of leptin (p<0.05) as compared to genotypes TC and CC.

6. Amount of HDL cholesterol in NNS sows of genotype CC was greater
than that in genotype TT sows (p<0.001) and genotype TC (p<0.008) sows.
The levels of triglycerides in NNS sows of genotype TT was the lowest as
compared to other genotypes (p<0.05). A negative correlation among leptin
and glucose and total protein levels (r=-1; p<0.02) and a positive correlation
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between leptin and triglycerides and HDL cholesterol concentration (r=1;
p<0.02) were detected for NS sows of genotype CC.

7. During proestrus levels of FSH in NNS sows of genotype TT were by
38 % smaller than that of genotype TC (p<0.015). No significant differences
were found in LH levels between different genotypes of sows. LH and
progesterone concentrations in sows of genotype TT during anoestrus stage
were negatively correlated to leptin concentrations (r=-0.99; p<0.03; p<0.04).

8. NNS sows of genotype TT had by 57.30 % higher estradiol
concentration as compared to genotype TC sows during proestrus period
(p<0.035). The levels of progesterone in blood of TC sows was lower
compared to that in genotypes TT (p<0.034) and CC (p<0.022) sows.

9. In NNS sows the highest percentage of ovaries were in dioestrus stage
(around 55 %), 30% were in the proestrus stage and around 19 % — in the
anoestrus stage was not detected in CC genotype sows.

10. During proestrus stage, a statistically significant difference in tertiary
follicles perimeter was found between genotypes TT and TC sows’
(p<0.005) and between genotypes TT and CC sows’ (p<0.01).

11. The effect of leptin concentration on morphological parameters of
the ovaries was not statistically significant (p>0.05).
SUGGESTIONS
e |t is advisable to genotype sows for leptine gene the recruitment of
pigs to reproductive herds.

o Selection of TC genotype sows for reproduction, because they have
higher reproductive potential an can remain in the herd for longer period.
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REZIUME

Darbo tikslas:

Nustatyti nerujojanéiy ir neapsivaisinanéiy parSavedziy leptino geno
(LEP) polimorfizmg ir leptino koncentracija kraujyje bei jvertinti jy jtaka
lytinj ciklg reguliuojantiems veiksniams.

Darbo uzdaviniai:
1. Nustatyti normaliy (NP) ir nerujojan¢iy bei neapsivaisinan¢iy (NNP)
parSavedziy leptino geno jvairove.

2. Nustatyti leptino geno polimorfizmo (LEP) jtakg parSavedziy lasiniy
storiui po parseliy atjunkymo.

3. Jvertinti leptino geno polimorfizmo jtakg gimstanéiy parSeliy
gyvybingumui bei i$saugojimui.

4. Nustatyti leptino geno polimorfizmo jtaka parSavedziy brokavimo
priezasciai.

5. Nustatyti ir palyginti leptino koncentracijg skirtingy leptino genotipy
parsavedziy kraujyje.

6. Ivertinti ir palyginti leptino geno polimorfizmo jtaka parSavedziy
kraujo biocheminiams rodikliams.

7. Ivertinti dél nerujojimo arba neapsivaisinimo iSbrokuoty parSavedziy
kiausidziy funkcine biikle atsizvelgiant j leptino geno polimorfizma.

8. Nustatyti leptino geno polimorfizmo jtaka NNP parSavedziy
gonadotropiniy ir lytiniy hormony sekrecijai.

9. Nustatyti leptino geno polimorfizmo jtaka kiausidziy morfologijai.

10. Nustatyti leptino koncentracijos kraujyje jtaka kiausidziy
morfologijai.

Mokslinis darbo naujumas

Pirmg karta buvo nustatytas leptino (LEP) geno polimorfizmas
neapsivaisinanc¢ioms ir nerujojanc¢ioms (NNP) parSavedéms ir nustatyta Sio
geno jtaka Siy parSavedziy reprodukciniy savybiy sutrikimo pasireiSkimui.
Ivertinta leptino (LEP) geno polimorfizmo ir leptino koncentracijos jtaka
NNP parSavedziy laSiniy storiui po parSeliy atjunkymo, atvesty parSeliy
gyvybingumui bei i§saugojimui, parSavedziy brokavimo priezasciai.
Nustatyta Sio geno jtaka kraujo biocheminiams rodikliams, gonadotropiniy
ir lytiniy hormony sekrecijai, kiauSidziy funkcinei buklei bei morfologijai.
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TYRIMU REZULTATALI IR JU APTARIMAS

Leptinas — tai leptino geno produktas, veikiantis kaip tarpininkas tarp
riebalinio audinio ir reprodukcinés sistemos, reguliuojantis energijos atsargy
kiekj organizme. Jo funkcija yra informuoti smegenis apie energijos atsargas
organizme. Smegenys, reaguodamos j leptino stimula, inicijuoja apetito,
energijos eikvojimo, termogenezés procesus ir, atsizvelgdamos j esamg
organizmo energeting bukle, paskatina pagumburio ir hipofizés
gonadotroping granding stimuliuoti arba slopinti reprodukcines funkcijas
(Ahima et al., 1997; Williams, 2002; Hausman et al., 2012). Ta¢iau dar néra
iki galo paaiskintos visos leptino funkcijos ir jo jtaka organizmo procesams.
Ypaé stinga duomeny apie leptino geno polimorfizmo jtaka parSavedziy
reprodukcijai. Nepavyko aptikti informacijos apie tai, koks leptino geno
polimorfizmas yra budingas parSavedéms, kurios yra brokuojamos dél
lytinio ciklo eigos sutrikimy, neapsivaisinimo ar kity reprodukcijos
sutrikimy.

Atlikg normaliy (NP, | gr.) ir neapsivaisinanéiy bei nerujojanciy (NNP,
Il gr.) parSavedziy genetinius tyrimus, nustatéme leptino geno polimorfizma.
Sio tyrimo metu nustatéme du leptino geno alelius: T, turintj viena 152 bp
fragmenta, C, turintj du fragmentus (84 ir 68 bp) bei identifikavome tris
genotipus: TT, TC ir CC. C alelio daznis buvo 0,21 ir T alelio 0,79 tiek tarp
NP, tiek tarp NNP parSavedziy. Labai panasus aleliy dazniai buvo nustatyti
ir kity tyréjy, taciau jy tyrimai buvo atlikti tik su neturin¢iomis lytinio ciklo
eigos sutrikimy kiaulémis (Stratil et al., 1997; Korwin-Kossakowska et al.,
2001; Kulig et al., 2001; Szydlowski et al., 2004). I§ musy tirty nerujojanciy
ir neapsivaisinanc¢iy parSavedziy 63,53 proc. priklaus¢é TT genotipui, 30,59
proc. — TC genotipui. Skirtingai nei daugelis kity tyréjy, mes tarp tiriamyjy
parSavedziy aptikome 5,88 proc. (jo daznis vidutiniskai buvo 0,06) ir
mutuota CC genotipg. Sis CC genotipas yra nustatomas labai retai (jo daznis
vidutini$kai svyruoja nuo 0 iki 0,02, labai retai — iki 0,08) tarp daugelio
kiauliy veisliy (Kennes et al., 2001; Kuryl et al., 2003; Amillis et al., 2007).

Palyging tarpusavyje nugaros lasiniy storj po parSeliy atjunkymo tarp I ir
IT grupiy nustatéme, kad TT genotipo I gr. parSavedziy laSiniy storis
antrajame ir treCiajame taskuose buvo patikimai mazesnis (p<0,05).

Norint sumazinti riebaly sankaupas kiauliy skerdienoje veisimui geriau
rinktis TT genotipo kiaules negu TC genotipo, teigia Kuryl (2003) su kitais
mokslininkais. Blicharski (2004) su kitais autoriais teigia, kad CC genotipo
kiauliy paros priesvoriai yra didesni, ta¢iau Kennes (2001) su grupe tyréjy
gavo atvirkStinius rezultatus, tai yra jy tyrimy atveju greic¢iau augo TT
genotipo kiaulés. Taciau produkcijai ir reprodukcijai ne visada vienodai
daro jtaka tie patys veiksniai.
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ISanalizave savo gautus skirtingy leptino geno genotipy produkcijos
duomenis, mes nenustatéme statistiSkai patikimy skirtumy tarp skirtingy
leptino genotipy parSavedziy atvesty gyvy ir negyvy parSeliy skaiCiaus,
taciau buvo nustatyta tendencija, kad CC genotipo kiaulés, turin¢ios daugiau
laSiniy ir didesnj leptino kiekj, atvesdavo daugiau gimusiy gyvy ir maziau
gimusiy negyvy parseliy. Sj teiginj yra patvirtings ir mokslininkas Niu su
bendraautoriais (2009), kuris nustaté, kad CC genotipo parSavedés
pasizyméjo didesniu atvesty ir islikusiy gyvy parseliy skaic¢iumi negu TT
genotipo parSavedés.

Nepavyko rasti moksliniy duomeny, kaip (ar) leptino genas turi jtakos
naujagimiy parseliy i§saugojimui per laktacija. Mes savo tyrimais nustatéme
statistiSkai patikimus parseliy i$saugojimo procenty skirtumus tarp skirtingy
leptino genotipy parSavedziy. Musy tyrimo atveju TT genotipo parSavedeés,
turin¢ios maziausig nugaros lasiniy storj po nujunkymo, parselius i§saugojo
geriausiai, palyginti su TC ir CC genotipy parSavedémis (p<0,05).

Misy gautus rezultatus, remiantis Summer ir kt. (2009) pateikiamais
leptino veikimo mechanizmy paaiSkinimais, galima pargjsti tuo, kad TT
genotipo parSavedés, nors ir turinios maziausias riebaly atsargas, turima
energija naudoja intensyviai pieno gamybai ir parSeliy Zindymui. Laktacija
yra kompleksiné ir unikali fiziologiné biklé, kuriai biidinga elgsenos ir
neuroendokrininé adaptacija, kuri pakeiia energijos pusiausvyra pieno
komponenty sintezei, taciau patelés leptinemija pieno gamybai ir sudéciai
jtakos neturi. Whitley (2009) su kitais mokslininkais nustaté, kad leptino
kiekis, esantis kiaulés piene, neturi tiesioginés jtakos parseliy i§saugojimui.

Leptinas yra pagrindinis medziagy apykaitos signalas, kuris perduoda
informacija smegenims apie kiino energijos atsargas, mitybos bikle ir
medziagy apykaitos pokyc¢ius (Hausman et al., 2012). Lytinis subrendimas ir
normalus ciklas vyksta koordinuojant hormonams, kai organizme yra
pakankamas kiekis energijos atsargy (Wylie, 2010). Record (2006) nustaté,
kad leptino kiekis padidéja prie§ lytinj subrendima. Jis stimuliuoja
iSankstinés rujos pasireiskima normalioms dar lytiSkai nesubrendusioms
pateléms (Ahima et al., 1997, Chehab et al., 1997). Suleidus leptino
triuséms iki ovuliacijos tai padidina pateliy apsivaisinimo procenta
(Sirotkin, 2009). Visi §ie tyrimai parodo, kad reprodukcijos procesai yra
priklausomi nuo organizme esanciy riebaly ir energijos pusiausvyros bei tai
koordinuojancio leptino Kiekio (Considine et al., 1996).

Neaptikome mokslinéje literatiiroje informacijos apie tai, kokia leptino
koncentracija yra budinga parSavedéms, kurios yra brokuojamos dél
reprodukcijos sutrikimy (NNP).

Pagal isbrokavimo priezast] iSskyréme parSavedes, Kkurioms ruja
pasireiksdavo, bet séklinamos jos neapsivaisindavo, ir parSavedes, kurios
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laiku nerujojo (NNP). Tarp masy tiriamyjy NNP kiauliy neapsivaisinanéiy
parsavedziy buvo 21,18 proc. (n=18), o parSavedziy, kurioms po parSeliy
atjunkymo ruja nepasireiske, — 78,82 proc. (n=67).

Nerujojanéiy parSavedziy 17,16 proc. ir 0,41 proc. daugiau nustatyta tarp
TT ir CC genotipo parSavedziy, 0 neapsivaisinanciy parSavedziy 17,57 proc.
daugiau buvo tarp TC genotipo.

Iverting NNP parSavedziy leptino hormono koncentracijos kitima tarp
skirtingy genotipy, nustatéme, kad TT genotipo parSavedziy leptino Kiekis
kraujyje buvo 0,13 ng/ml ir 0,26 ng/ml mazesnis uz TC (p<0,05) ir CC
(p<0,01) genotipy parSavedziy.

Palyginus leptino koncentracija tarp NP ir NNP par$avedZziy, nustatytas
statistiSkai patikimas skirtumas tarp TT ir CC genotipy (p<0,05). Visy trijy
genotipy NNP parsavedziy leptino kiekis buvo didesnis (TT — 0,16 ng/ml;
TC — 0,18 ng/ml; ir CC — 0,35 ng/ml) uz parSavedziy, kurios reprodukciniy
sutrikimy neturéjo (NP). Didziausia leptino koncentracija nustatyta CC
genotipo tiek NP, tiek NNP parsavedéms, genetiskai turin¢ioms didZiausia
laSiniy storj.

Mausy tirtos nerujojimo arba neapsivaisinimo problemy turincios
parSavedés, palyginti su normaliomis (NP), turéjo didesnj lasiniy storj prie§
laktacijg ir po parseliy atjunkymo.

Galima manyti, kad nors riebesniy kiauliy organizme leptino buvo
gaminama daug, bet yra tikimybé, kad Sios parSavedés yra rezistentiskos
leptino veikimui.

Nustatyta, kad leptinui rezistentiski individai turi padidéjusj leptino
kiekj, kuris negali stimuliuoti CNS ir endokrininés asies, dél to pasireiskia
nevaisingumas — kiausidése nesubresta arba subresta nevisaverciai folikulai,
maziau sekretuojama lytiniy steroidy (Huypens, 2007; Martin et al., 2008;
Myers et al., 2008; Gonzalez-Bulnes et al., 2011). Siuos teiginius patvirtino
ir miisy atlikti tyrimai.

Gera kiauliy virSkinimo sistemos veikla, ypa¢ maisto medziagy
jsisavinimas ir rezorbcija, turi tiesioging jtaka ne tik kiauliy augimo spartai
bei pasary konversijai, kiaulienos kokybei, bet ir parSavedziy
reprodukcinéms savybéms (Leikus et al., 2008). Energetinj balansg ir jo
nukrypimus organizme gana greitai galima pastebéti jvertinus kraujo
biocheminius rodiklius. Daugelio autoriy teigimu, tokie kraujo biocheminiai
parametrai kaip gliukozé, trigliceridai, HDL — cholesterolis ir bendrieji
baltymai pirmiausia yra priklausomi nuo veislés, lyties, amzZiaus,
konstitucijos, sveikatos buklés, Sérimo ir laikymo salygy (Harpin, 2003;
Czech, 2004; Kapalenski, 2004; Zvorc, 2006). Taip pat yra nustatyta, kad
iy medziagy kiekis kraujyje glaudziai koreliuoja su leptino koncentracija.
Mes savo tyrimuose nustatéme statistiskai patikimus biocheminiy rodikliy
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koncentracijy skirtumus tarp leptino geno genotipy. NNP TT genotipo
kiauliy trigliceridy kiekis kraujyje statistiskai patikimai (p<0,05) buvo
mazesnis uz TC ir CC genotipy, o HDL — cholesterolio vidurkiy skirtumai
NNP parsavedziy kraujyje statistiSkai patikimai skyrési tarp TT ir CC
genotipy (p<0,001) bei TC ir CC genotipy (p<0,008).

Iverting rodikliy tarpusavio priklausomybe tarp NP parSavedziy ir
palyging juy kraujo biocheminius rodiklius su leptino hormono koncentracija
CC genotipo grupéje, nustatéme stiprig neigiama koreliacija tarp leptino ir
gliukozés bei bendryjy baltymy koncentracijos (r=-1; p<0,02) bei stiprig
teigiama koreliacija tarp leptino ir trigliceridy bei HDL — cholesterolio
koncentracijos (r=1; p<0,02). Wierzchowska su bendraautoriais (2012)
nustaté, kad parSingumo metu TT genotipo parSavedziy gliukozés kiekis
buvo patikimai didesnis nei CC genotipo homozigotiniy kiauliy, o skirtumo
verté buvo patikima (p<0,05). Heterozigotiniy kiauliy §is skirtumas buvo
mazesnis, taciau jis taip pat buvo patikimas (p<0,05), taciau autoré
nenagringjo gliukozés rysio su leptinu. Elberg (1994) bei Revell (1998) su
bendraautoriais nerado jokiy gliukozés lygio skirtumy tarp parSavedziy
grupiy, turinéiy skirtingus lasiniy storius.

Analizuojami miisy nustatyti biocheminiai rodikliai ir jy koreliacija su
leptinu NNP parSavedziy grupése daugeliu atvejy parodé esant energijos
stokg $iy kiauliy organizme.

Rujos pasireiskimas ir folikuly augimas yra kompleksinis procesas, j kurj
jtraukti endokrininiai organizmo mechanizmai — leptinas, LH ir FSH bei
Iytiniai hormonai. Jau seniai yra nustatyta, kad energijos stygius organizme
sukelia ovuliacijos sutrikimus, pasireiskian¢ius dél gonadotropiniy hormony
sekrecijos sutrikimy (Zumoff, 1998).

Ivertinus lytiniy bei GTH hormony pokycius anoestrus biiklés metu
nustatyta teigiama koreliacija tarp LH ir progesterono (r=1; p<0,009) TT
genotipo parSavedéms. Anoestrus biklés TT genotipo parSavedéms taip pat
buvo nustatyta neigiama LH ir progesterono koreliacija (r=-0,99; p<0,03;
p<0,04). Iprastai LH teigiamai koreliuoja su leptinu (Nagatani et al., 1998;
Whisnant, Harrell, 2001). Leptinas reguliuoja energijos homeostaze ir LH
sekrecijg. Leptino veikimas j GnRH/LH sekrecija yra palaikomas
neuropeptidu Y (NPY) ir kispeptinu (Barb et al., 2008), o miisy nustatytoji
buklé yra budinga rezistentiSkumo leptinui buklei. Tarp TC genotipo
parSavedziy buvo nustatyta fiziologing norma atitinkanti neigiama
koreliacija (r=-0,91; p<0,002) tarp LH bei estradiolio kiekiy porujo metu.
Taip pat kartu nustatyta teigiama koreliacija tarp FSH ir LH hormony porujo
metu (r=0,78; p<0,01). Esant normai LH negali veikti be FSH stimulo ir §ie
hormonai visada yra sekretuojami kartu, taciau skirtingomis proporcijomis.
Siuo atveju nustatytas teigiamas rySys yra priimtinas. CC genotipo
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parsavedziy prieSrujo metu LH ir FSH koncentracijos teigiamai koreliavo
tarpusavyje (r=0,99; p<0,046), tai rodo esant netapaty stimula, nes priesrujo
metu LH hormonas turéty buti vyraujantis.

Porujo lytinés ciklo stadijos metu nustatyta stipri teigiama koreliacija
tarp LH kiekio ir progesterono bei estradiolio koncentracijy, taip pat tarp
estradiolio bei progesterono koncentracijos (r=1; p<0,001). Patikimai
tapatis kiekiai estradiolio ir LH bei estradiolio ir progesterono porujo metu
rodo, kad lytiniy hormony sekrecija yra sutrikusi.

Misy atlikty tyrimy duomenimis, NNP TT genotipo parSavedziy leptino
hormono koncentracija buvo statistiskai patikimai mazesné uz TC (p<0,05)
ir CC (p<0,01). Didziausia leptino hormono koncentracija nustatyta CC
NNP paravedéms, genetiSkai turinéioms didziausig lasiniy storj.

Egzogeninio leptino jtaka folikuly steroidogenezei dar néra visiskai
paaiskintas procesas, ir nuomonés Siuo klausimu yra kontroversiskos
(Gregoraszczuk et al., 2003).

Yra nustatytas sinergistinis leptino su LH veikimas | progesterono
sekrecija. Mazos leptino dozés stiprina progesterono sekrecija
granuliozinése lastelése (Sirotkin, Meszarosova, 2010). Taip pat yra
nustatyta, kad leptinas turi jtakos estradiolio ir progesterono sekrecijai,
priklausomai nuo folikulo subrendimo (Gregoraszczuk et al., 2006).
Gregoraszczuk, Rak-Mardyta (2013) in vitro bandymais nustaté, kad
leptinas didina progesterono sekrecija mazuose ir vidutiniuose folikuluose
bei skatina jy atrezija, kartu mazindamas estradiolio sekrecija. Miisy gautieji
tyrimy rezultatai anoestrus metu taip pat patvirtino §j fakta.

PrieSrujo stadijos metu nustatéme, kad TC genotipo parSavedziy
progesterono kiekis buvo maziausias, 0 TT bei CC genotipy parSavedziy jis
buvo patikimai didesnis (p<0,03; p<0,02). Tai rodo, kad TT bei CC
genotipy parSavedziy hormony sekrecija yra netapati kiausidziy biklei, o
atéjus laikui rujoti ruja nepasireiskia, nes, kaip yra nustatyta, leptinas didina
progesterono sekrecija mazuose ir vidutiniuose folikuluose, tai skatina jy
atrezija, kartu maZindamas estradiolio sekrecija (Gregoraszczuk, Rak-
Mardyta, 2013). TT genotipo parSavedziy estradiolio koncentracija
statistiskai patikimai buvo didesné¢ nei TC (p<0,03). Sio genotipo kiaulés
turéjo optimaly riebaly kiekj, o jy leptino koncentracija buvo maziausia,
palyginti su kitais genotipais. Taip pat Sios stadijos metu nustatéme, kad TT
genotipo FSH koncentracija kraujyje buvo statistiskai patikimai mazesné uz
TC genotipa turin¢iy parSavedziy (p<0,015). CC genotipo parSavedéms
prieSrujo metu nustatyta teigiama koreliacija tarp liuteinizuojancio ir
folikulus stimuliuojanc¢io hormony (r=0,99; p<0,046).

Statistiskai patikimo leptino hormono koncentracijos vidurkiy skirtumo
tarp genotipy priesrujo metu nenustatéme, bet didziausias jo kiekis buvo CC
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genotipo  parSavedziy. Porujo metu nustatytas patikimas leptino
koncentracijos vidurkiy skirtumas tarp visy genotipy parSavedziy grupiy
(CC ir TC bei TT) (p<0,04; p<0,01). Didziausias jis buvo CC genotipo, o
maziausias — TT genotipo parSavedziy. StatistiSkai patikimas leptino
hormono koncentracijos vidurkiy skirtumas buvo nustatytas ir anoestrus
buklés metu tarp TT ir TC genotipy (p<0,02). Jo koncentracija parsSavedziy
kraujyje TC genotipo buvo didesné nei turinéiy TT genotipa. Sios biiklés
metu nustatyta stipri teigiama koreliacija tarp LH ir progesterono (r=1;
p<0,009) ir neigiama LH ir progesterono koreliacija su hormonu leptinu (r
=-0,99; p<0,03; p<0,04).

Kiausidziy jvairaus tipo lasteliy reakcija | lepting priklauso nuo folikuly
i§sivystymo laipsnio. Leptinas taip pat gali reguliuoti apoptozés
mechanizmus kiauSidése (Gregoraszczuk, 2006; Almog, 2001). Nors
statistinis patikimumas tarp skirtingy genotipy parSavedziy kiausSidziy
morfometriniy rodikliy miisy nustatytas nebuvo (p>0,05), taciau priesrujo
laikotarpiu didziausias granulioziniy lasteliy sluoksnio aukstis nustatytas TC
genotipo parSavedziy, kuriy kraujyje buvo vidutinis leptino kiekis, o
maziausias granulioziniy lgsteliy sluoksnio aukstis nustatytas TT genotipo
kiauléms, turéjusioms patj maziausig leptino  kiekj.  Leptino
nepakankamumas sicjamas su folikulogenezés sutrikimais (sumazéja
folikuly skaiCius, padidéja granulioziniy lgsteliy apoptozé ir folikuly
atrezija) (Hamm et al., 2004).

Palygine skirtingy genotipy kiausidziy morfometrinius duomenis,
nustatéme, kad prieSrujo metu statistiSkai patikimai skyrési TT ir TC
genotipy (p<0,005) bei TT ir CC genotipy parSavedziy (p<0,01) tretiniy
folikuly perimetras.

Savo tyrimuose iSanalizave parSavedes, kurios po parseliy atjunkymo
nerujojo arba rujojo, bet séklinamos neapsivaisindavo (NNP), nustatéme,
kad leptinas ir jo geno polimorfizmas yra labai svarbiis veiksniai, nuo kuriy
priklauso kai kurios parSavedziy reprodukcinés savybés (atvedamy parseliy
skaifius, jy iSsaugojimo procentas, nugaros lasiniy storis, hormony
sekrecijos reguliavimas, rujos pasireiSkimas, kiausidziy funkcionavimas).
Reprodukcijos sutrikimy priezastimi gali bati lasteliy taikiniy nejautrumas
leptinui ir dél to sutrikes signaly perdavimas CNS ir neurohumoraliniams
centrams. To pasekmé, kaip parodé misy tyrimai, buvo GTH ir lytiniy
steroidiniy hormony sekrecijos sutrikimai, kurie lémé folikulogenezés ir
ovuliacijos poky¢ius. Si biiklé stipriausiai buvo isreikita TT ir CC genotipo
parSavedéms.
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ISVADOS

1. NP parSavedéms nustatyti Sie leptino geno genotipy dazniai: TT
genotipas 0,68, TC genotipas 0,22 ir CC genotipas 0,10, o NNP
parSavedéms: TT genotipas 0,63, TC genotipas 0,31 ir CC genotipas 0,06. C
alelio daznis buvo 0,21 ir T alelio — 0,79.

2. NNP parsavedés su mutuotu C aleliu pasizyméjo didesniu nugaros
laSiniy storiu negu T alelio (p<0,05). Nustatyta lasiniy storio priklausomybé
nuo genotipo visuose matavimo taskuose (p<0,05).

3. Didziausias parSeliy i$saugojimo procentas iki atjunkymo nustatytas
TT genotipo NNP parSavedéms, palyginti su TC ir CC genotipo
parSavedémis (p<0,05). ParSeliy iSsaugojimo iki atjunkymo procentas buvo
didesnis TT (p<0,001), TC (p<0,002) ir CC (p<0,008) genotipy NP
parSavedziy, palyginti su NNP atitinkamai. Didesnis atvedamy parseliy
skaiéius nustatytas NP TT (p<0,01) ir TC genotipy (p<0,001) nei NNP
parsavedziy.

4. I$brokuoty nerujojanciy TT ir CC genotipo parSavedziy buvo 17,16 ir
0,41 proc. daugiau negu neapsivaisinan¢iy, o 17,57 proc. daugiau
neapsivaisinan¢iy buvo TC genotipo parSavedziy.

5. NNP leptino koncentracija buvo didesné TT ir CC genotipy (p<0,05)
nei NP. NNP TT genotipo leptino kiekis buvo maziausiais (p<0,05),
palyginti su TC ir CC.

6. HDL — cholesterolio kiekis CC genotipo NNP parsavedziy buvo
didesnis uz TT (p<0,001) ir TC (p<0,008) genotipy. TT genotipo NNP
kiauliy trigliceridy kiekis buvo maziausias nei kity genotipy (p<0,05).
Nustatyta neigiama koreliacija CC genotipo NP parSavedziy tarp leptino ir
gliukozés bei bendryjy baltymy (r=-1; p<0,02), bei teigiama — tarp leptino ir
trigliceridy bei HDL — cholesterolio koncentracijos (r=1; p<0,02).

7. TT genotipo NNP parsavedziy FSH kiekis priesrujo metu buvo 38
proc. mazesnis uz TC genotipo (p<0,015). LH kiekio skirtumy tarp genotipy
nenustatyta. Anoestrus buklés TT genotipo parSavedziy LH ir progesterono
kiekis neigiamai koreliavo su leptinu (r=-0,99; p<0,03; p<0,04).

8. TT genotipo NNP parSavedziy prieSrujo metu nustatyta 57,30 proc.
didesné¢ estradiolio koncentracija uz TC genotipo (p<0,035), 0 progesterono
kiekis kraujyje TC buvo mazesnis uz TT (p<0,034) ir CC genotipy
(p<0,022).
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9. Tarp visy genotipy NNP kiauliy nustatytas didziausias (apie 55 proc.)
porujo stadijy kiau§idZiy procentas, prie$rujo — 30 proc., anoestrus — apie 19
proc. CC genotipo parSavedéms anoestrus stadija nenustatyta.

10. Nustatytas statistiSkai patikimas skirtumas tarp TT ir TC (p<0,005)
bei TT ir CC (p<0,01) genotipy parsavedziy tretiniy folikuly perimetro
priesrujo metu.

11. Leptino koncentracijos jtaka morfologiniams pokyciams kiausidése
nenustatyta (p>0,05).

PASIULYMAI

e Formuojant kiauliy reprodukcines bandas tikslinga genotipuoti
kiaules leptino geno atzvilgiu.

e Reprodukcinése bandose pasirinkti TC genotipo parSavedes, nes jos
turi didesnj reprodukcinj potencialg ir bandoje gali biiti naudojamos ilgesnj
laika.

PASKELBTU PUBLIKACIJU SARASAS

1. Satrovskaja I., Karveliené B., Miceikiené 1., Baltrénaite L.,
Riskevi¢iené V. Differences in backfat thickness after weaning and
reproduction traits between the genotypes of obese gene in sows.
Veterinarija ir Zootechnika. ISSN 1392-2130. 2013. T. 62 (84). P. 73-79.

2. Riskevi¢iené V., Karveliené B., Sutkevi¢iené N., Radziuliené 1.,
Zilinskas H. Citologiniai kiauliy endometriumo poky&iai lytinio ciklo ir
anoestrus metu. Veterinarija ir Zootechnika. ISSN 1392-2130. 2010. T. 50
(72). P. 66-72.

3. Satrovskaja I, Miceikien¢ 1., Baltrénaite L., Zilinskas H.,
Riskevi¢iené V. Obese gene polymorphism and it's influence on the viability
of born piglets, Biologija, 2012. Nr. 3. P. 168.

33



GYVENIMO APRASYMAS (CURRICULUM VITAE)

Irina Satrovskaja gimeé 1981 m. liepos 11 d. Vilniuje.

1987-1999 m. mokési 55-0je Justiniskiy vidurinéje mokykloje, Vilniuje.

2000-2003 m. studijavo Buivydiskiy Zemés tkio mokykloje, jgijo
veterinarijos felerés kvalifikacija.

2003 m. jstojo i Lictuvos veterinarijos akademija, kurig 2009 m. baigg,
igydama veterinarijos gydytojos kvalifikacija.

2009 m. jstojo j doktoranttiros studijas LSMU Veterinarijos akademijos
Uzkreciamyjy ligy katedroje.

Aktyvumas:

2014 m. balandzio 30 d. dalyvavo seminare ,Kiauliy infekciniy ligy
imunoprofilaktika®.

2013 m. vasario 19 d. dalyvavo tarptautiniame kiauliy ligy seminare.

2013 m. vasario 25 d. dalyvavo seminare ,Siandieniniai kiauliy
cirkovirusy bei su jais susijusiy ligy keliami i§$tkiai ir kontrolés priemonés
kintancioje aplinkoje.

2013 m. geguzés 28 d. dalyvavo seminare ,,Racionaliis vir§kinimo ir
sveikatingumo problemy sprendimo biidai Siuolaikingje kiaulininkystéje®.

2013 m. spalio 25 d. dalyvavo seminare ,,Kiauliy vir§kinamojo trakto
helmintoziy paplitimas, gydymas ir profilaktika Lietuvoje*.

2012 m. kovo 22 d. dalyvavo LSMU Biologiniy sistemy ir genetiniy
tyrimy instituto organizuotame seminare ,,Naujos gyvuliy veislininkystés
technologijos — genominé selekcija‘.

2011 m. sausio 20 d. dalyvavo seminare ,,Subalansuota kiauliy mityba,
jos jtaka jvairiy amziaus grupiy gyvuliy sveikatingumui bei
produktyvumui®.

2011 m. geguzés 5 d. dalyvavo seminare ,Veterinariné praktika
pramoninéje kiaulininkystéje®.

2011 m. birzelio 3 d. dalyvavo bendrosios praktikos veterinarijos
gydytojy konferencijoje.

2011 m. spalio mén. iSklaus¢ KTU magistrantams ir doktorantams skirtg
statistikos kursg (SPSS, Statistical Package for Social Sciences).

2011 m. spalio 25-26 d. dalyvavo seminare ,,Racionaliis virskinimo ir
sveikatingumo problemy sprendimo biidai Siuolaikingje gyvulininkystéje®.

2010 m. spalio 17-22 d. dalyvavo konferencijoje ,,Reproductive
Endocrinology in Vertebrates, kuri vyko Svedijos Zemés idikio moksly
universitete, Upsaloje.

2009 m. spalio 19-23 d. dalyvavo konferencijoje ,,Reproduction and
Epigenetics®, kuri vyko Svedijos zemés fikio moksly universitete, Upsaloje.

34



