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Abstract: The objective of this study was to determine characteristic blood
parameters, i.e. indicators of the functional state of liver in the following groups of cows:
in cows (n=15) from day 15 to day 1 prior to parturition, in cows (n=15) from day 1 to
day 15 after parturition and in those (n=15) from day 90 to day 100 of lactation. Blood
glucose levels were statistically significantly lower in the early lactation cows than in the
preparturient cows and those examined during the maximum lactation period, which
suggested an increased glucose uptake by the mammary gland at the beginning of
lactation and decreased gluconeogenesis in the liver as induced by fatty infiltration and
liver cell degeneration. The significantly lower blood triglyceride levels as well as the low
total blood cholesterol levels in the postparturient cows reflected their accumulation in
liver cells, as opposed to the cows before parturition and those during maximum lactation.
Significantly lower blood levels of total protein, albumin and urea were recorded in the
postparturient cows, which suggested the reduced synthetic capacity of liver cells in the
early lactation cows. Blood bilirubin levels in the early lactation cows were significantly
higher as compared to the preparturient and maximum lactation cows, which clearly
indicated the reduced excretory capacity of the liver. Significantly increased AST, GGT
and LDH activities in the blood in the postparturient cows clearly evidenced the disturbed
morphological and functional integrity of liver cells and the release of these intracellular
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enzymes into the blood due to the fat accumulation in the hepatocytes. The obtained
results suggested that fatty infiltration and different degrees of liver cell degeneration
were recorded in the early lactation cows, as opposed to the preparturient cows and those
during maximum lactation showing preserved morphological and functional capacities of
hepatocytes.
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Introduction

During the transition period, from immediately before to after parturition,
and with the establishment of lactation, the organism in high-yielding dairy cows is
pushed to its physiological limits, reaching maximum until day 120 of lactation,
resulting in a substantial load on the organism, specifically on the digestive organs,
liver, udder and the reproductive organs.

Major health disorders in high-yielding cows occur around parturition.
They include sudden changes in energy metabolism that are likely to induce
severe uncontrolled disorders of organic matter metabolism (Grummer 1995,
Overton and Waldron 2004).

Metabolic conditions of negative energy balance (fasting, parturition and
lactation) lead to an increased uncontrolled rate of mobilization of body fat and
its increased accumulation in liver cells, resulting in disturbance of the physiolo-
gical integrity and morphology of the liver (Veenhuizen ef al. 1991, Reist et al.
2002, Djokovi¢ et al. 1998, 2007).

Moderate fatty infiltration of liver cells in dairy cows during transition and
maximum lactation is considered to be almost physiological. The fat content of liver
can range from 10-60%, as dependent on the degree of pathology (Gaal 1993).

Increased metabolic load on the dairy cows' organism and fat accumulation
in liver cells induce disturbances in the morphological and functional integrity of
hepatocytes, resulting in decreased blood levels of individual liver-synthetized
indicators of liver function (glucose, total protein, albumin, globulin, cholesterol,
triglycerides, urea). Furthermore, the excretory function of hepatocytes is reduced
and, accordingly, the levels of certain metabolic products in the blood (bilirubin,
ammonia, bile acids) are generally increased (Herdt e al. 1983, Holtenius 1989,
Veenhuizen et al. 1991, Vazguez-anon et al. 1994, Reynolds et al. 2003, Sevinc et
al. 2003, Lubojacka et al. 2005, Dokovi¢ et al. 1998, 2007).

Blood bilirubin concentration is among major indicators of the
functional capacity of hepatocytes (Vasilev 1979, Bobe 2004).

Severe fatty liver and diffuse infiltration of hepatocytes involve cell
membrane damage and hepatocyte destruction accompanied by the release of
cytoplasmic enzymes (AST, GGT, LDH), the activity thereof in the blood being
considerably elevated (Jovanovi¢ et al. 1993, Pechova 1997, Lubojacka et al. 2005).

Considering the increased metabolic loads on the liver in lactating dairy
cows, the objective of the present study was to determine blood parameters, i.e.
indicators of the functional condition of the liver, being the following: glucose,
triglyceride, total cholesterol, total proteins, albumins, urea, bilirubin and activities
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of liver-specific enzymes (AST, GGT, LDH) in both transition and lactating dairy
COWS.

Material and Method

Animals used in the experiment

Preparturient cows, freshly calved cows and those from day 90 to day 100 of
lactation (n=45) were randomly selected from the Simmental herd (Farm-Farmad-
Vrdila-Kraljevo) for examination. The cows were divided into three groups. The first
group (group A) included clinically healthy cows from day 15 to day 1 before
parturition (n=15). The second group (group B) comprised clinically healthy cows
from day 1 to day 15 after parturition (n=15), the third one (group C) being composed
of clinically healthy cows from day 90 to day 100 of lactation (n=15). The examined
cows were four to six years old. Their average weight was 650 kg pre during the
prepartum period and 580 kg after parturition and during lactation. There were three
lactations on average with an average milk yield of 6,825 1 of milk over the period of
305 days of lactation. The examinations were conducted during the same season, in
mid July. The cows were kept in free stalls in a closed barn. The diet and the housing
facilities were adapted to research purposes. The diet suited the energy needs of the
cows in late pregnancy and lactation.

Blood sampling

Blood was sampled from all examined cows by punction of vena jugularis,
from 10:00 to 12:00 a.m, i.e. four to six hours after milking and feeding. Two test
tubes of blood (approximately 20 ml) were taken per punction. Serum separation
after spontaneous coagulation at room temperature was performed by centrifugation
at 3000 revolutions/min. The serum samples were kept refrigerated at -18 °C until
analysis.

Biochemical examination of the blood serum

An enzymatic spectrophotometric assay was used to determine the levels of
glucose (cat. No. 11803), triglyceride (cat. No. 11828) and urea (cat. No. 11536). The
levels of total cholesterol (cat. No. 11828), total protein (ct. No. 11500), albumin (cat.
No. 11547) and bilirubin (cat. No. 11515) and the activities of the liver-specific
enzymes: AST- aspartate aminotransferase (cat. No. 11830), GGT — gama-glutamyl
transferase (cat. No. 11584), LDH- lacto-dehydrogenase (cat. No. 11552), were
determined spectrophotometrically. All biochemical blood parameters were assayed
using a Cobas Mira device at the biochemical laboratory Medicus in Kraljevo.

Statistical analysis of the obtained data

The statistical analysis of the obtained data was carried out by ANOVA-
procedure. The analysis of variance and LSD test were used to evalute the
probability of the significance of the statistical differences of mean blood
parameter values between the groups of cows used in the experiment at p<0.05
and p<0.01.(Microsoft STATISTICA ver.5.0 Stat.Soft.Inc.1995).
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Results

Table 1 shows the research results on the blood levels of glucose,
triglyceride, total cholesterol, total proteins, albumin, urea and bilirubin as well
as those on the activities of AST, GGT and LDH in dairy cows during transition
and lactation.

Tab. 1. Blood levels of glucose, triglyceride, total cholesterol, total protein, albumin, urea
and bilirubin and the activity of AST, GGT and LDH in the preparturient cows (group A),
in the postparturient cows (group B) and in those during maximum lactation (group C)
and the statistical significance of the obtained means

Group A B C P<0.05 P<0.01
n 15 15 15
Glucose 2734070 221+ 048 3.1+ 046  AB B:C
(mmol/l)
Triglycerides 794 014 0184008 027+ 010 A:B:B:C
(mmol/l)
Total cholesterol
(mmol/l) 2664058 2264059 2.75+0.84
T"tal(g/rl‘)’tems 70261054 63.51+7.70 7271+ 665 AB B:C
A“(’;/‘Blns 33.98+4.63 29.54+3.89 35.43+383 A:B:B:C
Urea 447+1.60 3.85+098 550+130  AB B:C
(mmol/l)
Bilirubin 292+083 444+1.11 273+ 095 A:B:B:C
(umol/T)
AST
i 4378 + 15.18 64.41+ 18.08 39.47 + 7.36 A:B:A:C
g% 9374298 14.65+ 425 845+ 1.86 A:B:A:C
LDH
s 1250+ 382.5 1805+ 386.8 1167 +336.1 A:B:A:C

Table 1 shows that blood levels of glucose and total proteins were
statistically significantly lower in the postparturient cows than in the preparturient
ones (p<0.05) and in those during maximum lactation (p<0.01). Blood urea
values in the postparturient cows were statistically significantly lower as
compared to those in the cows before parturition (p<0.05) and during lactation
(p<0.01). Statistically significantly lower blood levels of triglyceride (p<0.05)
were found in the postparturient cows than in the cows before parturition and in
those during lactation. Total cholesterol values were lower in the postparturient
cows than in the other two groups of cows, but no statistical significance was
recorded (p>0.05).
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Blood bilirubin values and the activity of the AST, GGT and LDH
enzymes were statistically significantly higher (p<0.01) in the postparturient
cows than in the cows before parturition or those during lactation.

Discussion

Glucose is a blood parameter defining the energy metabolism in late
pregnancy and lactating cows. Blood glucose levels in all examined groups of cows
was within the physiological limits (2.2-4.0 mmol, Jovanovi¢ 1984). The
postparturient cows showed statistically significantly lower blood glucose values
as compared to the preparturient and lactating cows. The above results are in
agreement with the literature data (Veenhuizen et al. 1991, Grummer 1995, Reist
et al. 2002, Pokovi¢ et al. 2007) indicating that physiological glycemia in early
lactation cows is at the lower physiological limit due to the sudden activity of the
mammary gland and increased lactose synthesis. Furthermore, the negative energy
balance, lipomobilization and increased fat accumulation in hepatocytes induce a
considerable reduction in glucose synthesis by gluconeogenesis in the liver.

Lipid metabolism parameters include the blood levels of triglyceride and
total cholesterol. Significantly lower blood triglyceride levels were determined
in the postparturient cows, the total cholesterol values being lower but
statistically insignificant as compared to those in the other two groups of cows.
The results suggested an increased accumulation of triglyceride and total
cholesterol in liver cells in the early lactation cows. The data are in agreement
with the results obtained by other authors (Pechova et al. 1997, Veenhuizen et
al.1991, Vazquez-Anon 1994, Sevinc et al. 2003, Dokovi¢ et al. 1998, 2007 )
showing that the triglyceride and cholesterol transport from the liver into blood by the
very low-density lipoproteins was significantly reduced due to lipomobilization, the
development of fatty infiltration and hepatocyte degeneration in early lactation.

Nitrogen metabolism parameters include determination of the blood
levels of liver-synthesized total proteins, albumin and urea, the values thereof
decreasing in cases of liver cell damage (Jovanovi¢ et al. 1993, Lubojacka et al.
2005). Albumin is an indicator of the synthetic capacity of the liver, its decrease
in the blood to values as low as 20% being induced by chronic liver diseases
(Sevinc et al. 2003 ). The values of the above blood parameters were within the
physiological limits (total proteins 60-80 g/l; albumins 30-40 g/l; urea 1.66-6.66
mmol/l) in all examined groups of cows (Jovanovi¢ 1984). They were
statistically significantly lower in the early lactation cows than in the other two
groups of cows, suggesting the reduced synthetic capacity of the liver cells in the
early lactation cows. The reduced synthesis of total proteins, albumin and urea at
the beginning of lactation in dairy cows is induced by the development of fatty
infiltration and degeneration of liver cells (Pechova et al. 1997, Sevinc et al.
2003, Overtron and Waltron 2004, Lubojacka et al. 2005).

Blood bilirubin value is a highly sensitive indicator of the functional
capacity of liver cells. Reynolds et al. (2003) reported positive correlation
between the blood bilirubin values and the liver fat content. The blood bilirubin
values recorded in the present study were within physiological limits (0.85- 5.60
pumol/l) in all examined groups of cows (Jovanovi¢,1984). Significantly higher
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values were determined in the early lactation cows suggesting the disturbance in
the excretory capacity of the liver cells due to fat accumulation in the hepatocytes.
Similar results were obtained by other authors (Vasilev 1979, Herdt et al. 1983,
Holtenius 1989, Bobe 2004). According to Rosenberger (1979), the level of blood
bilirubin of up to 8.55 umol/l reflects a liver function disturbance or a hemolytic
process, the levels above 8.55 umol/l always suggesting liver pathology.

The activities of enzymes are highly important blood parameters used in
evaluating the degree of hepatocyte damage. The study focused on determining
the blood activities of AST, GGT and LDH enzymes. AST is located in the
cytoplasm and mitochondria of different tissues and organs, its highest activities
being detected in the heart and skeletal musculature as well as in the liver. The
AST activity is found to be the most sensitive indicator in diagnosing fatty liver
in cows (Pechova et al. 1997, Lubojacka et al. 2005). Kupczynski et al. (2002)
determined an increase in blood AST activity in the postparturient cows during
the high metabolic load, resulting in pathological changes occurring after
parturition, disturbed reproduction, damages in the parenchymatous organs and
the energy metabolism disturbance. Blood AST activites in this study were found
to be statistically highly significantly higher in the postparturient cows than in
the preparturient and lactating ones, which suggested the development of fatty
infiltration of hepatocytes, cell membrane damages and the release of the
intracellular enzyme into the blood.

Blood GGT activity was above physiological limits in the postparturient
cows 3.5-10 IJ/1 (Jovanovi¢ 1984), being statistically significantly higher as
compared to the other two groups of cows, indicating the increased activity of the
enzyme in the postparturient cows. GGT is a microsomal and membrane-bound
enzyme found mostly in the liver, kidneys and small intenstines. The increase in
the activity of this enzyme results from damages of the cellular structure of
hepatocytes (Jovanovi¢ et al. 1993, Kupczynski et al. 2002, Lubojacka et al. 2005).

LDH is not an organ-specific enzyme, being found at high concentrations in
the muscles, heart, kidneys and the liver. It is released into the blood in cases of acute
cell damage of the above organs. The study revealed a statistically significantly
higher activity of LDH in the postparturient cows, clearly indicating hepatocyte
damage and the enzyme release into the blood. According to Pechova et al. (2007),
the blood activity of LDH is correlated with the degree of fatty infiltration of
hepatocytes.

Conclusion

Blood glucose levels were statistically significantly lower in the early
lactation cows than in the preparturient and maximum lactation ones, suggesting
an increased glucose uptake by the mammary gland at the beginning of lactation
and a reduced degree of gluconeogenesis in the liver, as induced by the
development of fatty infiltration and liver cell degeneration.

Significantly lower blood triglyceride values and low values of total
cholesterol in the postparturient cows suggest their being accumulated in the liver
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cells, as opposed to the preparturient cows and those examined during the maximum
lactation period.

Significantly lower blood levels of total proteins, albumin and urea were
found in the postparturient cows, which suggested the decreased synthetic capacity
of liver cells in the early lactation cows.

Blood bilirubin levels were significantly higher in the cows at the
beginning of lactation than in the preparturient cows and those during maximum
lacatation, which clearly indicated the decreased excretory capacity of the liver.

Significantly increased activities of AST, GGT and LDH in the blood of
the postparturient cows clearly reflected the disturbed morphological and
functional integrity of liver cells and the release of the intracellular enzymes into
the blood as induced by fat accumulation in hepatocytes.

The analysis of the blood parameters as indicators of the functional capacity
of liver cells suggested that early lactation cows revealed fatty infiltration and
different degrees of liver cell degeneration, as opposed to the cows before parturition
and those during maximum lactation, in which the morphological and functional
capacity of hepatocytes was preserved.
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FUNKCIONALNO STANJE CELIJA JETRE KOD MLECNIH
KRAVA U TRANZICIONOM PERIODU I TOKOM LAKTACIJE

- originalni nau¢ni rad -
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Rezime

Cilj ovog rada je bio da se odrede odgovarajuci parametri krvi, indi-
katori funkcionalnog stanja jetre kod grupe krava (n=15) od 15. dana do 1.dana
pre telenja, kod grupe krava (n=15) od 1. do 15. dana posle telenja i kod grupe
krava(n=15) u periodu od 90 do 100. dana laktacije.Koncentracije glukoze u krvi
su bile statisti¢ki znacajno manje kod grupa krava na pocetku laktacije u odnosu
na vrednosti u krvi kod grupa krava pre telenja i tokom maksimalne laktacije $to
ukazuje na povecanu potroS$nju glukoze od strane mlecne Zlezde na pocetku
laktacije i smanjeni stepen glukoneogeneze u jetri usled razvoja masne infiltra-
cije i degeneracije Celija jetre. Znacajno manje vrednosti triglicerida u krvi kao i
niske vrednosti ukupnog holesterola u krvi kod grupe krava posle telenja ukazuju
na njihovo nakupljanje u ¢elijama jetre, za razliku od grupa krava pre telenja i
to-kom maksimalne laktacije. Kod grupe krava posle telenja utvrdene su
znacajno manje vrednosti ukupnih proteina, albumina i uree u krvi $to ukazuje na
smanje-nu sintetsku sposobnost ¢elija jetre kod krava na pocetku laktacije.
Koncentracije bilirubina u krvi kod krava na pocetku laktacije su bile znacajno
vece u odnosu na vrednosti kod krava pre telenja i tokom maksimalnme laktacije,
Sto jasno ukazuje na smanjenu ekskrecionu sposobnost jetre. Znacajno povecane
aktivnosti AST, GGT i LDH u krvi kod grupe krava posle telenja jasno ukazuju
na naruSen morfoloski i funkcionalni integritet celija jetre i oslobadanje ovih
intracelularnih enzima u krv usled nakupljanja masti u hepatocitima.Na osnovu
dobijenih rezu-ltata moZe se zakljuciti da kod krava na pocetku laktacije je
prisutna masna infi-ltracija i degeneracija celija jetre razli¢itog stepena, za
razliku od grupa krava pre telenja i tokom maksimalne laktacije kod kojih je
ocuvana morfoloska i funkcio-nalna sposobnost hepatocita



