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BLOOD CONCENTRATIONS OF THYROID HORMONES AND

LIPIDS AND HISTOLOGICAL CHANGES IN THE LIVER IN

DAIRY COWS IN POSTPARTURIENT PERIOD

KONCENTRACIJE HORMONA TIROIDNE ZLEZDE I LIPIDA U KRVI
I HISTOLOSKE PROMENE U JETRI KOD MLECNIH KRAVA U

POSTPARTALNOM PERIODU
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*

The triiodthyronine (T,), thyroxine (T,), glucose, free fatty acids
(FFA), triacylglycerols (TAG) and total cholesterol concentrations
were estimated in the blood serum and content of lipids in the liver in
healthy (n=10) and ketotic (n=10) dairy cows in the postparturient peri-
od. Samples of liver and blood tissues were taken from all the cows. Pa-
thohistoligical examination of liver tissues showed statistically signifi-
cant higher (p<0.01) lipid infiltration in ketotic cows compared to
healthy ones. Biochemical examination of blood serum showed signifi-
cantly higher values (p<0.01) of free fatty acids in ketotic cows such as
significantly lower concentrations of glucose (p<0.01), triacylglyce-
rols (p<0.01), total cholesterol (p<0.05), triiodthyronine (p<0.05) and
thyroxine (p<0.05) compared to values of these parameters in the
blood serum in healthy cows. Significant increase of concentration of
free fatty acids, such as positive correlation (r=0.51; p<0.05) between
the free fatty acids in blood and the content of lipids in liver in ketotic
cows compared to healthy ones, as well as pathohistological report,
shows that during intensive lipomobilisation newly synthetized tria-
cylglycerols accumulated in the hepatocytes.In ketotic cows hypothy-
roidal status is established and it can be a significant factor in the deve-
lopment of fatty liver.
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Introduction / Uvod

Most metabolic disorders develop during the postparturient period.
Fatty liver and ketosis present the most frequent disturbances occuring in dairy
cows, resulting in significant economical losses due to a decrease in milk produc-
tion (10-15%) high expenses of therapeutic treatment, emergency slaughter and
deaths. Fatty liver develops during the periparturient period, when mobilization of
lipids from bodily fat reserves are elevated and the rate of triglicerides accumula-
tion in the liver is particularly high (Veenhuizen et al., 1991; Vazquez-anon et al.,
1994; Reist et al., 2002).

Lipomobilisation characterised by high concentrated free fatty acids in
blood starts within high pregnancy, reaching its maximum at early lactation. Free
fatty acids are re-esterified and accumulated in the form of triacylglycerols in the
liver, primarily due to a decreased capacity of hepatocytes for transport of lipids by
very low density lipoproteins (VLDL). As a result, lipomobilisation intense ketoge-
nosis and lipogenesis in the liver and as a consequence, lower concentrations of
glucose, triacylglycerol and total cholesterol in blood were manifested (Herdt et
al., 1983; Holtenius, 1989; Veenhuizen et al., 1991; Grummer, 1993; Vazguez-
anon et al., 1994; Sevinc et al., 2003).

The hormonal activity of the thyroid gland has an important role in
early lactation for determining cell metabolism intensity, energy metabolism and
the lactation course itself by its thyroid hormones (Nikoli¢ et al., 1997). A positive
correlation was established between thyroid hormones in blood and energy bal-
ance (Reist et al., 2002) and a negative one between concentrations of triiodthy-
ronine and thyroxine in blood and milk production (Nixon et al., 1988). Under the
conditions of a negative energy balance and of high lipomobilisation, the concen-
trations of thyroid hormones were reduced in blood of dairy cows in the postpartu-
rient period, with pronouncedly declined triiodthyronine in blood shortly before
and after calving (Blum et al., 1983; Gerloff et al., 1986; Nikoli¢ et al., 1997; Reist et
al., 2002; Pezzzy et al., 2003).

Kapp et al. (1979) noticed diffusal lipid infiltration of hepatocites, im-
pairing most of them, took place due to a reduced mitochondria capacity to oxi-
dize fatty acids at reduced levels of thyroid hormones in blood. Allowing for a role
of thyroid hormones in the energy metabolism as well as in the milk production
during lactation, the correlation between the concentrations of thyroid hormones,
lipids and glucose in blood and histological changes in the liver tissue in the post-
parturient period was the subject of the current research.

Materials and methods / Materijal i metode rada

The high pregnant and calved cows (n=20) were chosen from a Hol-
stein dairy herd and split up into two groups, the first one (C — control group)
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(n=10) consisting of clinicaly healthy cows, the other (E-experimental group)
(n=10) consisting of ketotic ones. The liver and blood samples were taken from
all the cows. The cows were average on the 4-6 years old, 650 kg in weight, with 3
lactations and 7625 i milk of average milk production per 305 days of lactation.
The diseased cows were those indicating clinical symptoms of ketosis (inap-
patence, rumen atony and behavioural changes) with urine of their ketotic bodies
exceeding 17.20 mmol-| -1 (Lastradet-Rosenberg test 1978). The trial cows were
kept in tie-up stalls in a barn housing. Diet and feeds were in conformity with pur-
pose and animal utilisation. The meal was prepared in the way to suit the energy
needs of animals in early lactation.

The blood samples were collected by punction of the jugular vein (2
test tubes of blood taken per punction, around 20 ml blood) from 10 a.m. to noon
or from 4 to 6 h after milking and feeding. The blood serum separation was aided
at 3000 rotations/min. The blood serum samples were kept in a fridge at -18 °C
before the investigation started.

Shortly after blood sampling the liver tissue was sampled through liver
percutaneus biopsy using a biopsy instrument (Davieset and Jebbett, 1981; Gaal,
1995) following a modified method of Gaal after Hajovcava-Kacifirex (1967). The
biopsy was performed at the right 11 intercostal region, approximatelly 2 cm be-
low the horizontal line through the tuber coxae, with a 3-5 cm long and 3-4 mm
wide liver specimen.

Trilodthyronine (T3) and thyroxine (T,) concentrations in the blood se-
rum samples were determined following the RIA method, using commercial test
packages (INEP-Zemun) and those of free fatty acids (FFA) colorimetrically ac-
cording to Ducombe (1966), with the colorimetric test No. 001 INEP Zemun being
used. The determination of glucose contained in blood was made through GOD-
PAP phenol method Dialab (Austria) cat. No. 760312, that of triacylglycerols (TAG)
in blood serum through GPO-PAP method cat. No. A 40015 and total cholesterol
in the blood serum CHOD-PAP method cat. No. 041015, reagens Serbolab (Ser-
bia) by means of microtiter reader MULTISKAN MCC/340 (Helsinki, Finland). All
biochemical parameters were assayed at the laboratory of the Institute for the Ap-
plicatin of Nuclear Energy (INEP) Zemun. Liver tissue was pathohistologicaly
tested for lipid content at the Pathological Department of the Faculty of Veterinary
Medicine in Belgrade. The liver specimens were fixed in neutral 10% formalde-
hyde solution. Cryostat sections were stained with hemotoxylin and eosin and
Sudan-lll in order to determine the degree of lipid infiltration.The amount of fats in
the liver were determined stereometrically, computing volume density according
to the formula:

Pf
Vvf =—x 100
Pt

Vvf — volumen density of phase
Pf — points which follen on phase
Pt — points of test system
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For determination of the amount of fats in the hepatocytes the net M
100 was used.

The significance of differences of thyroid hormones, lipids and glu-
cose concentrations in the blood serum and the content of lipids in the liver be-
tween the animal groups used in the experiment were determined by the ANOVA
procedure. Data are expressed as means * standard deviation (x = SD). Correla-
tion coefficients were obtained using linear regression models. Differences with
p<0.05 and p<0.01 were considered statistically significant (microsoft STATIS-
TICA ver.5.0, Stat. Soft. Inc.1995).

This experiment has been aproved by the veterinary inspection at Novi
Sad.

Results / Rezultati

The results of selected metabolic parametars of the groups of healthy
cows (C - control group) and ketotic cows (E — experimental group) are shown in
Table 1.

Table 1. Selected metabolic profile parameters (means + standard deviation) of the groups
of healthy (C — control group) and ketotic (E — experimental group) cows in the post-
parturient period /

Tabela 1. Odabrani parametri metabolickog profila (srednja vrednost * standardna devijacija) grupa zdravih
krava (C — kontrolna grupa) i ketoznih krava (E — eksperimentalna grupa) u postpartalnom periodu

Ketotic cows / Healthy cows /

Ketozne krave Zdrave krave
Group / Grupa (n =10) E C
Glucose / Glikoza (mmol-I-1/) 1.80 + 0.43 2.71 + 0.35**
FFA (mmol-I1) 0.74 + 0.12 0.46 + 0.10%*
TAG (mmol-I1) 0.27 + 0.03 0.35 + 0.04**
Total cholesterol / Ukupni holesterol (mmol-I-1) 1.39 + 0.29 1.86 + 0.62*
T (nmol-I1) 1.58 + 0.70 2.22 + 0.74*
T4 (nmol -I'") 35.06 + 12.43 45.75 + 14.27*
Content of lipids in the liver / Sadrzaj lipida u jetri (%) 32.91+ 13.23 8.37 + 1.24**

Legend: *p<0.05 (between group E and C); **p<0.01 (beween group E and C) /
Legenda: “p<0,05 (izmedu grupe E i C); p<0.01 (izmedu grupe E i C)

From Table 1 it can be seen that there were significant changes of
most parameters in blood in the group of ketotic i.e. the group of cows with fatty
liver. Blood glucose concentration was significantly lower in ketotic cows than in
control cows (p<0.01). Biochemical examination of lipids in the blood serum
showed significantly higher values (p<0.01) of free fatty acids in ketotic cows
such as significantly lower concentrations of triacylglycerols (p<0.01) and total
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cholesterol (P<0.05), compared to the values of these lipids parameters in the
blood serum in the groups of healthy cows.The results also showed that the con-
centration of both thyroid hormones was significantly lower in the blood serum of
ketotic cows, than in the blood serum of normal, control cows (p<0.05).

In the group of ketotic cows, the content of lipids in the liver was
32.91+13.283 % and it was higher (p<0.01) compared to the group of healthy
cows (8.37%1.24 %).

The results of single values of the content of the lipids in the liver in ke-
totic cows are shown in Table 2.

Table 2. The content of the lipids (%) in the liver of ketotic cows /
Tabela 2. Sadrzaj lipida (%) u jetri ketoznih krava

Ordinal
number / 1 2 3 4 5 6 7 8 9 10 X
Redni broj
%ofl[p!ds/ 25.44123.66|23.98| 61.15| 44.82|142.56|16.04|31.86(32.98| 26.62| 32.91
% lipida

According to the Gaal's (1993) proposal all cows can be divided into 3
groups on the basis of content of lipids in the liver: 15t group — mild degree of fatty
liver (0-20 %), 2" group — moderate degree of fatty liver (20-40 %) and 3" group —
severe degree of fatty liver (more than 40 %). The obtained results show that only
one cow with ketosis had a mild degree of lipid infiltration of liver cells or 10 % of
tested cows, in six cows there was a moderate degree of fatty liver (60 %) and in
three cows (30 %) severe fatty liver had been determined.

Figure 1. Hepatocytes with light, fine granulated cytoplasm in the liver of a puerperal healthy
cow (HE, 270x) /
Slika 1. Hepatociti sa svetlom, fino granuliranom citoplazmom u jetri postpartalne zdrave krave (HE, 270x)
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Significant content of lipids in hepatocytes has not been determined in
healthy cows after calving. In histological preparations hepatocytes were normal
by size, shape and order. In some of them lighter fine granulated cytoplasm was
noted, while nuclei in some of those hepatocytes were masked (Figure 1).

Histological examination of liver of cows with a mild degree of fat infil-
tration in hepatocytes has been determined in the presence of intracytoplasmatic
single tiny fat droplets placed centrolobularily. The shape and size of hepatocytes
remained unchanged and such was the relation between hepatocytes and sinu-

Figure 2. Fatty changes of low intensity ( 16.04 %) in the liver of a ketotic cow (HE, 270x) /
Slika 2. Masne promene niskog intenziteta (16,04%) u jetri ketozne krave (HE, 270x)

Figure 3. Fatty changes of medium to high intensity (32.96%) in the liver of a ketotic cow
(HE, 130x) /
Slika 8. Masne promene srednjeg do visokog intenziteta (32,96%) u jetri ketozne krave (HE, 130x)
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soids (Figure 2). In cows with a moderate degree of fatty liver pathohistological
changes of the liver tissue were in correlation with the amount of lipids in the hepa-
tocytes. In lighter forms single tiny fat droplets were noticed in centrolobularily
placed hepatocytes. The nuclei of these cells were visible and without changes.
With the increase of the amount of fat the number of infiltrated hepatocytes in-
creases such as the number and size of fat droplets in them. Nuclei of the cell were
peripherally dislocated and in the heavier forms they were becoming piknotic or
were completely missing (Figure 3). In the severe degree of fatty liver, patohisto-
logical changes of liver tissue were the most visible, i.e. hepatocytes were almost
completely filled by middle and large sized fat droplets, the size of hepatocytes
was cosiderably increased, nuclei were damaged and peripheraly dislocated, pi-
knotic or completely missing (Figure 4).
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Figure 4. Selection of fats in a major part of the liver lobule (42.56%) in a ketotic cow
(HE,130x) /
Slika 4. Nagomilane masti u vecem delu jetrenog reznjica (42,66%) ketozne krave (HE, 130x)

[ Discussion | Diskusija

Primary homeoretic adaptation of the glucose metabolism in the early
lactation leads to an increased gluconeogenesis in the liver to direct glucose to
the mammary gland for lactose synthesis (Reynolds et al., 2003). If the degree of
gluconeogenesis does not satisfy the increased needs in glucose of dairy cows in
early lactation, hypoglycaemia, ketonemia and ketonuria likely occurs (Young,
1977).

In the group of ketotic cows, hypoglicaemia was determined which
was significantly lower (p<0.01) compared to the groups of healthy cows. Similar
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results were obtained by other authors (Veenhuizen et al., 1991; Vazquez-anon et
al., 1994). Needs for glucose in early lactation in dairy cows are higher than the
amount which the body can provide in the condition of high milk production and
that is an important factor in the development of hypoglycaemia and ketosis.

In ketotic cows there is a decreased ability of hepatocytes to synthese
glucose by gluconeogenesis and as a consquence fatty liver development
(Gréhn, 1985; Veenhuizen et al., 1991; Codorniga-valino et al., 1997). In accor-
dance with this, we have confirmed in our test the negative correlation (r=-0.69;
p<0.05) between glucose concentration in blood and content of lipids in the liver
in the group of ketotic cows.

In this experiment, pathohistoligical examination of liver tissues shows
statistically significant higher (p<0.01) lipid infiltration in ketotic cows compared
to healthy cows. In the ketotic cows, various degrees of fatty liver were estimated.

Similar results of the testing of structure of fatty liver in dairy cows us-
ing light or electron microscopy were also obtained by other authors (Kapp et al.,
1979; Gréhn, 1985; Gréhn and Lindberg, 1985; Johannsen et al., 1993). These
authors have determined an increase of the hepatocyte volume, compression and
decrease of volume nuclei, glycogen, sinusoids, rough endoplasmic reticulum
and other organelles in the hepatocytes, a decrease of the number with simulta-
neous increase in the size of mitochondria and mitochondrial damage such as in-
crease in a smooth endoplasmic reticulum and the number and size of fat drop-
lets.

The energy metabolism in dairy cows in the transitional period is
closely linked to lipid metabolism. The best indicator of negative energy balance
and the degree of mobilisation of lipids from bodily fat reserves in the postpartal
period is the increase of FFA concentrations in blood (Veenhuizen et al., 1991;
Vazquez-anon et al., 1994; Reist et al., 2002; Overton and Waldron, 2004). There is
an increase in blood FFA concentrations which are bound to albumin and trans-
ported to the liver. In the liver, they may be oxidized to CO, or ketone bodies or
they are re-esterified to TAG. TAG are then combined with phospholipids, choles-
terol and apoproteins, with the production of lipoproteins and mainly lipoproteins
of very low density (VLDH) that carry TAG to varius tissues (Holtenius, 1989).

Significantly higher FFA concentrations have been determined in the
blood (p<0.01) of ketotic cows than in healthy cows. This agrees with the studies
of Veenhuizen et al. (1991), Reist et al. (2002) and Overton and Waldron (2004).

In accordance, in this experiment significant possitive correlation
(r=0.51; p<0.05) was determined between the FFA in blood and the content of
lipids in the liver such as a negative correlation (r=-0.64; p<0.05) between the
FFA and TAG concentrations in blood in the group of ketotic cows. The obtained
results unambigously show that the significant increase of FFA concentrations in
blood causes an increase of the amount of lipids in the liver cells.

In cows with fatty liver the TAG and total cholesterol concentrations in
the blood decline (Sevinc et al., 2003). In ruminants relatively low TAG concentra-
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tions in the blood serum (2.6-5.2 mmol-I"!, Jovanovié, 1984) and the further de-
cline of their concentrations could be a consequence of lipid infiltration of liver
cells.

In this experiment significantly lower (p<0.01) TAG concentrations
has been determined in blood in the group of ketotic cows than the values in the
group of healthy cows, such as a significant negative correlation (r=-0.55;
p<0.05) between the TAG concentrations in blood and the amount of lipids in the
liver in the group of ketotic cows. The results unambigously indicated that the
blood TAG concentrations decreased and proportionally their amount increased
in the liver cells in which they accumulated. These results are in accordance with
the observation by Holtenius (1989) and Sevinc et al. (2003).

Furthermore, the significant positive correlation (r=0.54; p<0.05)
between glucose and TAG levels in blood clearly shows that during intensive lipo-
mobilisation and accumulated TAG in the liver cells, their gluconeogenetic ability
is decreased, which is probably one of the main causes of developing hypoglicae-
mia in the animals.

Contrary to this, in healthy cows in the puerperal period, a positive cor-
relation (r=0.70; p<0.05) has been determined between the FFA and TAG con-
centrations in blood. This indicates that in the condition of lipomobilisation in
blood of just calved healthy cows the increase of TAG concentrations in blood and
unlike the ketotic cows TAG do not accumulate in the liver, but are transported by
the blood to the tissues which use them for their purposes.

According to Gerloff et al. (1986) a low level of total cholesterol in
blood has been observed in the cows which have damaged liver function.

In this study the total cholesterol concentrations in blood in the tested
group of cows were within the lowest physiological limit (1.3-6.0 mmol-I"', Jova-
novi¢, 1984) and significantly lower (p<0.05) levels of the total cholesterol were
determined in blood in ketotic cows than of healthy group of cows. These results
were in accordance with the results of other authors (Gerloff et al., 1986; Holten-
ius, 1989; Sevinc et al., 2003) which indicate that in the condition of ketosis and
fatty infiltration of liver cells in dairy cows, their ability to synthesize and transport
cholesterol is decreased.

The decline of TAG and total cholesterol levels in the blood of ketotic
cows is the consequence of decreased or insufficient synthesis of lipoprotein frac-
tions. This is specially important from the aspect of synthetic activity of hepato-
cytes, because in the conditions of fatty infiltration their role is significantly de-
creased, so that concentration of all lipoprotein fractions in blood decreases
(LDL,VLDL and HDL) and a specially of those which are responsible for transport-
ing TAG from the liver (VLDL) (Herdth, 1983; Gerloff et al., 1986; Holtenius, 1989;
Sevinc et al., 2003).

In early lactation, dairy cows are in a state of metabolic stress in order
to satisfy the increased energy of the mammary gland and the adjusment of the
neuro-endocrine system of dairy cows to the new metabolic needs of the body
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(Bauman and Currie, 1980; Nikoli¢ et al., 1997). One of the endocrine factors are
the thyroid hormones. In this study significantly lower (p<0.05) T5 and T, concen-
trations in blood have been determined in the group of ketotic cows compared to
the values of these hormones in the blood in group of the healthy cows. There is
also a significant positive correlation (r=0.73; p<0.05) between the Tz and T, le-
vels in blood. Similar results have been obtained by other authors (Gerloff et al.,
1986; Nikoli¢ et al., 1997; Stang et al., 1998b; Reist et al., 2002). It is considered
that thyroid hormones, especially T which is about four times more active than T,
have an important role in the postparturient period in dairy cows, because in their
very low concentrations in blood usage of bodily fat reserves are enabled as well
as their transfer for high milk production. In accordance with this, Nixon et al.
(1988) and Reist et al. (2002) have determined the negative correlation between
Ts and T4 concentrations in blood and production of milk and the positive correla-
tion with the energy balance.

Pezzy et al. (2003) consider that in dairy cows in early lactation, the
state of hypothyroism is present and it is the cause of the liver's decreased 5
deiodinase activity or the secretion of thyroid hormones in milk. Namely, the
authors have determined the highest T5 and T, concentrations in colostrum when
the concentrations of these hormones in blood were the lowest.

The hepatic capacities for disposal of FFA through mithochondrial or
peroxisomal B oxidation or export as TAG with VLDL are limited in ruminants com-
pared with nonruminants (Grummer 1993; Palmquist 1994).

It is well known that the intensity of oxidation in mithochondria of cells
is in strong correlaton with the functional state of the thyroid gland, so it is justifia-
bly considered that the conditions of negative energy balance and the increased
lipomobilisation from bodily fat reserves result in lipid infiltration of liver cells. The
reason is the decreased capacity of mithochondria to oxidize fatty acids in the
conditions of low concentrations of thyroid hormones in blood (Kapp et al., 1979;
Stang et al., 1998b).

Romo et al. (1997) reported that as a consequence of liver steatosis,
FFA accumulate in the liver parenchyma and it has been demonstated that some
fatty acids inhibit type-I liver 5'-deiodinase activity.

These opinions are confirmed by these results, since significantly
lower (p<0.05) values of T3 and T, in blood of ketotic cows have been determined
as compared to the healthy ones. Within all tested cows with ketosis, the fat infil-
tration of the liver has been determined, especially in cows with severe fatty liver
(>40 %) the lowest values of the T5 (<1.00 nmol-I') and those of T, (<15 nmol-I'")
were established (physiological range T5: around 1,5 nmol-I"'; T,: 40 — 80 nmol-I'*;
Jovanovi¢, 1984). That confirms the negative correlation (r=0.50; p<0.05) be-
tween the T3 and FFA concentrations in blood in the ketotic cows.

Kapp et al. (1979), on the basis of the results of a pathological exami-
nation of the liver tissue taken by biopsy and the concentrations of thyroid hor-
mones in blood, indicates that at their very low concentrations in blood, the most
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noticeable is lesion of organelles of hepatocytes while the cytoplasm is com-
pletely filled with fat droplets. For this reason, the authors consider that diffuse in-
filtration of hepatocytes in ketotic cows occurs because of the decreased capacity
of mithochondria to oxidize FFA in the conditions of decreased or discontinuited
activity of thyroid hormones.

On the basis of the obtained results and the pathohistological report, it
can be concluded that the significantly decreased concentrations of thyroid hor-
mones in blood in ketotic cows is the key mechanism in the peripheral tissues ad-
aptation during the decreased energy turnover which is used for the mammary
gland requirements. Such conditions of metabolism regulation and energy insuffi-
ciency (considerable increase of the levels of FFA and hypoglycaemia) and very
low concentrations of thyroid hormones in blood decrease the intensity of oxida-
tion processes in the body tissues, as well as liver cells and that creates the condi-
tions for fatty liver development in these animals.
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SRPSKI

KONCENTRACIJE HORMONA TIROIDNE ZLEZDE | LIPIDA U KRVI | HISTOLOSKE
PROMENE U JETRI KOD MLECNIH KRAVA U POSTPARTALNOM PERIODU

R. DPokovié¢

Odredivane su koncentracije trijodtironina, tiroksina, glukoze, slobodnih mas-
nih kiselina, triglicerida i ukupnog holesterola u krvnom serumui i histoloSke promene u jetri
kod 10 zdravih i 10 ketoznih mle¢nih krava u postpartalnom peroidu.

Patohistolo$kim ispitivanjima tkiva jetre utvrdena je statistiCki znacajno vec¢a
(p<0,01) masna infiltracija hepatocita kod ketoznih krava u odnosu na zdrave krave. Bio-
hemijskim ispitivanjima krvnog seruma utvrdene su znacajno veée vrednosti slobodnih
masnih kiselina (p<0,01) i znacajno nize vrednosti trijodtironina (p<0,05), tiroksina
(p<0,05), glukoze (p<0,01), triglicerida (p<0,01) i ukupnog holesterola (p<0,05) u krv-
nom serumu ketoznih krava u odnosu na zdrave krave.

Kod grupe ketoznih krava utvrdjena je pozitivna korelacija (r=0,51; p<0,05)
izmedu sadrzaja masti u jetri i koncentracije slobodnih masnih kiselina u krvnom serumu,
Sto ukazuje da se slobodne masne kiseline zadrzavaju u jetri u obliku triglicerida. Kod krava
obolelih od ketoze utvrdjen je hipotiroidni status, $to moze biti znac¢ajan Cinilac u razvoju
masne jetre kod mlecnih krava.

Klju¢ne reci: krave, masna jetra, ketoza, lipidi, trijodtironin, tiroksin
PYCCKUN

KOHLIEHTPALIUSI FTOPMOHOB LUMTOBUAHOW XENE3bl U TMNNA0B B KPOBU U
FMMCTOJIOrMYECKUE USMEHEHUSA B NEYEHU Y MOJIOYHbIX KOPOB B
MOCJIEPOAOBOM NEPUOAE

P. IxokoBuy

OnpegeneHbl KOHLUEHTpauun TPMOATUPOHMHA, TUPOKCUHA, FOKO3bl, CBO-
60HbIX XXMPHbIX KUCNOT, TPUrIMLEPUOOB 1 COBOKYMHOrO XONeCTeprHa B KPOBSHOM Ce-
pyme v ructonorndeckue nameHeHns B neveHn y 10 KeTo3HbIX MOMOYHbLIX KOPOB B Nnocrne-
poAoBOM nepuoae.

MaTormcTonornyeckKuMn UCMbITAHUAMU TKaHen MeYeHn yTBepXAeHa cTa-
TUCTUYECKM 3HauUTenobHo 66nwe (p<0,01) XupHaa MHUNbLTaAUMA renaToumnToB y Ke-
TO3HbIX KOPOB B OTHOLUEHWMWU 3[0POBbIX KOPOB. BUOXMMWUYECKMMWU UCNBITAHUSIMA KPOB-
SIHOTO CepymMa yTBEepXXAeHbl 3HaUNTeNbHO 605ee 60Mblune CTOMMOCTU CBOBOAHBIX XMP-
HbIX KNCnoT (p<0,01) n 3HaUMTENBEHO 60S1Ee HU3KNE CTOUMOCTU TPUOATMPOHMHA (p<0,05),
TnpokcuHa (p<0,05), rnokosbl (p<0,01), Tpurnyepraos (p<0,01) n COBOKYMNHOro xosec-
TepuHa (p<0,05) B KPOBSHOM CepyMe KETO3HbIX KOPOB B OTHOLLEHUWN 3[40POBbIX KOPOB.

Y rpynn KeTo3HbIX KOPOB YTBEPXAEeHa MOMOoXMTerNbHaa Koppenauus (r=
0,51; p<0,05) mexxay cofep>kaHnem xupa B Ne4eHN 1 KOHLEHTpaLumm CBOOO4HbIX XXMPHbIX
KUCNOT B KPOBSAHOM CEPyMe, YTO YKasbiBaeT, YTO CBOOOAHbIE XUPHbIE KNCNOThbI 3a4e-
PXXMBAIOTCA B NEYeHUn B MOpMe TpUrninuepuaos. Y KOpoB 3ab60NeBLUMX KEeTO30M YT-
BEP>XAEHOrMMOTUPOMAHBIA CTATC,4TO MOXET OblTb 3HAYUTENbHLIM (hakTop B pe3BUTUM
>KNPHOW MEeYEHN Y MOSTO4YHbIX KOPOB.

KntoyeBble cnosa: KOPOBbI, XXUPpHadA neYvYeHb, KeTo3, nunuabl, TONOATUPOHUH, TUPOKCUH

297



