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BJIMAHUE CYBKJTUHWHECKOIO KETO3A KOPOB
HA ®OPMUPOBAHUME KOJIOCTPAJIbHOIO UMMYHUTETA
TEJIAT

Bacuasesa C.B., Bacuases P.M.

DI'BOY BO «Cankm-Ilemepbypeckuii 2ocydapcmeeHHbLil yHUSEpCcUmen 6emepuHapHoil Meouyl oL,
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Pe3iome. 310poBbe HOBOPOXKACHHOIO BCELIEIO 3aBUCUT OT COCTOSIHMSI OpraHuM3Ma MaTepy Ha IMPOTSKe-
HMU Bceil bepeMeHHocTH. ObOecneueHe ONTUMAJIbHBIX YCIOBUI colepKaHUs OepeMeHHBIX XKMBOTHBIX Oa-
3UpYyeTCsl, B MIEPBYIO OYepe/ib, HAa MOJHOLICHHOM KOPMJICHUM M O0ECHEYEeHUM CAHUTAPHO-TMTMEHUYECKUX
YCJIOBUI OKpYysKatoliieil cpelibl. bosblilyo Harpy3Ky opraHu3M KOpPOBbI IIpeTeprieBaeT B TPAH3UTHBIM ITEPUO]I,
KOTOPBI HAYMHAETCsI 3a 3 HEIe/IM 10 OTejla M IPOA0JIKACTCS B TeUeHUe 11eCTu Heaesb. [Ipu HapylieHun
TEXHOJIOTUM KOPMJICHUSI U COAEPKaHMS Y KOPOB B TaHHBIN MEepHOa YaCTO BOSHUKAIOT METa0OJIMUYEeCKUEe Ha-
pYLIEHMsI, KOTOPbIE IIPOSIBJISIIOTCS MOBBIILIEHHOM BHIPAOOTKOI KETOHOB.

WM3BecTHO, YTO CTAaHOBJIEHUME UMMYHUTETa B PaHHUIA ITOCTHATAJIbHBIM IEPUOJ Y TeJIeHKa BO MHOTOM 3a-
BUCUT OT CBOEBPEMEHHOI BBIITOMKY MOJIO3UBa. MaTeprHCKUE UMMYHOIJIOOYJIMHbBI U3 MOJIO3MBA MONAaa0T
HEIMOCPEACTBEHHO B CUCTEMHBII KPOBOTOK HOBOPOXKIEHHOI'O B TOHKOM OT/IeJIe KMILIEYHUKA 0 TYOY/IsSIpHOM
CHUCTEME SIMUTEIHUATBHBIX KJIETOK MyTeM IMMHOIIUTO3a. 3amadya UCCIeA0BaHUS — U3YUYUTh BIMSHUE CYyOKJIM-
HUYECKOI'0 KeTo3a y KOpOB-MaTepeil Ha (DOpMUPOBAaHUE KOJIOCTPAJIbHOTO MMMYHUTETA Y POAMBIIUXCS OT
HUX TeasaT. s uccnenoBaHus ObUTM OTOOpPaHbI CTEJIbHBIE KOPOBBI 3-6 JieT 3a 3-7 aHel 10 poaoB. Y KOpOB
OBLIIU B3SIThI ITIPOOBI MOYH 1 KPOBU. C 11€J1bI0 BBISIBJICHHUS CYOKJIMHUYECKOTO KET03a Y KOPOB OBLIO IIPOBEICHO
HUCCIeq0BaHUE MOYM Ha cojaepxkaHue KeTOHOB. [1o pesynabraTtaM uccieaoBaHusl ObLIM ¢c(OPMUPOBAHBI 1BE
rpy1ibl 110 10 rooB — B TepBoOM rpymrie (MOJOIBITHOM) YPOBEHb KETOHOBBIX TEJI B MOYE COCTaBMJI OT 1,8 10
3,7 MMOJIb/J1, BO BTOPOI1 rpymre (KOHTPOJIbHOI ) KETOHBI B MOUYEe HEe 0OHapy:KeHbI. Cpasy rmocije oTesia y KOpoB
OTOMpaJIu TTIOPLIMU MOJIO31Ba, a Y HOBOPOXKIESHHBIX TEJISIT OpaJii KPOBb Uepe3 CYTKU ITOCIe TIePBOI BHITTOMKMT
MoJI031Ba. B 00€3:XKMpeHHOM MOJIO3UBE U B CHIBOPOTKE KPOBU HOBOPOXIESHHBIX TEIST UCCIICIOBAIN COAEP-
JKaHUe UMMYHOTJI00YJIMHOB. B CBIBOPOTKE KPOBM CYTOUYHBIX TEJISIT TAKXKE OMPEAC/ISIM COAepXKaHUEe O0LIero
OeJika OMypEeTOBBIM METOAOM, aTbOYMUHOB — (DOTOMETPUUYECKUM METOJOM C OPOMKPE3070BbIM 3€JIEHBIM.

ITo pesynbraTamM IPOBEASHHOTO UCCAEIOBAHMUS OBLJIO OOHAPYXXEHO CHMIKEHHE KJIAaCCOB MMMYHOIIOOY-
nmuHOB G, M 1 A B CbIBOPOTKE KPOBU KOPOB Iiepen otesioM Ha 19,1-23,5%, B mosio3uBe — Ha 23,7-34,4% u
B ChIBOPOTKE KPOBHU CYTOUYHBIX TeJISIT — Ha 21,7-27,6%. B HauboJiblleil CTeneHu OIpeaessiioCh CHUKEHUE
koHueHTpauuu IgM. Ha conepxxaHue B KpOBU TEJIST albOYMUHOB CYOKJIMHUYECKHUI KETO3 KOPOB-MaTepeit
MpakKTUYECKU HE OKa3bIBajl BIUSIHUE.
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INFLUENCE OF SUBCLINICAL KETOSIS IN COWS ON
FORMATION OF COLOSTRAL IMMUNITY IN CALVES
Vasilieva S.V.,, Vasiliev R.M.

St. Petersburg State University of Veterinary Medicine, St. Petersburg, Russian Federation

Abstract. The health of the newborn depends entirely on the state of the mother’s body throughout the
pregnancy. Ensuring optimal conditions for keeping pregnant animals is based, first of all, on adequate feeding
and ensuring the sanitary and hygienic conditions of the environment. The cow’s body undergoes a great load
during the transition period, which begins 3 weeks before calving and lasts for six weeks. When the technology
of feeding and housing is violated, during this period, metabolic disorders often occur in cows, which are
manifested by increased production of ketones. It is known that the development of immunity in the early
postnatal period in a calf largely depends on the timely feeding of colostrum. Maternal immunoglobulins from
colostrum enter the systemic circulation of the newborn in the small intestine through the tubular system of
epithelial cells by pinocytosis. The aim of the study is to study the effect of subclinical ketosis in mothers cows
on the formation of colostral immunity in calves born from them.

For the study, pregnant cows 3-6 years old were selected 3-7 days before delivery. Urine and blood samples
were taken from the cows. In order to identify subclinical ketosis in cows, urine was tested for ketones. According
to the results of the study, two groups of 10 animals were formed — in the first group (experimental) the level of
ketone bodies in the urine ranged from 1.8 to 3.7 mmol/l, in the second group (control) ketones were not found
in the urine. Immediately after calving, portions of colostrum were taken from the cows, and blood was taken
from newborn calves a day after the first colostrum was fed. The content of immunoglobulins was studied in
skim colostrum and in the blood serum of newborn calves. In the blood serum of day-old calves, the content of
total protein was also determined by the biuret method, albumin — by the photometric method with bromcresol
green.

According to the results of the study, a decrease in the classes of immunoglobulins G, M and A was found in
the blood serum of cows before calving by 19.1-23.5%, in colostrum — by 23.7-34.4%, and in the blood serum
of day old calves — by 21.7-27.6%. The decrease in IgM concentration was determined to the greatest extent.
Subclinical ketosis of mothers had practically no effect on the content of albumin in the blood of calves.

Keywords: cows, calves, immunoglobulins, colostrum, colostral immunity, ketosis

Introduction the choice of litter, milking technology, hierarchical
relationships in the herd — all this is important for
creating an optimal herd ecosystem. There is evidence
that limitation of mobility in cows associated with
lameness can lead to metabolic disorders [2, 4, 5]. The
use of highly productive dairy cows in livestock farms
in our country is unthinkable without adherence to
livestock management technology and competent
into the diet — proteins, lipids, carbohydrates, as herd management. Errors made by livestock breeders

well as vitamins and minerals in certain proportions, Wil affect the health of cows and calves anyway.
but also accurately tracking changes in the animal’s The consequences of violating conditions of feeding
need for nutrients and the energy value of the diet in and keeping cows during the so-called transit, or
connection with changing the phases of lactation [4, transitional period, are especially pronounced [7, 9,
14]. What matters is the frequency of feeding, the 13].

degree of feed crushing, moisture content, and taste. The transit period is extremely important in the
It should be also noted that it is important to check cow’s production cycle, starting three weeks before
the quality of all feed, especially that of our own calving and continuing for six weeks. This period is
production, such as silage and haylage. An important associated with a serious restructuring of metabolic
component of an animal’s optimal health is its habitat. processes, with a sharp change in the cow’s need for
The organization of the manure removal system, nutrients after calving. Despite the intensive increase

The neonatal health depends entirely on the state of
the mother’s body throughout the pregnancy. Ensuring
optimal conditions for keeping pregnant animals is
based, first of all, on adequate feeding and ensuring
the sanitary and hygienic environmental conditions.
These factors are very broad: optimizing feeding
means not only introducing all the necessary nutrients
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in fetal weight during deep pregnancy, energy and
plastic costs before calving are not as high as during
lactation. Breeding work in dairy farming has led
to a significant increase in the milk production of
modern cows. So, in the first month of lactation, they
produce 40-45 liters of milk per day. With such milk
yields, up to 50 kg of pure protein and fat, up to 60
kg of lactose, up to 2 kg of calcium per pure element
are removed from the body in a month. Therefore,
during the transit period, the cow’s body is most
prone to metabolic diseases [7, 13, 14]. A big problem
is the temporary lack of feed energy immediately
after calving. The digestive system of the cow plays
a prominent role in the absorption of nutrients from
the diet, the microflora of the proventriculus is
especially important. In the proventriculus, chemical
processing of feed nutrients — carbohydrates, fats,
proteins — occurs under the influence of enzymes
from bacteria, fungi, protozoa. The ecosystem of
the ruminant proventriculus includes a community
of a large number of microorganisms — bacteria
(50-90%), protozoa (10-50%), fungi (5-10%), the
density of which exceeds that of known natural
ecosystems. The number of bacterial species in the
rumen reaches 150 and up to 60 species of protozoa.
In the contents of the cow rumen, the bacterial mass
reaches up to 1.5-2.0 kg. The system of symbiosis
macroorganism-microflora ensures the assimilation
of both feed nutrients and microorganisms as
necessary metabolites for the host animal [14]. The
active participation of microorganisms as metabolites
of nutrients in the digestion of cellulose and starch
in the rumen of ruminants makes this process more
effective in this species of animals, in comparison with
one-hoofed herbivores.

The introduction of ruminant nutrients into the diet
is normalized depending on the phase of productivity.
The maximum introduction of nutrients in terms of
metabolizable energy and dry matter is carried out
at the peak of lactation. Milking of cows is forcibly
stopped two months before calving, and during this
period, which is called dry-period, the feeding of
energy-intensive feed is minimized. Thus, during
the dry period, the nutritional value of the rations is
minimal. With a decrease in the nutritional value of
diets at the end of pregnancy, the concentration of
cicatricial microflora naturally declines. Therefore,
the conversion of feed in the early postpartum period
is physiologically reduced. Today it is believed that a
temporary negative balance aftercalvingisacompletely
normal physiological phenomenon that every cow
goes through to one degree or another [7]. However, if
the cow is not properly provided with easily digestible
high-energy feed, then a cascade of events quickly
develops, leading to the overproduction of ketone
bodies — acetoacetic, beta-hydroxybutyric acids and
acetone. Ketosis develops in response to carbohydrate

starvation, its biological meaning is to compensate for
glucose deficiency in brain cells. The onset of ketosis
in late pregnancy is exacerbated by a significant
increase in fetal glucose intake [11]. Mobilization of
own fat reserves partially covers the energy deficit, but
fatty acids are not able to pass through the blood-brain
barrier, therefore they cannot be used for oxidative
metabolism of brain cells. A significant disadvantage is
the rate of fatty acid beta-oxidation, which is not high
enough due to the hydrophobicity of substrates, and
under conditions of energy starvation cannot quickly
replenish ATP regeneration at the proper level. On the
other hand, activation of fatty acid oxidation results
in an excess of acetyl-CoA molecules, which are not
only substrates of the tricarboxylic acid cycle, but
also sources for ketogenesis. Cows with high fatness,
which received an excessively high-calorie diet during
the dry period, are especially prone to ketosis [13,
15]. In the period of preparation for calving, the
mobilization of fats from the depot increases and
the concentration of non-etherified fatty acids in the
blood sharply increases, which has an inhibitory effect
on appetite. As a result, a vicious circle occurs — cows
with high fatness and large reserves of subcutaneous
fat become more prone to metabolic disorders during
the transition period. Thus, a complex of factors arises
that lead to the development of subclinical or clinical
ketosis, the first signs of which may appear during pre-
calving period. It is known that the development of
immunity in the early postnatal period in a calf largely
depends on the timely feeding of colostrum [1, 10,
12]. Maternal immunoglobulins from colostrum enter
the systemic bloodstream of the newborn in the small
intestine through the tubular system of epithelial cells
by pinocytosis, i.e., in an unsplit form [3, 10, 16]. The
ability for effective pinocytosis of immunoglobulins is
very limited in time and last only for few hours. It is
recommended to drink the first colostrum within the
first two hours after delivery. The rate and degree of
absorption of immunoglobulins in the small intestine
continuously decreases during the first days of the
calf life. The possibility of absorption of uncleaved
antibody molecules is explained by the absence of
hydrochloric acid in the abomasum, the presence of a
trypsin inhibitor in colostrum, and the immaturity of
the small intestinal epithelial cells [10].

Colostrum secret is extremely enriched in im-
munoglobulins: according to diverse studies, from 50
to 100 g/1 is found in the first portion of colostrum
after calving, which is several times higher than their
concentration in the blood serum.

It is known that transplacental transmission of
maternal antibodies to the fetus in ruminants is
practically impossible due to the syndesmochorial
structure of the placenta in ruminants, which rules
out the possibility of their transport across the
placenta [11]. In contrast, in primates and rodents
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with a hemochorial type of placenta, it is quite possible
to transfer of maternal immunoglobulins to the fetus.

During the period of deep pregnancy, the cow’s
body intensively prepares the udder for lactation [3].
Under the influence of hormones, mainly prolactin
and cortisol, during this period, synthetic processes are
activated in the alveolar epithelial cells. In addition to
organizing the biosynthesis of nutritional components
of milk secretion, intensive immunobiological proce-
sses take place in the mammary gland. So, there is
a migration of various leukocyte and macrophage
cells into the alveolar cavity. The transport of immu-
noglobulins from the bloodstream to the secretion
of the mammary gland is also activated [16]. Since
the concentration of immunoglobulins peaks in the
first portion of colostrum after calving, the most
intensive processes of globulin protein enrichment
of milk secretion occurs several days before calving.
Contribution to the formation of the colostrum
immunoglobulin pool is provided not only by proteins
exported from the bloodstream, but also by its own
immunoglobulins, synthesized by immunocompetent
cells directly in the mammary gland tissues.

The importance of timely feeding of colostrum
lies not only in the ability of the newborn epithelium
to absorb native immunoglobulins, but also in
reducing their secretion by prolactin-influenced
alveolar epithelial cells, an inhibitor of colostro-
genesis. As a result, the secretory epithelium of the
alveoli intensively synthesizes milk components and
completely stops the immunoglobulin transfer [1, 12].

Harbingers of metabolic disorders in cows ap-
pear even before calving, while the intensive deve-
lopment of metabolic pathology, accompanied by
ketonemia, decreased gluconeogenesis, and liver
lipidosis, manifests itself already in the postpartum
period. Considering the fact that the formation of
the colostrum immunoglobulin pool occurs before
calving, the question arises about the effect of keto-
nemia of pregnant cows on the protein composition
of colostrum secretion and on formation of colostral
immunity in calves.

Materials and methods

The studies were carried out in the livestock farm
of the Leningrad region (Slantsevsky district). For
the study, pregnant cows 3-6 years old were selected
3-7 days before delivery. Urine and blood samples
were collected from the cows. In order to identify
subclinical ketosisin cows, urine was tested forketones.
According to the study data, two groups of 10 animals
were formed — in the first group (experimental) the
level of ketone bodies in the urine ranged from 1.8 to
3.7 mmol/l, in the second group (control) ketones
were not found in the urine. Immediately after calving,
portions of colostrum were obtained from the cows,
and blood was collected from newborn calves a day

after the first colostrum was fed. Colostrum secretions
were centrifuged, then frozen followed by separation
of lipid fraction. The content of immunoglobulins
was studied in skim colostrum and in the blood serum
of newborn calves. Before laboratory examination,
colostrum secretion was diluted with saline at 1: 5. The
study of ketones in urine was carried out using a CL-50
semi-automatic optoelectronic urine analyzer. In the
blood serum of cows, the content of immunoglobulin
classes A, M and G was investigated by the method of
discrete sedimentation.

The essence of the method implies salting out
certain classes of immunoglobulins with solutions
of different ionic strengths at certain pH values and
subsequent nephelometric measurement of the
turbidity degree. It is known that at a certain degree of
heterogeneity, each class of immunoglobulins consists
of a complex of proteins with similar physicochemical
properties. In particular, each class shows common
features in folding of the molecular tertiary and
quaternary structure based on a certain set of light
and heavy chains, they have a certain sedimentation
constant, molecular weight. A certain class of immu-
noglobulins has a specific set of heavy chains, which
unites them into several classes.

The method of discrete deposition of immu-
noglobulins according to Zh.Badin and FRousellet
(1964) modified by E.G. Larsky and N.P. Kravchenko
(1968) with additions by M.A. Kostyna (1983) [8]
found its application in veterinary laboratory diag-
nostics as well as in research work.

For the analysis, working solutions were prepared
under the conditions of a clinical and biochemical
laboratory using analytical grade reagents and ana-
lytical balances VL-220S, in strict accordance with
the procedure. Measuring the concentration of im-
munoglobulins was carried out by using a KFC-3
photoelectric colorimeter at a wavelength of 450 nm.
In the blood serum of one-day-old calves, the content
of total protein was also determined by the Biuret
method, albumin — by the photometric method with
bromocresol green. Statistical data processing was
carried out by using the Microsoft Excel package. The
significance of differences was assessed by the method
of paired comparisons using the Student’s t-test, and
a significance was set at p < 0.05.

Results and discussion

Considering the data obtained, a significant
difference can be noted in the content of all studied
serum immunoglobulin classes in the cows with
subclinical ketosis. Analyzing the data presented
in table 1, it can be noted that the concentration of
IgG, IgM and IgA in cows with ketonuria was lowered
by 19.1, 23.5 and 22.3% (p < 0.05), respectively,
in comparison with cows of the control group.
Metabolic disturbances in the body of pregnant cows,
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TABLE 1. CONCENTRATION OF IMMUNOGLOBULINS IN THE BLOOD SERUM OF COWS, CALVES AND COLOSTRUM

SECRETIONS
Immunoglobulin content:
Study Investigated . . in the blood serum of
groups indicators in the blood serum of in colos.trum calves (one day after
cows (before calving) secretion drinking colostrum)
IgG, g/l 14.71+0.51 36.88+1.83 13.8610.47
Group 1 IgM, g/l 2.51+0.19 7.16+0.34 2.02+0.16
IgA, g/l 1.670.14 3.12+0.29 1.9240.09
IgG, g/l 18.19+0.61 48.32+2.44 17.70+0.47
Group 2 IgM, g/l 3.2840.13 10.91+0.55 2.79+0.18
IgA, g/l 2.15+0.12 4.15+0.29 2.60+0.14
TABLE 2. CONCENTRATION OF TOTAL PROTEIN, ALBUMIN AND GLOBULINS IN CALVES
Investigated indicators Group 1 Group 2
Total protein, g/l 49.77+1.00 56.18+1.22
Albumins, g/l 25.48+0.79 26.71+1.35
Globulins, g/l 24.29+0.32 29.47+0.95

associated with the ketone hyperproduction had a
negative effect on antibody production. As a result, the
colostrum secretion of cows with subclinical ketosis
showed a decrease in all studied immunoglobulin
classes by 23.7-34.4% (p < 0.05). To the greatest
extent, the difference was observed for serum and
colostrum IgM of cows, because proteins of this class
are characterized by a short half-life period. It can
be assumed that under conditions of pathologically
altered metabolism, the production of antibodies
in response to natural antigenic stimuli from the
external environment is impaired. A decrease in the
concentration of immunoglobulins in colostrum
secretions influenced their blood levels in calves. As
our studies have shown, the blood serum of calves born
to cows with subclinical ketosis had level of IgG, IgM
and IgA lowered by 21.7,27.6 and 26.2%, respectively,
compared to calves of the control group (p < 0.05).
It was found that ketosis has the least effect on the
decrease in the serum and colostrum content of class
G immunoglobulins of cows and in the blood serum
of calves born to them. The unevenness of the degree
of reduction for different immunoglobulin classes in
the studied biological fluids may result from different
half-life periods for these proteins [10].

While studying the concentration of total protein,
albumin and globulins in the blood serum of newborn
calves one day after drinking colostrum (Table 2),

there may be noted quantitative and qualitative
differences in the protein spectrum. Thus, the
concentration of total protein in calves of the first
group was significantly lowered by 11.4% compared
to the control group. It might be due to the proteins of
the globulin fraction (by 17.6%, p < 0.05), while the
difference in the albumin concentration in calves was
not significant (p > 0.05). Most of the serum albumin is
synthesized directly in the liver of the calf, so that only
a small amount is supplied with colostrum. Therefore,
differences in the colostrum immunoglobulin profile
do not affect the serum albumin content in newborn
calves. The subclinical ketosis that develops at the end
of pregnancy does not significantly affect the synthesis
of albumin in the fetal liver.

Thus, subclinical ketosis that develops in cows
before calving affects colostrogenesis in the mammary
gland, suppressing the formation of immunoglobulins
and their inclusion in colostrum. A decrease in the
content of immunoglobulins in colostrum secretion
leads to decreased colostral immunity in calves.
Subclinical ketosis in mother cows has a significant
effect on the serum content of globulins in calves, but
virtually does not affect the albumin concentration,
which level depends on their synthesis in the liver, but
almost does not depend on the protein spectrum of
colostrum secretion.
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