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ABSTRACT. The aim of the review is to systematize data on factors that can cause an increase in
cholesterol in the blood of healthy cows during the first months of lactation, in particular, during the
formation of ovulatory reproductive cycles, before fertilization and in the first months of pregnancy.
Variations in blood cholesterol after calving directly reflect the current rate of its use for the production of
lipid components of milk. Other factors contributing to an increase in blood cholesterol in animals during
the first months of lactation are its release from adipocytes of adipose tissue, activation of lipo- or
gluconeogenesis processes, as well as increased absorption of lipid components of the feed and the use of
certain metabolic intermediates (acetate) for the synthesis of endogenous cholesterol. An increase in the
level of cholesterol in the blood of cows during this period, the first months after calving, may also be
associated with the manifestation of functional abnormalities in animals, for example, with liver
dysfunction. The determination of cholesterol in the blood of healthy cows in the first month after calving
provides valuable information on the level of milk productivity, the state of energy reserves, and also
characterizes the conditions in the body for accelerated resumption of ovulatory cycles, successful
fertilization and the development of pregnancy in a shorter postpartum period. High levels of cholesterol in
the blood of cows in the first months after calving can be used as one of the prognostic markers of increasing
the efficiency of their fertilization during this period. Today, the exact range of changes in the level of
individual lipids in cows of different breeds and with different milk productivity in first months of the
postpartum period is not sufficiently represented. It is important to disclose detailed mechanisms that
determine fluctuations in cholesterol levels in cows, depending on the stage of the reproductive cycle.
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Introduction

Cholesterol is an important sterol for animals. Cholesterol participates in many processes and is
necessary for the normal functioning of cells and the structural integrity of their membranes. It presents in
small quantity in the milk, and is an essential component of the milk of all mammals. The level of
cholesterol in the blood of females of different species depends on the stage of the reproductive cycle and
achieving a certain level is important for the normal passage of separate stages (Vasilenko, 2016).

Most researchers note that in normal conditions of feeding and maintenance, the level of cholesterol
in the blood of healthy cows is characterized by a decrease during pregnancy and a noticeable increase in
the first months of lactation (Puppione et al., 1980; Kweon et al., 1986; Pysera, Opatka, 2000; Filipejova,
Kovaacik, 2009; Jozwik et al., 2012; Kessler et al., 2014; Kupinska et al., 2015; Chalmen et al., 2016;
Folnozi¢ et al., 2016; Garcia et al., 2017). Usually, elevated levels of cholesterol in the postpartum period
are associated with its increased use for milk production (Piccione et al., 2011). Differences of the
concentration of cholesterol in the blood and the amplitude of its variations in cows of different breeds
before calving and in the postpartum period may be due to hereditary features of the use of this metabolite
in the organism (Petrera et al., 2015).

Today, little is known about the physiological norm of changes in cholesterol levels of cows during
lactation and at other stages of the reproductive cycle, which is important both for the interpretation of the
results obtained and for the early diagnosis of deviations in animal organism.
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The purpose of this review is to summarize the latest data on factors that may contribute to an
increase of the level of cholesterol in cows during first months of lactation, during the recovery of ovulatory
cycles, fertilization and initial stages of pregnancy.

Total cholesterol in cows during lactation

Redistribution of substrates under hormonal control is the main characteristic of metabolic
adaptation to lactation. The lactation period of cows is increased to 9-12 months or more as a result of
intensive selection by the level of milk in the process of prolonged domestication of these animals. As a
rule, cows should be fertilized in the second or third month after calving (at the peak of lactation).
Approximately 75% of the duration of pregnancy (7 months) coincides with lactation period. The high level
of milk productivity in modern cows causes an increased metabolic load on the organism and may adversely
affect their health and reproduction. In turn, animal health is directly related to the body’s ability to maintain
homeostasis - a complex dynamic system that preserves the required or necessary stability of the body’s
metabolic and regulatory functions at each stage of the lactation and reproductive cycle.

Lactation of cows is accompanied by complex metabolic alterations that can directly affect
cholesterol metabolism and its blood levels. It is necessary to take into account the fact that cholesterol is
practically absent in the food of herbivorous mammals. The level of cholesterol in cows is determined by
its de novo synthesis in the liver, features of transportation in the blood, processes of catabolism and use in
tissues, excretion from the body through the formation of neutral steroids and bile acids.

It was found that plasma total cholesterol positively correlates with the energy balance in cows on
the beginning of lactation (Reist et al., 2002; Kida, 2002). The cholesterol metabolism in these animals can
be affected by energy and nutrient deficiencies depending on the lactation period (Gross et al., 2015)., The
elevated levels of cholesterol in cows from parturition up to 30 days postpartum may indicate the presence
of high energy reserves (Pradhah et al., 2008). At the same time, during the first weeks of lactation, cows
often show a negative energy balance. Low levels of cholesterol in this period may indicate a poor
adaptation of their organism to increased energy needs. The synthesis of milk fat during early lactation is
determined by the reserves of fat that accumulates in the body of ruminants in the last months of pregnancy.
The release of cholesterol from adipose tissue is an alternative mechanism that helps increase its level in
cow blood during this period.

The milk yield and stages of lactation in dairy cows has significant effect on serum cholesterol
(Kweon et al., 1986). A positive correlation has been noted between serum cholesterol and milk yield in
early (Puppione et al., 1980; Jorritsma et al., 2003) or late lactation (Puppione et al., 1980). Significant
changes in blood lipid levels of mammals during postpartum and lactation consistent with the findings that
these stages of the reproductive cycle are most energy dependent (Gittleman, Thomoson, 1988). It is
believed that a higher level of cholesterol in the blood of ruminants during lactation is a physiological
adjustment of its cost for milk production (Ashmawy, 2015). The optimally high level of cholesterol in the
blood of cows at the peak of lactation is also may be associated with an increase in the amount of glandular
tissue in the mammary gland, since cholesterol is actively involved in the renewal lipids of membranes of
glandular cells (Volnin et al., 2015).

Lactation of cows is usually accompanied by an increase in feed intake and, consequently by
elevated assimilation of lipid components what may have a direct effect on their level in the blood. The
level of lipids is also dependent on the activity of regulators, such as thyroid hormones, whose influence
on blood lipids is well known. Variations of serum cholesterol in ruminants may correlate with the activity
of the thyroid gland (Gueorguieva, Gueorguiev, 1997; Nazifi et al., 2002). Thyroid hormones have a direct
effect on lipid metabolism, stimulating the process of releasing fats from adipose tissue (Eshratkhah et al.,
2010). The net effect of thyroid hormones on the metabolism of cholesterol is associated with an increased
rate of its catabolism in the liver and thus to a decrease in its level in the blood (Barttley, 1989). A decrease
in thyroid hormones was found in cows with ketosis. These animals also have a lower level of cholesterol
compared with its concentration in healthy cows in the postpartum period (Djokovic et al., 2010; Nogalski
etal., 2012).
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Effect of feeding on blood cholesterol in dairy cows

Typical diets for cows generally contain from 2 to 5% fat. Fat supplements in the diet of dairy cows
almost always increase the level of blood cholesterol, and this increase is independent of the use of the type
of fat supplements. Differences in sources of dietary fat could cause differences in the level of circulating
cholesterol among studies (Park et al., 1983; Talavera et al., 1985; Grummer, Carroll, 1988; Highshoe et
al., 1991; Wehrman et al., 1991; Hawkins et al. 1995; Lammoglia et al. 1996; 1997; Thomas et al., 1997;
Pechova et al., 2006). The cholesterol level may also depend on the duration of use of fat supplements in
the diet.

Acetate and fatty acids supplied to the animal feed can also be used for the synthesis of cholesterol.
Unlike monogastric animals, acetate is used instead of glucose to cover the energy needs of the cows. It
covers about 30% of these needs. Such an evolutionary adaptation of ruminants is due to the presence of
fore stomach (rumen), in which the fermentation of fodder and the formation of short chain (volatile) fatty
acids take place. Acetate is one of the products of the normal digestive process in ruminants. It is known
that in the rumen of cows up to 4 kg of acetate is formed per day (Aliyev, 1980).

It was shown that the inclusion of an aqueous solution of potassium salt of acetic acid (20%
solution) in the high protein diet for cows with low cholesterol on 60-90 days after calving raises the level
of cholesterol in the blood (Vasilenko, Roschevsky, 2008). Consequently, an increase in the blood
cholesterol level may be associated not only with the activation of lipogenesis and gluconeogenesis, but
also with an increase in the consumption or formation of intermediate products that may be used to
synthesize cholesterol.

Blood cholesterol as a predictor of fertility in cows

It is established, that high concentrations of plasma cholesterol were associated with a shorter
interval from calving to fertilization (Ruegg et al., 1992; Westwood et al., 2002; Reist et al., 2003), and
with greater probabilities of fertilization and successful pregnancy by days 150 of lactation (Westwood et
al., 2002). These data are consistent with results obtained by other researchers (Guedon et al. 1999; Veena
et al., 2015). Westwood et al (2002) found that estrous signs were more likely detected at first postpartum
ovulation among cows with higher dry matter intakes, increasing plasma cholesterol concentrations and the
ratio of glucose to beta-hydroxyl butyrate.

Elevated levels of cholesterol in cows during first three months of lactation may be used as a
prognostic indicator of their subsequent fertility. There is a significant relationship between the cholesterol
concentration in cows during the estrous cycle, the likelihood of fertilization, and the development of
pregnancy (Francisco et al.,, 2003; Vasilenko, Roschevsky, 2008). Low cholesterol concentration
characterizes the health and energy status of cows-donors, has a direct impact on the maturation of follicles
and oocytes, which contributes to disruption of the ovulation process and reduction in the number of viable
embryos (Balakrishnan et al., 1993). Total cholesterol concentrations in heifers and cows are correlated
positively with numbers of recoverable embryos from superovulated animals (Kweon et al., 1987; Pradhan
et al., 2008). Similar results were received in other studies (Bader et al., 2005).

It is believed that high levels of total cholesterol in cycling cows may reflect increased production
of steroid hormones (Dutta et al., 1988). Elevated cholesterol levels in cows before fertilization has a direct
impact on progesterone production and thus may affect the preservation and subsequent development of
pregnancy (Ryan et al., 1992; Lammoglia et al., 1996; McNamara et al., 2003). The level of cholesterol
also can have a regulatory effect on the synthesis of steroid hormones in the ovaries (Rabiee et al., 1999).

Low concentrations of cholesterol and albumin were detected in animals with fatty infiltration of
the liver after limited feed intake (Mostaghni, Aakari, 1996) and large weight loss after calving (Ruegg et
al. 1992; Yamada et al. 1994). Low serum cholesterol levels were detected in cows with endometritis or
other postpartum disorders (Sepulveda-Varas et al., 2015).

Today, the mechanisms by which cholesterol can affect the resumption of normal estrous cycles
and the fertilization of dairy cows have not yet been disclosed. However, it is well known that a high level
of repeated insemination and anestrus in cows is associated with noticeable decrease of cholesterol level
(Kumar, Sharma, 1993; Francisco et al., 2003; Vasilenko, Roschevsky, 2008; Widayati et al., 2018).
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Conclusion and Recommendations

This review emphasizes the need for research to identify the relationship between the level of
cholesterol in the blood of cows, the effectiveness of their reproduction or the possible manifestation of
postpartum disorders. An increase in the level of cholesterol in the blood of cows in first months after
calving may be due to a high level of milk production and the additional inclusion of fats in the diet, or the
manifestation of functional deviations in animals during this period. For example, liver dysfunction can
affect the interpretation of results on cholesterol in the blood. The determination of elevated concentrations
of cholesterol in the blood of healthy cows in first month after calving gives valuable information about
level of milk production in these animals, normalization of the energy balance, and also characterizes the
conditions in the organism for accelerated resumption of ovulatory cycles, fertilization and the development
of pregnancy in a shorter postpartum period.

Normal lactation and the reproductive cycle as a whole in cows are accompanied by complex
metabolic adaptations that can directly affect cholesterol metabolism and its blood levels. Despite more
detailed studies of changes in cholesterol concentration in cows during lactation, fertilization or pregnancy,
many guestions remain unanswered, such as the specificity of cholesterol metabolism and the significance
of its noticeable fluctuations for these physiological states. Today, the exact range of changes in the level
of individual lipids in cows of different breeds and with different milk productivity in first months of the
postpartum period is not sufficiently represented. It is important to disclose the mechanisms that determine
the fluctuations in cholesterol levels in cows depending on the stage of the reproductive cycle.
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®dakTopbl, onpeessoHe BHICOKHIT YPOBEHb X0JIeCTepHHA
B KPOBH KOPOB B NlepBbie MecslbI Mocje 0Téna

Bacunenko T.®D.

Unemumym ghuzuonoeuu @HL] « Komu Hayunsiil yenmp Ypansvckoeo omoenenus
Poccuiickoii akademuu nayrky», Coikmuiskap, Poccuiickaa @edepayus

Henp paboTel — cucTeMaTW3alys JAaHHBIX O (aKTopax, KOTOpble MOTYT 0OyCIaBIMBATh
HIOBBIIICHHE YPOBHS XOJIECTEPHHA B KPOBH 370POBBIX KOPOB B TEUEHHE INMEPBBIX MECSIEB JAKTAIWH, B
YaCTHOCTH, B Meproj GOpMHUPOBAHUS OBYJISITOPHBIX IOJOBBIX LUKIIOB, MEpEe OIUIOJOTBOPEHUEM M Ha
HEepBBIX MecAllaX CTEIbHOCTH. Bapmanmm conepkaHus XoJIeCTepUHa B KpPOBHM IOCie  OTEna
HETIOCPEJCTBEHHO OTPAXAIOT TEKYIIUE TEMIIBl €ro WCIIONb30BAaHMS JUIS MPOWU3BOJCTBA JIMIHIHBIX
KOMITOHEHTOB MOJIOKa. Jlpyrumu (akTopamu, CriocOOCTBYIOIIMMH IMOBBIIICHHIO YPOBHS XOJECTEPHHA B
KPOBH )KMBOTHBIX B TIEPBBIE MECSIIIBI JIAKTAIINH, SBIISIOTCS €r0 BRICBOOOMKICHUE U3 aJJUITOIIUTOB KHUPOBOH
TKaHH, aKTUBAIHS MPOIECCOB JIMTIO- WM TIFOKOHEOTeHEe3a a TaKKe yBEJIMUCHHOE YCBOSHHE JIMIUIHBIX
KOMITOHEHTOB KOpPMa M HCIOJIb30BaHUE OIpPEACIEHHBIX WHTEPMEIUATOB MeTabOIMYECKUX IPOIECCOB
(amerara) JuIs CMHTE3a DHJOTEHHOTO XoJliecTepuHa. [1oBbIIEeHHE YPOBHS XOJECTEPHHA B KPOBH KOPOB B
TIepBbIE MECSIIBI TIOCIIE OTETa MOXKET OBITh TAKXKE CBA3AHO C MPOsIBIICHHEM (QPYHKIIMOHATBHBIX OTKIOHEHUH
y JKUBOTHBIX, HalpuMep, ¢ AuchyHkuueil nedenu. OnpeneneHue X0JIECTEPHHA B KPOBH 310POBBIX KOPOB
B IIEPBBIA Mecsl Hociie oTéna AaéT LeHHYI HHGPOpMAIMI0 00 ypOBHE MOJIOYHOW INPOJYyKTUBHOCTH,
COCTOSIHUM DHEPTETHUYECKUX PE3EPBOB, a TAKXKE XapaKTEPH3YET YCIOBUS B OPraHU3ME Ui YCKOPEHHOTO
BO300HOBJICHHS OBYJIITOPHBIX IIMKJIOB, YCHENTHOTO OIUIOOTBOPEHUS M Pa3BUTH OEpEeMEHHOCTH B OoJiee
KOPOTKHH TIOCIEPOI0BOIl Teprol. BeICOKkHii ypoBeHb XoJecTeprHa B KPOBU KOPOB B HEPBBIE MECSIIBI
TocJie OTesla MOXKeT OBITh UCTIONIB30BaH B KAYECTBE OJIHOTO M3 MPOTHOCTHYECKUX MApKEPOB MOBBIIICHUS
3¢ ($EKTUBHOCTH UX OIUIOJOTBOPEHHUS B ATOT IepHoj. B HacTosee BpeMst TOYHBIH TUarna3oH H3MEeHEeHUH
YPOBHS OTIENIBHBIX JIMIMHUIOB Y KOPOB PA3HBIX NOPOA U € Pa3HOM MOJIOYHOH NPOAYKTUBHOCTBIO B IIEPBHIE
MECSIIIBI ITOCIEPOI0BOTO MEPHO/Ia MIPEACTABICH HEJJOCTATOYHO. Ba)KHO pacKphITh IeTabHBIE MEXaHU3MBI,
KOTOpbIE ONpENCISIIOT KOoJeOaHWs YpOBHS XOJEeCTepUHAa Yy KOPOB B 3aBHCHMOCTH OT CTaJluH
PENpPOIYKTUBHOTO LIUKJIA.

Kniouegvle cnosa: kopogul, iakmayus, Xonecmeput Kposu, 08YJIAMOPpHbIe YUKIbl, ONI000MBEOPEHUE
IIpobremvr buonrocuu npodykmuenvix sHcugsomuuix, 2020, 2: 75-81
Mocrynuio B pegakuuto: 1.05.2020 [Monyueno nmocne nopadorku: 4.06.2020

Bacunenko TaTrbsina ®@enopoBHa, 1.0.H., Bel. H. ¢., 89121462452; vasilmena@outlook.com


https://doi.org/10.1095/biolreprod45.3.514
https://www.sciencedirect.com/science/article/pii/S0022030202744111#!
https://www.sciencedirect.com/science/article/pii/S0022030202744111#!
https://www.sciencedirect.com/science/article/pii/S0022030202744111#!
https://www.sciencedirect.com/science/journal/00220302
mailto:vasilmena@outlook.com

