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STATUS OF CARBOHYDRATE METABOLISM IN DAIRY COWS WITH KETOSIS

M. Simonov', V. Stybel’, 1. Petrukh?, V.Vlizlo'?
m.simonov(@ukr.net

"National University of Veterinary Medicine
and Biotechnologies named after S. Gzhytsky,
50 Pekarska str., Lviv 79010, Ukraine
“Institute of Animal Biology NAAS,

38 V. Stusa str., Lviv 79034, Ukraine

This paper contains analysis of carbohydrate metabolism and hormonal regulation of energy metabolism
in ketotic cows. It has been revealed that glucose concentration in blood was lower by 29.3 % (P<0.01) in compari-
son with healthy animals, which is a result of imbalance between energy income with food and energy expenditure
for metabolic processes and milk synthesis. Under energy deficit conditions in organism of diseased cows insulin
level decreased by 54.7 %, (P<0.01) and cortisol level increased by 41 % (P<0.01). This shows evidence of gluco-
neogenesis intensification by means of lipolysis and proteolysis. At the same time, plasma level of ketogenic amino
acids was higher and level of glycogenic amino acids was lower: the concentration of phenylalanine, tyrosine and
leucine increased by 22.2 % (P<0.05), 3.8 % and 62.5 % (P<0.01), respectively, and the level of alanine, arginine
and asparagine decreased by 19 %, 32.8 % and 30.2 % (P<0.05), respectively, in comparison with healthy animals.
The obtained results suggest alteration of ketone bodies usage by muscle tissue in the function of energy material.
The animals with disease experience intensified lipid oxidation and usage of ketogenic amino acids, which results
in compensation of energy deficit, but leads to accumulation of ketone bodies in blood.
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CTAH BYIVIEBOJJHOT'O OBMIHY Y MOJIOYHUX KOPIB, XBOPUX HA KETO3

M. Cimonos!, B. Cmubensv’, I. I[lempyx?, B. Baizno'?
m.simonov(@ukr.net

'JIbBIBCHKMH HAI[lOHAJIILHUN YHIBEPCUTET BETCPHHAPHOI METUIIMHH
ta 6iorexnounorii imeHi C. 3. I’xunpkoro,

Byin. [lekapceka, 50, M. JIbBiB, 79010, Ykpaina

’[Hctutyt Gionorii TBapun HAAH,

Byn. B. Cryca, 38, m. JIpBiB, 79034, Ykpaina

Y pobomi npoeedeno ananiz gyeneso0noco 0oMiny ma OOCHONCEHO COPMOHANLHY PeSVIAYII0 eHepeemut-
HO20 0OMINY 6 KOPIB, X60PUX HA Kemo3. Bcmanoeieno, ujo KoHyeHmpayis 2moKo3u y Kposi KOpie, Xeopux Ha Kemos,
oyna na 29,3 % (P<0,01) nustcuoro, Hidic y 300po8UX MEAPUH, WO € PEe3)IbIAMOM HeBiON0BIOHOCI HAOXOOINCEHH S
eHepeii 3 KopmoMm I it sumpamamu Ha MemaoOonHHi npoyecyu ma cunmes MoJiokd. 3a oeiyumy enepeii 6 opeanizmi
X80pUX KOPIB 8i00Y10Cs 3HUICEHHS PigHsL iHCYiHY Ha 54,7 %, (P<0,01) ma 3pocmanns kopmuzony na 41 % (P<0,01).
Le ceiouumv npo nocunenns 2noKoHeo2ene3y y nepiod eHepeemuiHo2o oeiyumy 3a paxyHox Jinonizy ma npo-
meonizy. Boowouac y niasmi Kposi Xeopux Kopie OY10 3apeccmpo8ano SUULl 6MICH KeMO2eHHUX AMIHOKUCIOM
Ma HUMCHUL — 2NIKO2EHHUX. eMicm (eHinananiny, muposury ma ieiyury spocmas na 22,2 % (P<0,05), 3,8 %
162,5 % (P<0,01) 8ionosiono, a anauiny, apeininy ma acnapaciny — 3HudiACY8ascs, 8ionosiono, na 19 %, 32,8 % ma
30,2 %, (P<0,05) nopisusno 3i 300posumu meapuramu. Ompumani 0awi c8iouams npo NOpyuleHHs1 BUKOPUCHIAHHS
KeMOHOBUX MIJL M 51306010 MKAHUHOIO AK eHepeemuyHo20 Mamepiaiy i OKUCHEHHS 8y2l1e800i8. V xeopux meapun
RIOBUWUTOCH OKUCHEHHS TINI0I8 MA BUKOPUCTAHHS KEMO2EHHUX AMIHOKUCIOM, WO BUPIBHIOE eHepeemUUHY
He0OCMamHicms, aie Cynpo8ooH#CyEMbCsa HAKONUUEHHAM Y KPOGI KeMOHOBUX M.

Kurouosi ciiopa: KOPOBH, KETO3, ITTIOKOHEOI'EHE3, METABOJII3M BYITJIEBO/IB,
AMIHOKUCJIOTH, IHCVYJIIH, KOPTH30JI
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COCTOSAHME YINIEBOAHOI'O OBMEHA B MOJIOYHBIX KOPOB,
BOJIBHBIX KETO30M
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!JIbBOBCKHI HAIIMOHAJIbHBI YHUBEPCUTET BETEPUHAPHOU METUITUHBI
u ouorexnonoruii uM. C. 3. I KUIIBKOTO,

yi. [lexapckas, 50, r. JIsBoB, 79010, Ykpauna

2 MuctuTyT OMoorun »)uBoTHEIX HAAH,

yi. B. Ctyca, 38, 1. JIbBoB, 79034, Ykpanna

B pabome nposeden ananu3z yene8o0Ho2o0 obmeHa u UCCi1e008aHO 20PMOHATBHYIO PeSyIaYUI0 SHepeemuye-
CKO20 0O6MeHA )y KOPO8, DONbHBIX KEMO30M. YCmano81eHo, ymo KOHYEeHMpayus 2I0KO3bl 8 KPOGU KOPOos, DOTbHBIX
kemoszom, bvlia Ha 29,3 % (P<0,01) nuoice, uem y 300p0BbIX HCUBOMHBIX, UMO AGTSEMCS PE3)IIbMAMOM HeCOOMEEeN1-
CMBUSI NOCTYNAEHUSL SHEP2UL C KOPMOM U ee 3ampamamu Ha Memadonudeckue npoyeccyl u cunmes monoxa. Ilpu oe-
Guyume 3mepeun 6 opearnuzme BOTLHBIX KOPO8 NPOUoULLo CHudcerue Ha 54,7 % (P<0,01) ypoeHs uncynuna u pocm
na 41 % (P<0,01) kopmuszona. 9mo ceudemenpcmeyem o0 ycuneHuu 2IOKOHe02eHe3d 8 NEPUOO IHEPLEMUUECKO20 Oe-
Quyuma 3a cuem unoausa u npomeonusa. B mo oice epemst 6 niazme Kposu O0NbHBIX KOPOB ObLIO 30PecUCmpUpO8aHo
bonee 8bICOKOe COOepIICaHUe KeMOSEHHbIX AMUHOKUCTIOM U D0ee HU3KOe — STUKO2EHHBIX: COOepaicaHie enunana-
HUHA, mupo3una u netiyuna eozpocio na 22.2 % (P<0.05), 3.8 % u 62.5 % (P<0.01) coomgemcmeenHo, a ananuma,
ApeUHUHA U ACNApacuHa — CHU3ULOCh, coomeemcmeenno, Ha 19 %, 32.8 % u 30.2 % (P<0.05) no cpasHeruto co
300poguimu dcusomuviMu. Tlonyyennvie OarHbie C8UOEMETLCMBYION 0 HAPYUIEHUU UCNOTb306AHUsL KEMOHOBbIX
Mejl MbIUEeUHOU MKAHBIO 8 KAYeCTae IHEPLeMULECKO20 MAMEPUAIA U OKUCTIEHUS Y21e60008. Y OONbHbIX HCUBOTHBIX
NOBLICUNUCH OKUCTIEHUE TUNUO08 U UCHOTL30B8AHUE KEMOLEHHBIX AMUHOKUCTIOM, YO GbIPAGHUBAETN IHEPSEMUUECKYIO
He00CmamoyHOCMb, HO CONPOBONCOAEMC HAKONTIEHUEM 8 KPOBU KEMOHOBLIX ME.

Kimrouessie ciiopa: KOPOBbBI, KETO3, ITIFOKOHEOI'EHE3, METABOJIN3M VIJIEBOJOB,
AMMWHOKUCIIOTBI, MTHCYJIMH, KOPTHU30JI

Ketosis is a disease of ruminants charac- biologically active compounds, structural pro-
terized by profound metabolic disorders (mainly teins, enzymes, some hormones, nitrogenous
of carbohydrates, lipids and proteins) and ac- bases, and neurotransmitters [3]. Metabolism of
companied by increased formation and a sharp these compounds is controlled by various bio-
increase in the content of ketone bodies in blood, chemical and physiological mechanisms that main-
urine and milk. There is a characteristic complex tain the relatively constant concentration of amino
group of symptom in which ketonemia, keton- acids in the blood and tissues.
uria and ketonolactia are the main signs at the The objective of the study was to inves-
onset of the disease in cows [5]. The main etio- tigate carbohydrate metabolism and plasma con-
logical factor in the occurrence of ketosis is an centration of free amino acids in cows suffering
energy deficit, foremost the lack of easily digest- from ketosis, which gives opportunity to obtain
ed carbohydrates in the diet of cows with high more profound insight into metabolic peculiarities
milk yield [9]. To provide the organism with suf- occurring in this disease.
ficient amount of energy during intensive lacta-
tion, cows need significantly more nutrients than Materials and methods
they can eat with food. If the cow organism
does not receive enough energy and nutrients The study was performed on cows of Hol-
with diet, internal reserves of the cow organism stein breed from second to fourth lactation with
are used, which is accompanied by the strain in milk yield above 8000 kg per previous lactation.
compensatory metabolic mechanisms. Animals were kept on farms in similar conditions

An important role in the pathogenesis of and received the same diet. Cows were examined
ketosis belongs to amino acids, because they are clinically, and the content of ketone bodies in
involved in the synthesis of most endogenous urine was detected (express-test Ketophan, Pliva).
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Blood of animals was tested for the content of glu-
cose, insulin, cortisol, amino acids, lactic and py-
ruvic acids. Animals with positive results for the
presence of ketone bodies in urine were selected
into a separate group. Blood samples were taken
from jugular vein before morning feeding, into
sterile tubes with heparin and immediately centri-
fuged at 3000 rpm. Obtained plasma was frozen
at —20 °C until analyses were done. The plasma
levels of insulin and cortisol were measured using
enzyme immunoassay analyzer and test-kits man-
ufactured by “DRG”. The plasma level of amino
acids was determined using amino acid analyzer
Biotronik LC 6001. And the level of glucose was
measured within 1 hour from blood withdrawal
by the glucose oxidase method. The whole blood
was used for determination of pyruvic acid by the
by the modified Umbright method, and of lactic
acid using reaction with paraoxidiphenyl.

Results and discussion

During examination of ketotic cows it
was revealed that some animals are lying up, they
have quick lowering of live weight and yield,
and look oppressed, some of them had muscular
tremor. High level (+++) of ketone bodies was
detected in urine. Plasma level of glucose in sick
animals was by 29.3 % (P<0.01) lower than in
healthy animals (fig. 1).

Decreased glucose concentrations in the
blood of sick cows should be construed as the re-
sult of inconsistency between the intake of energy
with food and the consumption of glucose in met-
abolic processes and milk synthesis. The need for
glucose in ruminants is by 90 % or more provided
by gluconeogenesis, which occurs predominantly
in the liver [5, 8]. In the period of intensive lacta-
tion mammary gland of cows needs a significant
amount of glucose, which is mainly used for the
lactose synthesis. Under conditions when require-
ment of glucose for lactose synthesis is high, and
the supply of glucose precursors with diet is low,
activation of gluconeogenesis is a vitally import-
ant compensatory mechanism [4]. These process-
es are regulated by endocrine system. In sick an-
imals with low level of blood glucose, lowering
of insulin concentration and increase of cortisol
level was revealed. More specifically, in ketotic
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animals concentration of insulin was lower by
54.7 % (P<0.01) and level of cortisol was higher
by 41 % (P<0.01) (fig. 1) than in healthy ani-
mals; this should be considered as activation of
compensatory mechanisms in organism of sick
animals in conditions of metabolic energy defi-
cit. Glucocorticoids, especially cortisol, induce
key enzymes of gluconeogenesis, provide this
process with starting compounds and reduce the
requirement of tissues in glucose, and, according-
ly, contribute to the growth of its blood concentra-
tion [1, 7]. By stimulation of protein breakdown,
cortisol promotes the release of amino acids, which
are important elements of gluconeogenesis [6].
Some differences were established in the amino
acid composition of blood plasma of healthy and
sick cows. In the blood plasma of cows suffering
from ketosis, the content of ketogenic amino acids
is higher, and concentration of glycogenic amino
acids is lower than in healthy animals. In particu-
lar, the content of phenylalanine, tyrosine and
leucine in sick cows was by 22.2 % (P<0.05),
3.8 % and 62.5 % (P<0.01) higher respectively in
comparison with healthy animals (table). By con-
trast, the concentration of glycogenic amino ac-
1ds such as alanine, arginine and asparagine in the
blood plasma of cows suffering from ketosis was
lower than in healthy animals by 19 %, 32.8 %
and 30.2 %, respectively (P<0.05). Obviously, in
order to compensate the energy deficiency, in or-
ganism of sick animals lipid oxidation processes
are activated and ketogenic amino acids are used
as energy sourse, which in its turn promotes the
increase of ketone body content in blood.

Table
Plasma content of free amino acids
in healthy and ketotic cows, pmol/L (MZm, n=25)

Amino acid Healthy Ketotic P<
Phenylalanine 24.34+0.53 | 29.8+2.64 | 0.05
Tyrosine 27.6£2.05 | 31.1£5.64 | 0.5
Leucine 48.6+2.30 | 79.2+12.98 | 0.01
Isoleucine 70.5£6.22 | 66.7£9.68 | 0.1
Methionine 16.8+1.48 | 24.2+1.42 | 0.01
Valine 120.1+4.58 | 10.5£5.42 | 0.05
Alanine 157.749.63 | 118.4+4.93 | 0.01
Arginine 58.3+£2.16 | 46.6+2.58 | 0.01
Asparagine 252193 | 18.0=0.98 | 0.05
Tryptophan 38.6£2.95 | 56.8+4.40 | 0.01
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Fig. 1. Blood concentration of glucose, insulin and cortisol in healthy and ketotic cows (n=25)

At the same time, such metabolic changes As a result of glucose and amino acids
may be associated with the peculiarities of the oxidation, pyruvic acid (pyruvate) is formed.
breakdown of different groups of amino acids. Its degradation depends on the access of oxy-
In particular, aromatic and sulfur-containing gen to the cells, i.e in anaerobic conditions, it is
amino acids, such as phenylalanine, tryptophan, metabolized to lactic acid (lactate), and in aer-
tyrosine and methionine, are cleaved only in the obic condition pyruvate together with the ions
liver. When liver is damaged due to ketosis, the of H, penetrate into the mitochondria, where
activity of enzymes that disintegrate these amino it is converted to acetic acid. It was established
acids is lowering, which obviously causes an in- that in the blood of ketotic cows the content of
crease of their blood levels [2]. At the same time it pyruvate and lactate was higher by 43.2 % and
was found that in cows suffering from ketosis, the 69.4 % (P<0.01), respectively, in comparison
plasma content of methionine and tryptophan was with healthy cows (fig. 2).
higher by 30.6 % and 32 % (P<0.01), respectively. The growth of these indicators in sick
By contrast, the concentration of branched chain cows is obviously caused by disturbances in the
amino acids such as valine and isoleucine was by hepatic function, because liver is an organ where
15.5 % (P<0.01) and 5.4 % respectively lower the metabolism of these substances take place.
than in healthy animals. It is known that valine Another reason for the increase in the content of
and isoleucine are essential amino acids, which lactate and pyruvate in the blood of ketotic cows
are metabolized mainly in muscle tissue and play is the activation of gluconeogenesis.
significant role in energy metabolism, in particu- It should be noted that the increase in
lar in the formation and deposition of glycogen [3]. lactate-pyruvate ratio in sick animals (by 30.2 %,
Thus, it can be argued that the imbalance of the fig. 2), in comparison with healthy ones, indicates
amino acid composition of the blood in cows the predominance of anaerobic processes over
suffering from ketosis is an unfavorable factor aerobic ones in their organism.

for the course of the disease.
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Fig. 2. Content of lactate, pyruvate and lactate/pyruvate ratio in healthy and ketotic cows (n=25)
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Conclusions

1. Accumulation of ketone bodies in the
blood of cows causes tension of compensatory
mechanisms intended to compensate the energy
deficit due to intensified gluconeogenesis.

2. A reliable decrease of the levels of glu-
cose, insulin, glycogenic amino acids and increase
of the concentration of cortisol, ketogenic amino
acids, pyruvic acid and lactic acid is observed in
blood of cows affected with ketosis in comparison
with healthy animals.

3. Sick animals experience increase of lac-
tate/pyruvate ratio by 30 %, which bears evidence of
intensification of anaerobic processes in organism.

Perspectives of the future investigations.
The prospect of further research is to develop
effective measures aimed at intensification of the
use of ketone bodies and correction of the energy
deficit. The obtained data can serve as a theo-
retical basis for the development of informing
diagnostic tests for ketosis of dairy cows.
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