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SOME INDICATORS OF PROTEIN METABOLISM IN BLOOD OF COWS
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During the first weeks of post-partum
period in high-yield dairy cows is observed
negative energy balance caused by discordance
between inadequate diet energy supply and high
consumption of glucose for metabolic processes
and milk production. In order to compensate it
animals use own reserves by means of
carbohydrates, lipids and proteins. Results, which
characterize the level of protein catabolism in
ketotic cows are presented in the paper. The study
was performed on ten cows (5 clinically healthy,
with negative results of test for ketone bodies in
urine and 5 with positive ketone tests) of Ukrainian
black and white dairy breed at age from 2 to 5
years, with productivity above 5500 kg of milk for
previous lactation. Blood samples were taken in
March, two or three weeks after calving. Blood
was withdrawn from jugular vein before morning
feeding. Conducted research has shown that under
hypoglycemia and hypoinsulinemia an increased
activity of compensatory mechanisms in organism
of high-yielding cows is registered. Particularly,
significant (p<0.001) increase of plasma cortisol
level is revealed. This allows fto increase amino
acid release from muscle proteins (proteolysis) and

to provide necessary starting compounds for
gluconeogenesis. As a vresult, an significant
increase of 3-methylhistidine (by 78.9 %, p<0.001)
and creatinine (by 26.8 %,; p<0.01) is registered in
blood of cows with ketosis in comparison with
healthy animals. Herewith the ratio between
creatinine and 3-methylhistidine rose almost 4-fold
from 5.5 to 19.1. Considering obtained results, and
that 3-methylhistidine after entering circulation
does not undergo further metabolism and is
excreted via urine, it might be suggested that the
plasma content of 3-methylhistidine in dairy cows
is an informative indicator of destructive changes
of contractile proteins, and that determination of
ratio  creatinine/3-methylhistidine  gives  an
information about relative rate of catabolism in
muscle tissue.
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Y nepwi muoxcni nicnia omenenus y
BUCOKONPOOYKIMUBHUX ~ MOJIOYHUX — KOPI@  ICHYE
He2amuHUll eHepeemudHull OAIAHC K pe3yIbmam
HeBION0BIOHOCMI NOCMYNIEHHS eHepeii 3 KOPpMOM i
sumpam 2n0Ko3u Ha MemaboniuHi npoyecu ma
cunme3 moaoxa. [us 1io2o noxpumms MmMeapuHa
BUKOPUCMOBYE GIACHI pe3epeu Mina 3a paxynox
gyenesodis, ocupie ma Oiikie. Y podomi
npeocmasieni pe3yipmamu, aKi Xapaxmepuszyioms
pieenb Kamabonizmy OiIKka y X6Opux Ha Kemos
Kopis. JlocnioocenHs npogoounuce Ha Oecamu
Kopoeax (5 KAHIYHO 300POGUX, 3 HE2amUHUM
MecmoMm Ha HAAGHICb KeMOHOBUX MIiNy ceui ma 5

3 NO3UMUBHUM MECMOM), VKPAIHCbKOT YOpHO-pAOOT
MONOUHOI nopodu, y eiyi 6i0 2 0o 5 pokis,
npooykmusHicmio nonad 5500 ke monoka 3a
nonepeouto nakmayiro. Ilpobu kpoei eiodbuparu y
Oepesni uyepe3 06a-mpu MUDdICHI NICSL OMENCHHS
xopie. Kpoe eidbupaiu 3 sapemHoi 6eHu nepeo
pariwnboio 2odisnero. Ilposedeni Odocniocenus

nokasany, wo 3a YMO8U  2ino2uikemii  ma
2inoiHcyninemii 8i00ysaemvcs niOBULYEHHS
aKmueHocmi KOMNEeHCcamopHux MexXanizmie

Op2aHisMy BUCOKONPOOYKMUBHUX KOpig. 30Kpema,
peecmpyembcsi gipocione (p<0,001) 3pocmamnns
8MICIY KOPpMU30NLY y NAA3MI KPOGI, WO 00380JI€
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nioguwumu MoOLN3ayil0 aMiHOKUCIOM 3 M 306UX
Oinxie (npomeoniz) ma 3abe3neyumu
2NIIOKOHeO02eHe3 HeoOXIOHUMU BUXIOHUMU
cnonykamu. Y pezynomami yvo2o y Kposi Kopis,
X80pux Ha Kemo3, HNOPIGHAHO 3i 300POBUMU
MBAPUHAMU, PEECMPYEMbCA BIPO2iOHe 3POCMAHHA
emicmy 3-memuncicmuouny (Ha 78,9 %, p<0,001)
ma kpeamuniny (Ha 26,8 %,; p<0,01). Ilpu yvomy,
Y X680OpUX KOpI8 3POCI0 CHIBEIOHOWEHHS MIJIC
Kpeamuuinom ma 3-Memunicmuourom maudxice y
yomupu pazu 6i0 5,5 0o 19,1. Bpaxogyiouu
ompumMaui pesyibmamu, a mMaKoxc me, wo 3-
Memun2icmuoun nicis 8UBLIbHEHHs V KPo8 0dlli He
Memabonizyemvcs i NOBHICMIO eKCKPemyeEmbCsi i3

ceuero, MOJCHA 3pOOUMU BUCHOBOK NPO me, Wo
emicm  3-memuncicmuouny 'y —naasmi - Kpoei
MOTOUHUX KOPIG € THHOPMAMUBHUM HOKAZHUKOM
OecmpyKmuHUX 3MIH cKopomaueux OiiKie, a
docniooicens inoexcy Kpeamumin/3-
Memunzicmuoun — 0ae  ys8y  nNpo  8IOHOCHY
WBUOKICIb KAMAOOIZMY M 830801 MKAHUHU.

Kmruoni caosa: KOPOBH, KETO3,
KOPTH30JI, 3-METWJIT'ICTUIMH,
KPEATHWHIH, AMIHOKHNCIJIOTH,
[JIFOKO3A, IHCYJIIH, BIUIKOBU OBMIH,
BVIJIEBOJIHUI OBMIH
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B nepsvie medenu nocne omena y
6bICOKONPOOYKIMUBHBIX MOTOUHBIX KOpO8
cywecmeyem OmMpuyamenbHulll  dHepeemudecKuti
bananc  KaKk — pe3yibmam — HecoOmEemcmaeusl
noCmynjienusi 9Hepeuu ¢ KOPMOM U Pacxo0og
2NI0KO3bl HA MemabonuiecKue npoyeccvl U CuHmes
Monoka. [na  e20  NOKpuimus  HCUBOMHOE
ucnoabsyem cobcmeeHHvle pe3epavl meia 3a Cuem
y2ne60008, KHcupos u benxos. B oannol pabome
npeocmasienvl pe3yIbmamsl, Xapaxkmepusyouue
ypoBeHb Kamaboausma 6eika y O60abHLIX Kemo30M
Kopos. Hccnedosanus nposoounuce Ha Oecamu
Koposax (5  KIUHUYECKU  300pPO8bIX, c
OMPUYAMETLHLIM TEeCHOM HA HATUYUE KeMOHOBbIX
men 6 Moue u 5 ¢ NOUMUBHBIM MeECmoM),
VKPAUHCKOU YePHO-NECMPOL MOJOYHOU NOPOObl, 8
6o3pacme om 2 0o 5 nem, npooOyKmMueHOCHbIO
bonee 5500 ke monoka 3a  npeodvIOYwio
naxkmayuro. Ilpobvl kposu ombupanu 6 mapme
Mecaye uepes 06e-mpu Heoeau nocie omena Kopos.
Kpoev ombupanu u3 sapemnol 6eHvl nepeo
VMpPEeHHUM KOpMJIeHUeM. IIposedennvle
UCCRe008anUs NOKA3AAU, YO NPU SUNOTUKEMUU U
CUNOUHCYIUHEMUU — NPOUCXOOUM  NOGblULECHUE
AKMUBHOCMU ~— KOMNEHCAMOPHLIX — MEXAHU3MO8
opeanu3ma  6blICOKONPOOYKMUBHLIX — KOpos. B
YACMHOCMU — pecucmpupyemcs — 00CHOBEPHOe
(p<0,001) nosvuuenue codepaicanus KoOpmusona 6
niasme  Kposeu, uYmo  NO380isem  NOGbLCUMb
MOOURUZAYUIO  AMUHOKUCIOM U3 MbIUUEYHBIX
benxo6 (npomeonus) u obecneuums 210KOHE02eHe3
HeOOX0OUMbIMU — UCXOOHLIMU — COeQuHeHusmMu. B

pesynbmame 3mMo20 8 KpOGU OOIbHBIX KEmOo30M
KOpO8, nO  CPABHEHUI0  CcO  300POBbIMU
HCUBOMHBIMY, — PE2UCTHPUPYEMC  OO0CTHOBEPHOE
yeenuuenue coO0epiucanus 3-memurcucmuouna (na
78,9 %, p<0,001) u xpeamununa (na 26,8 %,
p<0,01). Ilpu smom, y OOILHBIX KEeMO30M KOPO8
8bIPOCIIO COOMHOWEHUE MENHCOY KPeAMUHUHOM U 3-
MEMUAZUCMUOUHOM NOYMU 6 Yemvlpe pasa ¢ 3,5
0o 19,1. Yuumvieas nonyueHuvie pe3yiomamsl, a
makdce mo, 4mo  3-MemuaUcCmuour  nocie
8b1CB000JICOCHUSL 8  KPOBb oanvue  He
Memabonuzupyemesi u NOJAHOCHbIO 8bl@OOUMCS C
MOUOU, MOJCHO cOenamv 8bl800 O MOM, UMO
cooepoicanue 3-MemureUCmuUoOuHa 8 niazme Kposu
MONOUHBIX  KOPO8 SGNAEMCSl  UHDOPMAMUBHBIM
noxkasamenem 0eCmpyKMuGHbIX usMeHenull
COKpaAmumenvuvlx — Oeikos, a  UCCIe008AHUs
unoekca  Kpeamunun/3-memurcucmuour — oaem
npeocmasienue 006 OMHOCUMENbHOU CKOPOCU
KamaooausmMa MuliledHou MKaHu.

KaroueBbie cJjIoBa: KOPOBBI,
KETO3, KOPTH30J1, 3-
METWITUCTUIMH, KPEATHHHMH,
AMMWHOKUWCIJIOTHI, T'JIFOKO3A,
NHCVYIJIMH, BEJIKOBBIIA OBMEH,
VI'JIEBOJIHBINT OBMEH

Ketosis occurs in dairy cows primarily
as a result of negative energy balance caused
by discordance between high requirements for
milk production and inadequate diet energy

The Animal Biology, 2013, vol. 15, no. 3

121


mailto:msimonov@inenbiol.com.ua

Bionoris TBapun, 2013, . 15, Ne 3

supply. Metabolism in the cattle organism is
organized in such a way as to save glucose in
case of energy deficiency, because the brain
can use for nourishment only glucose. At the
beginning of lactation, when there is high
demand in glucose for synthesis of lactose, and
the supply of glucose precursors with feed is
low, activation of gluconeogenesis is a vital
compensatory mechanism. Available literature
data [1, 2] provide information that demand in
energy and protein on the fourth day after
calving in healthy cows exceeds their
consumption by 25 %. In high-yielding dairy
cows milk production demands significant
quantity of nutritional substances and energy.
Thus, in cows with daily milk production rate
25, 35 and 45 kg per cow, demand in glucose
is 2.6, 3.5 and 4.2 kg respectively [3]. During
the period of intensive lactation it cannot only
be covered with feed, therefore in cows energy
deficiency occurs. In order to cover it, animal
uses its own reserves by means of
carbohydrates, lipids and proteins. In
particular, amino acids released from protein
catabolism are used in citric acid cycle or are
converted in pyruvate and may directly turn
into glucose [4]. On the one hand in helps to
smooth the energy deficit to somewhat degree,
but on the other hand, intensive use of own
reserves, in particular muscle proteins, without
sufficient exogenic compensation causes quick
decrease in body weight and productivity, and
finally deep metabolic disorders. By the
reference to this, the objective of our study
was to determine the level of protein
catabolism in cows with ketosis and to work
out an index, which describes the process.

Materials and methods

The study was performed in March on
ten cows of Ukrainian black and white dairy
breed at age from 2 to 5 years, with
productivity above 5500 kg of milk for
previous lactation. Animals were kept is
analogous conditions and received identical
diet. Clinical examination of cows was
performed and testing for ketone bodies in
urine was done using diagnostic strips
(Ketophan, Pliva). During examination it was

revealed that some animals (n = 5) are lying
up, quick lowering of live weight and yield,
they look oppressed, some of them had
muscular tremor. After the contact of indicator
strips with urine, colour turn to violet, this
testifies of the presence of ketone bodies.
Animals with positive results, i.e. with the
presence of ketone bodies in urine, were
selected into a separate group. Blood samples
were withdrawn two or three weeks after
calving, from jugular vein before morning
feeding, into sterile tubes with heparin and
immediately centrifuged at 3000 rpm.
Obtained plasma was frozen at — 20 °C until
analyses were done (up to 1 month). The
plasma level of cortisol was measured using
enzyme immunoassay technique and test-kits
manufactured by «kDRG» (Germany), and the
content of 3-methylhistidine in blood plasma
was detected using amino acid analyzer
Biotronik LC 6001. The level of creatinine
was determined in blood serum by Jaffe
reaction (Popper’s method).

Received results were processed in
Excel, arithmetical mean (M) was calculated
as well as statistical error (m) and significance
of the difference between two variation series

().
Results and discussion

Conducted laboratory research have
shown that in organism of cows with ketosis
there is significant energy deficiency, which
manifests itself with hypoglycemia (<1.95
mmol/L) and hypoinsulinemia (<6.3 ulU/mL).
As adjustment for high energy demand in
dairy cows, an increased activity of
compensatory mechanisms is registered,
oriented to fatty acids mobilization from
adipose tissue (lipolysis) as well as a release of
amino acids from muscle proteins (proteolysis)
that give necessary starting compounds for
gluconeogenesis. Glucocorticoids, primarily
cortisol, play the key role in this [4]. As it is
shown on Figure 1, there is a significant
increase (by 41.3 %; p<0.001) of plasma
cortisol level in ketotic cows in comparison
with healthy animals.
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Fig. 1. Plasma content of cortisol in cows; (n=5)

Among all free amino acids the greatest
informativeness concerning protein catabolism
has 3-methylhistidine [5—8]. 3-methylhistidine
is an amino acid, which is specific for
contractile proteins (actin and myosin). During
degradation of these proteins it enters
circulation, but due to the absence of specific

metabolized and without changes is excreted
via urine. These properties make measuring of
3-methylhistidine content an informative
indicator of muscle protein metabolism. As
can be seen on Figure 2, the plasma content of
3-methylhistidine in cows with ketosis is
higher (by 78.9 %; p<0.001), in comparison

tRNA, it is not used in synthesis, is not with healthy animals.
0 284"
30 T
= 20
= 6,0
£ 10
Healthy Ketotic
Fig. 2. Plasma content of 3-methylhistidine in cows (n=5)
Creatinine is another characteristic its concentration in blood does not depend on
parameter, which reveals the level of the amount of protein received with feed. Our

destructive changes in muscle tissue [9, 10].
Creatinine is produced as a result of muscle
metabolism and is also eliminated from
organism through kidneys. Contrary to urea,

research has revealed (Fig. 3) that the level of
creatinine in ketotic cows is increased by 26.8

% (p<0.01) in comparison with such in healthy
animals.

156,3
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Fig. 3. Serum content of creatinine in cows (n=5)

Considering that fact that the amount of
excreted creatinine is directly-proportional to

the weight of skeletal muscles, the ratio
between creatinine and 3-methylhistidine in
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cow’s blood might reflect relative rate of
muscle proteins catabolism. Received figures
revealed that the index of relative rate of
muscle proteins catabolism in ketotic cows
rose almost four-fold and was 19.1 compared
with 5.5 in healthy animals.

Conclusions

In high-yielding dairy cows with
ketosis negative energy balance occurs, which
activates compensatory mechanisms. In
particular, a significant (p<<0.001) increase of
plasma cortisol level is revealed; it allows to
increase release of amino acids from muscle
proteins (proteolysis) and provide necessary
starting compounds for gluconeogenesis. As a
result, an significant increase of 3-
methylhistidine (by 78.9 %; p<0.001) and
creatinine (by 26.8 %; p<0.01) is registered in
blood of cows with ketosis in comparison with
healthy animals. Herewith in cows affected
with ketosis the ratio between creatinine and
3-methylhistidine rose almost 4-fold (from 5.5
to 19.1). Considering obtained results, and that
3-methylhistidine after entering circulation
does not undergo further metabolism and is
completely excreted via urine, it might be
suggested that the plasma content of 3-
methylhistidine in dairy cows is an informative
indicator of destructive changes of contractile
proteins, and that determination of ratio
creatinine/3-methylhistidine gives an
information about relative rate of catabolism in
muscle tissue.

Prospects for further research are in
establishing of physiological ranges for 3-
methylhistidine and for index creatinine/3-
methylhistidine in blood plasma and urine of
clinically healthy cattle and in investigating of
the changes of these values under different
physiological states, during various keeping
periods and with different feeding strategies.
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