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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was withdrawn from jugular vein before morning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 to 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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YV nepwi muoxcni nicna omenemns y
BUCOKONPOOYKMUBHUX —~ MOJIOYHUX — KOPI@  ICHYE
HeeamueHull eHepeemudHull 6aNanc K pe3yarbmam
HEeBIONOBIOHOCI NOCMYNICHHS eHep2ii 3 KOPMOM i
sumpam 2noKo3u Ha MmemaboniyHi npoyecu ma
cunmes MOJOKA. [ 1l020 NOKpUmms meapuHa
BUKOPUCMOBYE GNACHI pe3epsu Mmina 3a pPAaxyHox
gyeneeodie, ocupie ma Oiikie. Y  pobomi
npeocmasineni pe3yibmamu, sAKi XapaxKmepuzyioms
pigenb Kamabonizmy Oilka y X60pux HaA Kemos
xopie. Jlocniddicenusi nposoounucL Ha oOecsmu
Koposax (5 KuiHiYHO 300po8uX, 3 He2amueHUum
Mecmom Ha HAAGHICINb KEMOHOGUX Min Yy ceyi ma 5

3 NO3UMUBHUM MECMOM), YKPAIHCbKOL YOpHO-paO0oT
MONOYHOI nopodu, y eiyi 6i0 2 0o 5 pokis,
npodykmusHicmioo nonao 5500 ke monoka 3a
nonepeonto nakmayiro. Ilpobu kpoei eiodbupanu y
bepesHi uepe3 08a-mpu MUdCHi NiCs OMENeHHs
xopie. Kpoe eiobupamu 3 spemuoi ewu neped
paniunboio  200ienero. Ilpoeedeni 00CHioHceHHs

nokaszan, wo 3a YMO8U  2inocnikemii ma
2inoiucyninemii 8i0bysacmbcs nioguuyenHs
aKmusHocmi KOMNEHCamopHux MEXamnizmie

Op2aHisMy BUCOKONPOOYKMUBHUX KOpig. 30Kkpema,
peecmpyemobcs gipocione (p<0,001) spocmanmus
éMicmy KOpmMu30y y NAa3mi Kposi, ujo 00360.5€
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nidsuwumu MoOLNIZAYII0 AMIHOKUCIOM 3 M S306UX
oinxis (npomeoniz) ma 3abe3neyumu
2NIIOKOHE02€eHe3 HeoOXiOHUMU BUXIOHUMU
cnonykamu. Y pesyromami yboco y Kpo8i Kopis,
X80pux Ha Kemo3, MNOPIGHAHO 3i 300pPOBUMU
MBAPUHAMYU, PEECMPYEMBbCS BIPO2IOHE 3POCHAHHSL
emicmy 3-memunzicmuouny (na 78,9 %, p<0,001)
ma kpeamuniny (na 26,8 %, p<0,01). Ilpu yvomy,
Y X60pux KOpi8 3pOCN0 CHIBGIOHOWIEHHS MIdiC
Kpeamuninom ma 3-mMemuicicmuounom maudxce y
yomupu pasu 6i0 5,5 oo 19,1. Bpaxosyiouu
OMpUMAHi pe3yibmamu, a mMaxKoxc me, wo 3-
Memunicmuour nicis 6UGILIbHEHHS Y KPO8 0ali He
Memabonizyemvcsi i NOGHICMIO eKCKPEMYEMbCsl i3

ceuero, MOJCHA 3poOuUmU BUCHOBOK NpO me, Wo
emicm  3-memuncicmuOuny Yy  NaasMi  Kpogi
MOTOUHUX KOPIG € THGOPMAMUBHUM NOKAZHUKOM
OecmpyKmueHuUx 3MiH CKOpOMaueux OilKie, a
00CHIONHCEHHS iHOekcy KpeamuHin/3-
Memuneicmuourn — 0ac  ys8y  Npo  BIOHOCHY
WBUOKICIb KAMAOOI3MY M 30801 MKAHUHU.

Kuarwuosi ciaosa: KOPOBU, KETO3,
KOPTH30JI, 3-METUWJIT'ICTUAVH,
KPEATHHIH, AMIHOKHUCJIOTH,
[JIFOKO3A, IHCYJIIH, BUIKOBHI OBMIH,
BVI'JIEBOJIHUI OBMIH
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B nepgvie mnedenu nocie omera y
6bICOKONPOOYKIMUBHBIX MOAOUHBIX KOpog
cywecmayem OmpuyamenbHolll  dHepeemudecKull
bananc  KaK  pe3yibmam — HecOOmeemcmaeus
NOCMYNJIeHUsL JHepeUuu ¢ KOPMOM U pacxo0og
2NIOKO3bl HA MemabonudecKue npoyeccol U CUHmMe3
Monoka. [lna e20  NOKpwbImMus  HCUBOMHOE
Ucnonv3yem coocmeenuvle pe3epebl meid 3a cuem
y2ne60008, JHcupos u benxos. B dannoi pabome
npeocmasiieHvl pe3yibmamsl, Xapakmepuzyioujue
YpoBeHb Kamaboausma 6eika y O0IbHbIX Kemo30M
Kopos. Hccnedosanus npogoounuce Ha oOecsamu
Kopogax (5  Kaumuwecku  300pO8biX, c
OMpUYamenbHbIM MeCmoM HA HATUYUe KeMOHOBbIX
men 6 MoYe U 5 ¢ RNO3UMUGHBIM MeCHoM),
VKPAUHCKOU YePHO-RECMPOL MOAOYHOU NOPOObl, 8
6o3pacme om 2 00 5 1em, NPOOYKMUBHOCMBIO
bonee 5500 ke monoxka 3a  npeovlOyuyo
naxkmayuto. Ilpobvl kposu ombupanu 6 mapme
Mecsiye uepes 0ge-mpu Hedenu Nocie omend Kopos.
Kposv  ombupanu u3 sapemuoti 6envl nepeo
VIMpPEeHHUM KOpMAEHUEM. Ilposedennvie
UCCe008anUsl ROKA3AMU, YMO NPU SUNOSTUKEMUU U
CUNOUHCYIUHEMUU — NPOUCXOOUM  NOBbIULEHUE
AKMUBHOCU ~ KOMNEHCAMOPHBIX — MEeXAHUZMOG
opeanu3mMa  8blCOKONPOOVKIMUBHBIX — KOpos. B
YACMHOCIMU — pecUCmpupyemcsi  OOCHOBEPHOe
(p<0,001) nosviuenue cooeprcanusi KOPMU30id 8
niasme  Kposu, Umo  NO36045Aem  HOGbICUMD
MOOURUZAYUIO  AMUHOKUCIOM U3 MbIUEYHBIX
benkos (npomeoaus) u obecneyums noKOHe02eHe3
HeOOX00UMbIMU  UCXOOHBIMU — COeOUuHeHusiMu. B

pesyibmame 9mMo20 8 Kpogu OONbHbIX Kemo30m
KOpO8, nO  CPasHeHuilo - cO  300pPOBbIMU
HCUBOMHBIMY, — PecUCHPUPYEmcss  00CHOBEPHOE
VeenudeHue co0epHCanuss 3-memuneucmuouna (Ha
78,9 %, p<0,001) u kpeamunuma (na 26,8 %,
p<0,01). Ilpu 3mom, y OOALHBIX KEMO30M KOPOS
8HIPOCTIO COOMHOWEHUE MENHCIY KPeamUHuHoM u 3-
MEMUISUCIMUOUHOM NOYMU 6 Yemvlpe pasa ¢ 3,5
0o 19,1. Yuyumwieas nonyuenHvle pe3yibmamol, d
makoice  mo, umo  3-MemuacUcCmuOur  nocie
8bIC6000JICOCHUSL 6  KpO8b  Oalbuie  He
Memaboausupyemcs: U NOAHOCbIO 6bI6OOUMCSL C
MOYOU, MOJNCHO COenamyv 6bl800 O MOM, UMO
cooepacanue 3-MemuncUCmuouta 6 niame Kposu
MOTOUHBIX KOPO8 AGIACCA  UHPDOPMAMUBHBIM
nokasamenem 0ecmpyKmuGHbIX usMeHenull
COKpaAmumenvuvlx — OeiKos, a  UCCIeO08AHUsL
uHOeKca  KpeamuHun/3-memuneucmuoun — oaem
npeocmasienue 00 OMHOCUMENbHOU CKOPOCMU
Kamaooau3Ma MoluledHol MKaHuU.

KiaroueBble cjoBa:
KETO3, KOPTU30JI,
METWITUCTUJIVH,
AMMHOKUCJIOTHI,
MHCVJIVH, BEJIKOBBIN
VTJIEBOJIHBINT OBMEH
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3.
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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
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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
1s 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 «DRG» (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

(p<)-
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 Kketosis is
higher (by 78.9 %; p<0.001), in comparison

tRNA, it is not used in synthesis, is not with healthy animals.
o 2847
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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 Ilevel 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

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

organism through kidneys. Contrary to urea, animals.
&
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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.

1. Levchenko V. L Ketoz
vysokoproduktyvnyh koriv: etiologia, diagnostyka

I likuvannia [Ketosis highly productive cows:
etiology, diagnosis and treatment]. Zdorovia tvaryn
1 liky — Animal health and medicine, 2009, vol. 2,
pp- 14-15 (in Ukrainian).

2. Lee H. H. Slow recovery of blood
glucose in insulin tolerance test during the
prepartum transition period negatively impacts the
nutritional status and reproductive performance
postpartum of dairy cows. J. Vet Med Sci., 2011,
47, (1), pp. 95-105.

3. Vlizlo V. V. Zyrovyi gepatoz u koriv.
Dysertacia doktora veterynarnyh nauk [Steatosis
in cows. Dr. veterinary sci. diss.]. Kyiv, 1998. 491
p- (In Ukrainian).

4. Annison E. F. Perspectives on ruminant
nutrition and metabolism. J. Nutr Res Rev., 1999,
12, (1), pp. 147-177.

5. Houweling M., van der Drift R.
Jorritsma A. G. M. Tielens Technical note:
Quantification of plasma 1- and 3-methylhistidine
in dairy cows by high-performance liquid
chromatography — tandem mass spectrometry.
Journal of Dairy Science, 2012, 95, pp. 3125—
3130.

6. Akamatsu H., Saitoh Y., Serizawa M.
Changes of Serum 3-Methylhistidine
Concentration and Energy-Associated Metabolites
in Dairy Cows with Ketosis. Journal of veterinary
medical science Y., 2007, 69, (10), pp. 1091-1093.

7. Bos C., Gaudichon C., Tomé D.
Nutritional and physiological criteria in the
assessment of milk protein quality for humans. J
Am Coll Nutr., 2000, 19, (12), pp. 191-205.

8. Therkildsen M. Muscle protein
degradation in bull calves with compensatory
growth. Livestock Production Science, 2005, 98,
205-218.

9. Myint T., Fraser G., Lindsted D. et al.
Urinary 1-methylhistidine is a marker of meat
consumption in black and in white california
seventh-day adventists. American Journal of
Epidemiology, 2000, 152, (8), pp. 752-755

10. Graugnard D., Bionaz M., Trevisi E. et
al.  Blood immunometabolic indices and
polymorphonuclear  neutrophil  function in
peripartum dairy cows are altered by level of
dietary energy prepartum. J Dairy Sci., 2012, 95,
(4), pp. 1749-1758.

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

124



