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Aim. To investigate the vitamin D status in highly productive cows during winter housing period and effect
of cholecalciferol by various ways of vitamin D, injection to cows in last days of gestation and after calving.
Methods. Enzyme-linked immunoassay, spectrophotometry. Results. It has been stated that intramuscular
injection of cholecalciferol into cows caused increase of the vitamin D, active metabolite — 25-OHD,, calcium,
phosphorus and magnesium levels together with decrease of alkaline phosphatase level in pre- and post-natal
periods. Oral supplementation makes little influence on the studied blood parameters of cows. Conclusions.
Extrabuccal administration and oral supplementation of cholecalciferol in winter housing period to high-yield
cows in the last days of gestation and after calving is accompanied by increased levels of its metabolites and
their effect on mineral metabolism in the postnatal period. The nature of these changes depends on the mode of
vitamin D administration and the physiological state of the cows.
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INTRODUCTION

The influence of fat-soluble vitamins (vitamin D, in
particular) upon some metabolism stages in the cattle
organism attracts attention of both Ukrainian and fo-
reign researchers.

For a long period of time vitamin D, was supposed
to act as a hormone regulating calcium and phosphor
homeostasis only. However, the recent explorations
provide strong evidences that the vitamin takes part
in the plenty of various biochemical processes [1—5].
Particularly, cholecalciferol regulates important physi-
ological functions of the organism, and its deficiency
results in negative consequences, such as pathologies
and diseases [5—7].

The metabolic processes are intensified in the or-
ganism of a cow in pre- and post-natal periods due to
changes in endocrine profile, inter-organs rearrange-
ment of both constructive and energetic substrates, vita-
mins and minerals. All that is dedicated to fetal growth,
placenta and milk gland’s functions [1, 2]. That is why,
the decrease of calcium, mineral phosphorus and vita-
min D, active metabolite — 25-OHD, levels is observed
in the cows’ blood during pregnancy and after calving
[1-3, 5, 7]. The descent of both calcium and phospho-
rus concentration, which play an important part in the
whole range of principal metabolic processes, causes

the disturbance in cows’ metabolism. Given the mass
calving happens in winter and spring, when the vitamin
D rate decreases in forage, the deficiency of this very
vitamin is fixed in this very period.

Despite the topicality of the issue, the problem of
cholecalciferol standard values in blood for various
age groups and also with a glance to physiological state
has been still unsolved together with the question of
vitamin D dosage. That is why, the explorations dedi-
cated to the development of efficient administration of
vitamin D; to incalvers for provision of its optimal rate
for the lactation period and prevention of post-natal pa-
thologies continue to be relevant.

MATERIALS AND METHODS

The current research has surveyed the cows of the
Ukrainian Black-and-White dairy breed. All animals
belong to one and the same age group, are of almost
equal body weight, report the same lactation perfor-
mance (more than 5.5 thousand kg of the previous total
lactation yield) and physiological state. The experi-
ment was performed during the winter housing period.
The animals were divided into three groups, five cows
in each (one — control and two — experimental). The
cows in all groups were kept in the same conditions and
got with balanced feeding. The grouping was based on
the breeding date and veterinary examination results.
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The blood of all cows was tested for vitamin D state
of the body at the very beginning of the experiment.
After that, the animals got vitamin D in various modes
of administration. The 1* group of cows (the control
one) never got additional cholecalciferol. The animals
in the 2™ (experimental) group received the daily dose
of vitamin D, (30 IU per each kg of body weight) every
day during a month per oral, starting from 7—-10 day,
up to the expected calving date and later — since 5—7
day after calving. The cows from the 3t (experimental)
group were injected with vitamin D, intramuscular: the
first injection — 7—10 days before calving and later —
three more times since 5—7 day after calving (each seven
days, total dose — 210 IU per each kg of body weight
for one injection).

The blood for tests was collected from the jugular
vein before morning feeding in the following dates:
before vitamin administration, in the 5"—7" day since
calving (after the first intramuscular injection) and in
the 30™ day since calving (after five days after the final
injection).

The concentration of 25-OHD, in the blood of the
examined animals was detected by means of the en-
zyme-linked immunoassay using the Immunodiag-
nostik test system (Germany). The calcium, mineral
phosphorus and magnesium content and alkaline phos-
phatase (AP) potency were detected using the Pliva
Lachema biological test kits (the Czech Republic) ap-
plying the techniques described in the mentioned paper
[8]. The AP isoenzymes potency was detected using
inhibitors [9]. The obtained data were processed statis-
tically by the Statistica software.

RESULTS AND DISCUSSION

Vitamin D provision rate of an animal organism is
detected by 25-OHD, concentration in blood [1, 4, 11].
25-OHD, content in blood serum of the cows depends
upon age breed, housing conditions and clinical state [5,
10—12].

The performed research reported that the content of
25-OHD, in the blood serum of the cows during winter
housing period in 7—10 days before calving (before the
first administration of the agent) and in the 5"—7" day
after the calving was almost equal 38 nmol/l. The con-
tent of 25-OHD; in the cows’ blood after the administra-
tion of cholecalciferol performed in various modes in the
5%—7% day after calving differed from this parameter of
the cows from the control group (Fig. 1) In particular, 25-
OHD, concentration in the blood of the cows from the 3%
group appeared to be higher for 42 per cent compared to
the control group (p < 0.01). The supplementing of cho-
lecalciferol to the cows’ forage (daily dose — 30 IU per
each kg of body weight) made no essential impact on the
concentration of 25-hydroxycholecalciferol in the blood
in the 5"-7" day after calving compared to the control
group.

Vitamin D administration to the cows by means of

various modes comes amid the changes in mineral
turnover. It is known that calcium homeostasis is regu-
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Fig. 1. 25-OHD, content (nmol/l) in the blood serum of the
cows in the 5"-7" day after calving conditional upon various
modes of vitamin D, administration (M £ m, n = 5); **p <
<0.01 compared to the control group
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Fig. 2. Mineral elements content (mmol/1) in the blood serum
of the cows in the 5"-7" day after calving conditional upon
various modes of vitamin D, administration (M + m, n = 5);
*p < 0.05 compared to the control group

60 r sksk

50 b *

40

30 |

nmol/l

20

10

O 1 1 ]
Group 1 Group 2 Group 3

Fig. 3. 25-OHD, content (nmol/1) in the blood serum of the
cows in the 30" day after calving conditional upon various
modes of vitamin D, administration (M + m, n = 5); *p <
0.05; **p < 0.01 compared to the control group
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Fig. 4. Mineral elements content (mmol/l) in the blood
serum of the cows in the 30" day after calving conditional
upon various modes of vitamin D, administration (M + m,
n=15); *p <0.05 compared to the control group

lated by means of impact on the intestinal absorp-
tion of calcium, its further reabsorption in kidneys
and skeletal mobilization by calcium-regulating hor-
mones (parat-hormone, calcitonin), and also by the
concentration of other hormones and phosphorus via
their influence upon vitamin D, metabolism [3, 4, 7].
In the blood serum calcium is both protein-bound
(albumins, globulins) and ultrafiltrated fraction, able
to work its way through colloid membranes. The ul-
trafiltrated fraction consists of both calcium ionized
and combined with citric, phosphoric and carbonic
acids.

The total calcium content demonstrated the growth
trend in the blood serum of the cows from the 2™ and
3" groups in the 5—7" day after calving (Fig. 2). How-
ever, only the difference between the ultrafiltrated cal-
cium content in the blood serum of the cows from the
3 and control groups was obvious (p < 0.05). The min-
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eral phosphorus and magnesium concentration in the
blood serum of the cows belonging to the experimental
groups made no essential difference from the param-
eters of the control group after the first administration
of cholecalciferol.

The data from Fig. 3 state that supplementation of
cholecalciferol during one month manifested itself in
effect of its active metabolites. So, at the 30" day after
calving 25-OHD; content in the blood was obviously
higher conditional upon both extrabuccal administra-
tion and oral supplementation of vitamin D compared
to the control group (p < 0.05; p <0.01).

Biochemical data analysis of the blood reports that
intramuscular injection of cholecalciferol causes dif-
ference in calcium content — both total and ultrafil-
trated, protein-bound — in the blood serum of the cows
between the 3™ and control groups (Fig. 4).

The total calcium content in the blood serum of the
cows from the 3™ group was 14 per cent higher com-
pared to the control group (p < 0.05). The ultrafiltrated
calcium rate was reliably higher both at extrabuccal
administration and oral supplementation of vitamin D.
Such changes are caused by influence of vitamin D
upon calcium intestinal absorption in the cows and
connected to increased physiological requirements in
ionized calcium due to beginning of lactation.

The mineral phosphorus content conditional upon
long-term administration of cholecalciferol raises up,
though the reliable differences compared to the control
group (p < 0.05) were reported in the cows of the 3™
group only.

The mineral metabolism disorders in the cows’ blood
comes amid the changes in alkaline phosphatase po-
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Fig. 5. Alkaline phosphatase potency (IU/1) and its isoenzymes in the 5"-7" and 30" days after calving (M £ m, n = 5);

*p <0.05 compared to the control group
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tency, especially its isoenzymes (Fig. 5). In particular,
four intramuscular injections of cholecalciferol result
in negligible raise of the AP gut-associated isoenzyme,
while the skeletal one decreases its potency for 23 per
cent (p < 0.05). The decline in skeletal AP potency
gives evidences on decrease in calcium reabsorption
from osseous tissue due to vitamin D effect.

However, after the first intramuscular injection and
every day oral supplementation of vitamin during 7
days before calving (daily dose — 30 IU/kg of body
weight) the potency of total AP slightly decreased
due to raise of AP gut-associated isoenzyme activity,
together with decline in skeletal isoenzyme potency.
Though, the differences in the parameters of both ex-
perimental and control groups were negligible.

In general, the obtained results give evidences on the
fact that the supply of down-calving cows with vitamin
D during winter-spring housing period is of great im-
portance for physiological metabolism of cholecalci-
ferol, calcium, phosphorus and magnesium in the cattle
organism both during post-natal period and intensity
peak of the lactation.

CONCLUSIONS

The cholecalciferol administration in the high-yield
dairy cows during winter housing period in the last
days of pregnancy and after calving comes amid in-
creasing of its active metabolites’ content, while the
latter depends upon both the mode of administration
and physiological state of the animals.

Both extrabuccal administration and oral supplemen-
tation of vitamin D, in the last days of pregnancy and
during a month after calving result in the raise of cal-
cium in total and also its fractions, mineral phosphorus
and magnesium content together with decline of alka-
line phosphatase potency in general in the organisms
of high-yield dairy cows in the post-natal period, es-
pecially at the end of experiment. The nature of these
changes depends upon the vitamin D mode of admin-
istration.
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BHCOKONPOAYKTHUBHHMX MOJIOYHUX KOPiB
y 3UMOBO-CTIiii10BU nepioa yTpuMaHHs
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Merta. Jlocninuru D-BiTamiHHUI CTaTyC BUCOKOIPOILYKTHB-
HUX KOPIB y 3UMOBO-CTIIJIOBHUII TIepioz, a TaKoXK Jii0 XoJie-
KanpIudepoty 3a pisHuX cgoco613 BBEJICHHS BiTaMiHy D,
KOpOBaM B OCTaHHI JHI TUIBHOCTI Ta MICJIsI OTEICHHS.
Metonu. ImyHodepMeHTHHUI aHai3, cieKTpodoTOMETpist
Pe3yabraTun. BeraHoBieHO, 1110 BHYTPIIIHBOM SI30BE BBE-
JICHHSI XOJICKAJIBI(EPOTy KOpOBaM CIPUYUHSE ITiBHILCH-
Hs PiBHS aKTMBHOro metabodiTy BiTaminy D, — 25-OHD,,

KaJblifo, (¢ocPopy 1 MarHifo Ta 3HIDKEHHS aKTHBHOCTI
myxHOI (ocdarazm B 10- Ta MICIIPOAOBUI TeEpiOH.
IlepopanbHe BBEACHHS YMHWTh HE3HAYHUH BIUIMB HA JIOC-
JKyBaHI TIOKa3HUKH KpoBi KopiB. BucHoBku. ITapenTte-
pasbHE 1 TepopasibHe BBEICHHS XOJEKaJIbIH(epory y 3u-
MOBO-CTIHJIOBHI TTepiosl BUCOKOMIPOTYKTHUBHAM KOPOBaM B
OCTaHHI JIHI TUTBHOCTI 1 MICNS OTENEHHS CYNPOBOKYETHCS
3pPOCTaHHSAM PiBHSI WOTO aKTHBHHUX METaOOJITiB Ta iXHIM
BIUTUBOM Ha MiHEpaJbHUN OOMIH y MICISIOTENbHUN TIEPio.
XapakTep MHUX 3MiH 3QJI€KUTh BiJl COCOOy BBEIEHHS Bi-
Ttaminy D Ta ¢izionorivHoro cTaHy Kopis.

Karouosi cioBa: Bitamin D, 25-rinpokcuxonekanbiudepot,
MeTaboI1i3M, BeJIMKa porara xyaooa.

Oo0ecneyeHHOCTH BUTaMHHOM D
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B 3UMHe-CTO/I0BbIif MepHox coep:KkaHus
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Wucrutyt Ononorun sxuBotHeix HAAH
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Henab. HccnenoBare D-BUTaMUHHBIA CTaTyC BBICOKOIIPO-
JTYKTHBHBIX KOPOB B 3MMHE-CTOMJIOBBIM TIEPUOA, a TaKKe
JieificTBrEe XoNeKanbludeposa TMpHU Pa3IHIHBIX CII0co0ax
BBEJIEHUS BUTaMUHA D, KOpoBaM B MOCIIENHUE [THH CTENb-
HOCTH W mocie orena. Meroapl. VIMMyHO(pEpMEHTHBIN
aHanm3, crekrpodoromerpus. Pe3yabraThl. YCTaHOBIICHO,
YTO BHYTPHUMBIIIEYHOE BBEJICHHE XOJIeKaIbIH(peponaa Ko-
pOBaM BBI3BIBACT IIOBBIIIEHHE YPOBHS aKTHBHOTO MeTa0o-
yta Butamuia D, — 25-OHD,, kansuust, pochopa u Marnws,
a TakKe CHIDKEHHE aKTHBHOCTH IMIEIOoYHOW (ocdarassl B
JI0- W TOCIepooBbIi nepuosbl. [lepopanbHoe BBeneHUE
OKa3bIBaeT HE3HAYUTEIbHOE BIMSHHE HAa UCCIEIyeMbIE TO-
KazaTequ KpoBU KopoB. BbiBoabl. IlapentepanbHoe u
HepopaibHOE BBEACHHE XOJEKaIbIU(peposa B 3UMHE-CTOM-
JIOBBIH TIEPUO] BBICOKOIIPOAYKTUBHBIM KOpOBaM B IMOCJIC/-
HHE JHHU CTEIbHOCTH M TIOCTE OTelia COMPOBOXKIACTCS
TMOBBIIICHUEM YPOBHA €TI0 AKTUBHBIX META0OJIMTOB U MX
BJIMSIHUEM Ha MUHEPAJIbHBIH OOMEH B IEPUO[ TIOCTIC POJIOB.
XapakTtep 3TUX U3MEHEHHH 3aBUCUT OT crioco0a BBEIIEHUS
BuTaMuHa D 1 pU3M0I0rNuecKoro COCTOSIHUS KOPOB.

KutoueBble cioBa: Butamun D, 25-ruipokcuxonekanblu-
(hepoir, MeTaboIn3M, KPYITHBIA POTaThIN CKOT.
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