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Abstract

Dvoifadk V., J. Bouda, J. Doubek: Levels of Macro- and Microelements in Blood
Plasma of Late-pregnant Cows and Their Foetuses. Acta vet. Brno, 49, 1980: 199 —204.

When examining plasma of 20 late-pregnant cows and their foetuses delivered by
Caesarean section following levels of macro- and micro- elements in dams and their
foetuses, resp., were found using photometry and atomic absorption spectrophoto-
metry: plasmatic sodium 147.12 4 6.56 and 148.37 + 9.54 mmol/l; potassium
4.25 + 0.59 and 4.37 + 0.51 mmol/l; calcium 2.49 + 0.32 and 3.0 4 0.25 mmol/l;
magnesium 0.87 + 0,12 and 0.94 4+ 0.12 mmol/l; inorganic phosphorus 2.02 + 0.89
and 2.09 + 0.89 mmol/l; zinc 30.38 + 32.23 and 28.30 4 24.03 umol/l, iron 24.21 +
+ 7.69 and 42.22 4 19.05 umol/l, copper 13.54 4 5.76 and 6.62 + 4.81 umol/l.
Higher level of plasmatic sodium in foetuses when compared with their dams was
found in all foetuses; levels of potassium, calcium, magnesium, zinc and iron were
found higher in 73 %, 93 %, 68 %, 55 % and 72 %, resp. In 77 %, of foetuses the
copper level was observed to be lower than that in cows. The evaluation by t-test
revealed a statistically highly significant difference in favour of foetuses in the case of
plasmatic calcium and iron while copper levels were higher in cows. As far as other fol-
lowed elements are concerned the evaluated differences were found to be statistically
non-significant.

Late-pregnant cows, foetus, macroelements, microelements.

Uniform and undisturbed intrauterine development of foetus is of paramount importance for
the birth of a viable and resistant individual. In this connection last 2—3 months of gravidity are
extremely critical in cattle. The following detrimental factors may negatively influence pregnant
breeding cows, and therefore the foetus; qualitatively not fully valued feed ration, shortened dry
period and a number of health disturbances (diarrhea, anemia, hepatodystrophy, ketoses, mastitis,
acid-base balance disturbances, intrauterine infections, etc.) (Slanina et. al 1977). Increasing
‘performance of dairy cows represents higher demands on the organism, influencing significantly
metabolic processes. The disturbance of the latter in pregnant breeding cows has a negative effect
-on the foetus development and leads to a weak, insuficiently developed foetus with high morbidity
and mortality (Terechina et. al. 1963).

Calves suffering from health disturbances after birth differ from healthy animals by biochemical
findings already at birth and probably even during their foetal life (Cabello, Michel 1977).
Those and similar considerations were the reason why a number of authors have studied the foetal
‘metabolism and the level of its regulation and the interrelations between a dam and foetus. Dzenite
(1975) has followed contents of trace elements in blood, liver, and muscles in foetuses and dams
as well as the contents of these elements in ovaries, placenta and uterus wall in pregnant cows.
Ciradze (1967), Baetz et al. (1976), Frerking (1979), Barlet et al. (1979), Roux et al. (1979)
have reported on metabolism in bovine foetuses, Slanina et al. (1971), Hajdu et. al. (1977)
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have been interested in the mutual relation of dam and foetus. Care et al. (1979) examined trans-
placental magnesium fluxes between the ewe and foetus.

The purpose of our work was to determine the levels of plasma minerals and to find relations
between the mother and foetus during the last six weeks prior to the expected date of delivery.

Materials and Methods

During winter season 20 late-pregnant cows of Bohemian Spotted breed and their foetuses,
delivered by a Caesarean section during the last six weeks of gravidity, were followed at the De-
partment of Farm Animal Reproduction and Surgery at the University of Veterinary Sciences.
Prior to operation the cows were clinically examined in order to exclude animals with deviations
from good health, Cow blood samples were collected from v. jugularis immediately prior to
Caesarean section ; as a rule plasma was analysed during 24 hours after the sampling. Heparin was
" as an anticoagulant agent for blood treatment. In the case of foetuses blood samples were taken
from a. carotis immediately after the delivery and treated in the same way as in cows. Plasmatic
inorganic phosphorus was determined using Bio-La-Tests (Lachema Brno). The determination
of plasmatic Na, K, Ca, Mg, Zn, Fe and Cu levels was carried out using the method of atomic
absorption spectrophotometry.

Results and Discussion

The mean body mass of foetuses up to the age of 34 and 36 weecks was found
to be 31.0 4- 4.2 and 32.8 -+ 9.3 kg, resp. The determined mean values of plasma
sodium, potassium, calcium, magnesium, inorganic phosphorus, zinc, iron and
copper in cows and their foetuses are summarized in Table 1.

Table 1
Mean levels of macro- and microelements in the plasma of dams and their foetuses

Na K Ca Mg Inorg. P Zn Fe Cu
mmol/1 mmol/1 mmol/1 mmol/1 mmol/1 pmol/1 pmol/1 #mol/1

Cows 147.12 4.25 2.49 0.87 2.02 30.38 24.21 13.54
+6.56 +0.59 +0.32 +0.12 +0.89 +32.23 +7.69 +5.76
Foetuses 148.37 4.37 3.00 0.94 2.09 28.30 42,22 6.62

+9.54 +0.51 +0.25 +0.12 40.89 +24.03 +19.05 i4:81
Statistical
significance P=0 P=0 |P<o001 P=0 0=P P=0 |P<0.01l|P<00l

The concentration of plasmatic sodium in cows in the 9th month of gravidity
was reported by Lane et al. (1968). The authors found the mean value of 281.0 4
4+ 2.62 mg/100 ml (122.22 + 1.13 mmol/l) while Frerking (1979) measured
333.0 £ 10.5 mg/100 m1 (144.85 + 4.56 mmol/l). If we consider the value of
136—148 mmol/l (Jagos et al. 1977) as a reference value for Na in blood plasma
in cows then values within this range were found in ten cows, values higher than
the upper limit of this reference range in six cows and values below the lower
limit of the reference range in four cows. As far as the foetuses are concerned the
cmount of plasmatic sodium was slightly higher than that in their dams, being
in average 148.37 4 9.54 mmol/l. Wilson et al. (1977a, b) arrived at the same
conclusion which is, however, in contradiction with the finding of Frerking
(1979) who found a value of 322.0 4 14.3 mg Na/100 ml (140.07 4 6.22 mmol/l)
in the blood of nine months’ bovine foetus which was significantly lower level
than in mothers. Baetz et al. (1976) found a value 146.9 4+ 0.8 mEq Na/l in
serum of bovine foetuses, Altman and Dittmer (1974) reported values 142 -+
4+ 6 mEq/l. These sodium levels are, in comparison with our data, somewhat
lower. Dalton (1967) observed in newborn calves a mean value of plasmatic
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sodium as being 145 + 7.6 mEq/l. In one of our followed cows the highly increas-
ed level of plasmatic sodium (164 mmol/1) correlated with a high content of plas-
matic sodium in foetus (174 mol/l). In this cow a higher amount of plasmatic
potassium (5.3 mmol/l) was also found, correlating as well with higher plasmatic
potassium level (5.4 mmol/l) in her foetus.

Plasmatic potassium levels within the reference range of 3.9—5.2 mmol/l
(Jagos et al. 1977) were determined in 15 cows, in four cows this level was over
and in one cow slightly below this reference range. Frerking (1979) found the
plasmatic potassium value in late-pregnant cows and their foetuses to be 17.2 +
4+ 1.9 mg/100 ml (4.38 -+ 0.48 mmol/l) and 19.4 4- 5.7 mg/100 ml (4.94 + 1.45
mmol/l), resp., this value being considerably higher than the values found by us
(4.37 4 0.51 mmol/l). Dalton (1967) determined an average potassium value
of 4.5 4+ 0.5 mEq per one litre of plasma of newborn calves. In our examination
the mean level of plasmatic potassium in foetuses was found to be slightly higher
than in their dams, this finding being supported by Wilson et al. (1977a, b)
and Frerking (1979). When comparing plasmatic potassium levels in foetuses
and their dams higher level was found in 11 foetuses, i.e. in 73 9.

In cows in late pregnancy hypocalcemia and hypophosphatemia often occur.
In average 5 g of calcium is daily transferred from the maternal to fetal organism
(Kolb 1979). This transplacental calcium flux is an active process which is
directed against the concentration gradient](Care et al. 1979; Frerking 1979).
During the last months of pregnancy the foetus is able to regulate its calcemia
independently of dam (Barlet et al. 1976). E. g. a rapid and substantial increase
in maternal plasmatic calcium in pregnant cow can be induced by a calcium
infusion without increasing the fetal level of plasmatic calcium. The calcium
level in bovine fetal plasma could be influenced by application of sterolglycosid
1,2, 5-dihydroxycholecalciferol contained in Solanum glaucophyllum. The mecha-
nism of this biologically active metabolite of vitamin D could be explained either
by stimulation of transplacental calcium and phosphorus fluxes from dam to foe-
tus or by its own transfer through placenta to foetus where it induces a bone
resorption or raises interstitial calcium absorption from fetal intestine (Roux
et al. 1979; Barlet et al. 1979).

The plasmatic calcium level in the reference range 2.25—3.0 mmol/l (Jagos$
et al. 1977) was determined in 14 cows. Following values of plasmatic calcium
in cows in late pregnancy have been found by various authors: 9.9—10.4 mg/100 ml
(2.47—2.6 mmol/l) (Altman and Dittmer 1974); 7.3 + 0.13 mg/100 ml
(1.82 + 0.03 mmol/l) (Lane et al. 1968); 9.5 4+ 0.5 mg/100 ml (2.37 4- 0.12 mmol/
/) (Frerking 1979). The value determined in cows and their foetuses by us
was 2.49 4 0.32 mmol/l and 3.0 + 0.25 mmol/l, resp. When comparing our
results with the findings of Frerking (1979) (12.8 4+ 1,0 mg/100 ml; 3.2 4 0.25
mmol/l of plasma calcium in foetus) the values found by us were substantially
higher. By statistical evaluation using the t-test a highly significant difference in
favour of foetuses was observed. Slanina et al. (1971), Wilson et al. (1977a, b)
and Frerking (1979) arrived at the same conclusion. In 93 9, of followed foe-
tuses the absolute level of plasmatic calcium was higher than in their dams.

The magnesium levels in blood plasma were, in comparison with values re-
ported (0.78—1.06 mmol/l) by Jago$ et al. (1977), within this reference range
in 14 cows, while in two cows the values were lower. The plasmatic magnesium
level of foetuses of these two dams was also lowered, reaching the lower limit
of this reference range (0.82 mmol/l). Lane et al. (1968) found a somewhat higher
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magnesium level in cows in the ninth month of pregnancy when compared with
our mean value. Altman and Dittmer (1974) reported a value of 2.19 mg/100 ml
(0.90 mmol/I) found 12 hours prior to parturition.

Baetz et al. (1976) determined 3.1 + 0.1 mg of magnesium in 100 ml (1.27 4
4 0.04 mmol/l) in bovine fetal blood plasma, Frerking (1979) 2.6 + 1.3 mg/100
ml (1.06 + 0.53 mmol/l). In our experiment the mean value of plasmatic magne-
sium, being 0.94 4 0.12, was slightly higher in foetuses than in their dams.
A number of other authors arrived at the same conclusion: Slanina et al. (1971),
Hajdu et al. (1977), Wilson et al. (1977b), Frerking (1979).

In agreement with other authors (Slanina et al. 1971; Hajdu et al. 1977;
Wilson et al. 1977a, b; Frerking 1979) we determined a higher mean level
of inorganic phosphorus in foetuses (2.08 -+ 0.53 mmol/l) as compared with the
values of pregnant cows (2.02 4 0.89 mmol/l). The values of inorganic phospho-
rus found in cows in ninth month of pregnancy reported by Lane (1968) (6.3 +
4+ 0.12 mg/100 ml; 2.03 + 0.04 mmol/l), and Frerking (1979) (6.1 + 0.9 mg/
/100 ml; 1.97 4- 0.29 mmol/l) are almost identical with values we observed.
Baetzetal. (1976) report a mean inorganic phosphorus level of 2.20 + 0.06 mmol/1
for bovine fetal serum; in newborn calves this value was 5.51 mg/100 ml (1.8
mmol/l) and 8.57 -+ 0.25 mg/100 ml (2.76 4 0.08 mmol/l) as found by Hajdu
et al. (1977) and McMurray et al. (1978), resp.

The plasmatic zinc value in ruminants remains relatively constant till the period
- prior to parturition, then decreases not only in cattle (Dufty et al. 1977) but also
in sheep (Apgar, Travis 1979). If we take into consideration a reference range
of cow plasmatic zinc (12.2—45.9 umol/l) (Jago$ et al. 1977) then dairy cows
were included in this range, three were below and five over this range. In 55 9,
of foetuses the zinc level in plasma was higher than that in their dams, this diffe-
rence being statistically significant in two cases. Dufty et al. (1977) arrived at
a similar conclusion, finding approximately doubled concentrations of plasmatic
zinc in newborn calves than in their dams. Abnormally increased levels of plas-
matic zinc in three of our cows correlated in two cases with a considerably increas-
ed level in their foetuses. The average plasmatic zinc level of foetuses was,
nevertheless, only non-significantly lower as compared with cows (28.30 +
+ 24.03 pumol/l.)

The plasmatic iron level was within the reference range of 21.5—35.8 umol/l (Ja-
gos et al. 1977) in 9 cows, lowered in eight and increased in three cows. In 72 9,
of foetuses the observed level of plasmatic iron was higher than that in their
dams. In nine of these 13 cases the difference was statistically significant. The
average value of plasmatic iron was 24.21 4+ 7.69 umol/l and 42.22 4 19.05
umol/l in dams and foetuses, resp. Statistical evaluation using the t-test revealed
a highly significant difference in iron level in favour of foetuses.

The plasmatic copper levels were in the reference range of 12.6—18.9 umol/l
(Jagos et al. 1977) in 11 cows and reached in all breeding cows an average value
of 13.54 + 5.76 umol). Slightly higher copper level was determined in one animal,
a rather pronounced lower level (below the range) in eight cases. It is noteworthy
that in three cases of significant decrease of maternal copper value — about
4.7 ymol/l — the values found in their foetuses exceeded the limit of 15.7 umol/l.
In 77 %, of foetuses the copper level was lower than that of their dams. The average
level of plasmatic fetal copper was found to be 6.62 4 4.81 umol/l. Statistical
evaluation using the t-test revealed a highly significant difference in plasmatic
copper in favour of cows.
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Hladiny plazmatickych makroelementi a stopovych prvka
u vysokobfezich krav a jejich feta

Pti vySetfovani plasmy dvaceti vysokobiezich krav a jejich fetu vybavenych
cisatskym fezem byla fotometricky a atomovou absorp¢ni spektrofotometrii na-
lezena v zimnim obdobi nisledujici mnoZstvi makroelementu a stopovych prvki
u matek, resp. jejich ploda: plazmaticky sodik 147,12 4 6,56 — 148,37 4 9,54
mmol/l; draslik 4,25 + 0,59 — 4,37 4 0,51 mmol/l; vapnik 2,49 + 0,32 — 3,0 +
-+ 0,25 mmol/l; hoi¢ik 0,87 4 0,12 — 0,94 4 0,12 mmol/l; anorganicky fosfor
2,02 4 0,89 — 2,09 + 0,89 mmol/l; zinek 30,38 + 32,23 — 28,30 4 24,03xmol/l,
Zelezo 24,21 + 7,69 — 42,22 4+ 19,05 umol/l; méd 13,54 + 5,76 — 6,62 + 4,81
umol/l. Absolutné vyssi hladina plazmatického sodiku fet pfi srovnani s matkou
byla nalezena u vSech plodd, drasliku u 73 9, vapniku u 93 9, hot¢iku u 68 9%,, -
zinku u 55 9, a Zeleza u 72 %, ploda. U 77 9, fett byla zjisténd hladina meédi
ni2§i oproti kravaim. Pfi zhodnoceni t-testem byl statisticky vysoce vyznamny
rozdil ve prospéch fetl zaznamenin u plazmatického vépniku a Zeleza, ve pro-
sp&ch plemenic u médi. U ostatnich sledovanych minerélii byly zjisténé rozdily
statisticky nevyznamné.

YpoBHH HmIa3sMaTHYECKMX MAaKpPOSJIEMEHTOB M MHKPOJJEMEHTOB Yy KOpPOB
Ha BBICOKOM cTamuy GepeMEHHOCTH W MX 3apOXbIIIeH

B xome mccienoBaHus IIa3Mbl OBAILIATH KOPOB Ha BBHICOKOM cTamuu GepeMeH-
HOCTH ¥ MX 3apOLBIIIEN, U3BATHIX KecapeBbIM ceyeHHeM, POTOMETpUYECKU U Amep-
HO¥M abcopbIIMOHHOM cIleKTpodoTOMeTpHel OBIIM yCTAaHOBJEHHl B 3UMHHUHI IIEPHUOL,
Crenyiole MaKpO3JEeMEHTEl M MHKDO3JIEMEHTH y KODOB MJIM MX 3apOMBILIEN:
nirasMaTuueckuit Hatpuit 147,12 46,56 — 148,37 -+ 9,54 mmons/nm; Kamui

425+0,59 — 4,37 +0,51 mmonw/m; xamenui 2,49 20,32 — 3,0£0,25
mMous/n; Maraui 0,87 20,12 — 0,94 == 0,12 mMons/n; Heopranuueckuit dochop
2,02+0,89 — 2,09=+0,89 mmons/n; murk 30,38 232,23 — 28,30 F 24,03

MKMOJIB/J1; xeneso 24,21 &= 7,69 — 42,22 + 19,05 mxmoun/n1: Mmeny 13,54 + 5,76
— 6,62 & 4,81 MxMonb/n. ABcomOTHO 6osee BHICOKMI YPOBEHL ILIA3MATHYECKOTO
HaTpUs 3apOJbIUIEl 110 CPABHEHMIO C KOPOBOil GBI BBIABJIEH y BCEX 3apOMbIIIe,
kamua y 73 %, xaneuus y 93 %, marmusa y 68 %, ummka y 55 % u sxenesa
y 72 % sapombimeit. B ciyuae 77 % saponpiureii 651 yCTAaHOBJIEH YPOBEHb Memut
II0 CPaBHEHMIO C KOPOBAMHK HU’Ke. B XOIe OLIEHKM T-TECTOM OTJIMYaNach BEICOKOM
CTATUCTHYECKOH 3HAYHMOCTBIO PAa3HOCTh B NOJb3y 3apOMUBIIEH Yy ILIa3MAaTHIECKO-
TO KaJpLUS M )KeJe3a, B IIONb3y ILIEMEHHBIX MaTOK y Memu. Y OCTaJbHBIX HCCIe-
IyeMbIX MHHEPaJbHBIX BEIECTB BHIABJIEHHAS Pa3HULA HE OTJIMYAiach CTATHCTH-
YeCKOil 3HAYMMOCTBIO.
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