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LIPID MOBILIZATION IN PARTURIENT COWS*

By
J. Luthman and J. Persson

LUTHMAN, J. & J. PERSSON: Lipid mobilization in parturient
cows. Acta vet. scand. 1975, 16, 63—75. — The blood levels of cal-
cium, inorganic phosphorus, magnesium, glucose and NEFA were
studied in cows at the time around partus. Eight of 16 cows developed
hypocalcaemic paresis. Besides hypocalcaemia the paretic cows
showed lower levels of inorganic phosphorus and higher levels of
glucose and NEFA than non-paretic cows 24 hrs. post partum. It is
known that lipolysis is associated with uptake of calcium in adipose
tissue. The calcium content in perirenal adipose tissue was however
lower in paretic cows than in non-paretic parturient cows and lac-
tating cows slaughtered 3—5 months after calving. The calcium con-
tent in omental adipose tissue was about the same in all 3 groups.
Despite increased lipolysis the calcium content in adipose tissue is
thus not increased in cows suffering from parturient paresis.

adipose tissue; calcium; lipolysis; non-esterified
fatty acids.

It is now well established that calcium ions are of importance
for the activation of various cell systems (Rasmussen 1970).
Lipolysis is one of the processes where the role of calcium has
been studied. Efendic et al. (1970) reported that lipolytic agents
showed reduced effect in vitro when calcium was omitted from
the incubation medium. Several authors have observed that lipo-
lysis is associated with uptake of calcium in adipose tissue (Alm
et al. 1970, Storck & Bjorntorp 1971, Werner & Low 1973).

Several years ago Friesen (1964) observed that ACTH-induced
lipolysis in rabbits was followed by hypocalcaemia. As the lowest
serum calcium values occurred in the animals which showed the
highest levels of non-esterified fatty acids (NEFA), it was sug-
gested that the 2 phenomena in some way were related. ACTH-
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induced hypocalcaemia in rabbits was later studied by Akgiin &
Rudman (1969). They found that excessive lypolysis was as-
sociated with a remarkable uptake of calcium in adipose tissue.
When NEFA reached levels of about 3 meq./], the calcium con-
tent in adipose tissue was increased up to 1100 %. Their calcu-
lations showed that the calcium uptake in adipose tissue was
sufficient to explain hypocalcaemia. Lis et al. (1972) obtained
similar results in rabbits after administration of B-LPH, a lipo-
lytic substance isolated from sheep pituitary glands.

The hypocalcaemic effect of lipolytic hormones has also
been studied in sheep. Mosely & Axford (1971) reported that
adrenaline-induced lipolysis in sheep was associated with hypo-
calcaemia and increased calcium content in adipose tissue. The
decrease in serum calcium was well correlated to the increase in
NEFA and to the calcium increase in adipose tissue. Luthman &
Holtenius (1972) and Luthman et al. (1972) found that norepi-
nephrine caused hypocalcaemia in sheep. The fall in serum cal-
cium was correlated to the increase in NEFA. Hypocalcaemia
was reduced when the lipolytic effect of norepinephrine was re-
duced by nicotinic acid.

Parturient cows show increased lipid mobilization (Flatlands-
mo 1971). Luthman & Jonson (1972) found a significant nega-
tive correlation between NEFA and serum calcium in cows suf-
fering from parturient paresis. The aim of the present investi-
gation was therefore to study if the increased lipid mobilization
in cows suffering from parturient paresis was associated with
changes in the calcium content of adipose tissue.

MATERIAL AND METHODS

Sixteen cows of the Swedish Red and White breed (SRB)
were used in the study. The age of the animals varied from 7
to 10 years. All cows had suffered from parturient paresis at
least once previously. The cows were brought to the institute
about 3 weeks before expected calving. Blood was sampled daily
from about 6—7 days before calving, when signs of calving oc-
curred, samples were taken with frequent intervals. Serum and
plasma were separated as soon as possible and stored frozen
until analyzed.

Fourteen of the cows were slaughtered after calving. The
cows which showed hypocalcaemic paresis were slaughtered at a
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time when it was considered they otherwise should have died. The
non-paretic cows were slaughtered 24—48 hrs. post partum.
Samples from the perirenal and omental adipose tissue were
taken from each cow. For comparative purposes adipose tissue
samples were also taken from 7 non-pregnant lactating cows,
slaughtered 3—5 months after calving.

Plasma was used for determination of calcium and NEFA,
while magnesium and inorganic phosphorus was determined on
serum.

Calcium was analyzed according to Skerry (1965) and NEFA
according to Dole (1956). Magnesium and inorganic phosphorus
was determined by commercial reagents (Merckotest Magnesium,
E. Merck, Darmstadt, Germany and Sigma Kit 670, Sigma Che-
mical Company, St. Louis, USA).

Glucose was determined on whole blood according to the glu-
cose oxidase method (reagents from AB Kabi, Stockholm, Swe-
den).

Adipose tissue calcium was analyzed according to the proce-
dure described by Akgiin & Rudman (1969).

Conventional statistical methods were used (Student’s t-test
for paired and unpaired data).

RESULTS

Parturient paresis developed in 8 cows. One cow was paretic
at parturition, the other cows showed signs of paresis 6—12 hrs.
post partum.

The changes in the measured parameters at the time around
partus are shown in Figs. 1—3. Table 1 shows the mean values
in the paretic and the non-paretic cows. Calcium was lower at
parturition than on the previous day in both groups, but re-
mained unchanged 24 hrs. post partum in the non-paretic cows.
The lowest level obtained in a non-paretic cow was 6.2 mg/100
ml, 6 hrs. later the level had increased to 7.2 mg/100 ml.

Inorganic phosphorus decreased at parturition in both groups.
The paretic cows showed significantly lower levels 24 hrs. post
partum.

Serum magnesium increased at parturition, but there was
no significant difference between the groups.

NEFA and blood glucose increased markedly at parturition.



66 J. Luthman & J. Persson

10L g L 3 _
==
z 1 8
o ¢+ 1
e
5- P 3
)
o L Jd <
2
1 - b
-5 P -5 ) P
91 /\/ L
E 1 \/\/\/ 1
[—J
e sl |
o
g | i
o
1-- -
=3 ) P -5 P
days

Figure 1. Changes in plasma calcium and serum inorganic phos-
phorus in non-paretic (left) and paretic cows (right) at the time
around partus (P).
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Figure 2. Changes in blood glucose and NEFA in non-paretic (left)
and paretic cows (right) at the time around partus (P).
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Figure 3. Changes in serum magnesium in non-paretic (left) and

paretic cows (right) at the time around partus (P).

Table 1. Blood levels of calcium, inorganic phosphorus, magnesium,
glucose and NEFA at the time around partus. Mean =+ s.

A B C D Comparisons within
5 days ante 1 day ante partus 24 hrs. post the group
partem partem partum A—B B—C C—D
Calcium (mg/100 ml)
Non-paretic (8) 9.51+0.46 9.63+0.33 8.15+x1.25 8.33+1.30 n.s *ons
Paretic 3) 9.73+0.34 9.18+0.91 6.38+1.15 4.41+1.22 ns. ***
Comparison between
the groups n.s. n.s. * e
Inorganic phosphorus (mg/100 ml)
Non-paretic (8) 5.96+1.20 5.80+1.80 3.85+1.47 4.49+1.91 n.s i *
Paretic (8) 6.64+1.28 5.41+1.50 3.90+1.22 1.65+1.20 . R
Comparison between
the groups n.s. n.s. n.s. **
Magnesium (mg/100 ml)
Non-paretic (8) 2.36x0.26 2.35+0.27 2.66+0.34 2.63+0.41 n.s **ons.
Paretic (8) 2.20+0.29  2.26+0.29  2.53+0.22 2.35+0.40 n.s. * n.s.
Comparison between
the groups n.s. n.s. n.s. n.s.
NEFA (meq./1)
Non-paretic (8) 0.37+0.10  0.60+0.33 1.39+0.41 0.78+0.26 * **ons.
Paretic (8) 0.47+0.24 0.70+0.35 1.14+0.51 1.21+0.33 n.s *** s,
Comparison between
the groups n.s. n.s. n.s. *
Glucose (mg/100 ml)
Non-paretic (8) 38+4 406 76+16 38+6 n.s i bl
Paretic (8) 396 47+11 72+17 5822 * b *
Comparison between
the groups n.s. n.s. n.s. *
*0.05>P>0.01 ** 0.01 > P> 0.001 *** P <0.001
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Table 2. Correlations of calcium, inorganic phosphorus, magnesium,
glucose and NEFA in parturient cows. Samples obtained > 3 hrs. post
partum. Ca < 8 mg/100 ml. (n = 18)

Ca vs. P r= 0.868"""
Ca vs. Mg r= 0.428
Ca vs. glucose r = —0.268
Ca vs. NEFA r =—0.684""
P vs. Mg r=0.525"
P vs. glucose r = —0.080

P vs. NEFA r =—0.615*"
Mg vs. glucose r = —0.099
Mg vs. NEFA r = —0.454
Glucose vs. NEFA r= 0.624**

*0.05>P > 0.01
**0.01 >P > 0.001
e P < 0.001

Blood glucose varied widely in the paretic cows, the lowest value
obtained was 25 mg/100 ml and the highest 101 mg/100 ml.
The mean values of both glucose and NEFA were higher in the
paretic than in the non-paretic cows 24 hrs. post partum.

There was no significant correlation between the plasma
levels of NEFA and calcium at parturition (r = —0.327, P >
0.05).

Table 2 shows the correlations between the measured para-
meters in all cows with plasma calcium levels below 8 mg/100
ml. Samples taken before and less than 3 hrs. after parturition
were not included. Calcium and inorganic phosphorus were
significantly correlated, and there was a negative correlation
between calcium and NEFA and between inorganic phosphorus
and NEFA. An almost significant positive correlation existed
between inorganic phosphorus and magnesium.

The NEFA mean in the lactating cows, slaughtered 3—5
months post partum, was 0.30 = 0.06 meq./1, calcium was 9.80 =
0.21 and inorganic phosphorus 6.50 = 0.43 mg/100 ml.

Table 3 shows the calcium content in adipose tissue. Peri-
renal adipose tissue from the paretic cows contained less cal-
cium than perirenal tissue from the non-paretic cows and from
lactating cows slaughtered 3—b5 months after calving. The cal-
cium content in omental adipose tissue was about the same in
the 3 groups.
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Table 3. Calcium content in adipose tissue (pg/g wet tissue) of
parturient and non-parturient cows. Mean =+ s.

Parturient Parturient Non-parturient
non-paretic paretic (n=17)
n=17) n=1717)
Perirenal adipose 11.76+7.65 5.17=1.07 12.77+6.47
tissue 0.05 > P > 0.01 0.01 > P > 0.001
Omental adipose 13.08+7.56 11.86+9.77 12.02+4.00
tissue
DISCUSSION

Parturient cows with calcium levels below 8 mg/100 ml are
in general considered as hypocalcaemic (Mayer et al. 1966, Jon-
son & Pehrson 1969). Mayer et al. reported that severe hypocal-
caemia without signs of paresis sometimes occurs. It is obvious
from the work of Mayer et al. and from that of Willoughby et
al. (1970) that no critical plasma calcium level exists below
which paresis occurs. In the present study 3 of 8 non-paretic
cows showed calcium levels below 8 mg/100 ml within the first
24 hrs. post partum. The causes to the development of paresis
have been a matter for discussion. Bowen et al. (1970) presented
evidence for the hypothesis that hypocalcaemia causes a block
of the neuromuscular transmission. Rahamimoff (1970) stated
that the nerve terminal is very sensitive to low environmental
calcium levels, and that calcium ions thus are necessary for the
release of acethylcholine. Kowalczyk & Mayer (1972) found that
the cellular concentration of calcium in muscles from paretic
cows was sufficient for muscle contraction. They also found
that muscles from paretic cows showed increased sodium and
decreased potassium concentration. On the basis of this finding
they suggested that the inexcitability of the muscles may be due
to changes in the transmembrane potential of the muscle cells,
caused by the altered electrolyte status.

As seen from Table 1 plasma inorganic phosphorus decreased
at parturition in both groups of cows. The paretic cows showed
a significantly lower level 24 hrs. post partum. Similar findings
have been reported by several authors e. g. Carlstrom (1961).

The magnesium level increased at parturition, but there were
no- significant differences between the groups. Varying magne-
sium levels have been obtained in paretic cows (Kronfeld & Ram-
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berg 1970). Hallgren et al. (1959) found significantly elevated
magnesium levels in paretic cows, while Carlstrém obtained
similar values for paretic as well as non-paretic cows.

The highest levels of glucose and NEFA occurred at par-
turition. It seemed as the increase in both glucose and NEFA
was related to the intensity of labour. The cows in which calving
was complicated by large foetuses showed the highest levels.
The elevation of glucose and NEFA at parturition may thus be
taken as signs of a general stress reaction. Both glucose and
NEFA varied within a wide range in the paretic cows. The mean
levels were however almost significantly higher than in the non-
paretic cows 24 hrs. post partum. The NEFA mean obtained in
the paretic cows, 1.21 *= 0.33 meq./], is almost identical with
that reported earlier (Luthman & Jonson 1972). Littledike et al.
(1968) found extremely high plasma glucose levels in paretic
cows, values up to 160 mg/100 ml were observed. The glucose
changes obtained in the present study agree well with the results
of Blum et al. (1972).

Table 2 shows the correlations between the measured para-
meters. All samples taken at parturition and within the first
3 hrs. post partum are not included, since the intention was to
study these correlations in uncomplicated hypocalcaemia. As
discussed above the increase in blood glucose and NEFA at par-
turition seemed to be related to stress rather than to the degree
of hypocalcaemia. It is known that several blood parameters,
not only glucose and NEFA, change under stressful conditions.
Persson & Luthman (1974a ) found e.g. that norepinephrine
induced a significant reduction of plasma magnesium in sheep.

As seen from Table 2 there was a significant positive cor-
relation between calcium and inorganic phosphorus and a sig-
nificant negative correlation between calcium and NEFA. Glu-
cose and NEFA were positively correlated as was inorganic phos-
phorus and magnesium.

Littledike et al. reported that hypocalcaemic cows showed
reduced plasma insulin levels and were unable to increase in-
sulin secretion in response to glucose infusions. Blum et al.
(1973) made similar observations. It was therefore concluded
that hyperglycaemia in paretic cows was due to hypoinsulin-
aemia. Increased lipid mobilization could then be expected in
light of the reduced glucose utilization. Hypocalcaemic cows show
increased parathyroid activity and increased blood levels of para-
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thyroid hormone (Mayer 1970). It is therefore generally con-
sidered that the reduction of inorganic phosphorus in paretic
cows is in part due to parathyroid hormone-induced renal phos-
phate excretion. There is now evidence for the hypothesis that
also the increased blood glucose and NEFA levels may be caused
by parathyroid hormone, since it was recently found that para-
thyroid hormone shows a pronounced lipolytic effect and a
moderate hyperglycaemic effect in ruminants (Persson & Luth-
man 1974 b).

Blum et al. (1972) reported a significant negative correlation
between magnesium and inorganic phosphorus in hypocalcaemic
cows, similar results were obtained in hypocalcaemic sheep by
Jonson et al. (1973). In the present study there was a positive
correlation between magnesium and inorganic phosphorus. These
different results are difficult to explain.

The increased lipid mobilization at the time around partus
was not associated with increased calcium content in adipose
tissue. The non-paretic cows showed higher NEFA levels than
the non-pregnant lactating cows, but the calcium content in
adipose tissue was about the same. In all the in vivo experiments
where calcium was taken up in remarkable amounts in adipose
tissue, NEFA has reached very high levels, 3 meq./l1 or even
more. The NEFA mean in the non-paretic cows was 0.78 = 0.26
meq./1. It is possible that lipolysis was not increased to an extent
sufficient to cause a measurable shift of calcium into adipose
tissue. NEFA was 1.21 = 0.33 meq./l in the paretic cows at
slaughter, but the calcium content in the perirenal adipose tissue
was lower than in the non-paretic cows. It is obvious that hypo-
calcaemia is associated with a loss of tissue calcium. Kowalczyk
& Mayer found that the calcium content was low in muscles
from hypocalcaemic cows. The calcium concentration was how-
ever considered to be sufficient for muscle contraction. The dif-
ferent calcium content in perirenal and omental adipose tissue
may perhaps be due to different metabolic activity of the tissues.

Calcium uptake in adipose tissue to such an extent that hy-
pocalcaemia occurs has hitherto only been observed in experi-
mental conditions. The significance of this mechanism in cal-
cium homeostasis still remains obscure.
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SAMMANFATTNING

Fettmobiliseringen hos kor vid kalvningen.

Féréndringar i blodkoncentrationerna av kalcium, oorganisk fos-
for, magnesium, glykos och NEFA studerades hos kor i anslutning till
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kalvningen. Kor som drabbades av pares uppvisade forutom hypo-
kalcemi och hypofosfatemi férhojda virden foér glykos och NEFA.
Det ér kint att kalciumupptaget i fettvivnaden 6kar vid 6kad lipolys.
Trots att fettmobiliseringen var 6kad hos pareskor, si var kalcium-
innehéllet i den perirenala fettvitnaden ligre 4in hos normala kor.
Hypokalcemi kan formodligen medfora en vivnadsforlust av kalcium
som Overstiger det upptag som sker i samband med 6kad lipolys.
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