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CONCENTRATION OF CORTISOL, INSULIN, GLUCOSE AND LIPIDS IN THE BLOOD OF
CALVES AT VARIOUS AGES
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Clinically healthy calves (n=30) of the Holstein-Friesian breed, at
different ontogenic periods (15 days, 2 and 4 months of age), were
investigated in this work.

Blood samples were obtained by jugular venepuncture, always in
the morning, 1 hour after feeding. The concentration of glucose was
determined in the blood. Cortisol, insulin, lipids and cholesterol
concentrations were determined in the blood sera.

After statistical analysis of the obtained results, we found that the
mean values for serum cortisol concentrations in calves at 15 days and
2 months of age were very similar. At 4 months of age, cortisol level was
slightly lower, but the difference was not statistically significant. The
mean values of insulin concentration was higher in calves at 2 months
of age when forage and concentrated feed were offered besides milk,
but in 4 months old calves the values were significantly lower (p<0.05).

The mean blood glucose concentrations were similar and higher
than the physiological values in calves at 15 days and 2 months of age,
but values at 4 months of age were significantly lower (p<0.01).

Rapid absorption of glucose in the calves' digestive system at 15
days and 2 months of age, contributed to the high level of glycaemia 1
hour after milk intake.
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INTRODUCTION

Glucocorticoids play an important role in many metabolic pathways
concerned with development and control, and their serum concentrations reflect
the overall balance between synthesis, secretion and elimination. Differences in
basal circulating concentrations have been reported to vary from 1.0 to 50 nmol/L,
dependent of breed, age, nutrition, and other various stresses (Gon~arova, 1985;
Hristov et al., 1994; Nikoli} et al., 1998). Secretion of cortisol in the organism is
increased during foetal development, neonatal growth, the periparturient period,
especially during delivery, and in the adaptation of organisms to various stresses.
Glucocorticoids have an important influence on sexual features and in many
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enzymatic procesess, such as intermediary metabolism of carbohydrates, protein
and lipids.

Many investigators have observed the functional activity of suprarenal
glands cells (adrenocortical cells) at various ages (in different ontogenic periods)
as well as during adaptation of the organism to different stresses, especially in
young animals (calves and lambs). The results gave rather different basal
physiological values (1.0-25.4 nmol/L), similar results to other authors
(Gon~arova, 1985; Richet, 1986; Silke, 1989; Radoji~i}, 1995; Nikoli} et al., 1998;
[amanc H., 1999; Radoji~i~ and [amanc, 2000; Stoji} et al., 2002). However, in
the available published literature there is little information about the relationship of
basal physiological cortisol concentrations to other homeostatic hormones and
the metabolites they control, together with other parameters responsible for
neuroendocrine regulation of homeostasis.

One of these hormones is insulin, a polipeptide produced in the B cells of
pancreatic islets. Insulin is very important in the overall control of anabolic
processes involving lipids and proteins, although some results indicate that
insulin is not a key hormone for the regulation of the physiological level of
glycaemia in ruminants.

It is well known that carbohydrates in the feed for ruminants are degraded to
lower fatty acids, mainly acetic, butyric and propinic acid in the rumen. Acetic and
butiryc acid provide around 70% of the energy required for synthetic reactions in
the organism, while propionate is a key precursor in gluconeogenesis. In
ruminants glucocorticoids have a much greater influence on this process than
insulin (Gröhn, 1985; Radoji~i}, 1995). There are few studies in the published
literature about the role of lower fatty acids in the functional activity of endocrine
glands, such as the adrenal cortex and endocrine pancreas, in young ruminants
(Hristov et al., 1994). Cleary they have an important influence but there is not
enough information about their effect on balance and regulation in intermediary
metabolism, which is especially important in ruminants.

In the early neonatal period calves are exclusively fed on milk, so regulation
of glycaemia and gluconeogenesis is controlled in a similar way to that in
monogastric animals. Earlier investigations of several hormones with homeostatic
and homeorhetic roles showed changes in their concentrations with time levels
the responsibility of many hormones with a homeostatic and homeorhetic role,
changing their concentrations of daily exposition (circadian and diurnal rhyhtms),
as well as alterations after exogenous adminstration of substances like ACTH or
propionate (Radoji~i}, 1995; Radoji~i} and [amanc, 2000; Radoji~i} et al., 2003).

In this study we investigated the relation between two homeostatic
hormones responsible for the regulation of many metabolic processes and some
metabolites: glucose, proteins and lipids in calves of different ages. They included
various ontogenic periods, from entirely milk feeding, through the introduction of
forage and feed concentrates, to the completion of development of microfloral
function in the rumen (Radoji~i}, 1995; [amanc et al., 1999).
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MATERIAL AND METHODS

Animals. The investigations involved clinically healthy female calves (n=30),
Holstein-Friesian breed, in various ontogenic periods (15 days of age; 2 and 4
months of age).

Procedures. Blood samples were obtained in the morning 1 hour after
feeding, by puncture of v. jugularis with a sterilised needle and collected in
heparinised tubes, as well as non-heaprinised tubes for serum separation. After
decantation serum samples were stored at -18 oC.

Analyses. Blood glucose concentration was determined using Dextrostix
tracks, which were read on an Eyeton Refraktans colorimeter. Cortisol was
determined in blood serum by liquid phase radioimmunoassay (RIA) adapted to
cover the range of concentrations from 6.9 to 690 nmol/L (Nikoli} et al., 1998).
Insulin was measured using a hetrologous RIA which included standard solution
of bovine insulin. Lipid and cholesterol concentrations were determined using
commercial Radonja-Sisak test and spectrphotometric measurement (Unicam-
1000).

Statistical procedures. The obtained results are expressed mean values,
with standard deviation, standard error, coefficient of variation and interval of
variation for each investigated group of calves (x, CD, SE, Cv % and Iv). After
analysis of variance the Tucky-Snedecor test, was used to evaluate the statistical
significance of differences between mean values, for the different ontogenic
periods.

RESULTS

The obtained results showed that mean concentrations of serum cortisol,
were very similar in calves at 15 days and 2 months of age. At 4 months of age the
mean value was somewhat lower, but the difference between investigated groups,
was not statistically significant, owing to large individual variations (Cv=34.2 % to
61.0 %; Table 1).

Table 1. Mean values of serum cortisol concentrations (nmol/L) in calevs at various
ages

Statistical parameters 15 days 2 months 4 months

n 30 28 26

x 8.12 8.10 5.70

SD 4.96 3.23 1.95

SE 0.90 0.61 0.38

Cv % 61.0 39.8 34.2

Min. 1.8 4.5 3.3

Max. 25.1 19.9 10.7
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The mean serum insulin concentrations was highest in calves at 2 months
of age. Values at 4 months were significantly lower (p<0.05) despite large
individaul variations (Table 2).

Table 2. Mean values for serum insulin concentrations (mIU/L) in calves at various
ages

Statistical parameters 15 days 2 months 4 months

n 30 28 26

x 47.7 69.9 28.4

SD 43.9 55.2 13.6

SE 8.0 10.3 2.7

Cv % 92.0 78.9 48.1

Min. 10.7 12.1 14.7

Max. 195.6 234.5 87.1
p<0.05

The mean levels of glycaemia in the investigated calves was highest at 15
days of age and then decreased. The value at 4 months of age was significantly
lower than for the other groups (p<0.01; Table 3).

Table 3. Mean values for blood glucose concentrations (mmol/L) in calves at various
ages

Statistical parameters 15 days 2 months 4 months

n 30 28 26

x 8.70 7.32 4.30

SD 2.29 1.65 0.90

SE 0.41 0.31 0.17

Cv % 26.3 22.5 20.9

Min. 4.40 4.44 2.66

Max. 15.50 11.63 7.21
p<0.01

The mean values for lipids and cholesterol concentrations in the blood
serum of the calves, were similar and stable at each investigated period, as well as
being within the physiological range for these metabolites. Thus, no significant
changes were found (Table 4 and 5).
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Table 4. Mean values for blood serum lipids concentrations (g/L) in calves at
variuos ages

Statistical parameters 15 days 2 months 4 months

n 30 28 26

x 3.28 3.60 2.99

SD 0.97 0.79 0.77

SE 0.17 0.14 0.15

Cv % 29.5 21.9 25.7

Min. 1.31 1.85 1.48

Max. 5.54 5.44 3.88

Table 5. Mean values for blood serum cholesterol concentrations (mmol/L) in calves
at various ages

Statistical parameters 15 days 2 months 4 months

n 30 28 26

x 2.71 3.02 2.54

SD 0.74 0.85 0.68

SE 0.13 0.16 0,13

Cv % 27.3 28.1 26.7

Min. 1.19 0.90 1.50

Max. 4.32 4.35 4.41

DISCUSSION

Similarly to other mammals, the ruminant suprarenal glands, synthetise and
secrete glucocorticoids, mineralocorticoids and several androgenic steroids. In
calves the relationship between peripheral cortisol and corticosterone
concentrations (7:1) is very stable and it is not necessary to separate them before
determination of their serum concentrations (Gon~arova, 1985; Radoji~i}, 1995;
[amanc et al., 1999; Radoji~i} and [amanc, 2000; Stoji} et al., 2002).

Glucocorticoids have very different functions in the organism during
development, growth and cell differentiation. They play a role in the induction of
delivery, foetal development and in the adaptation of the organism to various
stress factors. Thus, an increased concentration of cortisol in the foetal plasma is
an initial sign for delivery (Thun, 1987), while increased cortisol levels after
delivery indicate stress (Hunter et al., 1977).

However, it is not clear why changes in the concentration of insulin are very
different in the early period of calf development and how these two hormones
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interact, depending on the type of nutrition, in the regulation of glucose
metabolism, as indicated by the level of glycaemia. Mitin and Miji} (1981)
suggested that insuline concentrations in very young calves were lower than in
older calves, which is confirmed by our results for postprandial values at 15 days
and 2 months of age. Later on the insulin concentrations decreased to approach
the values found for cows (about x =14.6 mUI/L).

The mean values of glycaemia, confirm those found by other authors. The
high values for glucose concentration in the calves at 15 days and 2 months of
age, reflect the rapid absorption of available nutrients. Thus, 1 hour after feeding
milk, physiological hyperglycaemia was evident. The range of 3.2-6.2 mmol/L is
similar in the early neonatal period for both calves and monogastric animals. In
our study the mean glucose concentration was highest at 15 days of age, and
significantly different from the value at 4 months of age, (p<0.01), when
glycaemia is mainly regulated by glycocorticoids and before development of
microfloral function in the rumen is finished (Stamatovi} et al., 1984; Johnson,
1986; Radoji~i}, 1995; Radoji~i} et al., 2003).

The mean values for cholesterol concentrations in the blood serum of each
group of calves in our examination, were stable and within the physiological range
(2.2-5.5 g/L : 1.3-6.0 mmol/L) similar to cows (Damnjanovi}, 1990). Our results
indicate that blood serum lipid and cholesterol concentrations in calves, are not
dependent on age or type of nutrition, as there were no significant differences
between the groups.
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KONCENTRACIJA KORTIZOLA, INSULINA, GLUKOZE I LIPIDA U KRVI TELADI
RAZLI^ITOG UZRASTA

RADOJI^I] BILJANA, [AMANC H i PEJIN IVANA

SADR@AJ

U ovom radu su izneti rezultati ispitivanja vr{enih na zdravim teladima
(n=30), Hol{tajn-Frizijske rase, u razli~itim periodima ontogeneze (od 15 dana, 2
i 4 meseca uzrasta).

Krv za analize je uzimana punkcijom iz vene jugularis, uvek ujutro, 1 ~as
nakon obroka.

U krvi je odre|ivana koncentracija glukoze, a u krvnom serumu koncentra-
cija kortizola, insulina, holesterola i lipida.

Nakon statisti~ke obrade podataka, dobijeni rezultati su ukazali da su
prose~ne koncentracije kortizola u krvnom serumu ispitivane teladi bile pribli`no
iste, u periodu od 15 dana i 2 meseca, dok je kod teladi u uzrastu od 4 meseca
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koncentracija kortizola bila ne{to ni`a (ta razlika nije bila statisti~ki zna~ajna).
Prose~na koncentracija insulina u krvnom serumu ispitivane teladi je bila najvi{a
kod teladi uzrasta od 2 meseca, onda, kada pored mle~nog obroka po~inje i
prihranjivanje kabastom i koncentrovanom hranom, dok je kod teladi u uzrastu od
4 meseca, koncentracija insulina bila zna~ajno ni`a (p<0,05). Prose~ne koncen-
tracije glukoze u krvi teladi su iznad fiziolo{kih vrednosti (i pribli`no iste) u 15 dana
i sa 2 meseca uzrasta, dok je u uzrastu teladi od 4 meseca, ova vrednost zna~ajno
ni`a (p<0,01).

Kod teladi uzrasta od 15 dana i 2 meseca, 1 ~as nakon mle~nog obroka, do-
lazi do zna~ajnog pove}anja nivoa glikemije.
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