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FORSLUND, K., L.-E. EDQVIST, K. LUNDSTROM and P.-O. NILS-
SON: Blood levels of calcitonin in bulls of varying ages. Acta vet.
scand. 1980, 21, 185—196. — Blood levels of calcitonin (CT), calcium
(Ca), inorg. phosphate (P) and alkaline phosphatase (ALP) in 27
bulls of Swedish Red and White Breed (SRB) and 21 Swedish Frie-
sian Breed (SLB) were studied. There was a significant lowering of
Ca, P, ALP and CT with increasing age. The fact that the osteopetro-
tic syndrome is increasing with age in bulls and that the CT level in
blood is decreasing with age does not support the idea that an in-
creased CT discharge could be responsible for the osteopetrotic syn-
drome in bulls.

calcitonin, bulls, osteopetrosis.

Stiff back and diseases of the joints are common problems in
bulls used as semen donors for artificial insemination. Necropsy
of these bulls often reveals several cases of spondylosis, spon-
dyloarthrosis and arthrosis in various joints of the legs. These
changes are usually referred to as osteopetrosis. The frequency
of such osteopetrotic changes has been shown to increase with
age (Bane & Hansen 1962) and was in 1 study reported to occur
in all investigated bulls over 7 years of age (Krook et al. 1971).
The last authors suggested that this syndrome is due to an ex-
cessive dietary calcium intake followed by hyperplasia or neo-
plasia of the parafollicular cells (C-cells) of the thyroid gland

* This investigation was supported by the Swedish Council for
Forestry and Agricultural Research.
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leading to an increased calcitonin discharge. Furthermore, Han-
sen (1975) reported a positive correlation between the occur-
rence of osteopetrosis and C-cell tumors in bulls.

Although the hypothesis proposed so far is in favour of a
nutritional hypercalcitoninism the possibility of a certain degree
of heritability cannot be excluded. In man medullary carcinoma
(C-cell tumor) is often found in association with phaechromo-
cytomas and is known to occur in certain families. Tashjian &
Melvin (1968) describe the first case of hypercalcitoninism with
very high levels of plasma calcitonin due to medullary carcino-
mas. It was also associated with hypocalcemia, hypophosphat-
emia, the occurrence of tetany, high levels of circulating para-
thyroid hormone and a low rate of bone turnover. No changes
in bone density could be demonstrated, however.

Since the frequency of osteopetrotic changes in bulls incre-
ases with age, and because an increased calcitonin secretion has
hypothetically been suggested to play an important role in the
syndrome, the present study investigates the blood plasma calci-
tonin levels in bulls of different ages.

MATERIALS AND METHODS

Twenty-seven bulls of the Swedish Red and White Breed
(SRB) and 21 bulls of the Swedish Friesian Breed (SLB) were
studied. Their ages varied from 1 to 9 years. The SRB bulls were
housed at 2 A.I. stations, while the SLB bulls were all housed
in 1 A.I station. The animals were fed 8 kg of hay and 4 kg
of concentrate which yields a daily Ca intake of about 40 g/day.
No extra mineral supplement was given. This investigation was
carried out in September 1978. Before the blood samples were
collected the animals were examined clinically with special em-
phasis on lameness and mounting behavior. In the SRB, blood
samples were drawn from the jugular vein using a heparinized
vacutainer tube and in the SLB bulls from the plexus of vessels
underneath the second vertebra of the tail. Blood drawn from
these vessels is in most cases arterial. The differences in samp-
ling techniques were necessary because of the means available
for restraining the animals at the 2 A.I. stations. To check if
the CT level differs between arterial tail blood and venous ju-
gular blood, 6 bulls were sampled from both sites.

The blood samples were immediately placed in ice water and
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centrifuged within 10 min. The plasma was removed and imme-
diately frozen on dry ice and kept frozen until analyzed.

The plasma calcium (Ca) was determined using an atomic
absorption spectrophotometer. The plasma inorg. phosphate (P)
values were determined according to a method described by
Itaya & Ui (1966). The plasma alkaline phosphatase (ALP) was
determined by a kinetic technique on an LKB Reaction Rute
Analyzer according to the recommendations of the Scandinavian
Committee of Enzymes (1974). The calcitonin (CT) levels in
plasma were determined by radioimmunoassay (Forslund &
Stridsberg 1980).

The bulls which were slaughtered for various reasons were
examined for the presence of osteopetrotic changes. This examin-
ation was performed by the slaughter-house veterinarian. In
some cases the thyroid glands were histologically examined at
the National Veterinary Institute. Sections of the thyroid gland
were fixed in 10 % aqueous solution of formaldehyd. After pa-
raffin embedding and sectioning, the sections were stained with
hematoxylin and eosin.

Statistical methods

All calculations were done using the Statistical Analysis System
(Barr et al. 1976). To test the effect of the sampling site (blood drawn
from the jugular vein versus blood from the tail) the following model
was used:

where

Y,.jk = the ijkth observation

m = general mean

a; = effect of the ith animal (i =1, 2,...6)

8; = effect of the jth sampling site (j =1, 2)

as; = effect of the interaction between the ith animal and the jth
sampling site

e;x = residual random term with variance o2,

The effect of the animal was regarded as random and the effect of
the sampling site as fixed. The restriction 3;s; = 0 was imposed on
the model.

The effect of breed was tested according to the following model:
Yij =u + r; + blxij + bﬁx'jg + eij
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where

Y; = the ijth observation

u = general mean

r; = effect of the ith breed (i =1, 2)

b, bs = linear and quadratic regression on age at sampling

age at sampling in years of the ijth individual

X
I

e = residual random term with variance o2,

i

The effect of breed was regarded as fixed and the restriction Z;r;
= 0 was imposed on the model. The quadratic regression was only
included when significant. The interaction between breed and the
linear as well as the quadratic regression on age at sampling was
tested but was found to be non-significant for all substances, and only
the average regressions were used. Due to confounding between the
age of the bulls and the A.I. station, the effect of station could not
be considered in the statistical evaluation.

RESULTS

There were no significant differences in the CT level in the
blood taken from the jugular vein as compared to the blood
drawn from the plexus of vessels under the second vertebra of
the tail using the statistical Model I (P > 0.05).

An individual presentation of the data from the bulls is given
in Table 1. In Table 2 are presented the least-square means and
the standard errors for the blood substances. The effect of breed
was not significant (P > 0.05) for any of these blood compounds
(Table 2). All blood parameters studied showed significant re-
gressions on age (Table 2 and Figs. 1—2). The slopes for the
regression lines for the breeds were not significantly different
for any substance, as the interactions between breed and age
were non-significant.

One bull (708 Ronstad) suffered from a stiff back at the
time of blood sampling. None of the other bulls showed such
signs on this occasion. Of the 48 bulls investigated, 24 were
slaughtered approximately within 1 year after the sampling oc-
casion. Out of these 24 bulls only 2 had skeletal pathological
findings (426 Stavrod and 347 Bicks). It should, however, be
noted that the post-mortem examination was not a detailed one
but a gross examination on the slaughter-house line. The thyroid
glands from 12 of the bulls were submitted to histo-pathological
examination. Hyperplasia of the C-cells was found in 1 of these
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Figure 1. Mean blood levels in Ca (above), P (middle) and ALP
(below) in all bulls at different ages.
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Table 2. Least-square means =+ standard error of the mean (s.e.m.)
and levels of significance for the blood substances.

Level of significance

Least-square means = s.e.m. regression on age
Substance SRB (n=27) SLB (n=21) breed linear quadratic
Ca 2.79+0.05 2.69+0.06 n.s. . .
P 2.26+0.06 2.30+0.06 n.s. e n.s.
ALP 2.31+0.18 2.10+0.20 n.s. . .
CT 0.77+0.07 0.61+0.08 n.s. . n.s.
Levels of significance: n.s. = not significant (P > 0.05);

*=P<005 **=P<001;, """ =P < 0.001.

12 bulls (347 Béacks). The other 11 bulls were considered to have
normal C-cells, which means that the thyroid glands from 717
Aslemala, with high blood level of CT at the sampling occasion,
showed no pathological changes.
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Figure 2. Individual CT level of the SRB (@) and SLB (Q) bulls.
Mean CT levels ( ) for all bulls at different ages.
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DISCUSSION

A significant lowering of the Ca, P and ALP in the blood with
increasing age has been described previously for bulls (Krook
et al. 1971). The quadratic regression for Ca and ALP indicates
the decrease as being less pronounced with increasing age. Simi-
lar to the situation in man (Samaan et al. 1975), a significant
decrease of CT with increasing age was found in the animals of
this study. Furthermore, Deftos et al. (1979) found CT levels to
be significantly higher in bulls younger than 6 years of age as
compared to the older bulls.

The incidence of osteopetrosis in the present material is con-
siderably lower than reported by Krook et al. This difference
might be due to the fact that the animals in the present study
were not submitted to complete post-mortem examinations. It
might also be explained by the dietary Ca intake in the investi-
gation by Krook et al. varying from 67 to 88 g Ca/day. The bulls
in the present study received about 40 g/day.

One bull (347 Bécks) had a normal CT level for his age but
showed an unclassified interfollicular hyperplasia in the thyroid
gland and spondylosis deformans. Humans suffering from C-cell
carcinoma do not always have elevated CT levels (Trump et al.
1979). On the other hand, if stimulated by Ca infusion or alcohol
(Telenius-Berg et al. 1975, Dymling et al. 1976) they have ele-
vated CT levels in the blood. Such stimulating tests could not be
done in these “priceless” A.l. bulls.

Elevated CT levels were recorded in 1 young bull (717 Asle-
maéla). Whether or not such an elevation present at a young age
will induce skeletal changes at a later age is not known. When
compared to man this seems less likely since persons with ele-
vated CT levels do not suffer from osteopetrosis but from gastro-
intestinal symptoms (Otto Ljungberg, pers. com.).

Kent et al. (1979) reported a decreased response to calcitonin
in osteopetrotic mouse bone compared to normal mouse bone
in vitro. They found no difference in the number of osteoclasts
in their experimental condition. Instead they suggested a dif-
ference in the number or nature of the calcitonin receptors in
the osteoclasts or an alteration in the mechanism for transmitting
the calcitonin signal at the membrane level as an explanation
for the decreased response. The specific cause for such differen-
ces at the receptor level might be genetically based according to
these authors. This is also supported by Heersche et al. (1978)
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who suggested that bone tissue has a cellular mechanism to
compensate for overexposure to e.g. calcitonin and parathyroid
hormone. Furthermore, some authors are of the opinion that
CT cannot stimulate the apposition of bone to an osteoporotic
skeleton (Sgrensen et al. 1972, Melick et al. 1973, Rebel et al.
1977, Kanis et al. 1977). On the other hand, Milhaud et al. (1978)
found a deficiency of CT in age related osteoporosis.

The acute Ca-lowering effect of CT might more be due to an
increased Ca excretion through the kidney than to a decreased
bone resorption (Simonnet et al. 1978). This is supported by
the findings of elevated CT levels in renal failure in man (Ardail-
lou et al. 1975, Silva et al. 1977) and the accumulation of radio-
labelled CT in the intact rat kidney (Forslund el al. 1980).

As pointed out in the introduction, it has been suggested that
an increased CT discharge could be responsible for the osteo-
petrotic syndrome in bulls. Furthermore, the frequency of the
syndrome increases with age (Krook et al.). The continuous
lowering of the CT levels with advancing age in the bulls of this
study, in combination with the questionable effect of CT on Ca
apposition to bone as the major Ca-lowering effect of CT, does
not support such a suggestion.
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SAMMANFATTNING
Blodnivder av calcitonin hos tjurar av olika dldrar.

Nivderna av calcitonin (CT), kalcium (Ca), oorganiskt fosfor (P)
och alkaliskt fosfatas (ALP) i blod underséktes p& 48 semintjurar
(27 SRB- och 21 SLB-tjurar). Blodnividerna av samtliga undersdkta
parametrar sjonk med stigande &lder. Det faktum, att de osteopetro-
tiska lidandena 6kar med stigande alder och att CT-nivderna i blodet
sjunker med aldern, stoder inte idén om att en 6kad CT-insondring
skulle orsaka osteopetros hos tjurar.
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