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were conducted on 20 female calves (Bohemian red spotted x Friesian),
housed in individual stables and offered milk, concentrate mixture and hay to meet the nutrient requirements for maintenance and growth at 85% of NRC (1978) recommended requirements. Calves, initially
21 to 24 days old, were allotted to four different treatments. Calves in the first group were treated
subcutaneously with olive oil at 7 day intervals (control). The second group received injections of olive
oil and a daily oral dose of virginiamycin (a feed antibiotic), 80 mg per animal. The third group received
subcutaneous (sc) injections of recombinant methionyl bovine somatotropin (bST) in a sustainedrelease vehicle (100 mg per head) in 7 day intervals. The fourth group received both virginiamycin and
bST. The experiment lasted for 70 days. Control calves gained, on average, 0.52 kg.day-!. Both
growth promotors appeared to improve weight gain and feed efficiency. The effects of virginiamycin and
bST were additive. Virginiamycin, bST and a combination of bST and virginiamycin improved gains by
9.6, 5.8 and 15.4%, respectively. Only the effect of bST and virginiamycin in combination, however, was
significant (P < 0.05). Blood haemoglobin and serum glucose, protein and cholesterol were not significantly affected. The plasma bST concentration was up to ten-fold higher in the bST-treated groups
then in the control and virginiamycin-treated groups. The effect of virginiamycin on the plasma bST concentration was not significant.

Summary &mdash; Experiments
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Résumé &mdash; Effet de la virginiamycine et de la somatotropine bovine sur la croissance, l’efficacité
alimentaire et les paramètres du sang chez les génisses. L’essai a été réalisé sur 20 génisses (Pie
Rouge Tchèque x Frisonne). Les génisses, maintenues en cases individuelles, ont reçu du lait, un aliment concentré et du foin pour couvrir à 85 % des normes NRC (1978) leurs besoins d’entretien et de
croissance. Les génisses, âgées de 21 à 24 jours, ont été réparties en quatre lots. Les génisses du lot
1 ont reçu une injection sous-cutanée d’huile d’olive, tous les 7 jours. Celles du lot 2 ont reçu, outre les
injections d’huile d’olive, 80 mg par jour de virginiamycine par voie orale. Celles du lot 3 ont reçu des

de 100 mg de méthionyl bST recombinée (forme retard) tous les 7 jours. Celles du lot 4
ont reçu à la fois de la virginiamycine et de la bST. L’essai a duré 70 jours. Les génisses du lot
1 (témoin) ont gagné en moyenne 0,52 kgljour. La virginiamycine et la bST ont eu tendance à améliorer
le gain de poids vif et l’efficacité alimentaire, mais seule leur combinaison a eu un effet significatif
(p < 0,05) :le gain de poids vifa été accru de 9,6 % avec la virginiamycine, de 5,8 % avec la bST et
de 15,4 % avec la combinaison des deux. Le taux sanguin d’hémoglobine et les taux sériques de
glucose, de protéines et de cholestérol n’ont pas été significativement modifiés. En revanche, la bST,
mais non la virginiamycine, a significativement augmenté la teneur du plasma sanguin en hormone de

injections

croissance.
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INTRODUCTION
It is

widely accepted that antimicrobial feed

additives, (3-adrenergic agonists and
anabolic hormones can improve animal
growth and protein deposition. The use of
growth-promoting agents and, in particular,
feed antibiotics in calves has been the subject of many studies. A number of authors
have examined the effect of monensin (Ilan

et al, 1981; Marounek et al, 1989), virginiamycin (Daenicke, 1988; Skrivanova and
Marounek, 1993; Skrivanova et al, 1994),
lasalocid (Anderson et al, 1988), avoparcin
(Moughan et al, 1989) and aureomycin
(Brown et al, 1960) as feed supplements.
In general, these authors investigated the
effect of feed antibiotics on performance,
feed efficiency, digestibility of nutrients, ruminal parameters and blood variables. Other
aspects of feed antibiotic supplementation
have generally been neglected in most studies. The growth of young ruminants is a very
complex and highly integrated process,
which depends on the nutrient supply and
general status of the animal. It is controlled
by numerous hormones and growth factors.
Although somatotropin is the most important hormone in this respect, its effect is
only part of the whole hormonal regulatory
mechanism. Several authors have investigated the effect of bovine somatotropin
(bST) on the growth of calves. Pituitaryderived bST (110 1
.day- increased
l
pg.kg)
the weight gain of 3-month-old ruminant

female calves

by 10% in the experiment of
Brumby (1959). Similar results were
obtained by Sandles and Peel (1987) in

heifers treated with 600 pg bST.kg-l.da!rl.
Recombinant bST (25-100 p
g1
.day.kg)
increased the average daily gain of 6-weekold female veal calves by 7.1-10.8%
(Kirchgessner et al, 1987). The responses of
young bulls (2-3 weeks old), however, have
been variable. In the experiments of
Williams et al (1987), bST treatment failed to
improve weight gain of veal calves; however, in those of Groenewegen et al (1990),
a significant increase of body weight gain
was found in weaned calves.
The aim of this study was to compare
the growth rate and hormone profiles in
female calves treated with virginiamycin and
bST. The data demonstrated that both
growth enhancers could improve the performance of calves and that their effects
were additive.

MATERIALS AND METHODS

Twenty crossbred female calves (Bohemian red
spotted x Friesian) purchased from commercial
dairy farms at 2 weeks of age were used in the
experiment. The calves were individually penned
and were given a 7 day acclimatization period
prior to beginning the treatments. They were then
assigned to one of four groups (consisting of five
animals each). The calves did not differ by more
than 3 days of age. The first group of calves (control) received subcutaneous (sc) injections of olive
oil (0.4 ml) at 7 day intervals for 70 days. The

second group (V) received sc injections of olive oil
at 7 day intervals and a daily oral dose of 80 mg
virginiamycin (Smith Kline Beecham, Belgium)
per animal, in capsule form. The third group (bST)
received sc injections of recombinant methionyl
bST in a sustained-release vehicle (100 mg per
animal per 7 days; Somatech
, a gift from Mon@
santo Agricultural Co, USA). The fourth group
(bST + V) received both virginiamycin and bST
(as described earlier). The calves were fed with
skimmed milk at 0600 and at 1600 hours. Undiluted milk was fed at 3.5 L per day until 4 weeks
of age, then milk diluted with water 3:2 (in the
fifth week) and 1:1 (until 7 weeks of age). Calves
were weaned from milk at 7 weeks of age. The
daily amount of meadow hay offered increased
stepwise from 0.05 to 0.9 kg. The daily amount of
concentrate offered increased from 0.1 to 1.5 kg
and that of maize silage (28% dry matter [DM])
from 0.2 to 1.1 kg. Silage was fed from 10 weeks
of age. Dietary components were fed to meet
nutrient requirements for maintenance and growth
at 85% of NRC (1978) recommended requirements. The weights of calves were recorded once
a week. Blood samples for bST analysis were
taken by jugular venipuncture before and after
the last injection of bST. Heparin was used as
an anticoagulant. Blood variables were recorded
once a week. A portion of the blood sample was
stabilized using heparin. The remaining blood
was left standing to obtain serum.
Concentration of bST in the plasma was determined by radioimmunoassay as previously
described (Slaba et al, 1994) with pituitary-derived
bST, purified by chromatography on SESephadex C-50 in sodium acetate buffer
(potency: 1.4 IU.mg) for iodination and refer1
ence standards. The first antibody was produced
in rabbits against pituitary-derived bST NIH-GHB-1003A (a gift from the National Institute of
Health, Bethesda, MD, USA) conjugated with
human serum albumin by means of tolylene-2.4diisocyanate according to Likhite and Sehon
(1967). The second antibody was produced
against bovine y-globulin in pigs (SwAR/G-RIA,
Sevac, Institute of Sera and Vaccines, Prague,
Czech Republic). lodination of bST was performed by the lactoperoxidase method (Thorell
and Johansson, 1971) with lactoperoxidase (B
grade from Calbiochem, Los Angeles, CA, USA)
using !251 (Na !25I, carrierfree) from Amersham
International (Amersham, UK). Intra- and interassay coefficients of variation averaged 5.9 and
10.2%. Haemoglobin, glucose, serum protein,
iron and cholesterol were assayed by means of

commercial kits (Lachema, Brno, Czech Republic). The feed analyses were done by standard
AOAC (1980) procedures. The effects of virginiamycin and bST were evaluated by analysis of
variance (SAS, 1982).

RESULTS AND DISCUSSION
The average

daily weight gain of the calves

0.52, 0.57, 0.55 and 0.60 kg, in the
control, virginiamycin (V), bST and bST +
was

V groups, respectively (table I). The difference between the control and bST + V treatment was

statistically significant (P< 0.05);

the effects of the other treatments was not
statistically significant. The intake of nutrients
per kg of gain was nonsignificantly lower in
the treated groups than in the control group.
Neither haemoglobin, nor serum glucose,
protein or cholesterol were significantly
affected in the treated groups (data not
shown). Serum iron levels, however, were
increased in the bST + V group at 10 weeks
of age (P< 0.05).
In the control and V
groups, the plasma concentrations of bST
were low and varied, on average, between
3.0 and 13.9 ng.ml1 (table II). In the bST
and bST + V groups the plasma bST concentrations were elevated six- to ten-fold
(30.1-89.3 ng.ml) throughout the 7 day
1
injection interval. Compared to the control
and V groups, the differences were significant (P < 0.05) between 3 and 72 h postinjection for the bST group - and throughout
the 7 day injection interval for the bST + V
group.
The data indicated that both growth promotors tested appeared to improve the performance of the female calves. The effects
of virginiamycin and bST were additive: virginiamycin increased weight gain by 9.6%,
bST treatment by 5.8% and their combination by 15.4%. The dose of 100 mg of the
recombinant bST in a sustained release
vehicle per calf once a week was sufficient
to obtain stable plasma bST concentrations
up to ten-fold higher than those in untreated

animals. The effects of virginiamycin on the
performance and feed conversion reported
in this study were similar to those reported
previously (Daenicke, 1988; Marounek et
al, 1992). In addition, the effects of bST on
calf performance were consistent with older
reports. The combination of a feed antibiotic and bST has not been tested in calves
to our knowledge. In dairy cows, Murphy et
al (1994) studied the effects of avoparcin,
bST and the effects of both avoparcin and
bST on measures of production. Treatment
with bST significantly increased milk yield
by 3.8 kg/day and treatment with bST +
avoparcin by 5.1 kg/day. The difference in
milk yield between both treated groups was,

however,

not

significant.

Reports on the effects of commercial
growth-promoting agents on endocrine factors in ruminants are scarce. Monensin

increased serum growth hormone and
glucagon levels in the plasma of lactating
goats (Brown and Hogue, 1987). Intravenously administered monensin initially
decreased and subsequently increased
serum insulin levels in heifers (Armstrong
and Spears, 1988). Lasalocid and cationomycin fed to sheep, however, did not affect
their plasma insulin levels (Gomez and
Jouany, 1994). In bulls, salinomycin and
avoparcin significantly increased the plasma
concentration of IGF-I, consequently
improving the nutrient supply for the animals (Jahreis et al, 1993). In the present
study, virginiamycin tended to increase the
growth rate, but failed to increase the
plasma concentrations of bST. The highest
bST concentrations were found in the bST
+ V group, ie, in animals with the highest
growth rate. Differences between bST- and
bST + V calves were, however, not significant. It should be mentioned in this respect,
that the endogenous bST secretion is pulsatile, which makes an accurate quantification of bST production difficult (Davies et

al, 1977).
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