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Introduction

Insulin is an anabolizing hormone, stimulating the growth of cartilage (DAUGHADAY et al.
1975), the protein synthesis in muscle (MuNRO 1964; WooL et al. 1968) and triglycerides
storage in the adipose tissue owing to its lipogenic and antilipolytic properties (RANDLE et al.
1966).

In a previous work (MicHAuUKX et al. 1980) we observed that doublc-muscled bulls have
lower or not different plasma GH level after 4 months of age. Several relations exist between
insulin and GH (Reviews by DagHADAY and Ki1pN1s1966; HALL and LurT 1974; VAN Wyck
et al. 1974; TurNer and MuNDAY 1976; SizoNENkO 1978). GH has insulinlike effects
mediated by the somatomedins on body growth and protein synthesis and insulin
antagonistic effect owing to its lipolytic action. Insulin is required for the full anabolic effect
of GH. Plasma levels of insulin are low in patients with hypopituitarism. Wether insulin has
any direct physiological effect on the regulation of cartilage metabolism and linear growthis
not clearly established (Review by LEBoviTz and EsENsARTH 1975) but DAUGHADAY et al.
(1976) showed that insulin shares with GH the regulation of somatomedin release by the
liver. The present study has been undertaken because double-muscling is characterized not
only by a muscular hypertrophy but also by a drastic reduction in adipose tissue (ANsayand
HANsET 1979).

Material and methods

The bull, their management and the experimental design were described previously
(MicHAuX et al. 1981). Briefly they are conventionaland double-muscled bulls sired by A.1.
bulls of the Belgian Blue breed progeny-tested in 1978-79. Blood samples were taken at the
jugular vein at d 80, 131, 227 and 370 on average, cooled and centrifuged, and plasma was
kept at —15 °C until assayed.

Plasma insulin (in duplicate) was measured by radio-immunoassay (AcosiN 1979;
AcosIN et al. 1981). Bovine insulin (Sigma chemical Co., 24.3 Ul/mg) was used for
preparation of the standard, for labelling and for the production of the antiserum.

Antiserum was obtained after immunization of guinea pigs. Labelling of bovine insulin
with'? I was performed according to the method of THORELL and JoHANsON (1971) using
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the Lactoperoxydase. The bound insulin was separated using an antiserum anti guinea-pig y-
globulins obtained from rabbit, coupled to cellulose activated by cyanogen bromide (DASP
system) (AXEN et al. 1967).

Owing to the skweness of the distribution of insulin plasma concentrations, the means of
each determination between conventional and double-muscled bulls have been compared

using the Mann and Whitney test and the correlations have been estimated by the Spearman
rank correlation coefficient.

Results

Plasma insulinlevel is significantly lower in double-muscled bulls at all ages studied (Table 1).
Insulin level decreases significantly in conventionals from 80 to 131 d of age (P < 1%o)
and in double-muscled from 227 to 370 d of age
(P <5%) (Table 1). wfent,

These age related changes are depicted in figure s
1. The means and standard deviations for several
growth traits (body weight and wither height at 7,
10 and 12 months, average daily gain from 7 to 12 o
months), for daily feed intake and feed efficiency 120
from 7 to 12 months, for the 7" rib cut components

140

o——ae D.M.

o ---- Conv.

110
(lean, fat and bone percent) have been reported
J . 2 ool
previously as well as the differences between the =
two types of bulls for these traits (MicHAUX etal. 2 9o}
1981). The correlation coefficients between con- 2 4o

centrations of plasma insulin and these traits have
been computed for each type of bulls (Table 2). The r
correlation coefficients between plasma insulin and 60
body weight, wither height, average daily gain,

50}
daily feed intake are most often positive and signifi-
. . L]]
cantly different from zero in double-muscled bulls. B
3
. . . . . i 1 -} L
Plasma insulin concentration in conventional and

o

100 200 300 400

double-muscled bulls during the first year of age Age in days.

Table 1

Plasma insulin level in conventional and double-muscled bulls
(wU/ml) at 80 days (I1), 131 days (12), 227 Days (13) and 370 days (I4) of age in average (n = number of

bulls)
CONVENTIOMALS DOUBLE-MUSCLED
n X S P age n x S P age | P type
I1 80 |145.1 60.9 75 175.9 | 62.4 kex
Lidd N.S.
I2 91 59.5 23.9 73 |53.2 | 34.2 Lid
13 |8 | 668 | 31.6 N.Se g1 faguefs.r | NeSo | wwe
|8 | 76.3 | 43.3 NeSe f 6s fas.4]16.2 * xx
P age = significance of the difference P type = significance of the dif-
between adjacent means. ference between conven-
% o P <5 %: ¥E P 1% KKK _P ] oy tionals and double-mus~
' ' oo cled.




314

C. Michaux, ]. F. Beckers, M. de Fonseca and R. Hanset

Table 2

Correlation coefficients between plasma insulin levels and growth traits, feed efficiency, average
daily gain and 7* rib components

Body Height | Body Body Height | Daily Average | Feed % % o
veight | at wi- | weight | weight | at wi- | feed daily effi- Lean Bone Fat
7 Mo thers 10 Mo 12 Mo thers intake | gain ciency )
7 Mo 12 Mo (a) (a) (a) (b) (b) (b)
Conv, | -0.21 | -0.05 -0.13 -0.13 0.02 -0.06 | -0.10 c.1l0 0.02 0.07 -0.02
I1
D.M. 0.28%| 0.20 C,4C**| 0.41%%] 0,24 0.26 0.35*% -0.13 -0.23 0.15 0.15
Conv, | -0.08 | -0.04 -0.12 -0.16 =0.14 0.00 | -0.15 0.16 0.02 0.05 -0.04
12
D.M. 0.23 0.21 0.22 0.35% 0,07 0.17 0.25 -0.05 -0.12 0.06 0.12
Conv. | -0.03 0.13 0.06 0.07 0.10 -0,02 0.10 -0,15 -0.05 -0.18 0.12
I3 .
D.M. 0.20 0.04 0.25 0.17 0.11 0.14 0.06 0.02 -0,29% 0.05 0.29*
Conv. 0.13 0.22% 0.18 0.14 0.23% 0.16 0.09 0.06 -0.11 -0.27% 0.22%
T4
D., 0.2¢C c.21 0.22 0.22 0.24 0.21 0.29% -0.05 -0,02 0.11 0.00
(a) from 7 to 12 months cf age (b) in the 7"'h rib cut P 5% *p <19

Table 3
Correlation coefficients between the successive plasma insulin levels of the two types of bulls
12 13 T4
Conv, 0.05 0.05 0.06
n
D.M, 0,37%* 0.28% 0.11
Conv. 0.41%* 0.01
I2
D.H, 0.16 -0.10
Conv 0.17
I3
D.M. 0.1
®-P<5% *oPcl%
Table 4
Correlation coefficients between plasma insulin and GH levels of the two types of bulls
I 12 I3 I4
G GH2 GH3 GH4
Conv, -0.16 0.0C -0.09 -0,01
DM, -0.15 -0.10 -0.04 -0.08
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The correlation coefficients between the successive insulin levels are generally positive
and are significant in the two types of bulls between determinations at 131 d and 227 d
(Table 3). The correlations between plasma level of insulin and of GH are low and negative

(Table 4).

Discussion

In growing cattle, YOuNG et al. (1970), TRENKLE and IrvIN (1970), TRENKLE (1970), IRvIN
and TReNKLE (1971) did not find a significant relationship between plasma insulin level and
age while TRENKLE and TorEL (1978) observed that insulin was positively associated (P <
1%) with age or body weight in the postweaning period. TRENKLE (1970) found that insulin
level increases with length of time cattle were fed grain.

Insulin increases after feeding (Mc ATEE and TRENKLE 1971). In this study, the bulls were
fed at libitum and the blood sampling made irrespective of meal-time and type of the bulls.
On the other hand, level of feeding (ad libitum vs limited) had no significant effect on plasma
insulin level determined in the postabsorptive state (TRENKLE and TorEL 1978), but in obese
rodents hyperinsulinemia is associated in various degrees, depending on genetic type of
obesity, with hyperphagia (Review by York 1979). Now double-muscled bulls exhibit a
smaller feed intake (P < 1%o, HANSET et al. 1979).

TrenkLE and Torer (1978) found significant negative correlations between insulin
plasma level and carcass muscle. Double-muscled which show muscular hypertrophy and a
greater daily protein deposit, have lower insulinemia. In each type, the correlation
coefficients between insulin concentration and lean percent are low and tend to be negative in
double-muscled (Table 2).

Plasma insulin concentration is positively related to the fatness of the carcass and to the
lipid percentage in muscle (TRENKLE and IrRVIN 1970; TRENKLE and TorEL 1978). The lower
insulin level in double-muscled agrees with their reduced fatness. The correlations between
insulin level and far percent in the 7% rib cut are low and mostly positive in the two types
(Table 2).

No differences in insulin circulating level have been found in cattle differing in body
composition such as steers and bulls (GALBRAITH et al. 1978) and such as Angus, Hereford
and Shorthorn animals (IRvIN and TRENKLE 1971).

Insulin promotes both ponderal and linear growth (SALTER and BesT 1953), insulin level
is decreased in idiopathic short stature in man (SizoNenko 1978). Concentration of plasma
insulin is positively associated (P < 1%) with body weight in steers (TRENKLE and ToPEL
1978). Double-muscled have slightly reduced body weight and wither height (Michaux etal.
1981).

In this context, double-muscling may be compared (i) to Pietrain pigs which have lower
insulin level than Large White (RoGDAKis et al. 1979) and (11) in an other way, to the genetic
obese rodents which show hyperinsulinemia.

A possible explanation of the obesity in rodents is an enzyme defect acting, according to
the type and severity of obesity, on one or several organs such as hypothalamus, pancreas
and muscle with consequences of hyperphagia, hypersecretion of insulin and reduced uptake
or utilization of glucose (Review by York 1979). In diabetes mellitus, there is insufficient
production or increased elimination of insulin and consequently a reduced glucose
utilization expressed by a low glucose tolerance.

The Pietrain pigs have, relative to fatty breeds, a lower insulin secreting ability as shown
by their response to tolbutamide and glucose injection and a lower sensitivity to the
antilipolytic action of insulin which account partly for their reduced fatness (GREGORY et al.
1977; Woop et al. 1977).
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Having found that, at 12 and 20 months of age, Friesians have higher insulin secreting
ability (P < 5%) anc smaller percentage of dissectible fat from the empty body (P < 5%)
than Hereford, GREGORY et al. (1980) concluded that different insulin secreting ability in
cattle is not related to differences in fatness between animals as it is the case in pig. But the
low insulin status of Pietrain pigs would not be confined to the pancreatic function because
they have lower level of somatomedin which has an important non-suppressible insulinlike
activity (GREGORY et al. 1977).

In relation to the lower insulin level found in double-muscled cattle other physiological
characturistics have been observed in these animals such as lower feed intake and glycemia
(HoLmEs and RoBinsoN 1970; KonEcka et al. 1979) as has been also found in Pietrain pigs
(GREGORY et al. 1979). In the light of the above described genetic variations of insulin
metabolism it appears that the relative hypoinsulinemia of double-muscling could be due toa
primary reduced synthesis or secretion, or could be a response to other physiological
peculiarities.

Summary

Concentration of plasma insulin has been determined by radioimmunoassay in conventional and
double-muscled bulls at 80 (I1), 131 (12), 227 (I3) and 370 (I4) d of age. Double-muscled bulls have
lower plasma levels of insulin at all ages studied, which is consistent with the reduced fatty tissue of
double-muscling.

The correlations between insulin level and growth traits, estimated separately for each type of bulls,
are low and most often positive and significant in double-muscled. Insufi’n level tends to be negatively
correlated with the lean percent from the 7% rib cut. The correlations between the successive insulin
levels are generally positive. The correlations between the concentration of insulin and of GH are low
and negative.

Résumé

Taux de U'insuline plasmatique chez des taureaux conventionnels et culards pendant
la premiére année de la vie

L’insuline plasmatique a été dosée par radioimmunoessai chez des taureaux conventionnels et culards
aux iges moyens de 80 (I 1), 131 (12), 227 (I13) et 370 (14) jours. Les culards ont des taux inférieurs a tous
les ges étudiés, cette observation concorde avec leur faible développement adipeux.

Les corrélations, séparément pour chacun des types, entre I'insuline plasmatique et les caracteres de
croissance sont faibles et plus souvent positives et significatives chez les culards. Les corrélations entre le
taux d’insuline et le pourcentage de muscles du 7¥m¢ monocostal sont faibles et négatives. Les
corrélations entre les taux successifs d’insuline sont généralement positives. Les taux plasmatiques
d’insuline et de GH sont faiblement et négativement corrélés entre eux.

Resumen

Nivel plasmatico de insulina en toritos normales y tales de doble musculatura
durante el primer atio de vida

En toritos normales y tales de doble musculatura los niveles de insulina plasmatica fueron medidos
mediante la radio-inmunoessai a las edades medias de 80 (I1), 131 (12), 227 (I3) y 370 (14) dias. Los de
doble musculatura tienen niveles inferiores a todas edades, concordando esta observacién con su
reducido crecimiento adiposo. Las correlaciones entre insulina plasmitica y caracteristicas de creci-
miento, determinadas separadamente para los tipos, son bajas y mis frecuentemente positivas y
significativas en los animales de doble musculatura. Las correlaciones entre tasa de insulina y porcentaje -
del tejido muscular en la 7* costilla son débilmente negativas.

Las correlaciones entre las tasas sucesivas de insulina generalmente son positivas. Las tasas
plasmaticas de insulina y de GH son débil y negativamente correladas entre si.

Zusammenfassung

Plasmainsulinspiegel in Doppellendern und konventionellen Bullen wihrend des 1. Lebensjabres

Der Plasmainsulinkonzentration wurde mit Hilfe von Radio-Immunassay in konventionellen und
Doppellenderstieren bei 80 (I1), 131 (12), 227 (13) und 370 (I4) Tagen Alter bestimmt. Doppellender
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haben niedrigere Plasmainsulinspiegel in allen untersuchten Altersstufen. Diese Beobachtung ist
konsistent mit dem verminderten Fettanteil bei Doppellendern. Die Korrelationen zwischen Insulin
und Wachstumshormonspiegel, die fiir jeden Typ bestimmt wurden, sind niedrig, meistens positiv und
signifikant in Doppellendern. Insulinspiegel scheinen mit dem Fleischanteil des 7. Rippenstiickes
negativ korreliert zu sein. Die Korrelationen zwischen aufeinander folgenden Insulinspiegeln sind im
allgemeinen positiv. Die Korrelation zwischen Insulinkonzentration und jener von GH sind niedrig
und negativ.
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