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Summary — In order to identify the mechanisms which underlie fattening in commercial birds, lean
and fat broiler chickens have been selected according to 3 different criteria: abdominal fat content,
plasma glucose level and plasma concentration of very-low-density lipoproteins (VLDL), the latter
being the main substrate from which bird adipose tissues accumulate triglycerides. Chickens select-
ed for high abdominal fat content displayed a higher level of VLDL and a lower level of glucose than
their lean counterparts. Conversely, selection for high plasma VLDL or low plasma glucose resulted
in 2 fat lines of chickens. The differences in intermediate- and low-density lipoproteins reflected a dif-
ferent balance in synthesis and catabolism of VLDL among the lines, whereas there was no differ-
ence in high-density lipoproteins. These data clearly demonstrate the relationship between lipid and
carbohydrate metabolism and their role in the susceptibility to fattening. They suggest a greater use
of carbohydrate for hepatic lipogenesis in fat chickens, resulting in a higher synthesis and secretion
of VLDL and of their subsequent accumulation of triglycerides in the adipose tissue.
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Résumé — Relations entre les lipoprotéines et le glucose plasmatiques chez des poulets &
Jeun sélectionnés par trols critéres sur leur maigreur ou leur adiposité. Afin d'identifier les mé-
canismes de l'engraissement chez les oiseaux d'élevage, la sélection de poulets de chair maigres
ou gras a été réalisée selon trois critéres différents : quantité de tissu adipeux abdominal, glycémie
ou taux plasmatique de VLDL (very low density lipoproteins : lipoprotéines de trés basse densité),
ces VLDL représentant le principal substrat & partir duquel le tissu adipeux des oiseaux accumule
les triglycérides. Les poulets sélectionnés pour leur pourcentage élevé de tissu adipeux abdominal
ont des VLDL plus abondantes et une glycémie plus faible que leurs congénéres maigres. Inverse-
ment, la sélection pour un taux élevé de VLDL ou une faible glycémie a permis d'obtenir deux Ii-
gnées de poulets gras. Les différences portant sur les lipoprotéines de densité faible ou intermé-
diaire reflétent I'état d'équilibre entre la synthése et le catabolisme des VLDL dans les diverses
lignées, tandis qu'aucune différence n'apparait en ce qui concerne les lipoprotéines de haute densi-
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té. Ces données montrent bien les relations entre le métabolisme des lipides et celui des glucides,
ainsi que leur réle dans la sensibilité a I'engraissement. Elles suggérent que ['utilisation des glucides &
des fins de lipogenése hépatique est plus importante chez les poulets gras, entrainant I'augmentation
de la synthése et de la sécrétion des VLDL, puis l'accumulation des triglycérides par le tissu adipeux.

lipoprotéines / glycémie / engraissement / poulet

INTRODUCTION

The interest of consumers in lean meat
has resulted in a number of studies on the
factors which determine fattening in broiler
chickens. Several selection studies have
demonstrated a genetic component in
broiler fatness. The first study involved di-
vergent selection on the basis of abdomi-
nal fatness of siblings and resulted in lean
(LL) and fat (FL) lines of broiler chickens
(Leclercq et al, 1980). It was observed that
the FL birds had lower fasting plasma glu-
cose and higher VLDL concentrations than
the LL chickens (Touchburn et al, 1981;
Hermier et al, 1984) and these metabolic
criteria also have been used as a basis for
selection. Whitehead and Griffin (1984)
described a procedure based on selection
for low or high plasma very low density
lipoprotein (VLDL) concentration in fed
birds that resulted in lean (L-VLDL) and fat
(H-VLDL) lines of broilers. Selection on the
basis of plasma glucose resulted in a low
plasma glucose (L-G) line that was fatter
than the high glucose (H-G) line (Leclercq
et al, 1987).

The metabolic basis for fatness in these
lines selected according to 3 separate cri-
teria is of interest. The ability to synthesize
fatty acids is quite limited in avian adipose
tissue (Leveille et al, 1975); moreover,
commercial chickens are often fed diets
which contain relatively low levels of lipids.
Consequently, hepatic VLDL are the major
plasma substrate from which adipocytes
accumulate triglyceride. Positive relation-

ships between plasma VLDL and body fat-
ness in the various selected lines suggests
that fattening largely depends on the avail-
ability of the lipid substrate for adipocyte
uptake. Indeed, elevated plasma VLDL
concentrations in fat chickens do not result
from impaired catabolism of these patrticles
(Hermier et al, 1989) but rather from an in-
crease in their synthesis and secretion by
the liver (Legrand et al, 1987; Saadoun
and Leclercq, 1987; Griffin et al, 1991). It
has also been postulated, on the basis of
observations on LL and FL birds, that glu-
cose-insulin imbalance may influence lipid
synthesis and accumulation (Touchburn et
al, 1981; Simon and Leclercq, 1982).

The object of the present study was to
compare some characteristics of the lines
selected by the 3 methods to help in deter-
mining to what extent similar mechanisms
might be responsible for the differences in
body fatness in the 3 pairs of lines. Meas-
urements were made of glucose levels and
lipoprotein profiles in the plasma of fasted
birds.

MATERIALS AND METHODS

Animals

Male chickens differing in abdominal fat content
(LL and FL, F; generation) or plasma glucose
concentration (H-G and L-G, F, generation),
were provided by the Poultry Research Station
(INRA, Nouzilly, France), whereas birds select-
ed on plasma VLDL levels (H-VLDL and L-
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VLDL, Fj5 generation) were bred at the Edin-
burgh Research Station (AFRC, Roslin, Scot-
land). They were fed growing dists containing
19-21% protein, 4.4% (French diet) or 6.5%
(Scottish diet) lipid and 12.6-13.8 MJ meta-
bolisable energy/kg.

At 7 wk of age, after an overnight fast, the
animals were weighed, blood samples were col-
lected using EDTA as anticoagulant and plasma
was separated by centrifugation at 500 g and
4 °C for 15 min. H-VLDL and L-VLDL chickens
were killed immediately after blood sampling in
order to measure abdominal fat content. LL, FL,
H-G and L-G chickens were reared to 9 wk for
commercial slaughtering; for this reason, direct
measurement of abdominal adipose tissue was
not possible, but it was assumed to be similar to
that of the respective general populations of the
same line, generation and age (Rideau et al,
1986; Leclercq et al, 1987).

Lipoprotein isolation

. & .

Lipoproteins were isolated from plasma on the
basis of their hydrated density in a single step
according to the ultracentrifugal gradient proce-
dure described by Chapman et al (1981) and
modified by Hermier et al (1985). Ultracentrifu-
gation was performed in a Beckman L8-55 ultra-
centrifuge using a Beckman SW41 rotor at
40,000 rpm (56 x 107 g.min) for 48 h at 15 °C.
The fractionation procedure took into account
the alternance of pigmented and non-pigmented
bands corresponding to the successive lipopro-
tein classes, as described previously in man
(Chapman et al, 1981) and chicken (Hermier et
al, 1985). Four lipoprotein classes were thus
separated from the top to the bottom of the gra-
dient, with the following respective densities:
VLDL (d < 1.013 g/ml), intermediate density li-
poproteins (IDL, d 1.013-1.020 g/ml), low densi-
ty lipoproteins (LDL, d 1.020-1.040 g/ml), and
high density lipoproteins (HDL, d 1.065—1.165 g/
ml).

Lipoproteins were dialysed in Spectrapor tub-
ing (Spectrum Medical Industries, Los Angeles,
CA; mol wt cut-off 12 000) for 48 h at 4 °C
against a solution containing 0.05 M. NaCl,
0.005 M NH,HCO;, 0.04% EDTA and 0.01% so-
dium azide at pH 7.4.

Chemical analyses

The following components were quantified in
each lipoprotein fraction and in whole plasma as
follows : proteins by the method of Lowry et al
(1951) using bovine serum albumin (Sigma,
Saint-Louis, MO, USA) as a standard; triglyce-
ride, free cholesterol, total cholesterol and phos-
pholipids by enzymatic methods (Richmond,
1973; Takayama et al, 1977; Fossati and Pren-
cipe, 1982), using the kits provided by Bio-
Mérieux (Charbonniére-les-Bains, France). The
amount of cholesteryl esters was calculated us-
ing the formula :

cholesteryl ester =
(total cholesterol-free cholesterol) x 1.67

In this calculation, it was assumed that the
factor for the ratio of the average molecular
weight of chicken plasma cholesteryl esters to
that of the molecular weight of free cholesterol
(ie 1.67), was the same in man and the chicken.
Glucose concentration was measured by the
glucose oxidase method using a Beckman glu-
cometer (Kadish et al, 1968).

Statistical analyses

Results were expressed as mean + SD. Signifi-
cance of difference was tested using Student's +
test.

RESULTS

At 7 wk of age, chickens from the LL and
FL lines were considerably lighter than the
other groups (table I). However, for each
selection criterion, the difference between
the 2 lines was never significant. Con-
versely, in all cases, the proportion of ab-
dominal fat content did respond to the se-
lection. This was the case in LL and FL
chickens, in which the amount of abdomi-
nal adipose tissue was used as the param-
eter for direct selection, but is was also
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confirmed in the other lines: chickens ex-
hibiting high plasma VLDL (H-VLDL) or low
plasma glucose (L-G) were always fatter
than their respective counterparts. Howev-
er, direct selection on abdominal fat con-
tent was the most effective, whereas the
difference between H-G and L-G chickens
was smallest, but still significant.

Lines selected on either glycemia or
plasma VLDL displayed similar concentra-
tions of all plasma lipids. However, free
cholesterol level was significantly higher in
L-VLDL chickens than in the fat birds,
whereas the concentration of triglycerides
was lower in H-G chickens than in their L-
G counterparts. LL and FL chickens dif-
fered from the other lines in that their plas-
ma lipid levels were systematically higher.

The appearances of density gradients
after ultracentrifugation were very similar in
all the birds studied. Since the animals
were fasted, VLDL concentrations were
very low (table 1l). Within each population,
chickens with the higher abdominal fat
content, ie FL, H-VLDL, and L-G chickens,
exhibited the higher levels of VLDL, al-
though the difference was not significant
between H-G and L-G lines. In all cases,
VLDL composition was typical of immature
chickens, with a rather elevated proportion
of protein (20-27%). Triglyceride content
varied considerably (30-50% of the parti-
cle weight), but remained within the physio-
logical values normally found in immature
chickens. It is noteworthy that VLDL in the
H-G and L-G chickens were richer in trigly-
cerides than those in the other lines. Phos-
pholipids and cholesteryl esters were
found in comparable amounts, while free
cholesterol was a minor component.

Quantitative and qualitative variation of
IDL parallelled that of VLDL (table lll). In-
deed plasma concentration of IDL was
higher in fat chickens (though the differ-
ence between FL and LL was not signifi-
cant), whereas particles isolated from H-G

and L-G chickens contained more triglyce-
ride and less cholesteryl esters than those
of the other lines. Surprisingly, plasma LDL
levels were significantly lower in fat birds
of both the FL and the H-VLDL lines,
whereas it was higher in fat birds of the L-
G line (table 1V). On the other hand, the
chemical composition of the LDL particles
was quite similar in the 6 lines. HDL (table
V) represented, as normal in avian spe-
cies, the major lipoprotein class (3.4-4.6 g/
I). Protein was their major component
(nearly 50% in weight), whereas triglyce-
ride content was low. Nevertheless, plas-
ma HDL concentrations were always high-
er in fat lines of chickens although neither
these differences in concentration, nor
those in chemical composition, attained
statistical significance.

DISCUSSION

This study of chickens selected by 3 very
different criteria demonstrated some con-
sistent metabolic difference between lean
and fat birds. More precisely, fattening is
associated with high plasma VLDL level
and low glucose level. Whilst it is likely that
several mechanisms can influence body
fatness, and the balance between these
mechanisms may differ in the lines select-
ed by different methods, the results never-
theless suggest that common relationships
between lipid and carbohydrate metabo-
lism exist in these lines.

There is a strong relationship between
fattening and VLDL levels. Elevated plas-
ma VLDL provide a greater amount of tri-
glyceride substrate for adipocyte develop-
ment in the 3 pairs of selected lines. Of
course, plasma VLDL concentration is not
uniformly related to fatness over all lines
because there are also genetic differences
in VLDL catabolism. Thus, the lipoprotein
lipase activity in the abdominal adipose tis-
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sue has been shown to be higher in FL
chicken than in the LL birds (Hermier et al,
1989), whereas no difference was found
between H-VLDL and L-VLDL chickens
(Griffin et al, 1989). These differences in
LPL may explain why the FL and LL lines
show a greater divergence of abdominal
fatness relative to VLDL that the H-VLDL
and L-VLDL lines. No data is available
concerning H-G and L-G chickens. The
balance between synthesis and catabo-
lism may thus differ between lines and
may also explain the variations of IDL and
LDL. However, these differences seem to
affect only triglyceride-rich lipoproteins. In
all lines, the concentration and chemical
composition of HDL, which are the second
class of lipoproteins synthesized and se-
creted by the liver, were not influenced by
the selection process.

Two mechanisms may contribute to the
lower fasting plasma glucose levels seen
in the 3 fatter lines. Firstly, increased
VLDL secretion is thought to be associat-
ed with greater hepatic lipogenesis in the
fatter lines (Bannister et al, 1984; Legrand
et al, 1987; Saadoun and Leclercg, 1987).
Lower levels of glucose, a substrate for
lipogenesis, may therefore result from this
enhanced lipogenesis. It has been hypoth-
esized that FL chickens express a greater
sensivity to insulin, which may account for
both hypoglycemia and increased hepatic
lipogenesis (Saadoun et al, 1988; Simon,
1988). The use of different substrates for
energy generation may also be a factor.
Griffin et al (1989) observed elevated plas-
ma B-hydroxybutyrate levels in the L-VLDL
line and suggested that this resulted from
a preferential direction of fatty acids to-
wards oxidation. A consequence of this
conclusion would be that fat birds might
generate proportionately more energy
from carbohydrate, and show lower glu-
cose levels in consequence.

CONCLUSION

In conclusion, it is apparent that the sus-
ceptibility to fattening in the chicken is as-
sociated with lower levels of plasma glu-
cose and higher levels of plasma VLDL,
independent of the selection criterion.
These findings are in good agreement with
the statement that, in fat chickens, there is
a change in the balance of energy metabo-
lism towards an increase of triglyceride
synthesis from the carbohydrate compo-
nent of the diet. The hypotheses that the
lower glucose levels in fat birds reflect a
greater sensitivity to insulin and may also
indicate preferential oxidation of carbohy-
drate need to be tested more widely in
lean and fat chickens.
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