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in the normal or genetically hypercholesterolemic (RICO)

rat using a constant infusion method
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Summary &horbar; The turnover and tissular uptake of HDL (d 1.095-1.21) have been compared in nor-
mocholesterolemic or genetically hypercholesterolemic rats by a constant infusion method of [!4C]
sucrose labelled HDL for 8 h. The HDL clearance rate was not significantly smaller in the RICO than
in the normocholesterolemic animal (320 t 22 ¡tI*h-1 versus 366 24 ¡tI*h-1 per 100 g of rat). It was
the same case for the fractional catabolic rate, respectively equal to 7.8 and 9.4 t 0.6%’h-’. For
both strains, liver and skeletal muscle were the main catabolic sites for HDL. The HDL uptake rates
in intestine or kidney were 3-4-fold smaller than those in the liver. In the RICO rat, intestine, testis
and adrenals showed a lesser HDL uptake capacity (expressed per g of organ) than the normocho-
lesterolemic rat.
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Résumé &horbar; Renouvellement plasmatique et captage tissulaire des HDL marquées au !4C sac-
charose chez le rat normocholestérolémique ou génétiquement hypercholestérolémique
(RICO) par une méthode d’infusion continue. Par une méthode d infusion continue qui permet de
maintenir pendant 8 h un équilibre isotopique dans le plasma de HDL marqués sur leurs apolipopro-
téines par du (!4C]saccharose, nous avons comparé le renouvellement plasmatique et le captage
tissulaire des HDL (d 1,095-1,21) chez le rat normocholestérolémique et chez le rat génétiquement
hypercholestérolémique (RICO). La vitesse de clairance totale des HDL n’est pas significativement
plus basse chez le RICO que chez le normocholestérolémique (320 t 22 /11*!1 contre 366 t 24
/11.!1 par f00 g de rat). Il en est de même du taux de catabolisme, respectivement égal à 7,8 et 9,4
j- 0,6%*!I. Chez les 2 souches de rats, le foie et le muscle squelettique représentent les principaux
sites du catabolisme des HDL. La vitesse de captage des HDL par l’intestin grêle ou les reins est 3-
4 fois plus faible que celle du foie. Chez le rat RICO, l’intestin grêle, les testicules et les surrénales
présentent une moindre capacité de captage des HDL (exprimée par g d’organe) que le normocho-
lestérolémique.
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INTRODUCTION

In the rat, most plasma cholesterol is car-
ried by high density lipoproteins. In the

genetically hypercholesterolemic rat

(RICO), high plasma cholesterol concen-
tration results from an increase in the cho-
lesterol content of the d > 1.006 lipopro-
teins (Cardona-Sanclemente et al, 1988).
Several approaches have been used in an
attempt to determine the turnover and the
quantitative importance of various tissues
in the degradation of lipoproteins. The con-
tent of 1251 has been measured in various

organs several h after the intravenous ad-
ministration of 1251-lipoproteins, but a rapid
release of free 1251 can occur after tissue

uptake of !251 lipoproteins. The apolipopro-
teins have also been covalently linked to
[!4C] sucrose or to 1251-cellobiose which
are not degraded by lysosomal enzymes
and accumulate in the cell (Pittman et al,
1983). A simple constant infusion method
has been described to measure plasma
clearance rates of labeled lipoproteins and
identify their catabolic tissue sites (Koelz
et al, 1982). In this method, an initial bolus
of [!4C] sucrose-lipoprotein, administered
intravenously, was followed by a sub-

sequently adjusted hourly constant infu-
sion rate of [t4C] sucrose-lipoprotein nec-
essary to achieve a constant level of radio-
labeled lipoprotein in the plasma. We now
report the results obtained with this last

technique in the genetically hypercholes-
terolemic rat (RICO) and in the normochol-
esterolemic heterozygote (SW).

MATERIALS AND METHODS

Animals and diet

Male RICO and normocholesterolemic SW rats

weighing 140-150 g came from the Ciba-Geigy
breeding unit (Basel, Switzerland). As soon as

they arrived the animals were kept at a constant
temperature of 24 t 2 °C with an 8 am-8 pm
photoperiod. They ingested the laboratory semi-
synthetic base diet containing 53% sucrose,
23% caseine, 9.2% lard, 5% mineral mix, 4%
skim milk, 2.5 yeast, 2.5% vitamins, 0.8% wal-
nut oil, 0.2% cystine (Cardona-Sanclemente et
al, 1987) until they were 4 months old. The
mean fatty acid (mol percentage) composition of
the lard was: myristic < 5, palmitic 22-28,
stearic 8-11, oleic 43-53, linoleic 12-13 and un-
saturated C!22 fatty acids 5 1; that of walnut oil
was: palmitic 4.6, stearic 0.9, oleic 18, linoleic
73, linolenic 3.

Isolation and labelling of lipoproteins

High-density lipoproteins (HDL) in the density
range of 1.095-1.21 g/ml were isolated by prep-
arative ultracentrifugation (Serougne et al, 1984)
from the plasma of male adult SW or RICO rats.
They were then dialyzed against 20 mM sodium
phosphate buffer/1 mM EDTA/0.15 M NaCl (buf-
fer A, pH 7.2). 62 !Ci of U [!4C] sucrose (540
pcilpmol, 1 Ci = 3.7.1010 Bq) (CEA) and 112.5
nmol of sucrose were activated by reaction with
2 molar equivalents of cyanuric chloride (1, 3, 5-
trichloro 2, 4, 6 triazine, Aldrich) in aqueous ace-
tone containing 3 equivalents of NaOH, as de-
scribed by Pittman et al (1979) with slight modifi-
cations. After 15 s, the reaction was quenched
by adding 4 equivalents of acetic acid. The re-
sulting activated [!4C]sucrose dichlorotriazine
adduct was then added to 5-6 mg of HDL pro-
tein in buffer A, pH 7.2. After 3 h at room tem-
perature, [14C] sucrose HDL were separated
from the low molecular weight products by gel
filtration (Sephadex G25) and dialysis in buffer A
pH 6.8 then buffer A, pH 7.2. The final prepara-
tion contained 1.5 pcilmg protein.

Infusion method

RICO and SW rats were fitted with a jugular
vein catheter the day before the experi-
ment. Each animal received an initial bolus

(500 000 - 1 000 000 dpm) intravenously of lipo-
protein in an amount equal to approximately 10 0
times the subsequent hourly infusion rate which
was 1 ml/h with a solution containing 77.1 mM



NaCl, 20.6 mM KCI, 10.3 mM KH2P04, 550 mM
glucose and [14C] sucrose HDL (0.5-2 mg/ml),
to give approximately 50 000-100 000 dpm of
radioactivity per ml. The infusion was continued
at a constant rate for 8-10 h or adjusted in order
to ensure isotope equilibrium. Blood samples
(<200 111) were regularly taken on the tail to
check plasma radioactivity. The ratio of hourly
infusion rate to initial bolus gave the fractional
catabolic rate (FCR, % h-1) of the labeled HDL
(table I). Dividing the clearance rate by the theo-
retical plasma volume also allowed a close esti-
mation of FCR. The animals were anesthetized

by pentobarbital and blood was aspirated from
the abdominal aorta. The circulatory system was
extensively washed. Triplicate aliquots of plas-
ma and triplicate samples of liver, kidney, adren-
als, jejunum, spleen, testis, colon, caecum and
skeletal muscle were then assayed for radioac-
tivity. Preliminary assays showed that aliquots of
the tissue and plasma samples subjected to lipid
extraction gave results similar to those of non-

delipidated samples. Consequently, the amount
of !4C in the tissue samples (50-150 mg) was
determined after digestion in 1 ml of soluene
350, acidification with acetic acid and counting
in a Kontron scintillation spectrometer. The HDL
clearance rate from the plasma was calculated
as the ratio of dpm infused into the animal per h/
lipoprotein-bound dpm per 111 plasma. This cal-
culation gave the microliters of plasma cleared
of HDL per h per animal or per 100 g of rat.

RESULTS AND DISCUSSION

Plasma cholesterol was 0.83 ± 0.04 and
1.73 t 0.15 mg/ml respectively in SW and
RICO rats, in agreement with a previous
study (Cardona-Sanclemente et al, 1987).
Similar HDL clearance rates were obtained
for both groups of animals (table I).

Expressed per 100 g of body weight,
our values obtained in adult male Wistar
rats weighing 400-500 g represent only
60% of those published by Koelz et al

(1982) in the young female Sprague-
Dawley rat. Although the weight of the ani-
mals was not noted by these authors, it
can be estimated from their data that the
HDL clearance rate per animal was similar
to the one obtained in this paper. The frac-
tional catabolic rate evaluated by 2 differ-
ent methods (see legend to table I) is

slightly but not significantly smaller in
RICO than in SW rats and has a range of
0.078-0.10 h-1. Following the serum de-
cay of 1251 HDL (d 1.050-1.21) in young
male Wistar rats fed a sucrose-purified
high-carbohydrate diet, Van Tol et al

(1978) found a FCR of 0.12 h-1-FCR un-
modified by removal of the liver.



The HDL clearance rate for a given tis-
sue was expressed in terms of the plasma
volume that would contain the same

amount of radiolabelled compound (HDL
clearance rate per g organ or for a tissue,
!1.h-1/organ = protein-bound dpm into the
tissue per h/protein-bound dpm per pl
plasma) (table II).

The most potent organs for degradation
of HDL (HDL clearance rate for a tissue
expressed per g) are the adrenals and

spleen. Following these, the liver, kidney,
small intestine or caecum show a similar

capacity to accumulate [!4C]sucrose HDL
(11-27 !I h-1/g).

Expressed per whole organ the liver,
skeletal muscle, small intestine and kidney

represent the main sites of HDL catabo-
lism, but the spleen, testis or caecum ac-
count for 5-15% of the HDL catabolic ac-

tivity of the whole liver. Apart from the

kidney, most of these results agree with
those of Van Tol et al (1978), after iodine-
labeled HDL or with Pittman and Steinberg
(1986) using HDL labeled with 1251 tyra-
mine cellobiose-apoA-1. It is noteworthy
that after 1251 labelling HDL or Apo A-I, the
kidney was considered to have higher HDL
catabolic activity than the liver, which does
not agree with our observation after

[14C]sucrose HDL in RICO or in normo-
cholesterolemic animals.

Although the HDL clearance rate per g
of skeletal muscle was very low (1.1-1.8



IlI/h-1), skeletal muscle, which represents
45% of body weight (Donaldson, 1924),
contributed very efficiently to the whole
HDL clearance in SW as in RICO rats. It is

noteworthy that the tissular HDL clearance
rate, expressed per organ or per g of tis-
sue, although generally lower in RICO

compared to SW rats, only appears signifi-
cantly decreased in small intestine, testis
and adrenals.

Let us underline, however that the sum
of the HDL clearance rates for the tissues

reported in table II takes into account only
46-57% of the measured HDL clearance
rate for the plasma (about 1 500 Ill,
table I). This is due to the fact that FCR
determined from short experiments (< 10

h) only takes into account HDL exchanges
between the plasma and extravascular

compartment and not tissular uptake and
degradation.
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