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Experiments were performed to determine the turnover processes of plasma cholesterol in genetically hypercholesterolemic
rats (RICO). Specific. activity of plasma cholesterol was monitored during 4 months following an intravenous injection of
tritiated cholesterol. The results were subjected to two-pool model analysis. Cholesterol production in the RICO rat was
significantly higher (28.9 + 1.7 mg/d) than in the SW control (18.5 + 0.7, P <.01). The study also revealed a 30% decrease in the
rate constant for cholesterol movement from the plasma toward the majority of organs in the RICO rat versus the SW control.
Very-low-density lipoprotein (VLDL), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) turnover were
investigated following injection of labeled lipoproteins (on cholesteryl ester or apolipoproteins). Results from these
experiments showed that the higher HDL cholesterol concentration in the RICO rat as compared with the control is due to the
greater production rate of esterified cholesterol in these lipoproteins (1.3 + 0.05 mg/hv 0.8 + 0.03 in the control, P < .001). The
fractional catabolic rate (FCR) or production rate for VLDL were not significantly different between the two groups (3.4 = 0.01
and 3.6 = 0.01 h~'and 2.6 = 0.4 and 3.3 = 0.1 mg/h, respectively). However, radioactivity of VLDL recovered in LDL at death
was considerably higher in RICO rats (14% = 1% v 6% * 1%, P < .01}). The greater concentration of LDL cholesterol in RICO
rats is due to a higher LDL productlon {0.40 = 0.05v 0.19 = 0.03 mg/h, P < .01) together with a lower catabolism (FCR, 5.5 + 0.6
v 7.9 £ 0.8%/h, P < .05). Cross-injection experiments showed that this lower catabolism of LDL is partly due to the nature of
the lipoprotein particle. Taken together, these data are consistent with the hypothesis of a reduced uptake of apohpoprotem

(apo)E—contamlng lipoproteins (VLDL and LDL), which results in a higher LDL cholesterol concentration in RICO rats.
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MONG ANIMAL MODELS of hypercholesterolemia,
the RICO rat is particularly useful because its genctic
hypercholesterolemia is not associated with hypertriglyceri-
demia.! This strain is characterized by a hypercholesterol-
emia that is essentially due to an increase in concentrations
of low-density (LDL) and high-density (HDL) lipopro-
teins.2 The aim of this study was to investigate the move-
ment of cholesterol (particularly cholesteryl ester in LDL
and HDL) from plasma to the various organs in RICO rats.
To gain some insight into the nature of the hypercholester-
olemia, we examined the flux of cholesterol first by a
compartmental analysis of the plasma curve obtained follow-
ing an intravenous injection of labeled cholesterol, and
second, by a study of LDL and HDL catabolism, LDL was
labeled on the protein moiety (essentially apolipoprotein
[apo] B). Since cholesteryl ester can also leave the plasma
HDL compartment independently of the protein uptake in
rats,>* HDL particles were labeled in both the protein
moiety (essentially apo A-I) and the cholesteryl ester. Since
very-low-density lipoproteins (VLDLs) are precursors of
LDLs, catabolism of these lipoproteins was studied follow-
ing in vivo labeling of the cholesteryl ester component.
Labeled nondegradable analogs, “C-sucrose (as protein
tracer) and '“C-cholesteryl linoleyl ether (as a choles-
teryl ester tracer), were used to follow tissue lipoprotein
uptake.
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MATERIALS AND METHODS
Animals and Diet

Genetically hypercholesterolemic (RICO) and normocholester-
olemic (SW) male rats were purchased from Ciba-Geigy (Basel,
Switzerland). They were fed a semipurified diet of sucrose (53%),
casein (23%), lard (9.2%), mineral mix (5%), skim milk (4%), yeast
(2.3%), vitamin mix (2.5%), walnut oil (0.8%), and cystine (0.2%)
as previously described.’ Rats were fed the diet for 2 months before
experimentation, at which time their body weight was 435 + 7 g.

Lipoprotein Isolation

Rat blood was collected into tubes containing 4% EDTA and 4%
monoiodoacetamide by intraaortic puncture under ether anesthe-
sia. Plasma was separated from red blood cells by centrifugation
(20 minutes, 4°C, 2,200 x g). Lipoproteins were isolated by KBr
gradient from sequential ultracentrifugation. After adjustment to
the selected density, ultracentrifugation was performed at 4°C and
105,000 x g for 24 hours in a Ti 70 rotor (Beckman, Fullerton, CA).

Lipoprotein Labeling

In vivo VLDL labeling on cholesterol ester. VLDLs were labeled
in vivo with 3H-cholesterol. Fifty microcuries of *H-cholesterol (40
to 60 Ci/mmol; CEA, Saclay, France) were added to 0.2 mL
Intralipid 20% (Kabi Pharmacia, Paris, France). After sonicating
twice for 30 seconds each, the emulsion was injected intravenously
into a donor rat. The rat was killed 6 hours following injection,” and
VLDLs (1.006 < d) were separated. This rat was maintained in the
fasting state to minimize contamination of VLDL by chylomicrons
and intestinal VLDL. Under these conditions, 20% of VLDL
labeling was recovered in cholesteryl ester.

Labeling of LDL and HDL apolipoproteins with *C-sucrose.
LDL (1.020 < d < 1.050 g/mL) and HDL (1.09 < d < 1.21g/ml)
were obtained from 60 and 30 mL pooled plasma, respectively. The
separation densities were chosen to minimize contamination of apo
B LDL and apo A-IHDL fractions by apo E. The lipoprotein
fractions were then dialyzed for 20 hours against a saline solution
containing NaCl (0.15 mol/L), NaNj; (0.02%), EDTA (1 mmol/L),
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and phosphate (20 mmol/L) at pH 7.2, and were labeled on the
protein moiety with “C-sucrose (540 wCi/pmol; CEA) according
to Pittman et al.’ Under these conditions, specific radioactivity was
4 pCi/mg protein and 1.5 pCi/mg protein for LDL and HDL,
respectively. After the labeling procedure, the lipoproteins were
dialyzed against 0.15 mol/L NaCl and 0.04% EDTA, pH 7.4, for 15
hours to remove any unbound tracers, and were then passed
through a 0.45-um Millipore filter before injection. The purity and
stability of labeled LDL and HDL in the present study were
checked throughout the experiments by gel filtration on Biogel
(Biorad, Hercules, CA) columns equilibrated with buffer Tris 0.01
mol/L, NaCl 0.15 mol/L, and EDTA 0.01% at pH 7.° The flow rate
was 4.8 mL/h, and the volume of each fraction collected was 0.6
mL.

Using these procedures, it has been previously demonstrated
that these lipoproteins contain essentially apo B for LDL' and apo
A-I for HDL.!! Furthermore, LDL!? and HDL! labeled by
methods similar to the ones used here have been shown to have the
same behavior as classic iodine-labeled lipoproteins, after injec-
tion.

HDL labeling on cholesteryl ester.  For the in vivo methods, a rat
received 3H-cholesterol (500 pCi, 40 to 60 Ci/mmol; CEA)
dissolved in walnut oil by intubation. Approximately 24 hours,
later, the rat was killed by intraaortic puncture, blood was
collected, and plasma was separated by centrifugation at 2,200 X g
for 20 minutes. The plasma, essentially labeled on HDL,* was then
injected in a second rat to eliminate labeled free cholesterol. One
hour following injection, the rat was killed by intraaortic puncture,
and HDL were isolated from plasma by ultracentrifugation
(1.063 < d < 1.21). Under these conditions, 92% of the label was
recovered in cholesteryl ester.

For the in vitro methods, *C-cholesteryl linoleyl ether (52
mCi/mmol; CEA) was incorporated into a HDL preparation as
essentially described by Roberts et al.l® Briefly, the fraction with a
density higher than 1.21 g/mL obtained from rabbit plasma (which
contains cholesteryl ester transfer protein in this species'®) was
used as the first acceptor for labeled cholesteiyl ester, initially
introduced in acetone. Rat HDLs, isolated by ultracentrifugation
(1.063 < d < 1.21 g/mL), were then added after acetone evapora-
tion. After mixing gently for 30 minutes at 4°C, HDLs were again
separated by ultracentrifugation at density 1.063 to 1.21 g/mL. The
yield of label incorporated in HDL was 7%. Using these tech-
niques, it has been previously shown that labeled cholesteryl
linoleyl ether and cholesteryl ester incorporated into HDL behave
in a similar manner following injection in rats.’”

Kinetic Studies

Whole-body cholesterol turnover. Rats received 0.5 mL Tween
20 containing H-cholesterol (54 wCi, 40 to 60 Ci/mmol; CEA)
intravenously. Blood samples (0.5 mL) were collected in the caudal
vein at different time intervals during 4 months following the
radioactive labeling. Specific radioactivity of total plasma choles-
terol was measured. The curves were analyzed by compartmental
analysis. The experimental curve was fitted to a pluriexponential
equation on an IBM XT AT 286 microcomputer (Walnut, CA)
using an iterative optimization program based on the least-squares
error criterion.'® Coefficient obtained were used to characterize
the compartmental system to which the cholesterol system is
approximated.!® These values were also used to calculate the area
under the curve of specific radioactivity (f°0° ajp - dt).

The total input flux in the system (R) was then calculated using

the occupancy principle by the relation:

qi
j;mal - dt

where g; is the injected radioactivity.20

Lipoprotein turnover. The rats received via the dorsal vein of the
penis 0.5 mL ( ~10¢ dpm) labeled lipoprotein preparation (LDL or
HDL labeled with *C-sucrose, HDL labeled in vivo with 3H-
cholesteryl ester, HDL labeled in vitro with 1#C-cholesteryl linoleyl
ether, or VLDL labeled in vivo with 3H-cholesteryl ester). Blood
samples (50 pL) were collected at different times from the caudal
vein until 30 minutes after VLDL injection, until 8 hours after
injection of in vivo-labeled HDL, and until 24 hours for the
remaining two injections.

For injection of labeled analogs not degradable in the cells
(**C-sucrose and “C-cholesteryl linoleyl ether), the rats were killed
by intraaortic puncture at the end of experiments (24 hours). The
circulatory system was washed several times with physiological
saline. The main organs were collected: liver, intestine, kidneys,
adrenals, and testis. The intestine was fractionated into small
intestine, cecum, and colon.

Experimental curves were adjusted to a pluriexponential equa-
tion with the program described earlier. The fractional catabolic
rate (FCR) was calculated from the equation coefficients.??? The
production rate was determined by FCR X (plasma cholesteryl
ester or protein mass) of the studied lipoprotein. After “C-sucrose
and 1C-cholesteryl linoleyl ether injection, the label was- not
released into the plasma after uptake by the cells.*® Under these
conditions, measuring the radioactivity in each organ collected at
death, t;, allowed the contribution (f) of each organ to total FCR to
be determined by the equation,

R =

b dp dt

where qq represents radioactivity of each organ at t; time of death,
and q, the decay of radioactivity in the plasma.?»** The ratio
between this value (f) and that of FCR obtained from the complete
curve gives the relative contribution of each organ to the total
catabolism of the compound studied.

Results are expressed as the mean = SEM, and statistical
differences were determined by Student’s ¢ test.

Chemical and Radioisotopic Analyses

For plasma samples, the concentration of total apolipoproteins
was determined by the Lowry method using bovine serum albumin
as a standard. The concentration of cholesteryl ester was calculated
by the difference between total and free cholesterol concentrations
measured by enzymatic assay (CHOD-PAP; Boehringer Mann-
heim, Indianapolis, IN).

For VLDL experiments, lipids were first extracted with chloro-
form-methanol according to Folch et al? Samples were then
subjected to chromatography on a silicic acid microcolumn (Sep
Pack; Waters, Millipore, Milford, MA) to separate esterified and
unesterified cholesterol.?¢

Plasma and organ samples were digested by soluene 350 (50°C
for 1 night). After cooling, the samples were neutralized with acetic
acid. Radioactivity was measured in a scintillation counter (MR
300; Kontron, Milan, Italy) using lipoluma scintillation liquid.
Correction for quenching was performed with an external stan-
dard.



Table 1. Parameters of Cholesterol Transport and Distribution in the
Whole Body Obtamed by Two-PooI Model Analysis (n = 5)

Parameter SW RICO
Cholesterol concentratlon (mg/ mL)
Plasma 0.86 +0.05 1.73 £ 0.15*
VLDL 0.09  0.01 0.14 = 0.02
LDL 0.25 £ 0.02 0.63 + 0.06*
HDL 0.35 + 0.02  0.64 + 0.03*
Parameters of the 2-pool model
Q, (mg} 129 = 10 210 + 5%
Q, (mg) 367 = 18 349 * 22
kyz (d-1) 0.09 £0.02 0.11 £ 0.02
k2 (") 0.26 + 0.02  0.18 + 0.02*
Ky (d~7) 015+ 0.01  0.14 + 0.01
R{mg - d-" 18.5 + 0.7 28.9 + 1.7*

NOTE. See Fig 1‘f'or model representation.

Abbrevnatlons k, rate constant in d-'; Q, mass in mg; R, flux in
mg-d-.

*R < .01,

RESULTS
Whole-Body Cholesterol Kinetics

The concentration of plasma total cholesterol at death
was 0.86 = 0.05 versus 1.73 + 0.15 mg/mL in SW and RICO
rats, respectlvely (Table 1). This doubled cholesterolemia is
mostly due to an increase in both LDL and HDL choles-
terol 2. 5 and 1. 8 tlmes greater in RICO versus SW rats,

Plasma cholesterol specific activity
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respectively. ‘After an intravenous injection of tritiated
cholesterol, the time course of specific activity in the
semilogarithmic representation (Fig 1) shows that specific
activity of plasma total cholesterol decreased rapidly during
the first week and was linear thereafter for both RICO and
SW rats. However, the decrease in specific radioactivity was
more pronounced in RICO than in SW rats. For the same
injected radioactivity, specific radioactivity at zero time was
lower in RICO than in SW rats (by ~40%), reflecting
higher mean plasma cholesterol concentration, and re-
mained lower in RICO rats until the study concluded, with
the decreases being 55% at 8 weeks and 70% at 16 weeks.
The curves of the decrease in plasma cholesterol specific
activity were fitted to a biexponential equation (Fig 1).
Fitting to a triexponential equation provides no significant
improvement and therefore was not taken into consider-
ation, in agreement with other reports.?’2°

A classic two-pool kinetic analysis!® was performed
involving a compartment in rapid exchange with the plasma
(rapidly exchangeable pool) and a slower exchange pool
(Fig 1). The first one corresponds principally to the liver,
red blood cells, intestine, and adrenals. The second one
corresponds principally to the nervous system, adipose
tissue, and muscles.'® Parameters of the model obtained for
the two groups of rats are presented in Table 1. The value
for total cholesterol input flux into the system is signifi-
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qio Rio R20

Skin

Nervous system
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Fig 1. Time course of specific activity of plasma cholesterol (dpm - mg-") following an intravenous injection of *H-cholesterol in SW (@) and
RICO x) rats (n = 5): The lines represent the best fit generated by the model. Inset: Two-pool model of cholesterol turnover in the whole body.
Compartment 1, tapldly gxchangeqble cholesterol pool; compartment 2, siowly exchangeable cholesterol pool.
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9% of initial radioactivity

Hours

Fig 2. Radioactivity in plasma after injecting SW (®) and RICO (x)
rats with autologous HDL labeled in vitro with “C-cholesteryl linoleyl
ether (n =5). Dashed lines represent the curves obtained after
injection of HDL labeled in vivo with 3H-cholesteryl ester.

cantly higher in the RICO rat (28.9 + 1.7 mg/d) than in the
SW rat (18.5 = 0.7 mg/d). The mass (Qy), or the rapidly
exchangeable pool, is significantly higher in RICO rats than
in SW rats: 210 + 5 versus 129 = 10 mg, respectively. It has
been previously demonstrated® that cholesterol synthesis
in the rat occurs exclusively in the organs included in the
rapidly exchangeable pool. Therefore, cholesterol mass of
the slowly exchangeable pool (compartment 2) was esti-
mated by mass balance assuming that no cholesterol synthe-
sis occurred in this compartment. Under these conditions,
cholesterol mass in this compartment 2 is not significantly
different in the two groups of rats (350 to 370 mg).
Determination of the three parameters, ki, kyy, and kg, of
the model shows that the values for ky; and ky did not
significantly differ between the two groups. Only the param-
eter (ko) describing cholesterol movement from the plasma
toward the slowly exchangeable pool was significantly lower
in RICO rats as compared with SW rats: 0.18 = 0.02 versus
0.26 £ 0.02 pools per day.

HDL. Metabolism

Catabolism of HDL labeled on cholesteryl ester. Autolo-
gous HDLs labeled with 1*C-cholesteryl linoleyl ether were
injected in RICO and SW rats. The curve of plasma
radioactivity clearance was followed for 24 hours (Fig 2). At
death, less than 20% of the initial radioactivity remained in
the plasma of RICO and SW rats. At this time, 95% of
plasma radioactivity was recovered in HDL cholesteryl
ester. The FCR (Table 2) was similar in the two groups
(8.9 = 0.3 in RICO and 8.8 = 0.5% - h™! in SW rats). The
production rate of HDL cholesteryl ester was higher in
RICO than in SW rats: 1.3 *= 0.05 versus 0.8 = 0.03
mg - h~1, respectively. The curves obtained for the two
groups of rats with HDL in vivo labeled on cholesteryl ester
are shown in Fig 2.

Twenty-four hours after injection, uptake of HDL cho-
lesteryl ether by the organs was compared for the two
groups of rats (Table 2). In RICO and SW rats, the part of
the collected organs represented 73% to 79% of total FCR.
The liver was by far the major site of uptake and was 30
times greater than the most efficient organs (adrenals and
intestine). Adrenals and testis showed a significant de-
crease in the uptake in RICO rats: 92% and 50%, respec-
tively.

Catabolism of HDL labeled on apolipoproteins.  Four and
24 hours after HDL injection, virtually all the radioactivity
was recovered in HDL (Fig 3A). Figure 4 shows the mean
time course of HDL labeled on the protein moiety in RICO
and SW rats. At 24 hours, 24% to 26% of the initial
radioactivity remained in plasma for both groups. Despite a
lower mean value for FCR in RICO rats (5.8 =03 v
6.6 = 0.3% - h1), this difference was not statistically signifi-
cant. The production rate was not statistically significantly
higher in RICO rats (1.61 = 0.06 v 1.42 + 0.06 mg HDL
protein per hour) as compared with SW rats.

Twenty-four hours after injection, uptake of HDL pro-
tein by the organs was compared for the two groups of rats
(Table 2). No difference was observed in HDL protein
uptake by the various organs between RICO and SW rats.

Table 2. Parameters of HDL and LDL Cholesteryl Ester and Apolipoprotein Metabolism in SW and RICO Rats

HDL Cholesteryl Ester

HDL Apolipoproteins LDL Apolipoproteins

Parameter SWi(n=5) RICO(n = 5) SWi(n =5} RICO (n = 5) SW{n = 5) RICO (n =5)
Production rate (mg - h—%) 0.80 = 0.03 1.30 + 0.05* 1.42 + 0.06 1.61 = 0.06 0.19 = 0.03 0.40 = 0.051
FCR (% - h=") 8.8 05 8903 6.6 £ 0.3 5.8+ 0.3 7.9 +£05 5.5 £ 0.5%
Participation in FCR (%)

Liver 73.0 £33 70029 345x04 380=x23 68.6 = 3.1 61946
Adrenals 2.6 £0.2 0.2 £ 0.01* 0.10 = 0.01 0.13 = 0.01 0.06 = 0.01 0.06 = 0.02
Kidney 032 = 0.01\ 0.42 = 0.1 3.7 £01 35x0.8 23+02 3.1+03
Intestine 2403 1.8 £ 0.1 2102 2904 28+ 03 39+04
Colon 0.16 = 0.02 0.22 = 0.02 0.25 + 0.01 0.32 = 0.09 0.16 = 0.02 0.21 = 0.02
Cecum 0.16 = 0.01 0.22 = 0.03 0.45 + 0.02 0.57 = 0.11 0.10 + 0.03 0.19 = 0.03
Testis 0.45 = 0.01 0.20 + 0.01* 1.25 = 0.1 1.46 + 0.17 0.12 + 0.02 0.18 £ 0.03
Unsampled organs 209+ 25 26519 57.6 + 0.55 53.1 + 2.3 29.9 + 24 305 £ 35

NOTE. Values concerning cholesteryl ester metabolism were obtained by injection of lipoproteins labeled with **C-cholestery! linoley! ether, and
those concerning apolipoprotein metabolism, by injection of lipoproteins labeled with 4C-sucrose.

*P < .001.
tP < .01,
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In RICO and SW rats, 42% to 47% of the total FCR was
accounted for by the collected organs. Among these organs,
the liver was the major site for uptake, but represented only
35% to 38% of total uptake. The kidney and small intestine
were the next most important tissues in the overall uptake.

VLDL Metabolism

Autologous VLDLs labeled with 3H-cholesterol were
injected into RICO and SW rats. The curves of plasma
cholesteryl ester radioactivity were followed for 30 minutes
(Fig 5). At death, 24% and 25% of the radioactivity injected
as cholesteryl ester were detected in plasma from SW and

RICO rats, respectively. Cholesteryl ester radioactivity was
recovered in VLDL (85% = 2% v 80% = 2%), in LDL
(6% + 1%v14% + 1%,P < .001), and in HDL (9% = 2%
v 6% + 1%) for SW plus RICO rats, respectively. FCR was
not significantly changed in RICO versus SWrats (3.4 = 0.01
v 3.6 = 0.01 h~1). The production rate of cholesteryl esters
into VLDL was also unchanged (2.6 = 0.4 and 3.3 £ 0.1
mg/h, respectively, in SW and RICO rats).

LDL Metabolism

Four and 24 hours after LDL injection, virtually all the
radioactivity was recovered in LDL (Fig 3B). Figure 6
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Fig 4. Radioactivity in plasma after injecting SW (@) and RICO (x)
rats with autologous HDL labeled in vitro with *C-sucrose (n = 5).

shows the mean time course of autologous LDL in RICO
and SW rats. LDL disappeared faster in SW than in RICO
rats: 18% and 28% of the initial radioactivity was detected
after 24 hours in SW and RICO rat plasma, respectively.
The FCR was significantly lower (—=30%, P < .01) in RICO
(5.5 £ 0.5% - h~1) than in SW (7.9 = 0.5% - h™!) rats. The
production rate of LDL protein in RICO rats was twice that
in SW rats (0.40 = 0.05v 0.19 = 0.03 mg - h~1).

Twenty-four hours after injection, uptake of LDL protein
by the organs was measured in the two groups of rats (Table
2). In RICO and SW rats, 60% to 70% of the total FCR was
accounted for by the collected organs. Among the various
organs studied, the liver, small intestine, and kidney consti-
tuted, in order of importance, the majority of LDL uptake
in SW and RICO rats. Comparison of LDL uptake by organ
in the two groups of rats (Table 2) shows no significant
difference between the two groups.

To determine whether the decrease in LDL catabolism is
linked to the LDL particle itself and/or to the catabolic
system, plasma disappearance curves of heterologous LDL
(LDL from SW to RICO rats and LDL from RICO to SW
rats) labeled with “C-sucrose were compared. The time
course of heterologous LDL radioactivity is shown in Fig 6.
At death (24 hours), 29% to 31% of the injected radioactiv-

100 4

RICO

SW

% of initial radioactivity

0 5 10 15 20 25 30
Minutes
Fig 5. Radioactivity in plasma cholesteryl ester after injecting SW

(®) and RICO (x) rats with autologous VLDL labeled in vivo with
3H-cholesterol {n = 5).

ity was detected in plasma in the two groups of rats. This
radioactivity was totally recovered in LDL. The FCR for
LDL was similar in the two groups: 5.4 = 0.5 versus 5.5 *
0.2%/h for SW and RICO recipient rats, respectively. The
FCR of RICO rats receiving autologous LDL was also
similar to that of the heterologous group (5.5 *+ 0.6% - h1),
but differed significantly for SW rats receiving autologous
LDL (7.9 = 0.8% -h~1,P < .01).

DISCUSSION

Whole-body kinetics show an important increase in the
cholesterol production flux of the RICO rat versus the SW
rat. This increase can be linked to the increased intestinal
and hepatic cholesterogenesis already demonstrated in
RICO rats®! and to the increased cholesterol lymph flow
rate.2 The total mass of the rapidly exchangeable choles-
terol pool undergoes a marked increase (X 1.6) similar to
that of hypercholesterolemia (X 2) without an increase in
the slowly exchangeable pool. Thus, the higher cholesterol
mass of the RICO rat would only involve the rapidly
exchangeable pool. For the parameters of whole-body
cholesterol turnover, only the one concerning cholesterol
movement from the rapid pool (containing plasma) toward
the slow pool (containing most of the organs) is altered.
These studies suggest the existence of a disturbance in
cholesterol catabolism of LDL and/or HDL, the lipopro-
teins that distribute cholesterol to the tissues in the rat.
This observation justifies the present study of LDL and
HDL metabolism.

Since the various chemical components of the HDL
particle may follow distinct catabolic pathways,** HDLs
were dual-labeled. After HDLs were labeled in their
protein moiety and injected in rats, radioactivity remained
in the HDL during the period of study. Therefore, the
decrease in plasma radioactivity essentially reflects that of
HDL. After injecting HDL, labeled in vivo on esterified
cholesterol, the curve is perfectly superimposed on the one
obtained after injecting in vitro labeled HDL. This observa-
tion validates the in vitro labeling used.

HDL catabolic rates measured in SW rats are similar to
those measured in other normocholesterolemic strains.
This is true for the protein moiety (6.6 v 5.6t0 7.6% - h=1)%23
and for esterified cholesterol (8.8 v 8.6 to 12% - h=1).43233

% of Inittal radioactlvity

Hours

Fig 6. Radioactivity in plasma after injecting SW (®) and RICO {x)
rats with autologous (—) and heterologous (----) LDL labeled with
14C-sucrose (n = 5).
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Turnover parameters of the protein moiety (FCR and
production rate) were unchanged in RICO versus SW rats.
It was similar for the catabolic process of cholesterol esters,
in contrast to the production rate of cholesteryl ester, which
was 1.30 = 0.05 and 0.80 = 0.03 mg/h, respectively.
Therefore, in RICO rats, the increase in HDL esterified
cholesterol is only due to an increase in HDL esterified
cholesterol production without a major disturbance in their
catabolism. This increase in production of HDL could be
linked to the higher release of intestinally derived triglycer-
ide-rich lipoproteins, as previously reported for the RICO
rat.? Indeed, conversion of these lipoproteins is one of the
sources of HDL cholesterol.3

Our results obtained in the SW rat confirm the data from
previous studies®* that the liver is responsible for greater
than two thirds of the uptake of HDL esterified cholesterol.
In RICO rats compared with SW rats, only the adrenals and
the testis showed a smaller uptake of HDL esterified
cholesterol. Since hepatic lipase appears to be involved in
uptake of cholesteryl ester by steroidogenic organs,® our
results could suggest a defect with hepatic lipase in both
organs of the RICO rat. The weak contribution of the
adrenals and testis to FCR (~3%; Table 2) explains why
this disturbance has no effect on the FCR. In the SW and
the RICO rat, the main organs involved in HDL apolipopro-
tein uptake are the liver (~33%) and the kidneys and
intestine (~ 6%).1%

After injection of labeled VLDL, radioactivity of plasma
cholesteryl ester at the time of death was almost exclusively
carried by VLDL (80% to 85%). Clearance of the radioac-
tivity of plasma cholesteryl ester therefore reflects clear-
ance of the cholesteryl esters carried by VLDL. The value
obtained for the SW rat (3.6 = 0.01 h~1) was similar to that
obtained in other normocholesterolemic rats (3 to 4 h~1).3637
This clearance was not significantly decreased in RICO
rats. This was the same for the production rate. The only
disturbance was that two to three times more VLDLs were
transformed into LDLs in RICO rats, therefore suggesting
that direct removal of VLDL by the liver was then reduced
in this strain of rats.

After labeled-LDL injection, the label remained in the
LDL fraction during the experiment. This shows that the
plasma decrease essentially reflects that of LDL. The FCR
of LDL in SW rats was similar to the one observed in other
normocholesterolemic strains (7.9 v 7.9 to 13% - h~1).10.1238
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The most active organs in the uptake process are the liver
(>66%), the kidneys, and the intestine, as previously
reported.10

The results of autologous LDL injections show that the
higher LDL cholesterol concentration in the RICO rat is
due to an increase in LDL production together with a
defective catabolism. The 30% decrease in the catabolic
rate observed in RICO rats concerns both the collected
organs (included in the rapidly exchangeable pool with the
plasma) and the uncollected ones (included in the slowly
exchangeable pool with the plasma), as shown by the
absence of a significant disturbance in their contribution to
the total uptake. Such a decrease concerning the uncol-
lected organs explains the similar decrease (30%) in the
parameter of cholesterol movement from plasma to the
slowly exchangeable pool, observed above for whole-body
kinetics.

Two possible explanations could account for the de-
creased FCR of LDL in the RICO rat: (1) a reduced
capacity to eliminate LDL, or (2) a defect in the LDL
particle itself. The results of heterologous LDL injection
experiments indicate that low catabolism in RICO rats is
due to both an abnormality in LDL composition and an
abnormality in the catabolic system (Fig 6).

The high LDL concentration in the RICO rat is consis-
tent with a defect in LDL uptake and LDL overproduction.
Increased production could be explained by an increased
conversion of VLDL to LDL without a change in the
secretion of VLDL. It has been previously demonstrated in
humans that modulation of LDL receptor activity can
influence plasma LDL concentration by modulating both
the uptake of LDL and its precursors.® We hypothesize
that the increased plasma LDL cholesterol in the RICO rat
is due to the existence of an apo E that is poorly recognized
by the receptors. Indeed, these apolipoproteins are found
in all lipoprotein classes in rats, including RICO rats,3! and
are recognized by LDL receptors.*’ This hypothesis is also
supported by alterations in chylomicron catabolism associ-
ated with apo E in RICO rats? and is the subject of further
study in our laboratory.
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