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Studies on the etiology of the hyperlipemia in
rats fed an atherogenic diet!

P. M. Kris-Etherton® and A. D. Cooper®
Department of Medicine, Stanford University, Stanford, CA 94305

Abstract The etiology of the hyperlipemia which occurs
in cholesterol- and fat-fed hypothyroid rats was investigated.
In hyperlipemic rats the disappearance rate of '*I-labeled
chylomicron remnants was markedly prolonged (t% of 13.1
+ 0.9 min versus t¥2 of 2.1 + 0.5 min in controls). However,
the ability of isolated livers from these rats to remove rem-
nants was not significantly different from that of control
livers. This suggested that the delay in removal was due to
an increase in the circulating remnant concentration without
a removal defect. *I-labeled VLDL from hyperlipemic rats
was removed by isolated livers from normal rats at a rate
similar to normal chylomicrons or hepatic VLDL and more
slowly than normal remnants. This suggested that remnants
were not the principal constituents of the VLDL in these
animals. Moreover when these VLDL were injected into
intact normal rats they were removed with a t}2 (5.5 = 1.2
min) comparable to normal VLDL rather than remnants.
Finally, livers from hyperlipemic rats were perfused and
the composition of the VLDL secreted was examined. Com-
pared to controls or animals fed propylthiouracil, these
livers secreted a particle which was triglyceride-poor and
cholesteryl ester-rich. Thus, the etiology of the hyperlipemia
has several components. There is both expansion of the
remnant pool and secretion of an abnormal lipoprotein. —
Kris-Etherton, P. M., and A. D. Cooper. Studies on the
etiology of the hyperlipemia in rats fed an atherogenic diet.
J. Lipid Res. 180. 21: 435-442.

Supplementary key words very low density lipoproteins * chylo-
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Lipoproteins which are isolated by ultracentrifuga-
tion at d < 1.006 g/ml are termed very low density
lipoproteins and constitute a heterogeneous group of
particles. In addition to particles of hepatic origin (1)
there are similar lipoproteins of intestinal origin (2)
referred to as small chylomicrons or intestinal VLDL.
Recently it has been found that during the catabolism
of chylomicrons and VLDL, triglyceride-depleted lip-
oproteins, designated remnants, are formed and they
have a size, composition and density that place them
in this ultracentrifugal fraction (3, 4). Hence an ac-
cumulation of lipoproteins with ad < 1.006 g/ml could
occur by overproduction or delayed removal of any or
all of these lipoprotein species. Moreover since both

the conversion of VLDL and chylomicrons to rem-
nants by lipoprotein lipase (5) and the hepatic removal
of remnants are saturable processes (6-8) that occur
at sites which could be shared by more than one par-
ticle type (9), an alteration in the metabolism of one
particle can promptly have an effect on the metabolism
of other particles.

Feeding a high fat, high cholesterol diet to hypo-
thyroid rats results in profound hypercholesterolemia
with a variable increase in plasma triglyceride (10).
The bulk of the lipid accumulates in the d < 1.006
g/ml range (11). These lipoproteins have a mobility
between 8 and pre 8 and have a very high cholesterol
to triglyceride ratio (11). Previous studies of the etiol-
ogy of this abnormality in rats have led to the sugges-
tion that there is accumulation of chylomicron rem-
nants (12). A similar conclusion was reached in a study
of rabbits with diet-induced hyperlipemia (13). In both
reports the possibility that there was a defect in the
hepatic removal of chylomicron remnants was sug-
gested. However, these studies used indirect tech-
niques to assess remnant metabolism.

The present study further elucidates chylomicron
remnant metabolism in the hyperlipidemic rat. These
studies led us to conclude that although there was a
delay in remnant disappearance there was not a pri-
mary defect in hepatic remnant removal. Moreover,
the abnormal cholesterol content of the d < 1.006
g/ml particles was partially accounted for by the hepatic
secretion of a triglyceride-poor, cholesterol-rich VLDL.

Abbreviations: VLDL, very low density lipoproteins; TCA, tri-
chloroacetic acid; TMU, tetramethyl urea; PTU, propylthiouracil.
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MATERIALS AND METHODS

Animals

Sprague-Dawley strain rats (Simonson Laboratories,
Gilroy, CA) were housed in a windowless room il-
luminated from 700 to 1900 hr and fed standard lab-
oratory rat chow or an atherogenic diet for 3—4 weeks.
The experimental diet containing chow, 5% lard, 1%
cholesterol, 0.1% propylthiouracil (PTU) and 3%
taurocholic acid was prepared according to Mahley
and Holcombe (11). Retired breeders were used as
plasma donors. They either maintained or lost 5-10%
of their body weight on the experimental diet while
controls increased their body weight by approximately
10%. Male weanlings were used as liver donors. They
demonstrated considerable growth retardation on the
experimental diet (105-135 g versus approximately
200-220 g for controls). Ether anesthesia was used
for operative procedures and pentobarbital was used
for liver perfusion.

Preparation of chylomicrons, chylomicron
remnants and VLDL

Mesenteric lymph was collected as previously de-
scribed (14). An egg and saline solution (1 egg per
125 m1 0.9% NaCl) was continuously infused (2 ml/hr)
intragastrically via a stomach catheter. Rats were placed
in restraining cages and allowed free access to 0.45%
NaCl solution and laboratory rat chow. The lymph
was collected at room temperature in 125-ml flasks to
which 20 mg of dipotassium EDTA and 4 mg of genta-
mycin (Schering Corporation, Kenilworth, N]J) had
been added.

Chylomicrons were prepared as previously described
(7); lymph was layered under 0.9% NaCl and spun
in a Beckman model L2-65 ultracentrifuge in a SW 41
rotor at 1.1 X 10° g for 45 min and the supernatant
layer was separated using a tube slicer.

Chylomicron remnants were prepared in vivo using
a modification of the Redgrave technique (3) as pre-
viously described (7). Chylomicrons containing 8 mg
or less of cholesterol were injected into the femoral
vein of eviscerated retired breeders and allowed to
circulate for 3 hr, after which time blood was collected
from the abdominal aorta. The red blood cells were
separated, washed with 0.9% NaCl, and the plasma
and saline washings were combined and centrifuged
at 2.0 x 10°g for 120 min in a SW 41 rotor. The
lipoproteins were separated with a tube slicer and re-
suspended in 0.9% NaCl.

Plasma was obtained from non-fasted animals be-
tween 1400 and 1800 hr and VLDL was isolated using
the technique of Havel, Eder, and Bragdon (15). In-
testinal VLDL was obtained by adjusting the density
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of lymph to 1.006 g/ml after removing the chylomi-
crons and centrifuging as above. Hepatic VLDL was
obtained from liver perfusions (see below).

Radioiodination

All lipoproteins were chromatographed on Bio-Gel
A-50m (BioRad Laboratories, Richmond, CA) to re-
move heme products, traces of albumin and other
impurities (16). The lipoproteins were resuspended
in 0.15 M NaCl, 0.01% EDTA, pH 7.4, adjusted to
the appropriate density with KBR and recentrifuged.
They were labeled with **I (sodium iodide, New Eng-
land Nuclear, Boston, MA) according to the method of
McFarlane (17) as modified by Bilheimer, Eisenberg,
and Levy (18). Not more than 2 ml of lipoproteins
containing 1.0-8.0 mg of protein were dialyzed against
a 1.0 M glycine buffer, pH 10.0, overnight. One to 3
mCi of carrier free Na-**I was added to the lipoprotein
followed by a rapid injection of ICl solution (1:1, mol:
mol, iodine:protein ratio assuming a molecular weight
of 300,000 for the protein constituents). Unbound
iodide was removed by passing the labeled lipopro-
teins through a small column of 2% agarose, followed
by dialysis at 4°C against the NaCl, EDTA buffer with
at least four changes of buffer.

The distribution of the radioiodine was determined
by measuring the percentage of ***I which was extract-
able (lipid) by the method of Folch, Lees, and Sloane
Stanley (19), TCA-precipitable (total protein), and
TMU-precipitable (20) (apo B). In general, unlabeled
lipoproteins were added first to act as carriers.

Liver perfusion

Liver perfusions were performed as previously de-
scribed (21). The perfusion was started with 80 ml of
a lipoprotein-free perfusate. When liver viability was
established, the perfusate was changed to one contain-
ing a radioiodinated lipoprotein. Each liver was per-
fused for 5 min with a single pass of perfusate. Follow-
ing the perfusion, the liver was flushed with ice-cold
0.9% NaCl, removed, and weighed.

Perfusate samples were removed from the tube
leading to the liver at the start and at the end of the
experimental perfusion. Portions of liver and aliquots
of perfusate were used to determine the amount of
125] present.

For hepatic VLDL production studies, each liver
was perfused with a protein-free recirculating perfusate
for 2 hr. The liver was flushed, extirpated, and
weighed. The hematocrit was measured and the red
blood cells were removed by centrifugation. VLDL
was isolated as described above, and analyzed for total
protein, cholesterol (total and free), triglyceride, and
phospholipid.
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Fig. 1. Serum lipoprotein electrophoresis. Electrophoresis was
performed on serum from normal and hyperlipemic rats by the
method of Noble (21).

In vivo '**I-labeled lipoprotein
disappearance studies

125]-labeled lipoproteins of high specific activity
were injected into a catheter which had been previously
inserted into the inferior vena cava through the femoral
vein. The total injected mass was less than 0.01 mg
protein. Control and experimental animals were of
equivalent weight (315 = 10 g).

The catheter was rapidly flushed with 0.9% NaCl.
Blood samples (0.1 ml) were drawn at 1-min intervals
for approximately 15 min. Following the collection of
each blood sample, the catheter was washed with 0.1
ml 0.9% NaCl. Red blood cells were removed by cen-
trifugation and the radioactivity in the plasma was
measured. After addition of unlabeled lipoprotein to
serve as a carrier, the apoprotein B moiety of each
plasma sample was precipitated with tetramethyl urea
(20) and counted. Livers were removed from the rats
given labeled VLDL, weighed, and the '*I radioac-
tivity was determined. The kinetic parameters (slope,
Y intercept and t}2) were calculated using the MLAB
curve fitting program (22).

TABLE 1. Composition.of D < 1.006 lipoproteins from

normal and hyperlipemic rats

Triglyceride ~ Cholesterol ~ Phospholipid  Protein
% by weight
Normal 45 7 21 27
Hyperlipemic 5 48 25 21

Serum from six rats was pooled and the lipoproteins of d < 1.006
g/ml were isolated as described in Methods. Composition of this
fraction was determined as described in Methods. Each number is
the mean of two determinations.

Chemical methods

Lipoprotein electrophoresis was done by the method
of Noble (23). Plasma cholesterol was determined color-
imetrically by the method of Leffler (24), perfusate
cholesterol was determined by gas—liquid chromatog-
raphy (25), and plasma triglyceride was assayed en-
zymatically (26). Protein was measured by the method
of Lowry et al. (27). For triglyceride-rich samples 0.2
ml of a 5% deoxycholate solution was added to clarify
the solution and the same amount was added to the
standards. The total volume was 6.5 ml.

RESULTS

Serum lipoprotein composition

In animals fed the atherogenic diet there was a
marked increase in serum cholesterol (hyperlipemic,
859 mg/dl versus control, 37 mg/dl). Lipoprotein elec-
trophoresis is shown in Fig. 1. The predominant band
migrated more slowly than normal pre 8 but did not
quite have B mobility. The a band was unchanged.
Table 1 gives the composition of the particles isolated
atd < 1.006 g/ml. There was a marked increase in the
cholesterol content with a reciprocal decrease in the
triglyceride content and little change in protein or
phospholipid. Table 2 shows the results of radioiodina-
tion of each of the lipoprotein types. In general these re-
sults are similar to those reported by others (10-12, 18).

TABLE 2. Distribution of '®I in lipoproteins
Lipid
TCA-Precipitable TMU-Precipitable Soluble
% total counts
Remnant 82 54 18
VLDL—normal serum 90 26 10
VLDL—hyperlipemic serum 85 55 15
VLDL—hepatic 80 75 20

The distribution of **I was determined following radiolabeling of various lipoproteins.
The results shown are for representative experiments.

Kris-Etherton and Cooper
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Fig. 2. Disappearance of remnants in normal and hyperlipemic
rats. Radioiodinated chylomicron remnants were injected into nor-
mal or hyperlipemic rats. One minute was allowed for equilibration
and then samples were taken at frequent intervals. The radioac-
tivity in 10 ul of plasma was determined. The disappearance ki-
netics were estimated by computer (20). The line is plotted on a
semi-log scale. A representative experiment is shown.

Disappearance of remnants in normal and
hyperlipidemic rats

Redgrave (12) reported previously that when chylo-
microns were injected into rats and the disappearance
of radiolabeled triglyceride and cholesterol followed
the rate of removal of chylomicron remnants was
markedly decreased in hyperlipemic rats. In the pres-
ent investigation remnant removal was studied di-
rectly. A trace quantity of '**I-labeled chylomicron
remnants was injected into normal or hyperlipemic
rats and the disappearance of the label during the
following 15 min was measured. Both total *I and
TMU-insoluble 1 disappearance was determined.
Remnants always disappeared significantly more
slowly in hyperlipidemic rats than in controls (Fig. 2).

By use of a curve fitting program an average t%
of 2.1 + 0.5 min for control rats and 13.1 £ 0.9 min
for the hyperlipemic rats was obtained. In this experi-
ment it was assumed that the particles are removed
only by the liver, that they are distributed only in
the plasma space, and that equilibration is complete
in one minute. These assumptions appear to be rea-
sonable. Very similar results for t}%2 (2.2 and 9.9 min)
were obtained for the disappearance of TMU-pre-
cipitable counts suggesting that apo B was removed
at a similar rate to the other apoproteins. This is con-
sistent with the concept that the particle is removed
as a unit (6, 8). These results provide a direct
measurement of the rate of removal of remnants dur-
ing the postprandial period and demonstrate directly
that there is delayed remnant removal in the hyper-
lipemic rat.
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It has been suggested that the delay in remnant
removal may be the result of an hepatic removal defect
(13). However, since the removal process is saturable
(7, 8) similar results would be obtained if there were an
increased remnant concentration without a change in
the removal mechanism.

Removal of chylomicron remnants by livers of
normal and hyperlipemic rats

To assess directly the hypothesis that there isa “rem-
nant removal defect” in hyperlipemic rats, the ability
of their livers to remove remnants was compared with
that of normal rat livers. *I-labeled remnants were
perfused through livers for 5 min without recircula-
tion. The amount removed was measured by counting
a weighed liver slice. In each experiment livers from
normal and hyperlipemic rats were perfused with por-
tions of the same batch of lipoproteins on the same
day. Although there was significant variability between
batches of lipoproteins, results with a single batch of
remnants were consistent. There was no discernible
difference between the rate of uptake of remnants
by livers from normal or from hyperlipemic rats. In
Fig. 3, two experiments which are representative of
the extremes of uptake rates are shown. The lack of
difference was apparent whether the data were ana-
lyzed as a group or if the experiments were analyzed
as pairs. As expected, the rate of uptake of rem-
nants was always greater than the rate of uptake of
chylomicrons at a comparable concentration (Fig. 4).
Moreover, when liver sizes were compared, the hyper-
lipemic rats had significantly larger livers (6.9% versus
4.5% of body weight). Hence their total capacity to
remove remnants was at least as great as that of normal

Removal of remnants by livers from normal
ond hypertipemic rats

Experiment 1

12r » Control
© Hyperlipemic
o s Experiment 2
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1 1 1 { | | | |
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Fig. 3. Removal of remnants by livers from normal and hyper-
lipemic rats. Livers from normal or hyperlipemic rats were per-
fused in a single pass with a perfusate containing '*I-labeled chylo-
micron remnants and the rate of uptake by the liver was determined.
Control and experimental livers were perfused on the same day
with aliquots of the same lipoproteins. Two experiments represent-
ing the extremes of uptake rates are shown. Each point is the mean
of two determinations from one liver.
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Fig. 4. Removal of lipoproteins by normal liver. Livers were per-
fused with various classes of **I-labeled lipoproteins. One batch of
chylomicrons and of hepatic VLDL were tested. Seven different
batches of remnants and four different batches of VLDL from
hyperlipemic rats were tested. Each point is the mean of two samples
taken from one liver. The lines were fitted by least squares regres-
sion and the curve by hand.

rats of comparable size. As a corollary, the transport
rates of other lipoprotein classes by liver from normal
and hyperlipemic rats were compared. Again no dif-
ferences were observed in the ability of liver from the
two types of animals to remove either unmetabolized
chylomicrons or hyperlipemic VLDL (data not shown).
Taken together these data fail to support the hypothe-
sis that the regimen used to induce hyperlipidemia
caused a remnant removal defect. Thus it is concluded
that the delay of remnant removal is primarily a con-
sequence of an increased serum remnant concentration.

Removal of normal and hypercholesterolemic
VLDL by normal liver

Ross and Zilversmit (13) concluded that in rabbits
fed a similar atherogenic diet the d < 1.006 g/ml lipo-
proteins which accumulated were primarily remnants.
They based this conclusion on the fact that labeled
dietary retinol accumulated in the plasma of the hy-
perlipemic rabbit. To assess whether remnants con-

stituted the bulk of the VLDL in hyperlipemic rats,
the rate of removal of this lipoprotein fraction by
normal liver was measured. The rate of removal of
VLDL from hyperlipemic serum was compared to the
rate of removal of remnants from normal animals,
unmetabolized chylomicrons, intestinal VLDL, hepatic
VLDL, and normal serum VLDL. The results are
shown in Fig. 4. VLDL from hyperlipemic rats had
a removal rate similar to normal chylomicrons, and
intestinal and hepatic (not shown) VLDL. In contrast,
remnants had a significantly higher uptake rate. Serum
VLDL appeared to have a high uptake rate as well
(not shown). However, since this fraction contains a
lower percentage of protein as apo B than the other
VLDL (Table 2), a direct comparison with the other
lipoproteins is difficult.

These results were somewhat surprising. They sug-
gested that, although the remnant concentration is
elevated in these animals, there must also be an in-
crease in the concentration of other constituents of
the VLDL fraction so that chylomicron remnants are
still not the primary component of the abnormal VLDL.

VLDL production by livers of
hypercholesterolemic rats

In the hyperlipemic animals, the serum triglyceride
concentration was only moderately elevated (11)
despite the evidence from the preceding experiments
that there was accumulation of “VLDL” and not just
remnants. This suggested that there might be an in-
creased hepatic or intestinal production of VLDL or
a delay in VLDL clearance. To investigate the first
possibility the livers from normal and hyperlipemic
rats were isolated, perfused, and the composition and
rates of VLDL secretion were compared. The rate of
protein and phospholipid secretion into the d < 1.006
g/ml fraction was comparable in control and experi-
mental animals (Table 3). However, dramatic differ-
ences in cholesterol and triglyceride secretion rates
were observed. Livers from hyperlipemic rats secreted

TABLE 3. VLDL output by perfused livers from rats fed experimental diets®

Composition

Total Lipid Free Cholesteryl
Secretion Triglyceride  Phospholipid  Cholesterol Ester Protein
mglgthr % dry weight
Control 0.30 67 17 5 2 9
Hypothyroid 0.16 70 15 5 2 7
Fat fed 0.34 40 20 7 26 7
Fat fed hypothyroid 0.26 46 18 8 19 8

? Values are the means of three experiments in each group.
Livers from rats fed control or experimental diets were removed and perfused for 3 hr. The perfusate
was collected, the d < 1.006 g/ml lipoproteins isolated and their composition determined.
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significantly less triglyceride than normal while they
secreted almost five times more cholesterol than
control livers. Thus, it appears that hypercholesterol-
emic rats substituted cholesterol for triglyceride in
their VLDL.

To investigate whether the high fat content and the
hypothyroidism were both needed to induce the ab-
normality, animals fed the fat alone or PTU alone
were also studied. The fat feeding alone (Table 3)
was sufficient to induce the secretion of cholesterol-
rich lipoproteins while PTU alone did not alter the
gross composition appreciably. It appears that there
is virtually a one for one substitution of cholesteryl
ester for triglyceride in the particles from the fat-fed
animals.

Although it is not entirely clear from these data
whether the secretion rate of d < 1.006 g/ml particles
is elevated in vivo, the secretion of particles of such
unusual composition helps to explain the presence of
massive hypercholesterolemia with only a modest
elevation of serum triglyceride concentration.

Disappearance of hypercholesterolemic rat
VLDL in normal rats

It is possible that VLDL accumulates in the serum
of hypercholesterolemic rats because they cannot be
activated to form remnants. This hypothesis would
also explain the failure of the accumulated material
to behave like remnants. In an effort to exclude this
possibility, VLDL from hyperlipemic rats was radio-
iodinated and injected into normal rats. The disap-
pearance of the radioactivity was followed for 15 min.
There was a rapid disappearance of %1 from the
plasma. The tl%2 of 5.5 £ 1.2 min was similar to that
previously reported for normal VLDL in control rats
(28). Interestingly, the tl2 was substantially longer
than the t'2 of remnants (2.2 * .5 min, Fig. 2), further
supporting the contention that this VLDL fraction is
not composed primarily of chylomicron remnant. After
15 min, 70% of the radioactivity was recovered in the
liver. This is comparable to the rate reported for re-
moval of VLDL cholesteryl ester by normal liver (28).
Thus these particles are capable of being activated
and removed in a manner analogous to normal VLDL.

These results suggest that the VLDL of hypercholes-
terolemic rats can be activated normally and rapidly
removed by liver, although they do not exclude the
possibility that this process is abnormal in the hyper-
cholesterolemic animal. Along with the finding of an
increased remnant concentration, these results make a
“remnant formation” defect unlikely, although it is
reasonable to expect that the conversion of VLDL
to remnants may be slowed because this process is
saturable (5, 9).
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DISCUSSION

In the present study, radioiodinated lipoproteins
were used to study the etiology of the hyperlipemia
in the cholesterol- and fat-fed, hypothyroid rat. This
approach enabled us to study the process with respect
to changes in particle numbers because the difference
in the amount of protein per particle is less marked
between the various triglyceride rich lipoprotein types
than are differences in the lipid composition. This
approach was especially important for the studies of
this hyperlipemia because the dramatic alterations of
cholesterol and triglyceride content found in the pri-
mary particles would have rendered comparison in
terms of these constituents useless.

Redgrave and Snibson (12) investigated chylomi-
cron metabolism in fat-fed hypothyroid rats. They
found that the triglyceride disappeared rapidly from
the circulation but that its cholesterol remained in
the circulation for a prolonged period. This led them
to speculate that chylomicron remnants accumulated
in the serum of these animals. A similar conclusion
was reached by Ross and Zilversmit (13) who used
retinol as a marker for remnants in the fat-fed rabbit.
In our study the hypothesis that remnant removal
was delayed in the fat-fed, hypothyroid rat was proven
directly by following the disappearance of a trace of
radiolabeled remnants. The t}4 of 2.1 min for rem-
nants gives a reliable direct estimate for the normal
rate of this process in postprandial rats. This rapid
removal implies that normally the concentration of
remnants in the circulation is very low. If one assumes
that the disappearance of remnants from the circula-
tion is the result of hepatic uptake then an attempt
to correlate the in vivo and in vitro data can be made.
Although this assumption is an oversimplification,
some insight into the process was gained. Based on
the kinetic parameters previously published (7, 8) for
chylomicron remnant removal by liver, the four-fold
increase in the half life found in the animals on the
dietary regimen in vivo would require approximately
a twelve-fold increase in circulating remnant concen-
tration. This estimate assumes that the regimen did
not affect the removal process directly. The assump-
tion is justified by the fact that the removal process
was found to be normal in the hyperlipemic rat. This
latter finding was somewhat at variance with the spec-
ulation that hypothyroidism might affect the removal
process (13). Floren (29) reported that there was an
alteration in the Km for remnant removal by hepato-
cytes derived from such animals. However, he con-
cluded that this change was not adequate to explain
the delayed remnant removal. Moreover, in a previous
study from this laboratory (7) and in the studies of
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Sherill and Dietschy (8) and Andersen, Nervi, and
Dietschy (30), neither cholesterol feeding nor fasting
significantly affected the removal process. Thus it ap-
pears that the delayed removal of remnants is the
result of an increased production of chylomicrons in-
duced by the diet. We suggest that this leads to an
increase in remnant formation causing partial satura-
tion of the removal mechanism. _

In the study of hyperlipemic rabbits (13) it was sug-
gested that remnants were the principal components
of this abnormal VLDL. In this study in the rat it was
found that the VLDL from the hyperlipemic animals
did not behave like remnants. This suggested that
while remnants were accumulating in this density
range other non-remnant particles must also be ac-
cumulating, expanding the non-remnant VLDL con-
centration as well and thus keeping the proportion of
remnants to non-remnants in the VLDL range rela-
tively normal. The discrepancy in the reports may be
due to species difference or to differences in meth-
odologies. In the rabbit, retinol was used as a marker
of alimentary lipoprotein accumulation. In the present
study the behavior of the lipoproteins in a perfused
liver was used to test for the presence of remnants.
Although serum VLDL from hyperlipemic rats was
removed by liver slightly more avidly than chylomi-
crons or hepatic or intestinal VLDL, its removal rate
was substantially below that of normal chylomicron
remnants. Thus either remnants were not the princi-
pal component of the VLDL, or if they were, they
were abnormal and lacked some component, perhaps
an apoprotein, which is essential for rapid removal.
However, if this were the case they would not have
competed with normal remnants and the delayed re-
moval of normal remnants would not have been found.
Moreover, when these VLDL particles were injected
into normal rats they could be rapidly activated since
they could be promptly removed by the liver. How-
ever, in the intact animal as well, the rate at which
they were cleared resembled that of normal VLDL
rather than that of remnants.

Because lipoprotein lipase is saturable and both
chylomicrons and VLDL compete for this enzyme (5),
it is relatively easy to envision how increased dietary
fat would lead to a decreased rate of VLDL clearance.
This would help to explain why remnants were not
the only component of the d < 1.006 g/ml class to
increase in concentration in the serum and thus were
not the principal components of the d < 1.006 g/ml
fraction in these rats. However, if normal VLDL were
accumulating, a more substantial increase in the serum
triglyceride concentration would have been anticipated.
This apparent contradiction was resolved by the find-
ing that the liver of these animals secreted a dramati-

cally altered lipoprotein. The lipoproteins which
floated at d < 1.006 g/ml had a very low triglyceride
content and a high cholesterol content. Recently simi-
lar findings have been reported by Noel et al. (31)
and Swift et al. (32) in a preliminary communication.
Both of these groups have suggested that there may
also be a substantial increase in apo E synthesis and
secretion. In considering the relative contributions of
the hypothyroidism and the fat feeding in the genesis
of the abnormality, it appeared that hypothyroidism
was not necessary for the abnormal cholesterol to tri-
glyceride ratio although it may contribute to the apo-
protein abnormalities (33).

One other consideration in the genesis of the ab-
normality in these animals is the nature of the ali-
mentary lipoprotein which they secrete. Although we
did not study chylomicrons or chylomicron remnants
from the rats fed an atherogenic diet, Riley et al. re-
cently have (34). They describe an alteration in lymph
lipoprotein, with the appearance of a 8 VLDL. Such
particles could of course contribute to the non-rem-
nant d < 1.006 g/ml pool.

Taken together, the results from these experiments
suggest that the dietary regimen which induces athero-
sclerosis in the rat causes a hyperlipemia by affecting
several aspects of lipoprotein metabolism. There is a
marked increase of the circulating remnant concen-
tration without a hepatic removal defect. In addition,
other components of the d < 1.006 g/ml class appear
to accumulate. Finally, the unusual cholesterol to tri-
glyceride ratio is contributed to by the hepatic secretion
of alipoprotein of dramatically altered composition. i
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