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Effect of cholesterol feeding on apo B and
apo E concentrations and distributions in
euthyroid and hypothyroid rats

John G. DeLamatre and Paul S. Roheim

Department of Physiology, Louisiana State University Medical Center, New Orleans, LA 70119

Abstract Lipoprotein profiles in experimental hyper-
cholesterolemia were studied using euthyroid and hypo-
thyroid cholesterol-fed rats. In both groups, serum
cholesterol concentration increased, but to a lesser extent
in the cholesterol-fed euthyroid rats, with similar changes in
distribution among lipoprotein fractions in both groups.
Agarose electrophoresis of plasma and individual lipopro-
tein fractions showed that 8-VLDL and HDL, were present
in the hypothyroid, cholesterol-fed rats. In the euthyroid
and hypothyroid cholesterol-fed rats, serum apo B concen-
trations increased three-fold and five-fold, respectively.
This reflected increases of apo B in very low density and
intermediate density lipoproteins. In the euthyroid choles-
terol-fed rat, serum apo E decreased 50%, while the
serum apo E concentration was not significantly changed
in hypothyroid cholesterol-fed rats. In both the euthyroid
and the hypothyroid cholesterol-fed rats, apo E decreased
in high density lipoproteins and increased in lower density
lipoproteins. We observed qualitative and quantitative
differences between hypothyroid and euthyroid cholesterol-
fed rats. The major qualitative differences were the ap-
pearance of beta migrating very low density lipoproteins
(B-VLDL) and HDL, in the hypothyroid cholesterol-
fed rat, and a decrease of serum apo E concentrations in
the euthyroid cholesterol-fed rats. Changes in serum
cholesterol and apo B concentrations and the distribution
of cholesterol, apo B, and apo E among the lipoprotein
fractions were similar in direction in both groups, but
greater in magnitude in the hypothyroid versus euthyroid
cholesterol-fed rats. i These data demonstrate that hypo-
thyroidism should be considered when evaluating apolipo-
protein changes in hypercholesterolemic animal models. —
DeLamatre, J. G., and P. S. Roheim. Effect of cholesterol
feeding on apo B and apo E concentrations and distributions
in euthyroid and hypothyroid rats. J. Lipid Res. 1981. 22:
297-306.
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Hypercholesterolemia is known to be a positive risk
factor for the development of atherosclerosis (1). Ex-
perimental hypercholesterolemias resemble Type 111
hyperlipoproteinemia and can serve as models for
studying the associated lipoprotein alterations and the

development of atherosclerosis (2). The most common
animal models used to study experimental hyper-
cholesterolemia are the monkey, rabbit, swine, dog,
and rat (2—4). The dog and rat differ from the others
in that attaining a serum cholesterol concentration
greater than 300 mg/dl usually requires a hypo-
thyroid state in animals fed a high-cholesterol, high-
fat diet; in the other animals a high-cholesterol, high-
fat diet alone is suthcient to create hypercholes-
terolemias capable of inducing atherosclerosis.

We have shown previously that the serum lipopro-
tein patterns of rats fed a high-cholesterol, high-fat
diet differ markedly from those of control rats in that
a lipoprotein class of d 1.006-1.03 g/ml (IDL) ap-
pears, in addition to an increase in the concentration
of VLDL (5). Our studies on the effect of a high-
cholesterol, high-fat diet (CF) on the apolipoprotein
profiles of rats revealed a decrease in the serum con-
centrations of apo E (6, 7). This finding was at variance
with other reports which showed an increase in apo E
with cholesterol feeding (8, 9). Inasmuch as these
animals were ted a propylthiouracil- (PTU) containing
diet, we postulated that the hypothyroid state might
explain the difference. Therefore, we repeated the
cholesterol-feeding experiment and included in the
study a group of rats that were fed a high-cholesterol,
high-fat diet with PTU (CF-PTU). The results
reported here show that the difference between our
initial results and the results of others was indeed
due to the presence of PTU in the diet.

Apo B functions to transport cholesterol and tri-
glyceride in the blood (10) and is recognized in
peripheral tissue by an apo B receptor which also
recognizes apo E (11, 12). In addition to its possible

Abbreviations: CF, cholesterol-fed: PTU, propylthiouracil; CF-
PTU, cholesterol-fed with propylthiouracil; VL.DL, very low density
lipoproteins; IDL, intermediate density lipoproteins; LDL, low
density lipoproteins; HDL, high density lipoproteins; SDS-PAGE,
sodium dodecylsulfate polyacrylamide gel electrophoresis; EIA,
electroimmunoassay: AU, arbitrary units: TMU, tetramethylurea.
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role in delivering cholesterol to peripheral tissue, apo
E is thought to be important in receptor-mediated
chylomicron remnant uptake by the liver (13, 14).
In this manuscript we describe changes in lipopro-
teins and the distribution of apolipoproteins B and E
in hypercholesterolemic states, with and without
hypothyroidism.

MATERIALS AND METHODS

Animals

For this study male Sprague-Dawley rats, 275-
300 g, were used. Control animals were maintained on
laboratory rat chow: one experimental group was fed
2% cholesterol and 20% olive oil in laboratory rat chow
meal (CF); the other experimental group was fed
2% cholesterol, 20% olive oil, and 0.2% propyl-
thiouracil in laboratory rat chow meal (CF-PTU).
Animals fed CF diets gained weight at the same rate
as control rats, whereas rats fed CF-PTU diets did not
gain weight during the experimental period. After 30
days on the diet, the animals were fasted for 14 hr
(midnight to 2:00 pm) and were bled from the ab-
dominal aorta while under light ether anesthesia.
Serum was separated and stored in the presence of
0.1% EDTA and 0.1% azide. In order to minimize
variations due to differences in rat chow composition
and seasonal variations, the reported values for con-
trol, CF, and CF-PTU rats were obtained from experi-
ments run simultaneously. For lipid and apolipopro-
tein analyses, sera {rom three to four rats were pooled.

Analytical methods

Cholesterol and triglyceride concentrations were
determined enzymatically by the methods of Allain et
al. (15) and Bucolo and David (16), respectively.
Reagents were purchased from Calbiochem-Behring,
Dallas, TX. Protein was determined by the method
of Lowry et al. (17), as modified by Sata, Havel, and
Jones (18), using bovine serum albumin as a standard.
Agarose electrophoresis was performed according to
the method of Noble (19), using 0.025M Tris-tricine
buffer and 1% agarose. Sodium dodecylsulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) was per-
formed according to the method of Shapiro, Vifuela
and Maizel (20), as described previously (21), using
10% acrylamide gels.

Lipoproteins were separated according to the
method of Havel, Eder and Bragdon (22), using an
SW-41 rotor in a Beckman L5-50 preparative ultra-
centrifuge. Very low density lipoproteins (VLDL) of
d < 1.006 g/ml, intermediate density lipoproteins
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(IDL) of d 1.006—1.03 g/ml, and low density lipopro-
teins (LDL) of d 1.03-1.063 g/ml were separated by
a 24-hr ultracentrifugation at 265,000 g. High density
lipoproteins (HDL) of d 1.063-1.21 g/ml were
separated by a 40-hr ultracentrifugation at 265,000 g.
VLDL and IDL were resuspended in saline of the
appropriate density and washed twice by ultra-
centrifugation. LDL and HDL were washed once by
increasing the supernate density slightly (1.063 1o
1.08 and 1.21 to 1.24 g/ml, respectively), placing a
layer of saline of the original density over this solution
(1.063 for LDL and 1.21 g/ml for HDL), and re-
centrifuging. The fractions were dialyzed against 24
liters of saline at a density of 1.006 g/ml which con-
tained 0.1% EDTA and 0.1% azde. The dialysis
solution was changed at least four times in a 24-hr
period.

For determination of cholesterol, triglyceride, and
apolipoprotein distributions in VLLDL, IDL, and LDIL.,
one-ml aliguots of serum were adjusted to the follow-
ing densities: 1.006 g/ml; 1.03 g/ml; 1.063 g/ml. HDL
was further subdivided to HDL,, HDL,, and HDIL,
using the densities: 1.08 g/ml; 1.125 g/ml: and 1.21 g/
ml. Samples were subjected to a single spin in a
Beckman L.3-40 ultracentrifuge using a 40.3 rotor
with 2-ml adaptors. The tubes were cut by a Spinco
tube cutter (Spinco Division Beckman Instruments,
Inc., Palo Alto, CA). The infranates were brought up
to the same volume and used for the analysis. Apolipo-
protein concentrations were then determined in
serum and in each inlranate fraction. 'The quantity
of apolipoprotein in each lipoprotein fraction was
calculated by subtracting one infranate value from
the preceding lower density infranate value (e.g.,
IDL =d > 1.006 — d > 1.03). Since the infranate al-
bumin concentration should equal the serum albumin
concentration, it is possible to correct for non-
specific losses of apoproteins. The albumin concen-
trations of serum and the infranate were determined
and a correction factor was calculated by dividing
serum albumin concentration by the infranate al-
bumin concentration. The intfranate apoprotein con-
centration was multiplied by the correction factor in
order to correct for non-specific losses of apoprotein
concentration. The differences between serum and
infranate concentration were never greater than +5%.

Apolipoprotein concentrations were determined by
the electroimmunoassay (EIA) technique of Laurell
(23), as modified by Bar-On, Roheim, and Eder (21).
Antisera used in this study were prepared as pre-
viously described (21). Nonidet 40 (NP-40), a non-
ionic detergent, was added to a final concentration
of 1% in the samples and standards and 0.05% in the
agarose (24). Standard curves were obtained by dilu-
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tion of pooled rat serum and were run simultaneously
with the samples. The arbitrary units (AU) used
to express the data are a percentage of standard
pool serum.

Apolipoprotein concentrations were also estimated
using SDS-PAGE of d < 1.21 g/ml lipoproteins. These
lipoproteins were subjected to a single spin in a Beck-
man L5-50 preparative ultracentrifuge using an SW-
60 rotor. The serum density was adjusted to 1.24 g/ml
by the addition of KBr, and the sample was placed
in the ultracentrifuge tube. Saline of d L.21 g/ml was
then layered over this solution, and the lipoproteins
were spun for 60 hr at 210,000 g. Total apo B content
of the d < 1.21 g/ml serum fraction was determined
by the tetramethylurea (TMU) precipitation tech-
nigue of Kane (25). Apolipoprotein E concentra-
tion of the d < 1.21 g/ml serum fraction was esti-
mated by scanning stained SDS polyacrylamide gels of
the apolipoproteins using an EC densitometer (Model
No. B5216-11, EC Apparatus Corp., St. Petersburg,
FL) and measuring the area under the peaks by
planimetry using an A. Ott compensating planimeter
(Epic, Inc., New York, NY). The fraction of the total
area that the apo E peak represented was multiplied by
the TMU-soluble protein concentration to estimate
apo E concentration in d < 1.21 g/ml serum. Al-
though variations in apolipoprotein chromogenicity
may limit this technique of protein quantification,
comparing only the same protein (apo E) between
groups minimizes this source of error.

For statistical analysis, one-way analysis of variance
was used followed by the Student-Neuman Kuels
multiple range test (26). A P value <0.05 was con-
sidered significant.

RESULTS

Lipoprotein electrophoresis

Marked changes in the relative concentrations and
mobilities of both serum and isolated fractions were
found when serum and individual lipoprotein frac-
tions were analyzed by 1% agarose electrophoresis
(Fig. 1). The sera of both CF and CF-PTU showed
broad g patterns. However, the broad B patterns were
not identical. The CF serum stained for more lipid in
the pre-B region than the CF-PTU sera; the CF-PTU
sera showed a much stronger staining in the g region
and had slower mobility than CF sera (Fig. 1A). VLDL
of CF-PTU rats contained a component which mi-
grated in the 8 region and may be similar to 8-VLDL,
which has been found in other studies involving hypo-
thyroid cholesterol-fed animals (Fig. 1C) (2, 4, 8).

VLDL of CF rats did not show a band in the 8 region
(Fig. 1C). The IDL fractions of both CF and CF-PTU
rats exhibited electrophoretic patterns similar to their
respective VLDL patterns. LDL of CF-PTU rats also
exhibited a strong band of a, mobility (Fig. 1C). This
most likely corresponds to HDL,, a particle previously
described by Mahley (2, 4) and Mahley and Holcombe
(8). In both CF and CF-PTU sera there was a marked
reduction in « lipoproteins (Fig. 1A).

Serum lipid and lipoprotein concentrations

Serum cholesterol concentration tripled in the CF
rats and increased six-fold in the CF-PTU rats (Table 1).
The cholesterol distributions among the lipoprotein
fractions are seen in Fig. 2. VL DL and IDL cholesterol
concentrations increased above control in CF rat sera
and to a greater extent in the CF-PTU rat sera. No

significant changes occurred in LDL. The amount of

cholesterol present in HDL, and HDL, decreased
to the same extent in CF rat sera and CF-PTU rat
sera. HDIL; and d >1.21 g/ml serum cholesterol
concentrations were similar to those in control rats
for both experimental groups.

Triglyceride concentration was unchanged in the
CF rats but decreased signthicantly in the CF-PTU
rats. Fig. 3 shows the triglyceride distribution in the
control and experimental rats. Control VLDL con-
tains 63% of total triglyceride with the rest distributed
in descending order in IDL, LDL, and HDL. In
CF rats there was an increase in IDL triglyceride,
although this was not statistically significant, probably
due to the small sample size. Triglyceride concentra-
tions in other lipoprotein classes remained unchanged.
The decreased serum triglyceride concentration in the
CF-PTU rats reflected a decrease in VLDL tri-
glyceride.

Total d < 1.21 g/ml protein was decreased in CF
rat serum and increased in CF-PTU rat serum (Table 2).
In CF rats, lipoprotein protein concentration in VLDL,
IDL, and LDL increased greatly over control (Table 3).
IDL showed the largest increase. The protein con-
centration in HDL of CF rats decreased 44% from
control values. As in the CF animals, CF-PTU treat-
ment increased VLDL, IDL, and LDL protein con-
centrations. However, the increase for CF-PTU was
less in VLDL but greater in IDL and LDL than in the
CF animals. The protein concentration of HDL was
similarly decreased in CF and CF-PTU rats.

Apolipoprotein concentration and distribution

Serum apolipoprotein B concentrations increased
3-fold over control values due to the CF diet and 6-
fold due to the CF-PTU regimen, as determined by
EIA (Table 1). These findings were confirmed with
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Fig. 1. Agarose electrophoresis of lipoproteins. Panel A, comparison of serum samples of control, CF, and CF-PTU rats. Panel B, lipo-
protein fractions from control rats. Panel C, lipoprotein fractions from CF and CF-PTU rats. Serum samples were run simultaneously
as were CF and CF-PTU lipoprotein fractions in order to allow direct comparison. Abbreviations: S, serum; V, very low density lipopro-

teins; I, intermediate density lipoproteins; L, low density lipoproteins; H, high density lipoproteins.

TMU-precipitable protein determinations of the lipo-
protein fractions, which indicate apo B concentra-
tion (25). Table 2 shows that the concentration of
TMU-precipitable protein in d < 1.21 g/ml lipoprotein
fractions is 3-fold greater than control in CF rats and
6-fold in the CF-PTU rats. Fig. 4 depicts the distribu-
tion of apolipoprotein B in control and experimental
groups. The CF diet resulted in a 12-fold increase of
apo B in VLDL and IDL, while no changes occurred
in LDL of CF rats. The CF-PTU diet led to a 15-fold
increase in VLDL apo B and a 33-fold increase in
IDL apo B. No significant differences in LDL apo B
concentrations were present between any of the
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groups. Only traces of apo B were present in the
d 1.063-1.08 g/ml region in all groups. No apo B was
detected in d > 1.08 g/ml fractions.

Serum apolipoprotein E concentrations decreased
from control values by more than 50% with the CF
diet, but did not differ from control with the CF-PTU
regimen, as determined by EIA (Table 1). In addition,
concentrations of apo E were estimated by densito-
metric scanning of SDS gels. This technique showed
that apo E concentrations in d < 1.21 g/ml fractions of
sera from rats fed CF diets were approximately half
the control, while sera of animals fed CF-PTU diets
had slightly greater apo E concentrations than control
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(Table 2). In the control animals, apo E is found mainly
in HDL, (42%), HDL, (23%),d > 1.21 g/ml(14%), and
LDL (12%). While the CF diet lowers serum apolipo-
protein E concentrations, it also alters its normal
distribution (Fig. 5). In CF rats, apo E concentra-
tions were not significantly changed in VLDL and
increased 10-fold in IDL. HDL,, the major apo E-
containing fraction in the control, showed a 95%
decrease in CF rats. Other lipoprotein fractions that
showed significant decreases included: LDL, HDL,,
HDL;, and d > 1.21 g/ml. Serum apolipoprotein E
concentrations of CF-PTU rats remained unchanged.
Nevertheless, a redistribution of apo E similar to that
seen with the CF rats is present. In VLDL of CF-PTU
rats, apo E concentrations increased from 1 AU to 15
AU, which is a value 7-fold higher than the CF apo E
concentration. The apo E concentrations in IDL in-
creased from 1 AU to 38 AU, which is 3-fold higher
than the CF apo E concentration. Apo E concentra-
tions in LDL, HDL,, HDL,, HDL;, and d > 1.21 g/ml
were all decreased to the same extent as in CF rats.
We have observed these changes resulting from CF
diets in other experiments, in addition to the data
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TABLE 1. Plasma concentrations of cholesterol, triglyceride, and
apolipoproteins B and E of control and experimental rats"

Cholesterol-

Control Cholesterol-fed Propylthiouracil
Diet (6)” (6) (6)

Cholesterol, mg/dl 55 + 3¢ 165 + 23de 29] + 22d.
Triglyceride, mg/dl 73 +5 85 + 7° 34 & 74e
Apo B, arbitrary

units 60+ 3 182 + 33 327 + 20¢¢
Apo E, arbitrary

units 49 + 4 20 = 34 51 + 5¢

* Length of treatment period was 4 weeks.

® Number of samples: six pools of three animals for all deter-
minations.

* Values + S E.M.

“ Significantly different than control, P < 0.05.

¢ Significantly different than other experimental group, P < 0.05.

presented above. The comparison between these
experiments is shown in Table 4. Changes in cholesterol
concentrations varied within the three experiments
from an increase of 83% to 300%; apo B from an
increase of 111% to 303%; apo E from a decrease of
59% to 45%. The direction of change was very con-
sistent with respect to cholesterol apo B and apo E;

VLDL DL LbL

d>1.2

Fig. 2. The effect of cholesterol feeding and cholesterol feeding with propylthiouracil on the distribution of plasma cholesterol. O,
Control; N cholesterol-fed; B cholesterol-fed with propylthiouracil. Values based on three pools of six rats per pool. (@) Indicates signif-
icant difference from control, P < 0.05. (t) Indicates significant difference from other experimental group, P < 0.05.
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Fig. 3. The effect of cholesterol feeding and cholesterol feeding
with propylthiouracil on the distribution of plasma triglyceride.
O Control, cholesterol-fed; cholesterol-fed with propyl-
thiouracil. Values based on three pools of six rats per pool.

however, there was some variation in the magnitude
of the response. The distribution of apo B and apo E
showed similar patterns in an additional experiment
(data not shown). Animals with the largest increase
in cholesterol had the highest increase in IDL apo E
and the largest decrease in HDL. apo L.

SDS gel electrophoresis

Fig. 6 shows the SDS gel electrophoresis pattern
of the total lipoprotein fractions (d < 1.21 g/ml), and
Fig. 7 shows VLDL of control, CF, and CF-PTU rats.
The pictures of the densitometric scans of the d < 1.21
g/ml gels demonstrate thatapo Eis lower in the CF rats
than in the control. In the control, the major apo-
protein is A-1, while in CF-PTU rats, apo E becomes
the predominant apoprotein. VLDL gels of CF rats
show a stronger apo B band than control, with no
apparent differences from control in the apo K or apo

TABLE 2. Concentrations of total protein and apolipoproteins
B and Fin d <1.21 g/ml serum of control and
experimental rats”

Cholesterol-

Control Cholesterol-fed Propvlthiouracil
(n =3y n =3y (o= 1)
Total protein?,
mg/dl 121 = 3¢ 102 =3 150
Apo B/, mg/dl 10+ 3 23 + 1 55
Apo EY, mg/d 2 + 5 13 + 2 33
“ Length of treatment period was 6 weeks.

" Number of samples: three pools of six animals.

“ Number of samples: one pool of nine animals.

? Serum was from an unwashed single spin.

“Values = S.E.M.

""IT'MU-precipitable protein in d < 1.21 g/ml serum.

Y Proportion of TMU soluble protein as determined by densito-
metric scan of SDS gels of d < 1.21 g/ml serum.
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TABLE 3. Distribution of protein in lipoprotein fractions
of control and experimental rats

Control Cholesterol-fed Cholesterol-PTU
mgldl"
VL.DL! 3.2 (5.6)° 6.1 (11.7) 4.7 (7.2)
IDL 1.5 (2.7) 11.1 (21.6) 22.0 (33.5)
LDIL. 4.9 (8.8) 8.2 (16.0) 13.5 (20.6)
HDL 46.4 (82.9) 25.9 (50.4) 25.5 (38.8)

“ All values were obtained from duplicate determinations on
two pools of nine animals.

* Densities used: very low density lipoproteins (VLLDL), d < 1.006
g/ml: intermediate density lipoproteins (IDL), 1.006-1.08 g/ml;
low density lipoproteins (LDL), 1.03-1.063 g/ml; high density
lipoproteins (HDL), 1.063-1.21 g/ml.

¢ Numbers in parentheses refer to percent of total lipoprotein
protein.

C regions. VLDL gels ot CF-PTU rats differed con-
siderably tfrom both control and CF rats; they con-
sisted almost entirely of apo B and apo E, while C
apolipoproteins were greatly lowered.

DISCUSSION
The present study describes apolipoprotein profiles

i control and cholesterol-fed rats and further com-
pares cholesterol-fed to hypothyroid cholesterol-fed
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Fig. 4. 'The effect of cholesterol feeding and cholesterol feeding
with propylthiouracil on the distribution of apolipoprotein B.
O Control; cholesterol-fed: cholesterol-fed with propyl-
thiouracil. Values based on six pools of three rats per pool. (@)
Indicates significant difference from control, P < 0.05. (1) Indicates
significant difference from other experimental group, P < 0.05.
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Fig. 5. The effect of cholesterol feeding and cholesterol feeding
with propylthiouracil on the distribution of apolipoprotein E.
O Control; cholesterol-fed; B cholesterol-fed with propyl-
thiouracil. Values based on six pools of three rats per pool. (@)
Indicates significant difference from control, P < 0.05. (1) Indicates
significant difference from other experimental group, P < 0.05.

rats. It should be mentioned that this study cannot
differentiate between the effects of olive oil and
cholesterol. Compared to controls, the hypothyroid
rats weighed less and consumed less food, reflecting
their metabolic state. We elected not to use pair-fed
controls for the hypothyroid animals, since this would
involve comparing a starved rat with one whose caloric
intake was in line with its metabolic requirements.
Agarose electrophoresis provided a means of assess-
ing changes in lipoproteins due to the CF and CF-PTU
regimens. The plasma of CF-PTU animals contained
VLDL and IDL that had a slower mobility than the
VLDL and IDL of CF rats and probably represents
B-VLDL (8). The SDS-PAGE gels of the CF-PTU rats
showed that the VLDL and IDL fractions contained a
smaller quantity of C apoproteins than VLDL and IDL
of CF rats, which may explain their slower mobility

TABLE 4. Comparison of cholesterol-fed and control plasma
apolipoproteins B and E concentrations

Experiment Cholesterol Apo B Apo E”
(percent of control)
A (n = 6 pools)’ 183 211 48
B (n = 6 pools)” 400 403 41
C (n = 3 pools)® 366 325 51

“ Determined by electroimmunoassay.

® Each pool contained equal volumes of plasma from three
to four animals.

¢ Each pool contained equal volumes of plasma from six animals.

e R B

Fig. 6. SDS-PAGE and densitometric scanning of d < 1.21 serum
from rats: (A) Control; (B) cholesterol-fed; (C) cholesterol-fed
with propylthiouracil.

(Fig. 7). Plasma of rats, dogs, and swine fed athero-
genic diets show HDL,, an a, migrating particle that
appears primarily in the 1.03-1.08 g/ml density range
(4). A strong a, migrating band, which is probably
HDL.,, was detected in the LDL fraction (d 1.03-1.063
g/ml) of the CF-PTU rats (Fig. 1C). A lighter band was
sometimes visible in LDL of the CF rats. These data
suggest that hypothyroidism plays an important role
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Fig. 7. SDS-PAGE and densitometric scanning of very low density
lipoproteins from rats: (A) Control: (B) cholesterol-fed; (C)
cholesterol-fed with propylthiouracil.

in the development of 8-VLDL and HDL, in the rat.
However, the appearance of 8-VLDL and HDL, may
also be related to attainment of high serum cholesterol
concentrations (2).

Apo B increased 2- to 3-fold in the serum of CF
rats. This increase occurred as a result of a greatly
increased amount of apo B in VLDL and IDL. In the
CF rats, apo E decreased overall by about 50%. The
apo E distribution changed, with more appearing in
IDL and much less in HDL and the d > 1.21 g/ml
fraction. All HDL subfractions showed a marked de-
crease of apo E, and there were no apparent dif-
ferences between the subfractions.
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A large percentage of VLDL cholesterol in the
cholesterol-fed rabbit originates from intestinally
absorbed exogenous cholesterol and is carried in
remnant particles formed from chylomicrons (27, 28).
The large quantity of dietary fat presented to the CF
rats increases the intestinal chylomicron production
many-fold (29, 30). Our data show that in the CF rat,
apo E is greatly diminished in HDL (by 92%). Since
apo E transfers from HDL to chylomicrons upon
exposure of chylomicrons to serum (31, 32), the large
increase of chylomicron production that occurs in CF
rats may be of sufficient magnitude to reduce drastically
the apo E concentration in HDL. Subsequently, the
apo E becomes a component of a chylomicron rem-
nant, which the liver removes from the plasma at a
very fast rate (33). It has been suggested that apo E
provides chylomicron remnants with an hepatic
recognition signal, allowing the remnant particles
to be removed by a high-affinity, receptor-mediated
process (13, 14). Therefore, we postulate that when
the liver removes a large mass of chylomicron rem-
nants from the serum of CF rats, a concomitantly
large mass of serum apo E is removed by the liver
of these rats. This mechanism may be responsible for
the lower apo E in the serum and HDL of CF rats.
However, it cannot be ruled out at the present time
that a decreased HDL apo E secretion by the liver
may account for the lowered concentration of apo E
in the serum and HDL of CF rats, since apo E is
thought to be primarily synthesized and secreted by
the liver as HDL (34).

Perfused livers of cholesterol-olive oil-fed rats
secrete a greater quantity of d 1.006-1.019 g/ml
cholesterol into liver perfusates than control livers
(35). Thus, the liver probably contributes to the IDL
found in the serum of CF rats, either directly or by
catabolism of VLDL. In the present study, the great-
est increase of apo E and apo B was found in the IDL
fraction. Since apo E and apo B are normally compo-
nents of VLDL derived from the liver (36, 37), the
IDL apolipoproteins E and B may be at least partially
derived from these lipoproteins produced by the liver.

The serum concentration of apo B in CF-PTU rats
increased from 60 AU for control to 327 AU. This
increase exceeds the 182 AU observed in the CF rats.
No change from control occurred in serum concentra-
tions of apo E in the CF-PTU rats, which contrasts
with a 50% decrease of apo E concentrations in CF
rats. The VLDL and IDL of CF-PTU rats contained
much greater concentrations of apo B and apo E than
were observed in the CF rats. As with the CF rats, HDL
apo E decreased to 8% of control concentrations
in the serum of CP-PTU rats. The general shifting
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of apo E from high-density lipoproteins to lower-
density lipoproteins in hypothyroid cholesterol-fed
rats agrees with the observations of others (8, 9).

We have shown that in hypothyroid rats the con-
centrations of both apo B and apo E increase in the
serum (38). Thus, hypothyroidism potentiates the
apo B increase induced by the CF diets. The influence
of hypothyroidism alone on apo E concentrations
could explain why apo E is lower in CF but remained
unchanged in CF-PTU animals from our experi-
ments. Mahley and Holcombe (8) and Wong and
Rubinstein (9) observed an increase in apo E in hypo-
thyroid cholesterol-fed rats. However, there were
ditferences in dietary composition used in this study
versus the above-quoted reports; both studies (8, 9)
used diets containing fat of animal origin (5% lard or
40% butterfat), and both used bile acids. In the pres-
ent study, no bile acids were included in the diet,
and olive oil was the source of fat. This probably
explains why apo E concentrations were unchanged
in the serum of our hypothyroid-hypercholesterolemic
animals.

There is evidence that the livers of CF-PTU rats
contribute directly to the increased apo E, VLDL,
and IDL concentrations. Studies using perfused livers
of rats fed 5% cholesterol, 40% butterfat, 0.1% sodium
chloride, and 0.3% PTU reveal that apo E secretion
by these livers is greater than controls (39). Further,
the livers secrete a greater quantity of VLDL and IDL.
Considering all the information available from other
reports, at least five possibilities exist to explain why
VLDL and IDL of CF-PTU rats are greater than in
control and CF rats: increased hepatic production
(39), decreased hepatic uptake (40), decreased periph-
eral uptake (41), increased intestinal absorption (42),
or most likely some combination of the above.

These studies demonstrate that many specific
differences in the lipoprotein profiles exist between
the euthyroid and hypothyroid cholesterol-fed rats;
however, there are also some fundamental similarities
between these two hypercholesterolemic models. The
major differences are the appearance of 8-VLDL and
HDL. in the hypothyroid cholesterol-fed rats and the
decrease of serum apo E concentrations in euthyroid
cholesterol-fed rats. The distribution of serum
cholesterol and apolipoproteins B and E among the
lipoprotein fractions was drastically altered in both
groups: apoproteins and cholesterol were increased in
VLDL. and IDL and reduced in HDL. The decrease
in HDL apo E and the increase in IDL apo E in both
hypothyroid and euthyroid cholesterol-fed rats was of
special interest. From these data it is apparent that
these similarities are the result of cholesterol feeding,

while the above-mentioned differences are most likely
due to hypothyroidism.ff§
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