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Abstract Plasma lipoproteins of d < 1.063 g/ml from rabbits 
fed a diet containing 1% cholesterol for 4 days showed changes 
in concentration and rates of flotation as determined by analyti- 
cal ultracentrifugation. A marked increase in cholesteryl ester 
content of lipoprotein with d < 1.019 g/ml was the most 
prominent change in rabbits fed the diet for 21 days. Gel elec- 
trophoresis and immunochemical procedures demonstrated 
that in control and hypercholesterolemic rabbits there were 
some common apolipoproteins found in all lipoproteins with 
density < 1.063 g/ml. In control rabbits, there were also 
apolipoproteins specific to the lipoprotein fraction with d 
< 1.019 and to the fraction with d 1.019-1.063 g/ml. However, 
in rabbits fed the hypercholesterolemic diet for 21 days, the 
apolipoproteins characteristic of fraction 1.01 9-1.063 were the 
most abundant in the fraction with d < 1.019 g/ml. Liver 
slices from rabbits fed the high cholesterol diet for 7 and 21 
days incorporated more L- [14C]1eucine into very low density 
and low density lipoproteins than controls. 

The results suggest that cholesterol feeding leads to an in- 
crease in biosynthesis of lipoproteins with d < 1.063 g/ml. 
The newly synthesized lipoprotein contains apolipoproteins 
similar to those found in controls but with a higher lipid-to- 
protein ratio. Fram the apoprotein composition, it is concluded 
that the very low density fraction present in cholesterol-fed 
animals is more structurally related to low density lipoproteins 
than to the very low density lipoproteins isolated from control 
animals. 

Supplementary key words ultracentrifugation * flotation 
* lipid composition . low density-very low density lipoprotein 
relationship . apolipoproteins . immunochemical and gel 
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T,, STUDY OF hyperlipemic states in laboratory ani- 
mals could contribute to the understanding of lipopro- 
tein metabolism. Several authors have investigated the 
plasma lipoproteins of hyperlipemic rabbits that had 

been fed cholesterol-containing diets for long periods of 
time (1-4). However, the interpretation of information 
obtained after prolonged cholesterol administration to 
rabbits is complicated by the presence of associated dis- 
turbances such as hemolytic anemia (5), extensive choles- 
terol deposition in tissues ( 6 ) ,  and liver damage (7). One 
of the first alterations observed in the cholesterol-fed 
rabbit is an increased plasma cholesterol concentration, 
which may reflect a disturbance of plasma lipoprotein 
metabolism (8). It seems pertinent that before under- 
taking studies on the mechanisms underlying this hyper- 
lipemia, knowledge on the early qualitative and quanti- 
tative changes of plasma lipoprotein should be obtained. 
The results presented in this paper describe the modifica- 
tions in lipid composition, apolipoprotein characteristics, 
flotation rates, and biosynthesis of plasma lipoproteins in 
rabbits maintained on a hypercholesterolemic diet for 
periods of up to 3 wk. 

MATERIALS AND METHODS 

Animal treatment 

Commercially purchased rabbits weighing 2-3 kg were 
fed rabbit chow for 3 wk before placing them on the ex- 
perimental diet. The cholesterol content of rabbit pellets 
was increased by the addition of 10 g of cholesterol dis- 
solved in 100 ml of sesame oil to 1 kg of rabbit chow. 

Abbreviations: VLDL, lipoprotein with density < 1.019 g / d ;  
LDL, lipoprotein with density 1.019-1.063 g/ml; HDL, lipo- 
protein with density 1.063-1.21 g/ml. VLDL-c, LDL-c, and 
HDL-c denote the respective lipoproteins isolated from control 
rabbits. VLDL-hc, LDL-hc, and HDL-hc denote the respective 
lipoproteins from hypercholesterolemic rabbits; the prefix apo- 
added to the above abbreviations is used to designate the protein 
portion of the lipoprotein. EDTA, disodium salt of ethylenedi- 
aminetetraacetic acid; Tris, tris(hydroxymethy1)aminomethane. 
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Control animals were given pellets prepared in a similar 
manner but without the cholesterol. The rabbits were 
placed in individual cages and allowed to feed ad lib. 

Lipoprotein preparation 
At the end of the experimental period, animals were 

anesthetized with 10 ml of aqueous 20% chloral hydrate 
given by enema. Blood obtained by heart puncture was 
collected in tubes containing 0.5 ml of a 5% solution of 
EDTA per 40 ml of blood. Plasma was adjusted to the 
desired density by the addition of solid KBr. Lipoprotein 
fractions VLDL (< 1.019 g/ml), LDL (1.019-1.063 
g/ml), and HDL (1.063-1.21 g/ml) were obtained 
sequentially by differential ultracentrifugation at 110,000 
g at 20°C in the Beckman rotor 60-Ti. The VLDL was 
separated after 12 hr of centrifugation; LDL and HDL 
were obtained after 20 hr. Each fraction collected in the 
upper 5 ml of the tubes was diluted to 35 ml with KBr 
solutions of the appropriate density and recentrifuged as 
mentioned above. To  test homogeneity of the isolated 
VLDL fraction, 2-ml aliquots of VLDL were placed at 
the bottoms of tubes filled with KBr solution of d 1.019 
g/ml. The tubes were ultracentrifuged at 70,000 g in an 
SW-25-2 rotor for 12 hr. The VLDL was collected in the 
upper 4 ml of the tube after centrifugation, and no 
material absorbing at 280 nm could be detected in the 
rest of the tube contents. When VLDL was isolated by 
ultracentrifugation of hypercholesterolemic plasma at a 
density of 1.006 g/ml and examined by analytical ultra- 
centrifugation at a density of 1.21 g/ml, some HDL was 
found in three cases. This contamination was not detect- 
able when VLDL was isolated by raising the density of 
plasma to 1.019 g/ml with KBr. The purified LDL and 
HDL appeared free of contamination with other lipopro- 
teins or plasma proteins when examined by analytical 
ultracentrifugation and gel electrophoresis. 

The purified lipoproteins were dialyzed for 48 hr 
against 0.15 M NaCl buffered with 5 mM Tris-HC1, pH 
7.4, containing 0.5 mM EDTA. The lipoproteins were 
stored at 2°C until used. 

Preparation of lipid-free apolipoproteins 
The dialyzed lipoproteins were delipidated with 

ethanol-acetone as previously described (9). The lipid- 
free protein residue was dissolved in 8 M urea adjusted to 
pH 11 with NH40H. Protein recoveries of better than 
70% were consistently obtained after delipidation. 

Analytical ultracentrifugation 
Flotation analysis of the total lipoprotein fraction with 

density less than 1.210 g/ml isolated from plasma of 
individual animals was carried out using the procedure of 
Del Gatto, Lindgren, and Nichols (10). Concentrations 

(70) were calculated with the aid of a calibration cell. 
Flotation rates are given as F (1.21) values at 2OOC. 

Gel electrophoresis 
Agarose electrophoresis was performed using 1 % 

(w/v) agarose dissolved in 50 mM Tris-HC1, pH 8.4; 4 
ml of the melted gel was placed on microscope slides. 
The samples (2 pl) were placed in 5-mm-long slits. The 
electrode compartments contained 50 m~ sodium bar- 
bital buffer (pH 8.6). 

When the mobilities of two fractions were compared, 
both fractions were placed in the same slide and all sam- 
ples contained bromophenol blue to check the homo- 
geneity of the analyses. Analytical polyacrylamide gel 
electrophoresis was carried out in a water-cooled vertical 
cell. The gels were prepared from cyanogum-41 (E-C 
Apparatus Corp., Philadelphia, Pa.). The conditions and 
compositions of the gels are given in the figure legends. 

Immunological procedure 
Antisera were prepared against pooled lipoproteins 

obtained from five control and five experimental rabbits 
maintained on their respective diets for 3 wk. White 
leghorn chickens were given weekly intramuscular injec- 
tions with 1 ml of lipoprotein containing 2-6 mg of pro- 
tein over a 4-wk period. After a 2-wk interval the chickens 
were given one additional intravenous injection. Im- 
munoelectrophoresis and double immunodiffusion were 
carried out according to the methods described by Ouch- 
terlony ( l l ) ,  using agarose instead of agar. Quantitative 
immunoelectrophoresis was carried out using the pro- 
cedure of Clarke and Freeman (1 2). 

Peptide mapping 
2 mg of freeze-dried apolipoprotein was taken up in 1 

ml of constantly boiling 5.4 N HCl. The sample was then 
placed in a tube which was sealed and kept for 48 hr at 
37°C. At the end of this period the hydrolyzates were 
lyophilized and the residues were dissolved in water. 
Aliquots of these hydrolyzates (50 p1) were spotted on 
silica gel plates 500 p thick; the peptides were electro- 
phoresed in one dimension and then chromatographed 
in a second dimension (13). During electrophoresis and 
chromatography the plates faced each other, and the 
origin was selected to produce mirror images. This pro- 
cedure was found to give more reproducible maps. 

Methanolysis and gas-liquid chromatography 
Triglycerides, phospholipids, and cholesteryl esters 

were separated by thin-layer chromatography. After the 
transmethylation of each lipid class according to the 
method of Kates (14), the fatty acid composition was 
determined by gas-liquid chromatography. 

62 Journal of Lipid Research Volume 14, 1973 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


Chemical procedures 

Analyses of the lipid components of liver and lipopro- 
tein fractions were performed on the chloroform phase 
of a lipid extract (15). Cholesterol and its esters, after 
separation by thin-layer chromatography, were mea- 
sured by the procedure of Bowman and Wolf (16). 
Phospholipids and glycerides were estimated as pre- 
viously described (13). 

Incubation procedure to evaluate leucine 
incorporation into proteins 

Rabbits fasted for 18 hr were anesthetized with ether. 
The livers were removed, rinsed in saline, and lightly 
blotted, and slices weighing 200-600 mg ( f 0.1 mg) were 
cut with a Stadie-Riggs microtome. The incubation was 
carried out in 5 ml of Krebs-Ringer phosphate buffer, 
pH 7.4, containing 5 mg of D-glucose and 7.7 m~ K +  
according to Judah and Nichols (1 7). 

Prior to the addition of 2-4 pCi of uniformly labeled 
[14C]leuci~~e (New England Nuclear, sp act 262 mCi/ 
mmole), all the vessels were preincubated on a Dubnoff 
metabolic shaker at 37°C for 30 min. After the addition 
of L- [14C]leucine, the incubation was carried out in 95% 
oxygen for 2 hr. The reaction was terminated by addition 
of 3 ml of 2.5% unlabeled leucine, and the samples were 
immediately homogenized in a motor-driven tissue 
grinder. Unlabeled rabbit plasma (1 ml) was added to the 
homogenates to act as carrier, and the mixture was trans- 
ferred to the ultracentrifuge tubes. The density was 
adjusted to 1.050 g/ml with solid KBr. This density 
assures that most of the LDL and all of the VLDL is 
isolated with no detectable contamination with HDL. 
The ultracentrifugation was carried out twice for 24 hr 
at 105,536 g and 15°C in a 50-Ti Spinco rotor. The 
lipoprotein contained in the upper 2 ml from the last 
centrifugation was precipitated with cold 5% trichloro- 
acetic acid. After 10 min the samples were filtered 
through a GF/A Whatman filter and washed twice with 
ethanol, ethanol-ether 1 :1 (v/v), and finally with ethyl 
ether. This delipidation procedure is designed to remove 
the trichloroacetic acid and radioactivity associated with 
lipids. After drying in the oven at 40"C, the glass fiber 

filters containing the protein samples were placed into 
liquid scintillation vials and counted. The samples were 
counted long enough to secure a standard error of less 
than 5%. To assay if the radioactivity measured was 
associated with apolipoproteins of the fraction with d 
1.050 g/ml, the lipoproteins from two incubation experi- 
ments with liver slices from cholesterol-fed rabbits were 
isolated in the presence of carrier plasma and delipidated 
as described above. 1 mg of apoprotein obtained was dis- 
solved in buffer containing 8 M urea and 0.1% sodium 
dodecyl sulfate and electrophoresed in a preparative 
polyacrylamide gel slab. After electrophoresis, the gel 
was stained and scanned at 600 nm. The gel was sliced 
into 20 pieces, 0.5 cm, which were dissolved in 1 ml of a 
1 :1 (v/v) solution of 30% HzOz and HzO. The dissolved 
fractions were then added to 10 ml of Instagel counting 
solution (Packard Instrument Co., Downers Grove, 
Ill.) and counted. 

RESULTS 

The concentration of plasma lipoproteins from rabbits 
fed the high cholesterol diet for 3 wk was established by 
analytical ultracentrifugation. The results are presented 
in Table 1. It can be observed that a marked increase in 
the concentration of VLDL plus LDL occurred with no 
appreciable changes in HDL. In cholesterol-fed animals 
there was an extension of the upper limit of the flotation 
range of the VLDL plus LDL fraction. In another experi- 
ment, plasma lipoprotein analysis was performed in four 
individual animals 4 and 8 days after the start of feeding 
either the control or cholesterol-containing diet. As early 
as 4 days after the beginning of the experimental diet, the 
lipoproteins with d < 1.063 g/ml rose from 65 to 229 
mg/l00 ml of plasma in one rabbit and from 18 to 87 
mg/100 ml in the second rabbit. After 8 days these lipo- 
proteins reached values of 711 and 182 mg/100 ml, 
respectively. In Fig. 1 the results of this typical experi- 
ment are illustrated. It can be observed that there is little 
change in the lipoprotein pattern of a rabbit fed the con- 
trol diet for 8 days, but sharp changes took place in con- 
centration and flotation ranges of lipoproteins with F 

'TABLE 1. Ultracentrifugal analysis of plasma lipoproteins from rabbits fed a high 
cholesterol or a control diet for 21 days 

VLDL + LDL HDL 
Maximum Maximum 

Sf Range Ordinate mg/lOO ml Sf Range Ordinate mg/lOO ml 

134 i 8 Controls 28-70 41 23 f 30 0-1 2 4.0 
(8  animals) 
Cholesterol-fed 33-350 46 848 f 200 0-1 1 4 .5  122 f 21 
(6 animals) 

a Averages f SD. 
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FIG. 1. Ultraccntrifuqal pattcrn of rabbit plasina lipoprotcins. 
Flotation analysis of lipoprotrins with drnsity Icss than 1.21 g/inl 
froiii a control rahhit: A. at thr iniiiatioii of thr control dirt; h’. 
aftrr 8 days on dirt. Lipoprotrins froin a rabbit fcd a hiqh cho- 
Irstrrol diet: C, at the brqinninq of thr dirt; I ) ,  aftrr 8 days on the 
dirt. This last pattern was obtained froiii thr fraction of tl < 1.210 
g/inl dilutecl twofold in order to vistializr the largr low density 
componrnts; for this reason the 1lDI. prak appran sinallrr than in 
pattern C. 

(1.21) values abovc 14 in a rabbit fccl thc hypercholes- 
terolemic diet for 8 days. 

Results of chemical analysis of plasma lipoproteins 
from rabbits fcd the cholcstcrol diet for 21 days are prc- 
sented in Table 2. Thc most noticcable changes wcre a 
marked incrcasc in thc contcnt of cholesterol, both free 
and cstcrificd, of the cl < 1.019 lipoprotcin fraction and a 
decrcase in thc content of glyccridcs in this fraction. It is 
shown that the proportion of protcin in VLDL of thc 
cholcstcrol-fed group is lowcr than that of the controls. 
Apart from thc incrcasc in pcrcentagc of cstcrificd 
cholesterol, no othcr cliffcrcnccs wcrr clcmonstratcd 
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bctwccn the LDL composition of control and trcated 
animals. 

Livcr lipids of rabbits fccl cholesterol for 25 days cx- 
hibited a large incrcasc in concentration of cholesteryl 
cstcrs, as indicated in Tablr 3. In Table 4 is presented the 
fatty acicl cornposition of cholcstcryl esters from plasma 
and liver. In plasma thc rclativc content of cholestcryl 
olcatc was highcr and that of cholesteryl linoleate was 
lowcr in cholcstcrol-fcd animals than in controls. How- 
ever, in absolutc terms all cholcstcryl csters, cxccpt per- 
haps cholcstcryl arachiclonatc, wcrc clcvated in plasma of 
hypcrcholcsterolcrnic rabbits. In liver the major change 
induced by cholcstcrol fccclinq in the composition of 
cholestcryl cstcrs was an incrcincnt in cholcstcryl oleate. 

Thc study of lipoprotein biosynthcsis by liver in the 
presence of an altcretl lipid cornposition is of importance. 
Results of the incorporation of ~- [~~C]lcuc inc  into lipo- 
protein fractions by incubated liver sliccs are presentecl in 
Table 5. Two of four rabbits fed the cholesterol diet for 1 
wk showcd an incrcasccl rate of incorporation of [“C]- 
lcucinc into thc lipoprotcins. By thc cncl of the sccond 
week this incrcasc was vcry rlcar in thrce out of five 
animals. The close corrcsponclencc between the densito- 
metric tracing of thc polyacrylamidc gcls of apolipopro- 
teins from thc cl < 1 .050 g/ml lipoproteins and thc distri- 
bution of radioactivity (Fig. 2) confirm that the radio- 
activity measurccl is that incorporated by the slices into 
the protcin moiety of thc lipoproteins. S o  differences 
were detected in the incorporation of [i4C]leucine into 
plasma proteins in the fraction with d < 1.21 g/ml from 
control ancl cholesterol-fctl animals. 
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TABLE 2. Perccntaqe composition of plasma lipoproteins isolated from control rabbits and rabbits frd thr 
cholatcrol-containinq diet for 21 days 

~ _ _ _ ~  

Free Esterified 
Protein Phospholipids Glycerides Cholesterol Cliolcsterol 

1,ipoprotrins with dcnsitv < 1.019 q/ml 
Control (5)- 19.5 f 3.2b 17.2 f 2.5 54.1 f 4.7 8 . 9  f 0.9 4.3 f 0.9 
Cholesterol-frd (5) 9 .9 f 1.0 22.1 f 3.7 15.1 f 2 .5  12.4 f 2.7 40.3 f 1.8 

Cholcstrrol-fcd ( 5 )  26.7 f 4.7 23.7 f 2.2 8.7 f 2.8 12.9 f 1.2 33.5 f 2.9 

a The nuiiiher of rabbits is indicatcd in parenthacs. 
b Ilrans f SO. . \I1 valurs arc prrcentaers. 

Lipoprotrins with density 1.019-1 .063 g’ml 
24.4 f 2.0 Control ( 5 )  28.1 f 2.2 26.5 f 0 . 8  11.9 f 1.8 9 . 1  f 1.0 

T.AR1.E 3. Liver lipid coinposition of rabbits fed a hiqh cholcstcrol or a control dirt for 15 days 
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Cholescerol 
I _  

Glyceridcs Total Esien Phoqpholipids 

mg/g fissw UKI WI (mean f SE) 
Control (5)a 3.5 f 0 . 9  2.6 f 0.4 0 .8  f 0 . 2  16.4 f 0.7 
Cholcstrrol-frd (7). 8.7 f 1.9 11.1 f 1.2 7.5 f 0 .9  16.5 f 0 .8  
P 0.01 < 0.001 < 0.001 0 .1  

0 Nuinber of animals. 
b Studcnt’s r trst .  
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TABLE 4. Composition of fatty acids in cholesteryl esters of liver and plasma from rabbits fed a control or a 
cholesterol-containing diet for 15 days 

16:Oa 1 6 : l  18:O 18: 1 18:2 18: 3 2 0 : 4  

% of total fatty acih 
Plasma 

Control (5;b 1 8 . 1 ~  f 1.1 3.8 f 1.0 3.6 f 0 . 2  22.2 f 0 . 6  49.7 f 2 . 5  1.6 f 0 . 3  2.1 f 0 . 3  
Cholesterol-fed (7) 16.1 f 1 . 5  3.2 f 0.3 5.3 f 0.4 40.6 f 1 . 8  32.1 f 1.1 2.1 f 0 . 3  0 . 3  f 0 .1  
Pd 0.001 0.001 0.001 

Control (4) 20.5 f 0 . 9  3 .7  f 0 . 7  8 . 6  f 1 . 2  36.3 f 1 . 4  25.9 f 1.6 3 . 1  f 0 . 7  2 . 1  f 0 . 3  
Cholesterol-fed (7)  15.7 f 1 . 9  3.7 f 0 . 3  4.2 f 0 . 4  48.5 f 4 .1  25.2 f 1 .4  1 . 6  f 0 . 2  0 . 6  f 0.2 
Pd 0.02 0.01 

Liver 

a Number of carbon atoms: number of double bonds. 
* The number of animals is in parentheses. 
c hleans f SE. 

d Significance of difference, Student's t test. 

TABLE 5. Incorporation of ['4Clleucine into d < 1.050 
lipoproteins by liver slices from control and 

cholesterol-fed rabbits 

Days on 
Diet Control Cholesterol-fed 

6 M . p  

7 7.112 11.303 
9.856 10.519 
5.396 5.907 
4.690 5.534 

21 3.300 13.940 
3.210 13.000 
1.350 10.000 
1.210 2.590 

830 1.060 

0 The figures represent cpni,/g of wet tissue for a 1-hr incubation. 

Electrophoresis of purified lipoproteins 
Fig. 3 presents the results of agarose electrophoresis of 

purified VLDL and LDL from control and experimental 
animals fed the cholesterol diet for 3 wk. Freshly pre- 
pared VLDL-c shows a p r e p  mobility and LDL-c a p 
mobility. On the other hand, VLDL-hc has mobility 
similar to LDL-c. No differences in the electrophoretic 
behavior of LDL from control or cholesterol-fed rabbits 
could be detected. 

Immunological properties of purified 
lipoproteins 

Anti-VLDL-hc sera gave common precipitin lines 
with VLDL-hc, VLDL-c, LDL-hc, and LDL-c (Fig. 4). 
Also in Fig. 4 are shown the precipitin arcs given by 
anti-LDL-c sera reacting against VLDL-hc, VLDL-c, 
LDL-hc, and LDL-c. No reaction was observed between 
the above antisera and HDL-c or HDL-hc. When lipo- 
protein-specific antisera were reacted with total rabbit 
plasma, only the arcs corresponding to LDL or VLDL 
were present in immunoelectrophoretic experiments. 
y-Globulin isolated from anti-VLDL-hc serum (1 8) was 

adsorbed with LDL-hc. After separation of the immuno- 
precipitate, the supernatant y-globulin failed to react 
against LDL-c, LDL-hc, VLDL-c, and VLDL-hc. These 
results indicate that the particles present in LDL-hc and 
VLDL-hc contain common antigenic determinants, and 
the anti-VLDL-hc 7-globulin used in this study cannot 
detect VLDL lipoproteins with segregated antigenic 
characteristics. 

Quantitative immunoelectrophoresis 

Quantitative immunoelectrophoresis was used to 
follow in four rabbits the changes in the immunoelectro- 
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FIG. 2. Densitometric tracing and radioactivity after preparative 
polyacrylamide gel electrophoresis of apolipoproteins obtained 
from carrier plasma combined with the fraction of d < 1.050 g/ml 
from liver slices incubated with [14C]leucine. The continuous line 
represents the absorbance of the stained gel, and the broken line is 
the radioactivity present in 0.5-cm-long slices obtained from the 
same gel. 
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FIG. 5. Quantitative immunorlrctrophorcsis of rahhit plasma 
lipoprotrins. Pattrrns arc from plasma of two rahhits ( A  and B )  fcd 
the hypercholrstrrolrmic diets for 0 days ( 1 ) .  4 diivs (2) ,  antl 8 days 
(3). The cholesterol lrvrls wcrr 100, 500, and 850 mq/100 ml, 
respectivelv. Thr Rrl usrd for thr rlcctrophorcsis in the second di- 
mrnsion containrcl anti-VI .D1 A c  chickrn antiscrim. 

terns 2 and 3) suggest that although the plasma choles- 
terol concentration increased from 500 to 850 mg/l00 ml 
there was not a proportional increase of the protein par- 
tion Of the lipoprotein. These results indicate that the 
main antigenic lipoprotein protein increases rapidly in 
the first days of the diet, reaching a plateau at  plasma 
cholesterol levels of approximatcly 500 mg/100 ml. The 
data suggest, thcrcforc, that an incrcmcnt of plasma 
cholesterol above this value is produced by the presence 
of lipoproteins with lipid-to-protein ratios higher than 
those of the VLDL prcscnt a t  the beginning of the diet. 
These results are in agreement with those obtained by 
analytical ultraccntrifugation and analysis of the isolated 
fractions. 

Comparison of the apolipoprotehs 

The electrophoretic behavior of totally delipidated 
VLDL, LDL, and HDL isolated from rabbits maintained 
on the experimental or control diets for 3 wk is compared 
in Fig. 6. 

In gels containing 8 M urea (Fig. 6A), ap0VLDL-c and 
a p o ~ L ~ ~ - h c  hac] a fast component with similar mobil- 
ity, although a slower protein component present in 
apoVLDL-hc was not observed in apoVLDL-c. The 
electrophoretic patterns of apoHDL-c and HDL-hc were 
indistinguishable. The incorporation of sodium doclecyl 
sulfate into the running gels resulted in better resolution. 
Fig. 623dcmonstratcs that apoLDL-c, apoVLDL-hc, and 
apoVLDL-c hacl a protein that barely entcrcd the gel. 
LDL-c and VLDL-hc had two other bands with similar 
mobilities not visible in VLDL-C. However, VLDL-c and 
VLDL-hc both contained a fast-moving protein not pres- 
ent in LDL. In 8% gels containing 6 M urea and 0.2% 
sodium dodecyl sulfate (Fig. bC), the apolipoproteins 
were further resolved. In this system apoLDL-c and 
apoVLDL-hc had several bands in common. On the 

Fro. 3. :\garox r!rctrophorcsis of rahhit plasma and purified 
lipoproteins. Slidr /: samplr A, V l , l ) l , c ;  samplc B, plasma from a 
control rahhit. Slidr 2: s;iiiiplr A,  l.Ill.-c; sample R, plasma from a 
hyprrcholcstrrolririic rahhit. Slick . 3 :  samplr A,  VI.DL-hc; sample 
B, IBL-hc. Slide . i:  sample A, VLDLc;  sainplc R,  VLDLhc. 

FIG. 4. Double inimr~nodilTusion in aqarose gels. The center wells 
contained : A ,  anti-VLDLhc serum; / I ,  anti-VI-DLhc swum; C, 
anti-VLDIA: serum; antl I ) ,  anti-VLlll,c serum. Thc outer wells 
contained: A-7, A-2, and A-3, VI.DI,c; A-4, A-5, and A d ,  VLDL 
hc; B-I,  B-2, and B-.?, l , l M ~ ;  / I - . : ,  B-5, and B-6, I,DI,-hc; C-1, 
C-2, and C-?, V1JX-c; C-4, C-5, and C - 6  VLDI.-hc; 0-7, 0-2, 
and IL?, LDLc;  and fl-1, D-5, and D-6, l,Dl.-hc. 

phoretic properties of thcir lipoproteins. Fig. 5 presents 
the results obtained for two rabbits at 0, 4, and 8 days 
after the beginning of feecling the hypcrcholesterolcmic 
diet. These animals hacl levcls of plasma cholesterol of 
approximately 100, 500, and 850 mgjl00 ml at  the time 
of bleeding. The antiserum used in all cases was anti- 
VLDL-hc. The change in the immunoelectrophoretic 
propertics of the reacting lipoproteins can be observed as 
well as the rapid increase in thcir concentration after 4 
days (pattern 2). Mcasuremcnts of the peak areas (pat- 
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FIG. 6. Polyacrylamide gel electrophoresis of apolipoproteins. 
A: gel 45; cyangum-41 in 0.37 M Tris-IICI, pH 9.0, 8 M urea, 
stained with amido black; I ,  apoVI.DI.-he; -7, apoV1,DLc. n: gel 
6"; cyanmm-41, 0.37 M Tris-HCI, pH 9.0, 8 H urea, and 0.2"h 
sodium dotlecyl sulfate, stainrd with amido black; 1, apo1,DL-c; 
2, apoVI.DL-hc; .?, apoV1,DL-c. In A and B the electrode bulfer 
was 40 m\r Tris-glycine, pl-l 8.4. C: gel arb cyanqrim-41 in 0.1 M 
phosphate buflcr, pH 7.4, containing 6 M urea and 0 . 2 5  sodium 
dodecyl sulfate, stained with Cwmassie brilliant blue; I ,  apo1,DLc; 
2, apoVLDL-hc; .3, apoHD1-c. 

other hand, apoHDL-c showed no ma,jor componcnts 
with mobilities similar to those of apoLDL-c and apo- 

To explore further the similarities of the major protein 
constituents of VLDL-hc and LDL, suggested by immu- 
nological studies and gel electrophoresis, pcptide maps of 
the apolipoproteins wcre obtainccl. Gel filtration analysis 
indicated that the peptides resulting after controlled 
partial acid hydrolysis contained two to eight amino 
acids. The peptide maps of apoLDL-c and apoVLDL-hc 
appear very similar except for those spots marked X on 
thc map corresponding to apoVLDL-hc (Fig. 7). 

VLDL-hc. 

DISCUSSIOS 

The results prcsentcd indicate that cholcstcrol fecding 
produces in rabbits a rapid modification of lipoprotein 
concentrations. Huang and Kako (8) have observed an 
early increasc in plasma cholesterol concentrations in 
rabbits after initiation of a hypercholcsterolcmic diet. As 
suggested by Gofman et al. (l), such an increase in 
plasma cholcstcrol could be the rcflcction of either an 
elevation in thc concentration of normally occurring 
lipoprotcins or the assembly of ncw lipid-carrying mac- 
romolecules structurally differcnt from thosc found in 
normal animals. The change in lipid composition, as 
pointed out previously by Schumaker (2), is most marked 
in the VLDL fraction. Analysis of thc apolipoproteins of 
control and cxpcrimental rabbits indicatccl that in nor- 
mal rabbits VLDL and LDL have a major protein com- 
poncnt in common and some proteins which arc charac- 
teristic of cach fraction. In the animals fed the high 
cholesterol dict for 3 wk, the protcin components typical 
of LDL wcrc also found in thc lipoprotrin with clcnsity 

FIG. 7. Peptide maps of partial hydrolyzatrs of apolipoproteins. 
Silica pel C plates, 500 p. air-drird. Electrophoresis buffer. pyri- 
dine-acrtic acid-watrr 2:20:  1000 (v/v/v). Chromatography 
solvent, dxitanol-acetic acid-watrr 60:20:20 (v! v,'v). A, apo- 
WADI,-hc; R, apol,Dl.-c. 

less than 1.019. These results suggcst that in hypcrcholcs- 
terolemic animals, the VLDL fraction is made up of 
lipoprotcins with the apoprotcins of nornial LDL but 
with a highcr lipid-to-protcin ratio which caused thcm 
to be collcctcd in thc usual dcnsity rangc of a normal 
VLDL. Schumakcr (2) and Huang and Kako (8) have 
found that VLDL from hypercholesterolemic rabbits is a 
poor substrate for lipoprotein lipase, ancl it  has bcen 
suggcstcd (8) that pcrhaps this VLDL was structurally 
more rclatccl to LDL. Our results give cxpcrimental 
basis to this suggestion. Studying the ,V-tcrminal amino 
acids of lipoproteins from long-term cholesterol-fed 
rabbits, Shore and Shore (19) found no large qualitative 
or quantitative changes. Our results explain thcsc find- 
ings; high cholesterol diets lead to an increased concen- 
tration of lipoproteins with dcnsity less than 1.063 with 
changes in their lipid composition, but with the ma.jor 
apoproteins normally present in this fraction. I t  is of 
interest that in the control rabbits some protein com- 
ponents of VLDL and LDL appcar to bc similar, but no 
ma,jor apoprotein from HDL could be clctcctcd in VLDL. 
This situation contrasts with that found in rat and man, 
whcrc VLDL contains substantial amounts of thr apo- 
protein present in HDL (20,21). 

Thc incrcased incorporation of L- [14C]Ieucinc into 
lipoproteins with density less than 1.050 in cholesterol-fcd 
rabbits suggcsts that one of thc factors leading to hyper- 
cholestcrolcmia is an enhanccmcnt of the lipoprotein 
biosynthetic mechanism in rcsponsc to an increased 
intracellular cholcstcrol concentration. 

Scvcral invcstigators have shown that long-term 
cholcstcrol fccding in rabbits (22), dogs (23), and rats 
(24) causcs an altcration of the fatty acid composition of 
livcr ancl plasma cholesteryl cstcrs, characterizcd by an 
increased 18:1/18:2 ratio. Wc observed a similar altera- 
tion in rabbits fcd a high cholcstcrol dict for 2 wk. The 
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significance of this rapid change should be investigated 
further. 

As a whole, our  results stress the necessity for careful 
studies of the early effects of cholesterol feeding in cell 
metabolism to advance our knowledge about the influ- 
ence of dietary modification on lipoprotein structure and  
metabolism. 
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