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Abstract. Both Wistar and Sprague-Dawley rat strains have been used for experimental 
studies on lipoprotein metabolism, although the lipoprotein characteristics of the former 
strain are less well known than those of the latter. We have defined more precise 
conditions for separating by density gradient ultracentrifugation the different lipoprotein 
classes from plasma of young male Wistar rats. Present results confirm that Wistar rats, 
like other rat strains, have negligible amounts of low density lipoproteins and levels of 
very low density lipoproteins much lower than high density lipoproteins. The differences 
between rat strains appeared in the profile of lipoprotein denser than 1.08 g/ml. In fact, 
we showed Wistar rats have considerable amounts of high density lipoprotein-3 subfrac- 
tion with a density range between 1.17 and 1.21 g/ml, a mean diameter of 4.9 nm, and 
a low cholesterol content. In analogy with the Sprague-Dawley strain, Wistar rats had a 
small proportion of high density lipoprotein-1 subfraction (about 17% of total lipopro- 
teins) and, at variance, in Wistar rats, we did not observe the presence of the so-called 
very high density lipoprotein fraction described previously in the Sprague-Dawley 
strain. [P.S.E.B.M. 1993, Vol2041 

art of present knowledge on lipoprotein metabo- 
lism, especially that concerning hepatic uptake P and secretion of lipoprotein lipids, derives from 

studies performed with rats (1-6). This explains why, 
in some cases, results of these studies have been extrap- 
olated to other mammalian species notwithstanding the 
peculiarity of rat lipoprotein composition and its vari- 
ability in relation with the animal's age (7, S), sex (9, 
lo), and strain ( 1 1, 12). 

Rat lipoprotein metabolism has been studied prev- 
alently in young male animals of either Wistar or 
Sprague-Dawley strains. However, information on the 
rat lipoprotein profile mostly derives from Sprague- 
Dawley animals. This profile is characterized by the 
presence of both a very high density lipoprotein 
(VHDL) fraction and a high density lipoprotein (HDL) 
fraction rich in apolipoprotein-E, identified as HDL 1 

'To  whom requests for reprints should be addressed at Istituto Superiore 
Sanita, Viale Regina Elena, 299, 00 16 1 Roma, Italy. 

Received September 21, 1992. [P.S.E.B.M. 1993, Vol 2041 
Accepted June 2, 1993. 

0037-97271931204 1 -0090$3.00/0 
Copyright 0 1993 by the Society for Experimental Biology and Medicine 

fraction ( 13- 15). The presence of an HDL1 fraction 
has been reported in the Osbourne-Mendel strain ( 16), 
while there are conflicting data in previous reports on 
the presence, quantity, and characteristics of this frac- 
tion in Wistar rats (17, 18). Furthermore, in Sprague- 
Dawley as well as in other strains, some points, e.g., the 
exact contribution of low density lipoprotein (LDL) 
and HDL3 fractions, are still controversial (4, 11, 19). 

In this study, we examined in detail the lipoprotein 
composition of 3-month-old male Wistar rats because 
of our interest in understanding the mechanisms by 
which the liver metabolizes and secretes into bile the 
steroids taken up from plasma lipoproteins in the ani- 
mals (1-3). The method used here for separating ho- 
mogenous lipoprotein fractions was gradient ultracen- 
trifugation (UC) of male Wistar rat plasma. This gave 
a density profile of lipoproteins useful for determining 
density boundaries required for a correct lipoprotein 
separation by sequential UC, which still remains the 
most widely used method for routine separation of 
lipoproteins, particularly when they are required for 
preparative use. The fractions pooled from the gradient 
UC have been physically and chemically characterized 
in this study. 
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Materials and Methods 
All the chemicals and solvents were of analytical 

grade (Farmitalia Carlo Erba, Milano, Italy). Enzymatic 
kits for the assay of triglycerides and free and total 
cholesterol were purchased from Boehringer Mann- 
heim Italia (Milano, Italy). 

Animals and Plasma Preparation. Male Wistar 
rats with an average weight of 275 f 20 g were pur- 
chased from Charles River Italia (Calco-Como, Italy). 
The animals were subjected to 24-hr light cycling (12 
hr of light and 12 hr of darkness) and were allowed free 
access to water and commercial rodent diet (a single 
batch of Diete Standard by Mucedola Srl, Settimo 
Milanese, Milano, Italy) for at least 1 month before 
beginning the study. The distribution of rough protein, 
fat, and cellulose in the diet was 18.5%, 3%, and 6%, 
respectively. The animals were fasted for about 1 hr 
before being sacrificed by decapitation. The blood was 
collected in plastic tubes containing 3 mg/ml of EDTA 
as anticoagulant. Plasma was immediately separated by 
low-speed centrifugation at 4°C. 

Lipoprotein Fractionation. Plasma lipoproteins 
were separated by gradient ultracentrifugation with the 
discontinuous gradient described by Chapman et al. 
(20). Briefly, 3 ml of plasma, brought to the density of 
1.21 g/ml with NaBr, were layered over 2 ml of a 
solution at the density of 1.24 g/ml. Next, 2 ml, 2.5 ml, 
and 3 ml of solutions at densities of 1.21, 1.063, and 
1.006 were layered, in that order. The tubes were trans- 
ferred into the buckets of an SW 41 Ti rotor and were 
centrifuged for 20 hr at 40,000 rpm at 22°C using a 
Beckman L-70 ultracentrifuge. After centrifugation, the 
tube was placed in an apparatus for gradient fraction- 
ation produced by Hoefer Scientific Instruments (San 
Francisco, CA). The gradient was displaced upward by 
a solution of NaBr with density of 1.34 g/ml pumped 
into the bottom of the tube at the flow rate of 0.2 ml/ 
min. The gradient passed through the flow cell of a uv 
detector set at 280 nm (Monitor UV-M; Pharmacia, 
Uppsala, Sweden) before it was collected in preweighed 
tubes with a fraction collector. 

Experimental Protocol. Each preweighed tube was 
weighed again after gradient collection. From the weight 
difference and the volume, an approximate density was 
calculated for each tube. An aliquot of 130- 150 p1 was 
taken from each tube for the determination of protein, 
free and total cholesterol, and lipid phosphorous. The 
lipoprotein fractions were collected by pooling the tubes 
according to the above-mentioned analyses, and their 
chemical and physical characteristics were determined. 
Specifically, triglyceride, free and total cholesterol, total 
protein and apoprotein distribution, and lipid phospho- 
rous concentrations were measured. For the physical 
determinations, each pooled fraction was extensively 
dialyzed overnight at 4°C against a solution containing 

0.14 M NaCl and 0.00 1 M sodium azide. The fractions 
were submitted to electron microscopy (EM) and gel 
permeation chromatography (GPC) examinations. 

Analytical Procedures. The protein content of 
plasma and lipoproteins was determined by Bradford's 
method (21) using bovine serum albumin as standard. 
Free and total cholesterol and triacylglycerols were 
estimated with the enzymatic kits according to the 
instructions given by the manufacturer. The distribu- 
tion of phospholipid classes and their fatty acid com- 
positions were determined in chloroform-methanol ex- 
tracts (22) by thin layer chromatography and gas-liquid 
chromatography, as described previously (23). The per- 
centage of distribution of apoproteins was measured by 
sodium dodecyl sulfate-polyacrylamide gel electropho- 
resis with the PhastSystem (Pharmacia), as described 
previously (24). The percentage of distribution of C 
apoproteins, in a few selected samples, of lipoprotein 
fractions was determined by isoelectric focusing, as 
described by Fidge and Nestel (25), with the modifica- 
tions required to perform the electrophoretic separation 
with the PhastSystem. Briefly, the PhastGel slab was 
washed for 10 min in bidistilled water and dried under 
a gentle air steam. Then, the slab was swollen for 1 hr 
into 2 mA4 Tris-HC1 buffer (pH 7.4) containing 8 M 
urea, 30% glycerol, and 2% ampholine (pH 4-6; Phar- 
macia-LKB). The delipidated lipoprotein sample was 
resuspended in 20-40 pl of 10 mA4 Tris-HC1 buffer (pH 
7.4) containing 6 M urea, 1% sodium dodecyl sulfate, 
and 1.6% ampholine (pH 4-6). The electrophoretic 
conditions included a prerun (1000 V, 2.0 mA, 15"C, 
for 75 V-hr) followed by two runs, 200 and 1000 V, 
lasting 15 and 700 V-hr, respectively. The protein stain- 
ing was performed with Coomassie blue R350 accord- 
ing to the standard technique for isoelectric focusing 
with PhastSystem (PhastSystem Development Tech- 
nique, File No. 200). 

A drop of the dialyzed fraction was observed by 
transmission EM after staining with sodium phospho- 
tungstate (26). Observations were made at 50,000 times 
magnification with a Zeiss EM 1 OC electron microscope 
operating at 60 kV. Particle size was assessed using 
micrographs in a field of 500-1000 particles counted 
on a final print at 150,000 times magnification. Finally, 
each dialyzed fraction was analyzed by GPC with a 
TSK G3000SW, 600 x 7.5-mm column (Ultropack, by 
Pharmacia) using a 0.14 M sodium phosphate buffer 
(pH 7.5) as mobile phase at the flow rate of 0.7 ml/ 
min. The eluate was monitored with a refractive index 
detector (model 156; Beckman). 

Results 
The typical elution profile, by uv monitoring at 

280 nm, of male Wistar rat plasma lipoproteins sepa- 
rated with gradient UC is shown in Figure l A. In Figure 
IA, the line extrapolated through the density values 
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Figure 1. Typical fractionation of lipoproteins from plasma of young 
male Wistar rat by ultracentrifugation with a discontinuous gradient 
of sodium bromide. (A) Profile of gradient elution obtained with a uv 
detector set at 280 nm. The straight line superimposed on the elution 
profile indicates the variation of density (measured at 20°C) as results 
from the extrapolation of density values obtained in each tube. The 
six pooled fractions are indicated by roman numbers. (B) Profile of 
gradient elution obtained by the determination of protein, total cho- 
lesterol, and lipid phosphorous (calculated as phosphatidylcholine) in 
each tube. In A and B, arrows evidence the limits of the different 
pools created for further analyses. 

found for each tube is also shown. Figure 1B shows the 
elution profiles obtained by individual measurements 
of protein, total cholesterol, and phospholipid (calcu- 
lated from lipid phosphorous assay) concentrations in 
each tube. In Figure 1, A and B, arrows indicate the 
limits used for pooling the six different fractions whose 
physical and chemical characteristics have been deter- 
mined and described below. 

The density intervals of collections, the percentage 
of distribution, and the total concentration of the major 
components measured in each of the six pools collected 
after gradient UC are shown in Table I. The results of 
apoprotein analysis by sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis in each of these pools 
are reported separately in Table 11. Table I reports the 
distribution of the apoprotein C group determined by 

isoelectric focusing electrophoresis in the pooled frac- 
tions rich in apoproteins. In a few cases, we also ana- 
lyzed the distribution of phospholipid classes and their 
fatty acid distribution (based on the degree of unsatu- 
ration) in each of these pools (Table 111). 

The relevant differences in the composition of each 
pool are clearly shown by the molar ratios reported in 
Table IV. Specifically, the molar ratio between the 
major surface lipids (i.e., free cholesterol and phospho- 
lipids) and the molar ratio between core lipids (i.e., 
cholesteryl ester plus triglyceride) and surface lipids 
(i.e., phospholipids) indicate a parallel decrease in both 
free cholesterol and core lipid proportions with increas- 
ing density of the pooled fraction. The last two pooled 
fractions (Lee, Pools V and VI) contain mainly proteins. 
Phospholipids are the only lipid components present in 
an appreciable amount. 

The pooled fractions were analyzed for their ho- 
mogeneity and dimensions by GPC and EM. Figure 2 
shows the chromatographic patterns obtained by GPC 
with the lipoprotein-containing pools (Figure 2 ,  A-D, 
for the lipoprotein pools from I to IV). The chromato- 
grams of protein-rich Pools V and VI are not shown in 
Figure 2.  The GPC analysis demonstrates that the lip- 
oproteins in each pool differ from one another, and 
have some contamination by either larger or smaller 
particles or protein. The apparent molecular weights of 
peaks evidenced in each fraction analyzed were deter- 
mined by calibrating the column with high molecular 
weight standards. 

The EM images and the statistical evaluation of 
particle size of each pooled lipoprotein fraction are 
shown separately in Figure 3 (Pools I-IV). The only 
lipoprotein fraction that did not show a homogenous 
distribution of sizes was Pool I, which contained both 
VLDL and LDL plus a very small proportion of chy- 
lomicron remnants. The protein pools V and VI were 
excluded from this type of examination. 

The results of all physical evaluations made on the 
lipoproteins pooled from gradient UC are summarized 
in Table V. These include the mean density of the 
fraction, the value of appearent molecular weights de- 
termined by GPC, and the sizes determined by EM. 

Discussion 
Despite the fact that the lipoprotein characteristics 

of Wistar rats are not well defined, this strain has been 
used frequently in metabolic studies. This may have 
affected the results obtained, because the lipoprotein 
fractions were prepared by sequential UC with density 
boundaries derived from other strains and species. 
Moreover, reports on the effects of both dietary and 
drug treatments on cholesterol biosynthesis in rats have 
suggested that the use of different rats strains may be 
the cause of some of the inconsistencies found in the 
literature (12, 27). 
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Table 1. Density and Chemical Composition of the Plasma Fractions Isolated by Elution from the Discontinuous 
Ultracentrifugation Gradients" 

Pool Density interval 
(g/ml) 

Protein 
("/") 

Cholesteryl 
ester 
("w 

Free 
cholesterol 

("/") 
Trig1 yceride 

("w 
Phospholipid 

("/4 

Total 
concentration 

(mg/dl) 

I el .05 
II 1.05-1.08 
Ill 1.1 0-1.1 6 
IV 1.1 7-1.21 
V 1.22-1.24 
VI ~1.25 

6.3 f 0.54 
28.9 f 1.35 
34.3 f 3.82 

87.1 f 6.27 
96.3 f 4.34 

41.7 f 5.41 

~~ 

5.0 f 1.51 
23.0 f 1.27 
28.3 f 5.54 
1.3 f 0.89 
0.2 f 0.01 
0.1 f 0.01 

5.4 f 0.65 
12.1 f 0.96 
3.7 f 0.94 
0.1 f 0.04 
0.0 f 0.00 
0.0 +: 0.00 

66.6 f 3.30 
5.9 f 0.33 
1.1 f 0.15 
4.8 f 1.14 
0.3 f 0.06 
0.1 f 0.01 

16.5 f 2.57 
30.1 f 1.61 
32.6 f 1.81 
52.2 +: 7.35 
12.3 f 2.13 
3.4 f 0.61 

63.0 2 9.23- 
88.0 f 8.86 
208.3 k 15.50 
73.9 f 8.28 

1096.5 k 122.70 
933.3 f 77.31 

The results reported are means k SD of five different preparations. 

Table II. Percentage of Distribution of Apoproteins Obtained by Sodium Dodecyl Sulfate-Polyacrylamide 
Gel Electrophoresis of the Six Pooled Fractions Collected after Elution of the Discontinuous 

Ultracentrifugation Gradients" 

I ND ND 9 f 1.1 
II 1 1  f 1.2 1 f 0.1 2 f 0.2 
Ill 56 f 5.9 6 f 0.6 4 f 1.8 
IVb 64 f 2.6 2 f 0.3 19 f 2.1 
V 1 f 0.4 ND 2 f 0.5 
VI ND ND Traces 

Pool APO-C I 113 APO-CII lo APO-CII 
("w ("/o) ("w 

34 f 3.0 57 f 3.2 ND 
78 f 2.5 7 f 0.9 ND 
26 f 1.7 8 f 1.6 Traces 
5 f 0.7 9 2  1.4 1 f 0.2 

ND ND 97 f 1.0 
ND ND 100 k 0.5 

APO-CI 
("/"I 

I 12 f 1.8 50 f 3.8 28 f 2.7 ND 
II 40 f 5.1 25 f 1.9 35 f 3.0 ND 
Ill 30 f 4.0 42 f 2.6 28 f 2.9 ND 
IV 48 f 5.2 27 f 1.6 25 f 2.6 ND 

The percentage of distribution of the apolipoprotein C group obtained by isoelectric focusing in the four pooled fractions rich in apoproteins 
(Pools I-IV) is also reported. These results represent the means k SD of three different determinations. ND, not detectable; traces, below 1 YO. 

In Pool IV, a band appeared with an approximate mol wt of 20,000 that accounted for 6 k 0.8%. 

In this study, the distribution, composition, and 
size of the lipoprotein classes in young male Wistar rat 
were roughly similar to those reported by other authors 
(1 1). Specifically, we have confirmed (by EM and the 
composition of Pool I) that the plasma of Wistar rats 
contains both VLDL and LDL fractions in a proportion 
comprising between 10% and 15% of total plasma 
lipoproteins. These fractions were pooled so that 
enough material for further analyses and manipulations 
was obtained. However, it is clear that it would be 
possible to isolate pure VLDL by using the proper 
density limits when preparing the pools. 

The use of density limits derived from either hu- 
mans or other mammals (1.006 or 1 .O 19- 1.063 g/ml) 
for isolation of the LDL fraction would lead to substan- 
tial contamination with HDL1, which has been found 
in Wistar rats by us and in other strains by other authors 
(13, 16, 28). The use of proper density boundaries 
allowed the isolation of purer fractions, but not com- 
plete separation of LDL and HDLl . In fact, the upper 
limit of the HDLl fraction density overlapped the 

density range of the HDL2 class. The latter fraction, 
which is the main lipoprotein in Wistar rats, showed a 
density range ( 1.08- 1.16 g/ml) quite different from that 
reported for HDL2 either in human or in other rat 
strains (4, 10, 13, 16, 28). The uv absorption profile 
(Fig. 1) of ultracentrifugation gradients showed, at the 
beginning of the protein peak, a shoulder with a density 
of 1.17- 1.2 1 g/ml. This fraction showed physical and 
chemical characteristics suggesting that HDL3 particles 
are present in male Wistar rats, as reported previously 
by other authors (1 8) and by ourselves (1, 3). The size 
of this fraction was in agreement with data in the 
literature (1 8, 28). However, its composition character- 
istics were quite different from those of HDL3 isolated 
from humans and other mammals, being lower in both 
free and esterified cholesterol content. This probably 
caused the differences observed between rats and other 
species in the density limits of this fraction (i.e., 1.17- 
1.2 1 g/ml and 1.12- 1.2 1 g/ml, respectively). The fact 
that Oschry and Eisenberg (4) did not observe the 
presence of HDL3 in the Hebrew University strain is 
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Table 111. Percentage of Distribution of Phospholipid Classes and Their Fatty Acid Composition in the Fractions 
Pooled after Elution from Ultracentrifugation Gradient' 

Phospholipid Fatty acid distribution in each phospholipid class 
Pool 

Class Distribution Saturated Monounsaturated Polyunsaturated 

42.4 (3.8) 
6.8 (0.4) 

43.5 (5.2) 
2.6 (0.5) 
4.7 (0.8) 

36.0 (4.9) 
17.5 (0.6) 
41.3 (3.9) 
2.2 (0.8) 
3.0 (0.6) 
5.0 (3.2) 

13.6 (0.7) 
72.4 (6.1) 

4.1 (0.9) 
14.4 (3.6) 
12.8 (0.8) 
60.0 (5.6) 
7.7 (2.4) 
5.1 (0.8) 

41.5 (2.7) 
4.4 (0.6) 

30.5 (2.6) 
4.8 (2.3) 

18.8 (3.6) 

4.9 (1.2) 

55.5 (1.8) 
81.7 (2.7) 
71.3 (3.3) 
89.8 (1.8) 
55.8 (2.8) 
59.7 (3.4) 
84.3 (4.0) 
62.6 (2.4) 
97.7 (0.6) 

86.9 (2.2) 
72.3 (1.4) 
61.1 (1.8) 
92.5 (0.8) 
56.4 (2.7) 
90.5 (2.0) 

75.8 (1.8) 
92.7 (0.9) 
58.2 (0.6) 
76.5 (1.8) 
79.6 (1.9) 
65.5 (0.9) 
93.0 (1.2) 
57.1 (1.3) 

57.4 (1.4) 

90.9 (1.5) 

39.8 (2.1) 
18.1 (1.4) 
14.3 (1.3) 
9.2 (1.4) 
6.0 (0.3) 
8.0 (0.4) 

15.0 (2.2) 
10.1 (1 .O) 
2.3 (0.4) 
8.3 (0.6) 
8.0 (1.8) 

27.5 (1 .O) 
9.5 (0.8) 
6.7 (0.3) 
8.9 (0.9) 
6.6 (0.6) 
8.9 (0.5) 
9.5 (0.8) 
6.8 (0.5) 
9.0 (0.3) 
6.3 (0.7) 

9.8 (0.5) 
6.5 (0.5) 

13.8 (0.7) 

20.1 (1.3) 

4.7 (0.2) 
0.2 (0.2) 

14.4 (1 .l) 
1 .O (0.3) 

38.2 (2.1) 
32.4 (2.8) 
0.6 (0.4) 

27.3 (1.4) 
0.5 (0.2) 

34.3 (1.8) 
5.1 (0.6) 

28.4 (1.2) 
0.8 (0.1) 

34.7 (1.8) 
2.9 (0.7) 

0.2 (0.1) 

0.2 (0.0) 
14.7 (1 .O) 
0.4 (0.3) 

32.8 (1.4) 
17.2 (0.9) 
0.3 (0.2) 

24.7 (1.2) 
0.5 (0.2) 

29.1 (1.7) 

I LPC 
SM 
PC 
PS 
PE 
LPC 
SM 
PC 
PS 
PE 
LPC 
SM 
PC 
PS 
PE 
LPC 
SM 
PC 
PS 
PE 
LPC 
SM 
PC 
PS 
PE 

II 

Ill 

IV 

V+VI 

a Fatty acid composition is based on the degree of unsaturation. Results reported are the means of two determinations. Numbers in parentheses 
are the range of these two experiments. 

Table IV. Molar Ratios of Free Cholesterol to 
Phospholipids (CH/PL) and Cholesteryl Ester Plus 
Triglyceride to Phospholipids (CE+TG/PL) in the 

Pooled Fractions" c 100 D 

.R 

10c 
loo]  A 

Pool FC/PL CE+TG/PL 
~~ 

I 0.68 f 0.04 6.14 f 0.45 
II 0.80 f 0.05 1.56 f 0.06 
Ill 0.24 f 0.02 1.09 f 0.03 
IV 0.01 f 0.00 0.11 f 0.02 
V 0.01 f 0.01 0.04 f 0.00 
VI 0.00 f 0.00 0.04 k 0.00 

50 

0 -  

0-0 
RT rnin 

a The results are reported as means f SD of determinations made in 
five different samples. - I " " '  

3 10 20 30 3 I0 20 A0 
RT rnin RT  mln 

I . . ! . ,  
0 10 20 j o  

RT rnin 

Figure 2. Gel permeation chromatography of the pooled lipoprotein 
fractions. (A) Pool I: Large aggregates, i.e., chylomicron remnants 
and VLDL, elute with the void volume of the column (v). A lipoprotein 
identified as LDL elutes later (a). (B) Pool II: The column separates 
small amounts of large aggregates (v), a lipoprotein identified as 
HDL1 (b), and traces of protein (p). (C) Pool 111: This pool contains 
mostly the HDL2 fraction (c) plus traces of large aggregates and 
protein (v, p). (D) Pool IV: This pool contains a mixture of small 
lipoproteins (c), identified as HDL2 and HDL3, and proteins (p). The 
molecular weights determined by GPC in each pool are reported in 
Table V. The chromatographic conditions are reported in Materials 
and Methods Analytical Procedures. 

not surprising, considering the reported interstrain dif- 
ferences ( 1 1, 12, 27). 

The fraction collected as Pool V with an average 
density of 1.23 g/ml was composed mainly of protein 
(87.1 k 6.27%) and phospholipids (12.3 k 2.13%), 
whereas apolipoproteins and lipids were found in only 
negligible amounts (Tables I, 11, and IV). This excludes 
the possibility that Pool V is similar to the VHDL 
fraction reported by Darr et al. (19) with Sprague- 
Dawley rats. Pool V had a high proportion of lysophos- 
phatidylcholine (i.e., lysophosphatidylcholine repre- 
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Figure 3. Electron microscopy micrographs of pooled fractions containing lipoprotein aggregates (Pools I-IV) and statistical evaluation of their 
sizes by frequency analysis. 

Table V. Summary of Physical Characteristics of Lipoproteins Pooled after Elution from Gradient 
Ultracentrifugation of Male Wistar Rat Plasma' 

~~ ~~ 

Density Size by EM Mol wt 
Pool Identification (glml) (nm) by GPC 

I VLDL+LDL 1.018 f 0.006 31.5 k 11.07 >3,000,000 
I1 HDL1 1.066 k 0.008 13.7 k 6.87 91 0,000 
111 HDL2 1.124 f 0.006 9.1 k 5.03 370,000 
IV HDL3 1.189 f 0.005 4.9 k 3.03 330,000 
V Protein aggregates 1.230 f 0.005 520,000 

330,000 
190,000 

VI Albumin 1.260 f 0.010 68,000 
~ ~~ ~~~ ~ 

The results reported aremeans &SD from five different determinations. In other cases, the average of two or three determinations is reported. 

sented more than 40% of phospholipids) and appeared 
to be the major plasma carrier of this phospholipid 
class. 

The analytical studies on the lipoprotein profile of 
Rattus nowegicus reported here suggest that the various 
strains of rats used in experimental studies differ among 

boundaries among the HDL subclasses (4, 19,20). This 
means that in both nutritional and pharmacological 
studies that involve lipid and lipoprotein metabolism, 
it is convenient to use rat strains whose lipoprotein 
specificities are well characterized. 
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