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Summary The current growing interest in the separation of 
the high density lipoprotein (HDL) subfractions suggested a 
comparative  analysis of the  HDLz  and  HDL3 distribution in 
fresh and  stored serum samples. Human sera were processed by 
rate zonal ultracentrifugation in a swinging  bucket rotor, 
immediately after collection and after a 7-day storage at 4OC, 
both in the presence and in the absence of 5.1 M sodium bro- 
mide.  Samples  stored in absence of salt show a marked  decrease 
of the HDL, mass, a reduction of its flotation rate, and 
significant  changes in the lipid  composition. The HDL2 
concentration and composition are not altered by storage. The 
reported  findings indicate that  significant HDL3 modifications 
may occur in serum samples  stored at 4OC; these  changes can 
be  prevented by the addition of high concentrations of salt 
before storage.-Franceschini, G., C. Tosi, Y. Moreno, and 
C. R. Sirtori. Effects of storage on the distribution of high 
density lipoprotein  subfractions in human sera. J Lipid Res. 
1985. 26: 1368-1373. 

Supplementary key words HDL, * HDL, 6 HDL intercon- 
version - lipoprotem metabolism * LCAT 

A  dramatic rise in interest for the  high  density  lipopro- 
tein (HDL) subfraction  distribution  has  occurred  in  the 
past several years, because of the  emerging evidence for 
a  differential role of the two major HDL subclasses, 
HDL,  and  HDL3, in the pathophysiology of lipoprotein 
metabolism (1-3). Earlier  studies had suggested that 
HDLz might exert a protective effect against  atherosclero- 
sis (4, 5); on  the  other hand, the  dense HDL3 particles can 
promote  the efflux of cholesterol from cells, as well as en- 

Abbreviations: HDL, high density lipoproteins; LDL, low density 
lipoproteins; HDL,,  HDL subfraction 2; HDL,,  HDL subfraction 3; 
LCAT,  1ecithin:cholesterol acyltransferase; PAGE, polyacrylamide gel 
electrophoresis; E, triglycerides; X, total cholesterol; FC, free 
cholesterol; CE, cholesteryl esters; PL, phospholipids. 

'Reprint requests to: Dr. Guido Franceschini, Istituto di Farmacologia 
e Farmacognosia, Via A.  Del Sarto, 21, 20129 Milano, Italy. 

*Fellow  of the University of Carabobo, Venezuela. 

hance  the low density  lipoprotein (LDL) receptor activity 

The two HDL subfractions are metabolically interre- 
lated, HDL,-like particles being  produced during 
lipolysis (8) and  during  incubation of serum  at 37OC (9). 
Multiple  enzyme activities, Le., 1ecithin:cholesterol 
acyltransferase (LCAT), hepatic and lipoprotein lipases, 
and different lipid transfer  proteins are involved in the in 
vivo and in vitro  interconversion (10,  11). 

Several problems are  encountered when concentration 
and composition of HDL,  and  HDL3 have to be deter- 
mined in serum.  A  simple  double-precipitation  method 
has recently been proposed (12), but  an incomplete 
separation of the  subfractions  has  been  reported (13). 
Analytical  ultracentrifugation,  time-consuming  and  re- 
quiring sophisticated  equipment,  produces an estimate of 
the HDL subfraction  distribution  and  concentration  in 
serum (14), but does not allow one  to  accurately  de- 
termine  composition.  Gradient polyacrylamide gel elec- 
trophoresis (PAGE) gives the best separation of the HDL 
subpopulations (15), and is very useful in  the  evaluation 
of HDL particle interconversion (16), but provides only 
semi-quantitative results. 

Rate zonal ultracentrifugation (17)  is the most useful 
method to  separate HDL2  and  HDL3, as well as  to eval- 
uate  their  concentration and composition. The recently 
introduced  procedure for rate  zonal  ultracentrifugation in 
swinging  bucket  rotors (18) can overcome the  major  draw- 
back of the classical zonal ultracentrifugation, i.e., the 
analysis of only one  sample  at  a time. This procedure was 
recently used to  characterize  the effects of fat ingestion 
(19), and by us for the  separation  and  compositional 
studies  on  the HDL subclasses in subjects with the 
apolipoprotein AIMilano  variant  (G. Franceschini,  C. R. 
Sirtori,  and A. V. Nichols, unpublished  observations). In 
this latter study, the necessity for  analyzing  multiple 
samples  taken  at  the  same  time  from  more  than 50 sub- 
jects raised the  problem of sample  storage  before  ultra- 
centrifugation. In the  present  study we report how the 
simple storage of EDTA-containing  serum  at 4OC for  1 
week, can modify the HDL subfraction  distribution  and 
composition, and how these modifications may be pre- 
vented by the  addition of high  concentrations of salt. 

(6, 7). 

MATERIALS  AND  METHODS 

Subjects 

Six male  volunteers, aged 22-50 years, were selected 
from  the  members of our  department  and medical  stu- 
dents.  Their  serum cholesterol and triglyceride (TG) 
levels ranged between 163 and 228 mg/dl and 50 and 125 
mg/dl, respectively. Six type IV hypertriglyceridemic 
(HTG) patients were selected from those attending  our 
Lipid  Research  Clinic. Serum cholesterol and TG levels in 
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these patients  ranged, respectively, between 180 and 239 
mg/dl and 252 and 1,039 mg/dl. 

Blood  was taken  after an overnight fast and allowed to 
clot for 3 hr  at OOC; sera were obtained by  low speed cen- 
trifugation. EDTA  was immediately  added to two 1.0-ml 
serum samples from each subject (1 mM final) and solid 
NaBr was added to raise the  non-protein  density  to 1.40 
g/ml; one of these samples was processed within the  same 
day, the  other was stored  at 4OC for 7 days. EDTA  was 
added  immediately  to  a  third  serum  sample which was 
analyzed  after 7 days storage at 4OC without NaBr. 

Preparation  of  the HDL subfractions 

The  HDL subfractions were isolated by a modification 
of the  procedure described by Groot  et al. (18). Aliquots 
(0.5 ml) of the  d 1.40 g/ml  serum solutions were placed at 
the bottom of SW41 polyallomer tubes  (Beckman, Palo 
Alto, CA) and  then overlayered with NaBr-NaC1 (0.15 
M)-EDTA (1 mM) solutions (pH 7.4) of d 1.25 (4.5 ml),  d 
1.19 (5.5 ml), and  d 1.006 g/ml (0.8 ml). The tubes were 
run  at 15OC for 23 hr at 40,000 rpm. At the  end of the run 
the  tubes were punctured  at 16 mm from the  bottom with 
a G22 butterfly needle and connected to  a  Pharmacia 
(Uppsala, Sweden) P1 pump. The gradients were pumped 
at a flow rate of 1.0 ml/min  and the effluent was passed 
through  a  Pharmacia  UV1  monitor  equipped with a 
280-nm filter. Two fractions,  corresponding to HDL3  and 
HDL,, were collected with a  Pharmacia  FRAC 100 frac- 
tion collector by pooling all material between the  minimal 
optical densities recorded at 280 nm.  The elution volumes 
of the HDL3  and  HDLp peaks and the  total volumes of 
the two collected fractions were automatically  monitored 
by the  FRAC 100. Coefficients of variation for the  same 
sample,  recorded for ten  runs  performed  on 2 different 
days, were 1.81% for the  elution volumes and 1.73% for 
the  fraction volumes. For the  determination of the density 

profile along  the  gradients, fractions of 0.3 ml were col- 
lected from a "blank" gradient and  the density of each 
fraction was measured  at 15OC with an Abbe 
refractometer. 

Chemical  analyses 

Total and free cholesterol ( X ,  FC), TG, and 
phospholipids (PL) were determined by enzymatic 
procedures (20-22). The cholesteryl ester (CE) mass was 
calculated as ( X - F C )  x 1.68. The protein  content of 
the  HDL,  and  HDL3 subfractions was determined by 
measuring  the  absorbances  at 280 nm;  the extinction 
coefficients determined  in our  laboratory for each 
subfraction were: 0.693 mg  protein x A280 for HDL,  and 
0.782 mg  protein x A280 for HDL3. The apoprotein 
composition of delipidated fractions was analyzed by 
SDS-PAGE and apoproteins were quantitated by 
densitometry (23). 

Statistical  methods 

Results are expressed as  mean * SD.  Values from 
different groups were compared by a two-tailed paired 
Student's t test. 

RESULTS 

The effect of storage of serum samples at 4OC for 7 
days, both  in  the presence (+ NaBr)  and in the absence 
(- NaBr) of  5.1 M sodium  bromide,  on  the  distribution of 
HDL subfractions, was analyzed by rate zonal 
ultracentrifugation in a swinging bucket rotor. Basal 
concentrations of HDL, varied substantially  in  the 
subjects, being markedly reduced in HTG patients, 
whereas  the HDL3 levels were relatively constant (Table 
1). The  UV elution profiles obtained from two subjects, 

TABLE 1 .  Concentration of  HDL? and HDL, constituents in  serum  before (basal) and after 7 days storage at 
4OC, both in  the presence ( + NaBr) and absence f - NaBr) of 5.1 M NaBr 

Mass FC CE PL TG Protein 

HDL? 
mg/dl 

Basal 45.6 f 35.7" 2.2 * 1.3  9.2 * 7 . 1  12.7 * 8.8 2 .0  f 1.3 19.7  11.6 
+NaBr 43.9 f 36.4 2.1 + 1.2  9.5 * 7 . 7  12.3 * 9.8 1.9 + 1 . 1  18.2 * 10.3 
-NaBr 43.2 + 32.7 2.0 * 1.2 8.8 * 6.8  12.3 * 8.0 1.9 + 0.8 18.2 * 9.7 

HDL, 

Basal 234.2 f 28.1 5.4 * 1 . 7  40.9 + 10.7 59.0 * 6.8 4.8 * 1.8  124.0 * 13.8 
+NaBr 221.3 * 25.6 5.2 * 1 . 7  40.2 * 10.5 57.9 * 6.0  4.7 * 1.8  113.3 * 11.3b 
-NaBr 201.8 * 22.5' 3.5 * 1.2' 38.6 + 9.0b 48.4 * 4.6' 5.6 + 1.9  105.6 * 10.8' 

* Mean + SD of 1 1  samples. 

P < 0.001. 
P < 0.05, paired f-test versus  Basal 

' P < 0.005. 
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a  normolipidemic with a relatively high serum  content of 
HDL2 and a hypertriglyceridemic with a low HDLP level, 
are shown in Fig. 1. HDL3 from HTG patients  constantly 
show  lower elution volumes, compared to normolipidemic 
subjects (Table 2). This is probably  due to an increased 
content of the  denser HDLJD subfraction (17). In all 
examined subjects, the  absorption profiles of samples 
stored  in  the presence of NaBr were superimposable  on 
the basal tracings. By contrast, significant variations were 
recorded for samples stored  in  the absence of salt. The 
absorption  at 280 nm in  the HDL3 region was slightly 
decreased,  compared  to basal values, and  the  absorption 
maxima shifted to lower elution volumes (Table 2). The 
change  in  the  elution profile of stored HDL3 was 
particularly  dramatic  in  the HTG patient with the highest 
TG level  (1,039 mg/dl), in whom no  separation could be 
achieved between HDL3 and  serum  proteins (Fig. 2). No 
significant modifications were recorded in the HDL2 
region. 

Changes  in  the HDL3 elution profile are associated 
with altered  concentration and composition, both in 
normolipidemic and HTG subjects (Table 1 and  Table 3). 
Total lipoprotein  mass  decreased, in fact, by 15% in 
samples stored  in  the absence of salt, the  reduction  being 
evident for all the HDL3 constituents, except for TG. A 
slight decrease (< lo%)  of the  serum HDL, protein 

concentration was also noted  in samples stored in the 
presence of NaBr (Table 1). A slight, nonsignificant 
reduction of the apoA-I/apoA-I1 ratio was recorded in 
HDL3, isolated from sera  stored  both in the presence and 
absence of NaBr  (basal,  3.99 * 0.47; - NaBr, 3.77 * 
0.26; + NaBr, 3.81 * 0.26). The lipid composition of 
HDL3 was strongly modified during storage  in  the 
absence of salt; the TG and  CE contents increased and  the 
FC percentage decreased (Table 3), thus  resulting in a 
highly significant reduction of the FC/CE ratio (basal, 
0.133 + 0.035; -NaBr, 0.095 * 0.026, P < 0.001). The 
serum  concentration and composition of the HDL2 
subfraction were not modified during storage. As a 
consequence, the HDL2/HDL3 mass ratio rose 
significantly in samples stored for 7 days in  the absence 
of NaBr  (basal, 0.192 + 0.143; -NaBr, 0.215 * 0.160, P 
< 0.005). 

DISCUSSION 

The HDL density  fraction of human serum  contains 
particles heterogeneous in size and lipid and apoprotein 
composition (24). A bimodal  distribution  can be obtained 
by analytical (14) and  rate-zonal (17) ultracentrifugation, 
both  producing two major  subfractions, identifiied as 

basal 

I 1 I 

2.5 5 7.5 
EFFLUENT VOLUME ( mi I 

2.5 5 7.5 
EFFLUENT VOLUME I mi) 

Fig. 1. HDL subfraction profiles  after rate-zonal ultracentrifugation of sera  from a normolipidemic volunteer (left) and  from a hypertriglyceridemic 
patient (right) processed immediately after sampling (basal) and after 7 days storage at 4OC, both in  the  presence (+NaBr) and absence (-NaBr) 
of 5.1 M NaBr. Details of the  ultracentrifugal and recording modalities are  reported in Materials and Methods. In the absence of salt, the HDLl 
subfraction (left peaks) is shifted to lower elution volumes, with  marked changes in the density profile. 
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TABLE 2. Elution volumes and densities of HDL2  and HDL3 before (basal) and  after 7 days storage 
at 4OC, both in the presence ( + NaBr) and absence ( - NaBr) of 5.1 M NaBr 

Elution Volume Dennity 

NTG' HTG~ NTG HTG 

HDLP 
ml g/ml 

Basal 8.16 f 0.35 8.17 * 0.37 1.153 f 0.006 1.153 f 0.007 
+ NaBr 7.99 f 0.24 8.00 f 0.41 1.156 f 0.004 1.156 f 0.008 
- NaBr 7.97 f 0.29 7.95 f 0.51 1.157 * 0.005 1.157 f 0.010 

HDL, 

Basal 
+ NaBr 
- NaBr 

5.06 f 0.27 3.71 f 0.10 1.203 * 0.004 1.225 f 0.003 
4.85 f 0.32 3.72 f 0.16 1.206 f 0.005 1.224 f 0.003 
4.31 f 0.38' 3.28 f 0.13' 1.215 f 0.006' 1.232 f 0.003' 

a Mean f SD of six samples from normotriglyceridemic (NTG) subjects. 
Mean + SD of  five samples from hypertriglyceridemic (HTG) patients. 

' P < 0.01, paired t-test versus Basal. 

HDLp and  HDL, according to their flotation character- 
istics. HDLp  and  HDLs differ in their lipid and apopro- 
tein composition, HDL, being lipid-depleted and apoA- 
11-enriched (24). 

The growing interest in the  determination of the HDL 
subfraction distribution is hampered by the unavailability 
of simple and reliable methods of separation and  quanti- 
tation. The recently proposed rate-zonal ultracentrifugal 
procedure in swinging bucket rotors (18) improves the 
classical method introduced by Patsch et al. (17), allowing 
the simultaneous separation of six samples at a time. 
However, a  short storage period is still  necessary if multi- 
ple samples have to be analyzed. In the present report, the 

effect of storage on  the  distribution  and composition of 
HDL subfractions separated by this method is investi- 
gated. The  HDL2 concentration and composition do not 
change during prolonged storage at 4OC, but  the HDLS 
subfraction is markedly modified.  Total lipoprotein mass 
is reduced, flotation rate is decreased, and  the lipid com- 
position is significantly altered. These variations are  pre- 
vented by the simple addition of solid NaBr to the serum 
sample before storage. 

The changes in the lipid composition of HDL, (Table 
3), Le., TG and  CE enrichment  and FC depletion, suggest 
that some transfer of lipids to other lipoprotein fractions 
may  occur. In particular, the reduced FC/CE ratio indi- 

+t 
I I I 

2.5 5 7.5 
Effluent volume I ml I 

Fig. 2. Elution profiles of HDL subfractions from a severely hypertriglyceridemic patient (TG = 1,039 mg/dl), 
processed after 7 days storage of the serum  at 4% in  the presence (----------- ) and absence (- ) of 5.1 M NaBr. 
No separation between HDL,  and serum proteins could be achieved in the sample stored in the absence of salt. 
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TABLE 3. Chemical  composition of HDLz and  HDL:,  before  (basal)  and after 7 days  storage at 
4OC, both in the  presence ( + NaBr) and absence ( - NaBr) of 5.1 M NaBr 

FC CE PL TG Protein 

% of total weight 
HDLz 

Basal 4.1 f 1.2"  18.5 f 5.1 26.2 * 3.2 6.1 f 3.5 45.3 * 4.5 
+ NaBr 3.9 f 1.2  18.7 f 4.7 27.0 f 4.3 5.8 + 3.1 44.8 * 5.5 
- NaBr 3.8 + 1.3  18.0 f 5.0 27.2 * 4.0 6.1 f 3.1 44.8 f 4.5 

HDL, 

Basal 2.3 * 0.6 17.3 * 2.5 25.2 f 1.4  2.1 * 0.9 53.0 * 2.3 
+ NaBr 2.3 * 0.6 17.9 * 2.6 26.2 f 1.3 2.2 * 0.9 51.3 f 1.6 
- NaBr 1.7 * O . f j b  19.0 f 2.4' 24.0 f 1.2  2.9 * 1.0' 52.4 * 1.7 

a Mean + SD of 11 samples. 
' P < 0.001, paired t-test versus Basal. 
' P < 0.01, paired t-test versus Basal. 

cates a possible involvement of LCAT in these modifica- 
tions. LCAT activity is also known to be inhibited by 
elevated salt concentrations (25). Furthermore,  the TG 
enrichment suggests that  a net transfer of these lipids 
from other  lipoprotein classes, catalyzed by a lipid trans- 
fer protein (26), may be operative not only at 37OC (27), 
but also at lower temperatures. That TG-rich  lipoproteins 
may be involved in these modifications is indicated by the 
dramatic  variation of the HDL subfraction distribution in 
the  serum of the  patient with the most severe hyper- 
triglyceridemia. 

Earlier studies, dealing with the  determination of total 
HDL cholesterol, indicated  reduced levels after prolonged 
storage  at 4OC (28). This reduction,  according to our 
data, is probably  related to a significant loss of 
HDL3-associated cholesterol. As the decrease in the total 
HDL cholesterol has been observed after  precipitation of 
the  apoB-containing  lipoproteins, by measuring cho- 
lesterol in the  supernatant,  the lost HDL3 cholesterol 
probably associates to apoB-containing particles. 

A slight decrease of the A-I/A-I1 ratio  has been detected 
in stored HDL3. Apoprotein levels in sera, known to be 
stable for at least 46 days at 4OC (29), were not deter- 
mined. The loss of apoA-I from HDL3 is probably  due to 
the  storage  conditions (30) and may account for the  mini- 
mal decrease of the  HDL, protein  content.  A special com- 
ment relates to serum or plasma samples, stored at 4OC, 
used in metabolic and biochemical in vivo and in vitro 
studies. The reported findings suggest limitations to their 
validity, and  alert  one to the fact that stored lipoproteins 
may not be comparable to their native counterparts. 

Supported in part by Grant 5 R01 HL28961-02 from  the 
National  Heart,  Lung,  and Blood Institute  and by the  Consiglio 
Nazionale  delle Ricerche of Italy (P. F. Ingegneria  Genetica e 
Basi Molecolari delle Malattie  Ereditarie). 

Manuscript receiued 20 February 1985. 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

REFERENCES 

Assmann,  G. 1982. Lipid Metabolism  and Atherosclerosis. 
E K. Schattauer Verlag GmbH,  Stuttgard, Germany. 
Anderson, D. W., A. V. Nichols, T. M. Forte, and F. T. Lind- 
gren. 1977. Particle distribution of human serum high density 
lipoproteins. Biochim. Biophys. Acta. 493: 55-68. 
Ballantyne, F. C., R. S. Clark, H. S. Simpson, and D. Ballan- 
tyne. 1982. High density and low density  lipoprotein  subfrac- 
tions in survivors of myocardial infarction and in control  sub- 
jects. Metabolism. 31: 433-437. 
Gofman, J. W., W. Young, and  R. Tandy. 1966. Ischemic 
heart disease, atherosclerosis and longevity. Circulation. 34: 

Miller, N. E., F. Hammett, S. Saltissi, S. Rao, D. J. Coltart, 
H. van Zeller, and B. Lewis. 1981. Relationship of angio- 
graphically defined coronary  artery disease to plasma lipopro- 
tein  subfractions and apolipoproteins. Br. Med. J.  282: 

Stein, O., J. Vanderhoek, and Y. Stein. 1976. Cholesterol con- 
tent  and sterol  synthesis  in human skin fibroblast and  rat 
aortic smooth muscle cells exposed to lipoprotein-depleted 
serum  and high  density apolipoprotein/phospholipid mix- 
tures. Biochim. Biophys. Acta. 619: 287-301. 
Oram, J. E,  J. J. Albers, M.  C.  Cheung,  and E.  L.  Bierman. 
1981. The effects of subfractions of high  density  lipoprotein 
on cholesterol emux from  cultured fibroblasts. J. Biol. Chem. 

Patsch, J. R., A. M. Gotto, T. Olivecrona, and S. Eisenberg. 
1978. Formation of high  density  lipoprotein2-like  particles 
during lipolysis of very low density lipoproteins in vitro. Pmc. 
Natl. Acad. Sci. USA. 75: 4519-4523. 
Gambert, P., C.  Lallemant, A. Athias, and P. Padieu. 1982. 
Alterations of HDL cholesterol distribution  induced by incu- 
bation of human  serum. Biochim. Biophys. Acta. 713: 1-9. 
Barter, P. J., J. I. Lally, and D. Wattchow. 1979. Metabolism 
of triglyceride  in rabbit low and  high density  lipoproteins: 
studies in vivo and  in vitro. Metabolism. 28: 614-618. 
Chajek, T., and C. J. Fielding. 1978. Isolation and characteri- 
zation of a human  serum cholesteryl ester transfer  protein. 
Pmc. Natl. Acad. Sci. USA. 75: 3445-3449. 
Gidez, L. I.,  G. J. Miller, M. Burstein, S. Slagle, and 
H. A. Eder. 1982. Separation  and  quantitation of subclasses 
of human plasma high  density lipoproteins by a  simple 
precipitation  procedure. J.  Lipid Res. 23: 1206-1223. 

679-697. 

1741-1744. 

256: 8348-8356. 

1372 Journal of Lipid Research Volume 26, 1985 Note on Methodology 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

Daerr, W. H., E.  E. T. Windler, H. D.  Rohwer, and H. Gre- 
ten. 1983. Limitations of a new double-precipitation method 
for the determination of high density lipoprotein subfractions 
2 and 3. Athemsclemsis. 49: 211-213. 
Anderson, D. W.,  A. V. Nichols, S. S. Pan, and E T. Lind- 
gren. 1978. High density lipoprotein distribution. A t h s c h v -  

Blanche, P. J., E. L. Gong, T. M. Forte, and A.  V. Nichols. 
1981. Characterization of human high-density lipoproteins 
by gradient gel electrophoresis. Biochim.  Biophys. Acta. 665: 

Nichols,  A. V., E. L. Gong, and F! J. Blanche. 1981. Intercon- 
version of high density lipoproteins during incubation of hu- 
man plasma. Biochem.  Biophys. Res. Commun. 100: 391-399. 
Patsch, W.,  G. Schonfeld, A. M. Gotto, and J. R. Patsch. 
1980. Characterization of human high density lipoproteins 
by zonal u1tracentrifugation.J Biol. Chem. 255: 3178-3185. 
Groot, P. H. E.,  L. M. Scheek,  L.  Havekes, W. L.  van Noort, 
and E  M. van’t Hooft. 1982. A one-step separation of human 
serum high density lipoproteins 2 and 3 by rate-zonal density 
gradient ultracentrifugation in a swinging bucket rotor. J 
Lipid Res. 23: 1342-1353. 
Groot, P. H. E., and L. M. Scheek. 1984. Effects  of fat  inges- 
tion on high density lipoprotein profiles  in human sera. J. 
Lipid Res. 25: 684-692. 
Roschlau, P.,  E. Bernt, and W. Gruber. 1974. Enzymatische 
Bestimmung des Gesamt-Cholesterins im Serum. Z Klin. 
Chem. Klin. Biochem. 12: 403-407. 
Bucolo, G., and H. David. 1973. Quantitative determination 
of serum triglycerides by the use of enzymes. Clin. Chem. 19: 

Takayama, M., S. Itoh, T. Nagasaki, and  I. Tanimizu. 1977. 
A new enzymatic  method for determination of serum  choline- 

 is. 29: 161-179. 

408-419. 

476-482. 

containing phospholipids. Clin. Chim. Acta. 79: 93-96. 
23. Franceschini, G., M. Sirtori, G. Gianfranceschi, and c .  R. 

Sirtori. 1981. Relation between the HDL apoproteins and 
AI isoproteins in subjects with the  AIM^^^^^ abnormality. 
Metabolism. 30: 502-509. 

24. Cheung,  M.  C.,  and J. J. Albers. 1979. Distribution of 
cholesterol and apolipoprotein A-I and A-I1 in human high 
density lipoprotein subfractions separated by CsCl equili- 
brium gradient centrifugation: evidence  for HDL subpopu- 
lations with differing A-I/A-I1 molar ratios. J Lipid Res. 20: 
200-207. 

25. Jahani, M., and A. G. Lacko. 1982. Study of the 
1ecithin:cholesterol acyltransferase reaction with  liposome 
and high density lipoprotein substrates. Biochim.  Biophys. 

26. Albers, J. J., J. H. Tollefson,  C. H. Chen,  and A. Stein- 
metz. 1984. Isolation and characterization of human 
plasma lipid transfer proteins. Artniosclmsis. 4: 49-58. 

27. Hopkins, G. J., and P. J. Barter. 1982. Dissociation of the 
in vitro transfer of esterified  cholesterol and triglyceride be- 
tween human lipoproteins. Metabolism. 31: 78-81. 

28. Bachorik, P. S. 1979. Factors that affect HDL-cholesterol 
measurements: sample preparation and storage at refrige- 
rator  and freezer temperatures. In Report of the High Den- 
sity Lipoprotein Methodology Workshop. K. Lippel, editor. 
NIH Publication No. 79-1661, Bethesda, MD. 164-177. 

29. Albers, J. J., M. C.  Cheung,  and P. W. Wahl. 1980. Effect 
of storage on the measurement of apolipoproteins A-I and 
A-I1  by radial immunodiffusion. J Lipid Res, 21: 874-878. 

30. Kunitake, S. T., and J. P. Kane. 1982. Factors  affecting  the 
integrity of high density lipoproteins in the ultracentrifuge. 
J Lipid Res. 23: 936-940. 

Acta. 713: 504-511. 

Journal of Lipid Research Volume 26, 1985 Note on Methodology 1373 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

