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for achieving a uniform interpretation of clinical data, 
which is essential for the prevention and management of 
CVD. Homogeneous methods have been widely used to 
directly measure LDL-C and HDL-C without pretreatment 
of specimens to separate the lipoproteins. Despite these 
improvements, large variations exist ( 1, 2 ). A diffi cult ana-
lytical challenge for these methods is to specifi cally mea-
sure LDL or HDL components in the presence of widely 
varying proportions of the different lipoprotein molecules 
encountered in clinical practice. In lipoprotein research 
and clinical studies requiring accurate HDL-C and LDL-C 
values, more-reliable methods for the measurement of li-
poproteins are needed. 

 The most reliable method for LDL-C and HDL-C mea-
surement is the CDC  � -quantifi cation method ( 3 ). The 
method combines removal of VLDL by ultracentrifugation 
(UC), isolation of HDL by precipitation of apolipoprotein 
B (apoB)-containing lipoproteins from the UC bottom 
fraction, and cholesterol analysis of the bottom fraction 
and the HDL supernatant by the CDC cholesterol refer-
ence method. The  � -quantifi cation method has been used 
to establish the concentrations of the major classes of 
lipoproteins in most epidemiologic and clinical trials that 
have become the basis of the guidelines for risk assessment 
of CVDs ( 4 ). The National Cholesterol Education Pro-
gram (NCEP) has recommended this method as the refer-
ence method for LDL-C and HDL-C ( 5, 6 ). However, 
 � -quantifi cation may have limitations because it is techni-
cally demanding and time-consuming (especially the 
manual volumetric sampling and reconstitution of the 
bottom fractions), requires a large sample volume (5 ml), 
and has low throughput. To overcome the impracticali-
ties, CDC has implemented a designated comparison 
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ground density of 1.063 kg/l, assuming the background density 
of serum is 1.006 kg/l and serum protein volume 6%. 

 UC separation.   The UC separation was performed on a Beck-
man Coulter (Fullerton, CA) XL-90 ultracentrifuge with a Type 
25 rotor (1 ml × 100 in three rows) and thick-wall polycarbonate 
UC tubes (1 ml, 8 × 51 mm). The sampling of serum was per-
formed with a MicroLab 500 automatic dilutor (Hamilton; Reno, 
NV). The dilutor was fi rst primed with the 1.006 kg/l density so-
lution, and aliquots of 0.05 ml of serum samples were delivered 
with 0.8 ml of the solution to a series of UC tubes. The dilutor was 
then primed with the 1.0665 kg/l solution, and another set of 
serum aliquots was delivered. The UC tubes were loaded onto the 
rotor and spun at 23,000 rpm for 18.5 h at 20°C. The g forces for 
the outmost, middle, and innermost rows were 78,196, 68,843, 
and 59,431 g, respectively. After the centrifugation, the UC tubes 
were sliced at the middle of their contents with a CentriTube 
Slicer (Beckman Coulter), and bottom fractions were obtained 
for cholesterol analysis. 

 Cholesterol measurement 
 Measurement principle.   An HPLC method ( 13 ) was used for 

the measurement of cholesterol in the bottom fractions. Choles-
teryl esters were hydrolyzed with alcoholic potassium hydroxide 
and, in the presence of an internal standard (stigmasterol), ex-
tracted with hexane. The sterols were oxidized to 4-en-3,6-diones 
with chromic acid and analyzed by HPLC. The low detection 
limit of the method allowed measurement of cholesterol in di-
lute samples, and the internal standard calibration eliminated 
the need for volumetric reconstitution of the UC bottom 
fractions. 

 Calibrators and internal standard.   A stock solution of 1,000 
mg/dl was prepared by dissolving cholesterol reference material 
SRM 911b (National Institute of Standards and Technology, 
Gaithersburg, MD) in ethanol. Calibrators of 25, 50, 100, 200, 
and 300 mg/dl were prepared by diluting the stock solution with 
ethanol. An internal standard was prepared by dissolving stigmas-
terol in ethanol (200 mg/dl). 

 HPLC analysis and calculation.   For cholesterol analysis by 
HPLC, the bottom fractions in the UC tubes were quantitatively 
transferred to 10 ml screw-capped glass tubes by fi rst transferring 
the bottom fractions with a syringe and then washing the tubes 
with a mixture of ethanol and 8.9 M potassium hydroxide (80:20) 
(three times and total volume of 1 ml). With the same dilutor as 
for the UC sampling, aliquots of 0.05 ml of the calibrators were 
delivered with 0.8 ml of ethanol to 10 ml glass tubes. To the cali-
brator tubes, 0.2 ml of 8.9 M potassium hydroxide was added 
manually with a pipette. To all tubes (both bottom fractions and 
calibrators), also with the dilutor, 0.05 ml of the internal stan-
dard was added with 0.8 ml of ethanol. The tubes were incubated 
at 50°C for 2 h. After addition of 2 ml water and 4 ml hexane, the 
tubes were shaken on a mechanical shaker for 15 min. Aliquots 
of 0.5 ml of the hexane phases were dried down, oxidized with 
chromic acid, and analyzed by HPLC, as previously described 
( 13 ). 

 Peak area ratios of cholesterol to stigmasterol for the calibra-
tors were linearly regressed on the corresponding cholesterol 
concentrations, and the resulting equation was used to calculate 
cholesterol concentrations of centrifuged bottom fractions. 

 HDL-C DCM and modifi ed  � -quantifi cation 
 The development and validation of the present method (UC/

HPLC) involved several comparisons with the HDL-C DCM and a 

method (DCM) ( 7 ) for HDL-C in the Cholesterol Refer-
ence Method Laboratory Network (CRMLN) standardiza-
tion program. Modifi cations of the original  � -quantifi cation 
method have also been made to reduce the sample 
volume and to improve the throughput of the method 
( 8, 9 ). 

 Lipoproteins were originally defi ned by their buoyant 
densities, and UC may analytically remain the most reli-
able separation technique for lipoproteins. One of the ma-
jor obstacles for the use of UC separation has been the 
interference of lipoprotein [a] (Lp[a]) with the HDL frac-
tion. Lp[a] consists of an LDL-like particle and an apoli-
poprotein [a] (apo[a]) molecule linked to each other 
through disulfi de bonds and shows hydrated densities of 
1.050–1.100 kg/l ( 10 ). It has been reported that Lp[a] can 
easily be dissociated to LDL-like particles by thiols ( 11, 
12 ). This property of Lp[a] provides a potential approach 
for quantitative separation of HDL by UC. 

 In this study, we investigated the UC separation of LDL 
and HDL and, with an internal standard HPLC cholesterol 
analysis, developed a simple and reliable method for the 
measurement of LDL-C and HDL-C. The method requires 
a sample volume of 0.1 ml (0.05 ml × 2), allows automatic 
sampling, involves no bottom fraction reconstitution and 
precipitation, has a maximum throughput of 50 samples 
in one run, is highly precise, and gives results comparable 
to the CDC reference methods. 

 MATERIALS AND METHODS 

 Serum samples 
 Fresh serum samples were collected from the leftovers of 

patient samples in the Department of Laboratory Medicine of 
Beijing Hospital. Aliquots of about 1 ml of serum were taken from 
the leftovers and put in another series of vials. The specimens in 
the Department were bar coded, and the vials were labeled with-
out relating to specimen identities. This study had been reviewed 
and approved by the Ethics Committee of Beijing Hospital. For 
method optimization and precision testing, serum aliquots were 
pooled and realiquoted and stored at  � 70°C until analysis. For 
method comparison, individual serum samples were stored at 
4°C and analyzed within 24 h. 

 LDL and HDL separation by UC 
 Separation principles.   The UC separation of LDL and HDL in-

volved spinning one aliquot of serum at a background density of 
1.006 kg/l and another at a density of 1.063 kg/l in the presence 
of the Lp[a]-dissociating agent ME. HDL was represented by the 
1.063 kg/l bottom fraction and LDL by the difference between 
the two bottom fractions. The UC separation was performed with 
serum samples (0.05 ml) diluted with density solutions (0.8 ml) 
to form specifi ed background densities, which enabled automatic 
sampling and reduced sample volume. 

 Density solutions.   For LDL plus HDL separation, a solution of 
0.098 M NaBr was prepared by dissolving NaBr in deionized wa-
ter. Its density was verifi ed to be 1.006 kg/l using a density meter 
(DMA 4500M; Anton Paar, Austria) at 20°C. For HDL separation, 
a solution of 0.87 M NaBr containing 0.05 M ME was prepared. 
This solution showed a density of 1.0665 kg/l, and mixing of 0.8 
ml of the solution with 0.05 ml of serum would form a back-
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 To further test the Lp[a] dissociation, four individual 
serum samples with Lp[a] mass of 45.3, 50.5, 60.7, and 
109.2 mg/dl were spun at a background density of 1.063 
kg/l in the presence and absence of ME. Aliquots of 50  � l 
of the bottom fractions were electrophoresed on 6% SDS-
PAGE gels and immunoblotted with a sheep anti-human 
apoB and HRP-conjugated rabbit anti-sheep IgG antibod-
ies for detection of apoB. The results are shown in     Fig. 3  . 
As expected, in the absence of ME, a signifi cant amount of 
apoB was detected, and in the presence of ME, most of the 
apoB (>90%) was removed. This result confi rmed Lp[a] 
dissociation, and the dissociated Lp[a � ] (containing one 
molecular apoB) had a density similar to that of LDL 
(<1.063) and had been removed from HDL. 

 Linearity of cholesterol measurement by HPLC 
 The linear correlation between cholesterol concentra-

tion ( x ) (the fi ve calibrators, each in duplicate) and the 

modifi ed  � -quantifi cation method. The DCM was performed as 
in the CDC CRMLN ( 7 ). The modifi ed  � -quantifi cation was simi-
lar to the 1 ml procedure by Cole et al. ( 9 ), but the sampling of 
serum and reconstitution of bottom fractions were performed 
gravimetrically. Aliquots of 0.8 ml of serum samples were trans-
ferred into UC tubes with a pipette and weighed to 0.1 mg. The 
samples were spun under the conditions described above. After 
the UC, the tubes were marked at the middle of their contents 
and the top fractions were gently aspirated with a needle con-
nected to a water pump. After wiping off the remnants from the 
tube wall, the tubes and their contents were reconstituted to their 
original weights with 0.9% NaCl. The reconstituted specimens 
were mixed gently using a piece of steel wire until the protein 
pellets in the bottom of the tubes were redissolved and the speci-
mens well mixed. Cholesterol concentrations that represent bot-
tom fraction cholesterol (BFC) (HDL-C and LDL-C) of serum 
samples were measured using the HPLC method ( 13 ). 

 RESULTS 

 Elimination of Lp[a] interference with UC HDL 
 It is generally recognized that 1.063 kg/l is the density 

cut point between HDL and LDL. The major issue in this 
study was to eliminate the interference of Lp[a] for the 
isolation of HDL by UC. It has been established that in 
Lp[a], apo[a] is covalently linked to apoB-100 and can eas-
ily be dissociated from it by subjecting chemically reduced 
Lp[a] to UC. The resulting lipoprotein remnant, Lp[a � ], 
is similar in structure and density to those of autologous 
LDL ( 12 ). If Lp[a] can be effectively dissociated and the 
dissociation of Lp[a] does not affect the density properties 
of HDL, then HDL can be isolated directly by UC. 

 To test the dissociation of Lp[a] with chemical reduc-
tion, aliquots of a mixed serum with an Lp[a] concentra-
tion of about 50 mg/dl were centrifuged in the presence 
of various concentrations of ME (0, 0.01, 0.02, 0.04, and 
0.08 M) at a density of 1.063 kg/l. BFC was determined 
by HPLC. The BFC values decreased with increased ME 
concentrations ranging from 0 to 0.02 M, but stayed 
unchanged when ME concentrations further increased 
(0.02–0.08 M)  (  Fig. 1  ). If the decrease of BFC results from 
the dissociation of Lp[a], then 0.02 M ME can effectively 
dissociate Lp[a]. For complete dissociation of Lp[a], the 
ME concentration used in this study was 0.05 M. 

 To test the effectiveness of Lp[a] dissociation and the 
stability of HDL in the presence of ME, serum samples 
from 49 individuals were ultracentrifuged in the pres-
ence and absence of ME at a density of 1.063, and BFC 
[BFC 1.063ME(+)  and BFC 1.063ME( � ) ] was determined by HPLC. 
Serum Lp[a] mass was measured by immunoturbidi-
metric assay, and HDL-C was measured by DCM (HDL-
C DCM ). The results showed that the differences between 
BFC 1.063ME( � )  and BFC 1.063ME(+)  were highly correlated with 
Lp[a] mass  (  Fig. 2 ) ( r   = 0.848,  P  < 0.001), but no correla-
tion was found between the differences and HDL-C levels 
determined by DCM ( r  =  � 0.093,  P  > 0.05). These results 
would indicate that the differences between BFC 1.063ME( � )  
and BFC 1.063ME(+)  were caused mainly by the dissociation of 
Lp[a], and ME did not affect the density properties of HDL. 

  Fig.   1.  Correlation between 2-mercaptoethanol (ME) concentra-
tions versus d = 1.063 kg/l   ultracentrifuged bottom fraction choles-
terol (BFC) concentrations (n = 6). Aliquots of mixed serum with 
Lp[a] mass of about 50 mg/dl were centrifuged in the presence of 
0, 0.01, 0.02, 0.04, and 0.08 M of ME at a density of 1.063 kg/l. Serum 
was spun three times in duplicate at 23,000 rpm for 18.5 h (78,196 
 g ) at 20°C, and BFC concentrations were measured by HPLC.   

  Fig.   2.  Differences between BFC 1.063ME( � )  and BFC 1.063ME(+)  versus 
Lp[a] mass. Serum samples from 49 individuals were ultracentri-
fuged in the presence and absence of 2-mercaptoethanol (ME) 
at a density of 1.063 kg/l. Bottom fraction cholesterol [BFC, 
BFC 1.063ME( � ) , and BFC 1.063ME(+) ] was determined by HPLC. Serum 
Lp[a] mass was measured by immunoturbidimetric assay.   
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 TABLE 1. Linearity between cholesterol concentration and peak 
area ratio of cholesterol to the internal standard 

Mean Range

Slope 0.00681 0.00646–0.00711
Intercept 0.00231  � 0.00085–0.00579
Standard error of  y  estimate 0.00220 0.00091–0.00448
Standard error of slope 0.00001 0.00001–0.00002
Standard error of intercept 0.00116 0.00048–0.00235
 R   2  0.99999 0.99996–0.99999

 TABLE 2. Precision of ultracentrifugation/HPLC analysis of 
serum LDL-C and HDL-C 

Serum pools Mean 

CV

Within-run Total

 mg/dl  % 
LDL-C Pool 1 111.8 0.48 1.12

Pool 2 107.2 0.78 0.92
Pool 3 160.1 0.45 0.65
Pool 4 110.9 0.68 0.85

HDL-C Pool 1 51.8 0.67 0.96
Pool 2 85.0 0.60 1.01
Pool 3 49.9 0.91 1.73
Pool 4 34.0 1.21 2.07

LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol.

of 0.01 mg/dl (95% CI,  � 0.52–0.54 mg/dl) and an aver-
age relative bias of 0.05% (95% CI,  � 0.29–0.39%) ( Fig. 
4B ). Paired  t -test analysis showed that there was no differ-
ence between BFC levels measured using the two methods 
( P  > 0.05). These comparison results demonstrate that 

peak area ratio ( y ) of cholesterol to stigmasterol in 20 ana-
lytical runs was assessed by linear regression analysis. The 
correlation coeffi cients, slopes, intercepts, and standard 
errors of the  y  estimate, slopes, and intercepts are shown 
in    Table 1  . 

 Precision of the UC/HPLC method 
 To estimate the precision of the method, four frozen 

serum pools were repeatedly analyzed. Serum samples 
were centrifuged in duplicate, and BFC was analyzed in 
triplicate in four runs. LDL-C and HDL-C levels and the 
within-run and total CVs are presented in     Table 2  . The 
average within-run CV and the total CV were 0.45–0.78% 
and 0.65–1.12% for LDL-C, 0.60–1.21% and 0.96–2.07% 
for HDL-C, respectively. 

 Bottom fraction comparison with 
 � -quantifi cation method 

 In the CDC  � -quantifi cation method, whole serum was 
used for the separation of lipoproteins. In the present 
method, however, a diluted serum specimen was used for 
the UC separation. To evaluate whether serum dilutions 
would affect lipoprotein separation and to compare the 
BFC levels (d = 1.006 kg/l) under the two UC conditions, 
67 serum samples (total cholesterol ranged from 102.3 to 
266.6 mg/dl and triglycerides from 53.9 to 376.9 mg/dl) 
from individual patients were measured for BFC with both 
the UC/HPLC and the modifi ed  � -quantifi cation meth-
ods. The mean BFC concentrations were 158.60 ± 37.04 
and 158.59 ± 37.21 mg/dl for the two methods, respec-
tively. Correlation and relative difference plots are 
shown in     Fig. 4  . Linear regression analysis showed a 
correlation of the UC/HPLC results ( y ) with the modifi ed 
 � -quantifi cation results ( x ) of  y  = 0.993 x  + 0.978 (in mg/
dl) with a correlation coeffi cient of 0.998 ( Fig. 4A ). The 
results from UC/HPLC showed an average absolute bias 

  Fig.   3.  Western blot of apolipoprotein B (apoB) in centri-
fuged bottom fractions. Individual serum samples were spun at a 
background density of 1.063 kg/l in the presence and absence of 
2-mercaptoethanol (ME). Aliquots of 50  � l of each bottom fraction 
were fractionated by 6% SDS-PAGE and immunoblotted with a 
sheep anti-human apoB polyclonal antibody. Lp[a] concentrations 
of samples 1, 2, 3, and 4 were 45.3, 50.5, 60.7, and 109.2 mg/dl, 
respectively.   

  Fig.   4.  Correlation (A) and relative difference (B) plots be-
tween ultracentrifugation/HPLC (UC/HPLC) and the modifi ed 
 � -quantifi cation for the measurement of bottom fraction cholesterol 
(BFC) (LDL-C plus HDL-C) levels in 67 serum samples. For the 
UC/HPLC method, 50  � l serum samples were diluted with NaBr 
solutions and centrifuged at a density of 1.006. For the modifi ed 
 � -quantifi cation, 0.8 ml serum samples were gravimetrically trans-
ferred into tubes and centrifuged. After UC, the bottom fractions 
were reconstituted gravimetrically. BFC was analyzed by HPLC. 
Relative difference is defi ned as the difference between UC/HPLC 
BFC and  � -quantifi cation BFC divided by  � -quantifi cation BFC.   
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ever, a large volume of serum samples is required for not 
only volumetric handling in UC, but also for the following 
preparation and determination of HDL. It is also diffi cult 
to use diluted serum samples for UC because the dilution 
may affect chemical precipitations. 

 The key aim of this study was to separate HDL by UC 
without Lp[a] interference. Lp[a] contains an LDL-like 
particle that is covalently coupled with apo[a]. It has been 
reported that Lp[a] can easily be dissociated by chemical 
reduction and UC and that the resulting Lp[a � ] has a 
density similar to or slightly smaller than that of LDL ( 12 ). 
Therefore, isolation of HDL by UC can be achieved if 
Lp[a] is dissociated and if the dissociation does not affect 
the density properties of HDL. We tested this by ultracen-
trifuging serum specimens in the presence and absence of 
ME at a density of 1.063 kg/l   and measuring the BFC. It 
was shown that BFC 1.063ME( � )  was generally higher than 
BFC 1.063ME(+) , and the difference was highly correlated with 
Lp[a] ( r  = 0.848) but not with HDL ( r  =  � 0.093). We also 
confi rmed Lp[a] dissociation by detecting apoB in the 
bottom fraction of UC and found that most of the apoB 

serum dilution in the UC/HPLC method does not affect 
the UC separation of lipoproteins. 

 Comparison of HDL-C with DCM 
 The DCM used in the CRMLN has been proven to pro-

vide HDL-C results approximately equivalent to those of 
the CDC  � -quantifi cation reference method. As a CRMLN 
member, this laboratory performs the DCM method 
with <1 mg/dl SD and <1 mg/dl biases, as required by 
CDC. The cholesterol measurement is performed with the 
CDC Abell-Kendall cholesterol reference method in our 
CRMLN activities. The HPLC method measures less non-
cholesterol sterols and gives results approximately 1.1% 
lower than the Abell-Kendall method ( 13 ). To eliminate 
this difference in cholesterol measurement, the HPLC 
method was used in the comparison study. 

 To compare the UC/HPLC method for HDL-C 
(BFC 1.063ME ) measurement with the DCM, 124 serum sam-
ples from individual patients (total cholesterol ranged 
from 73.0 to 319.3 mg/dl and triglycerides <200 mg/dl) 
were analyzed with the two methods. Correlation and rela-
tive difference plots are shown in     Fig. 5  . Regression analy-
sis showed a correlation of the UC/HPLC results ( y ) with 
the DCM results ( x ) of  y  = 0.933 x  +1.792 (in mg/dl) with a 
correlation coeffi cient of 0.995 ( Fig. 5A ). The UC/HPLC 
results showed an average absolute bias of  � 1.39 mg/dl 
(95% CI,  � 1.70– � 1.16 mg/dl) and an average relative 
bias of  � 2.68% (95% CI,  � 3.21– � 2.15%). Biases at the 
medical decision points 35 and 60 mg/dl were  � 1.48% 
and  � 3.61%, respectively, as calculated from the linear re-
gression equation. The total error was 4.36%, as calculated 
by the NCEP equation (bias + 1.96 CV) and  � 8.80%–3.65% 
as evaluated by nonparametric analysis ( 14 ). Despite the 
fi nding of a statistically signifi cant difference by paired 
 t -test between the two methods, the performance of the 
UC/HPLC method would be clinically acceptable because 
both bias and total errors were well within the NCEP speci-
fi cations of  � 5% and  � 13%, respectively ( Fig. 5B ). 

 DISCUSSION 

 For the precise measurement of serum LDL-C and 
HDL-C, effective separation of LDL and HDL is needed. 
However, lipoproteins, as heterogeneous mixtures of lip-
ids and proteins, are highly complicated and are not rig-
idly defi ned. The most widely used nomenclature defi nes 
four main classes of lipoproteins based on their hydrated 
densities and UC ( 15 ): VLDL (d 0.95–1.006 kg/l), inter-
mediate density lipoprotein (IDL, d 1.006–1.019 kg/l), 
LDL (d 1.019–1.063 kg/l), and HDL (d 1.063–1.21 kg/l). 
Lp[a] is a special class of lipoprotein (d 1.050–1.100 kg/l) 
in which apo[a] is covalently linked to apoB-100 of LDL-
like particles. Although UC remains the most reliable lipo-
protein separation technique, separation of LDL and HDL 
has not been achieved because the HDL fraction isolated 
by UC may contain a considerable amount of Lp[a]. 
Therefore, in the  � -quantifi cation and other methods ( 9 ), 
HDL is separated from LDL by chemical precipitation af-
ter the removal of VLDL by UC. With this approach, how-

  Fig.   5.  Correlation (A) and relative difference (B) plots between 
ultracentrifugation/HPLC (UC/HPLC) and the designated com-
parison method (DCM) for the measurement of HDL-C in 124 se-
rum samples. For the UC/HPLC method, serum solutions were 
centrifuged at a density of 1.063 kg/l   in the presence of 0.05 M ME. 
For the DCM, the precipitation of apoB-containing lipoproteins 
was performed with dextran-sulfate. HDL-C concentrations were 
analyzed by the HPLC method. Relative difference is defi ned as the 
difference between UC/HPLC HDL-C and DCM HDL-C divided 
by DCM HDL-C. The total analytical error limits specifi ed by the 
NCEP (<13%) are displayed (B).   
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had been removed from HDL in the presence of ME. 
These results indicate that ME may eliminate the interfer-
ence of Lp[a] on HDL isolation without changing HDL 
density properties. 

 Reliable measurement of LDL-C and HDL-C with a UC 
separation depends on accurate sampling of serum, quan-
titative transfer of bottom fractions, and precise measure-
ment of cholesterol. The UC separation enabled the use 
of diluted serum samples and thus the use of a high-
precision automated diluter for the introduction into the 
UC tubes of small-volume serum samples with density solu-
tions. An internal standard HPLC method ( 13 ) was used 
for the measurement of cholesterol. The same diluter was 
used for the sampling of calibrators to ensure the same 
volume of specimen and calibrators. The HPLC method 
offered the required analytical sensitivity for the diluted 
samples, and the use of an internal standard eliminated 
the need for volumetric reconstitution of the bottom 
fractions. 

 Whole serum is generally used in UC separations of li-
poproteins. To test whether the sample dilutions would 
cause any biases on the isolated lipoproteins, a modifi ed 
reduced volume  � -quantifi cation method was established 
for comparison with the UC/HPLC method. Because of 
the small sample volume (0.8 ml) and the importance of 
volume accuracy, serum samples were transferred and 
their bottom fractions reconstituted gravimetrically. The 
density of the saline used for the reconstitution may not be 
exactly the same as that of the removed top fractions, but 
the volume biases caused would be negligible for the pres-
ent purpose. Comparison of this method with the UC/
HPLC method on 67 serum samples showed no signifi cant 
difference in BFC, indicating the dilution would not infl u-
ence the lipoprotein separation. 

 For HDL-C measurement, the UC/HPLC method was 
compared with the DCM on 124 individual patient sam-
ples. The UC/HPLC results correlated very well with the 
DCM results but showed an average bias of  � 2.68%. Our 
data demonstrated that the dissociation of Lp[a] with ME 
did not affect the density properties of HDL. The bias 
might be caused, at least in part, by the different separa-
tion principles. Such differences may be clinically accept-
able and are well within the NCEP guidelines for acceptable 
bias and total error for HDL-C. 

 In this study, the separation of HDL and LDL by UC is 
based on the widely used lipoprotein defi nition. The mea-
sured LDL-C values include the contributions of IDL and 
Lp[a], which is in accordance with CDC reference method. 
Precision study showed that the total CVs for measurement 
of LDL-C and HDL-C by UC/HPLC were 0.65–1.12% and 
0.96–2.07%, respectively. 

 In conclusion, a UC and HPLC method for measure-
ment of LDL-C and HDL-C has been established. The 
method has several advantages:  a ) HDL and LDL are sepa-
rated by UC, and HDL is not contaminated with Lp[a];  b ) 
the sample volume required is 0.1 ml (2 × 0.05 ml) for 
LDL-C and HDL-C measurements;  c ) an automated diluter 
is used in place of a manual pipette for the precise intro-

duction of both calibrators and specimens;  d ) an internal 
standard is used to eliminate the need for volumetric re-
constitution of the bottom fractions and to ensure the pre-
cise measurement of cholesterol concentration in the 
bottom fractions; and  e ) a maximum of 50 samples can be 
analyzed in a single analytical run. The UC/HPLC method 
is highly precise and easy to operate and can be used 
in high-volume research or in clinical laboratories where 
precise and specifi c lipoprotein cholesterol analyses are 
needed.  
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