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Abstract

Objectives: To evaluate the gel permeation high-performance liquid chromatography (GP-HPLC) method for determination of triglyceride
(TG) levels in low-density lipoprotein (LDL) and high-density lipoprotein (HDL).

Design and methods: The GP-HPLC and the ultracentrifugation(UC)/precipitation methods were used and compared.

Results: There was no significant difference in measured levels of LDL-triglyceride between the two methods, but the HDL-triglyceride levels
measured by the GP-HPLC technique were significantly higher than the UC/precipitation one (145+47 mg/L and 12145 mg/L respectively,

n=38, p<0.0001).

Conclusions: A GP-HPLC technique provides LDL-TG levels comparable to those obtained by the UC/precipitation method.
© 2008 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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Introduction

A gel-permeation high-performance liquid chromatography
(GP-HPLC) is a method for classifying lipoproteins on the basis
of their particle sizes [1,2]. Major classes and subclasses of
lipoproteins have been defined by component peak analyses on
the basis of lipoprotein particle sizes by Gaussian curve fitting
technique [2—4]. In our GP-HPLC method, the splitting of the
column effluent equally into two lines allows simultaneous
measurement of cholesterol and triglyceride (TG) levels in
lipoproteins separated by gel permeation columns [5], and this

Abbreviations: GP-HPLC, gel-permeation high-performance liquid chro-
matography; TG, triglyceride; TC, total cholesterol; UC, ultracentrifugation;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; VLDL, very low-density lipoprotein; CM, chylomicron.
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system is used widely for lipoprotein profiles for non-human
being as well as human subjects [6,7].

We previously reported good traceability of GP-HPLC to the
reference methods, Abell-Kendall for total cholesterol (TC), the
ultracentrifugation(UC)/precipitation (heparin-MnCl,) method
for high-density lipoprotein cholesterol (HDL-C) [8], and the
beta-quantification method for low-density lipoprotein choles-
terol (LDL-C) levels [9]. These evaluations of analytical
accuracy for the GP-HPLC method have been limited in
cholesterol measurement, and no information is available on TG
measurement.

The aim of this study was to compare the GP-HPLC method
with the UC/precipitation method, focusing on LDL-TG and
HDL-TG determination in 38 male firefighters. Moreover we
discussed the significance of TG measurements by investigating
the relationship between cholesterol and TG levels in major
lipoproteins and their subclasses.
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Materials and methods
Serum samples

We obtained blood samples from 38 male firefighters (aged
19-54) at Kashiwa firchouse, Chiba, Japan, participating in a
study of health care and physical fitness [10]. The blood
samples were collected into glass tubes without anticoagulant
after fasting of 16 h, allowed to clot at room temperature and
centrifuged at 2000 g for 15 min to obtain serum samples. All
these serum samples were stored at 4 °C and analyzed within
5 days after blood collection. All volunteers gave informed
consent to participate in this study, as stated in the declaration of
Helsinki [11].

Lipoprotein analysis by a dual detection GP-HPLC system

Serum lipoproteins were analyzed by analytical HPLC
service system (®LipoSEARCH) at Skylight Biotech Inc.
(Akita, Japan), as previously described [5]. In brief, a 10 pL
of whole serum sample was injected into two connected
columns (300x7.8 mm) of TSKgel LipopropakXL (Tosoh,
Tokyo, Japan) and lipoproteins were separated with 0.05 mol/L
Tris-buffered acetate (pH 8.0) containing 0.3 mol/L sodium
acetate, 0.05% sodium azide, and 0.005% Brij-35 at a flow rate
of 0.7 mL/min. The column effluent was split equally into two
lines by a P-460 MicroSplitter (Upchurch Scientific Inc., Oak
Harbor, WA); one effluent portion was mixed with cholesterol
reagent (Determiner L TC/Kyowa Medex, Tokyo) and the other
with TG reagent (Determiner L TG/Kyowa Medex). The two
enzymatic reagents were each pumped at a flow rate of 0.35 mL/
min. The absorbance at 550 nm was continuously monitored
after the enzymatic reaction at 37 °C in a reactor coil [Teflon;
15 mx0.4 mm (i.d.)].

We defined 3 very low-density lipoprotein (VLDL) sub-
classes, 4 LDL subclasses, and 5 HDL subclasses using 20
component peaks on the basis of lipoprotein particle size
(diameter), as described previously [2—4]. In this study,
chylomicron (CM) was included in the VLDL fraction, because
of a very small amount of CM detected (0.06+0.07 mg/L for
cholesterol and 1.7+2.1 mg/L for TG).

The ultracentrifugation/precipitation method

Determination of TG levels was carried out in lipoprotein
fractions that were separated according to modified procedures
of the beta-quantification method for LDL-C [12] and the
designated comparison method for HDL-C [13,14]. Briefly, a
1.0-mL serum sample was placed in a polycarbonate centrifuge
tube (cat. no. 343778; Beckman Coulter, Inc., Fullerton, CA)
and centrifuged on a Beckman Optima-TLX preparative
ultracentrifuge with a fixed-angle TLA 120.2 rotor at
527000 g for 3 h at 16 °C, to obtain a bottom (d>1.006 kg/L)
fraction including LDL and HDL. A HDL fraction was separated
directly from whole serum, where apolipoprotein B-containing
lipoproteins were precipitated with Dextran-sulfate/MgCl,. TG
concentrations of whole serum, the LDL-+HDL fraction

(d>1.006 kg/L), and the HDL fraction (Dextran-sulfate/MgCl,
supernatant) were determined enzymatically on the Hitachi
7170 S automated analyzer with Determiner L TG II (Kyowa
Medex). The levels of LDL-TG were calculated by subtracting
HDL-TG values from TG concentration in the HDL+LDL
fraction (d>1.006 kg/L). The levels of VLDL-TG were
calculated by subtracting TG concentrations in the HDL+LDL
fraction from serum TG levels. Cholesterol levels of each
fraction were also similarly determined by Determiner L TC II
(Kyowa Medex), followed by the same calculation for each
lipoprotein class.

Statistical analysis

Data were analyzed with SPSS Version 10.0 (SPSS Inc,
Chicago, IL). Student’s ¢ test was performed to compare the
differences between two sample means. The results are
expressed as mean<+standard deviation. All the reported p
values were 2-tailed, and those <0.05 were considered to be
statistically significant. Correlations between various vari-
ables are presented as the Pearson’s correlation coefficient
(r-value).

Results
Analytical precision for the dual GP-HPLC detection system

Within-run reproducibility (2=5) of the dual GP-HPLC
system for TC and TG measurements was determined on two
different pooled serum samples. Pool 1, a serum-based frozen
material (Kyowa Medex, Japan), is normolipidemic
(TC=1530 mg/L, TG=710 mg/L), and Pool 2, a pool of sera
obtained from 3 laboratory volunteers, is a hyperlipidemic
aliquot (TC=1630 mg/L, TG=4440 mg/L). Good within-run
imprecision values were obtained in major lipoproteins and
their subclasses, and coefficients of variation were less than
1.82% except for CM.

Quantitative comparison of major lipoproteins assayed by the
UC/precipitation and the GP-HPLC methods

There was no significant difference in the average values of
serum TG levels between the GP-HPLC (1138+657 mg/L) and
the automated enzymatic method (1128652 mg/L). Shown in
Table 1 are the results of cholesterol and TG levels in major
lipoproteins and the TG/cholesterol ratios, determined by the
UC/precipitation and the GP-HPLC methods.

As for the VLDL and LDL fractions, TG levels determined
by the GP-HPLC were correlated significantly with those by the
UC/precipitation method, and significant differences were not
found. The VLDL-TG/VLDL-C ratio was significantly lower in
the GP-HPLC method, although a very high correlation was
found between the two methods.

In contrast to VLDL and LDL fractions, the HDL fraction
was significantly different in HDL-C and HDL-TG levels and
the HDL-TG/HDL-C ratios, although high correlations were
obtained between the two methods.
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Table 1

Comparison of TG and cholesterol levels in major lipoprotein classes between the GP-HPLC and the UC/precipitation methods (7=38)

Variable UC/precipitation method GP-HPLC method Correlation Paired ¢ test
Mean+SD Range Mean+SD Range r p value p value
TG (mg/L) 1128652 410-3410 11384657 425-3558 0.995 0.000 0.330
TC (mg/L) 1961+350 1220-2720 1980347 1227-2680 0.989 0.000 0.032
VLDL-TG (mg/L) 709+552 130-2340 6924518 198-2443 0.989 0.000 0.207
VLDL-C (mg/L) 214+129 30-620 238+122 56-557 0.827 0.000 0.053
VLDL-TG/VLDL-C ratio 3.45+1.71 0.94-8.06 2.80+0.91 0.99-4.50 0.539 0.000 0.008
LDL-TG (mg/L) 2974136 164-894 3024148 127-893 0.931 0.000 0.620
LDL-C (mg/L) 1202+339 573-1815 11554315 581-1699 0.982 0.000 0.000
LDL-TG/LDL-C ratio 0.25+0.10 0.14-0.59 0.26+0.10 0.14-0.62 0.887 0.000 0.243
HDL-TG (mg/L) 121445 55-220 145+47 73-265 0.970 0.000 0.000
HDL-C (mg/L) 546+117 330-748 5874120 367-790 0.992 0.000 0.000
HDL-TG/HDL-C ratio 0.24+0.11 0.07-0.48 0.26+0.11 0.10-0.53 0.983 0.000 0.000

GP-HPLC, gel permeation high-performance liquid chromatography; UC, ultracentrifugation; TG, triglyceride; TC, total cholesterol; VLDL-TG, very low-density
lipoprotein triglyceride; VLDL-C, very low-density lipoprotein cholesterol; LDL-TG, low-density lipoprotein triglyceride; LDL-C, low-density lipoprotein
cholesterol; HDL-TG, high-density lipoprotein triglyceride; HDL-C, high-density lipoprotein cholesterol.

Relationship between TG and cholesterol levels in major
lipoproteins and their subclasses

We examined the relation between TG and cholesterol levels in
major lipoprotein classes and their subclasses as shown in Table 2.
Serum TG levels had significant positive or negative correlations
with cholesterol levels in all major lipoproteins and most of their
subclasses. Therefore, partial correlation analyses by adjustment
for serum TG levels are carried out, as shown in Table 2.

The VLDL-TG and the LDL-TG levels, like serum TG
levels, were almost similarly associated with cholesterol levels
of some lipoprotein subclasses. The adjustment for serum TG
levels, however, did not remove the significant correlations
between the VLDL-TG and the large VLDL-C levels. The
significant correlations of the LDL-TG levels with total LDL-C
and several lipoprotein subclasses (large VLDL-C, small
VLDL-C, small LDL-C, and very small LDL-C) also remained
after adjustment for serum TG levels. HDL-TG levels showed
significant positive correlations with total VLDL and all of the
VLDL subclasses but no correlation with total LDL, total HDL
and their subclasses except for very small LDL-C.

Discussion

In our GP-HPLC method using the dual detection system by
splitting the column effluent into two lines, cholesterol and TG
levels in VLDL, LDL and HDL and their subclasses can be
obtained by applying 10 pL of whole serum or plasma at the
interval of 24 min. The 20 component peak separation by
Gaussian curve fitting technique could determine cholesterol
levels in major lipoprotein classes and their subclasses as
described previously [2—4,15].

In this study, the same lipoprotein definition of 20
component peaks for cholesterol profile was applied to the
TG profile, and the results were compared with those by the
UC/precipitation method. Similarly to cholesterol measure-
ments, there were high correlations between the two methods in
TG measurements, but HDL-TG levels were systematically
higher in the GP-HPLC than the UC/precipitation method, as

observed in HDL-C measurements. We found no effects of
serum TG and lipoprotein(a) levels on the HDL-TG measure-
ments (data not shown), and slightly but significantly higher

Table 2
Correlations of TG with cholesterol levels in lipoprotein classes measured by the
GP-HPLC method (n=38)

Lipoprotein classes TG VLDL-TG LDL-TG HDL-TG
VLDL-C 0.875" 0.849" 0.769" 0.523"
(-0.018) (0.121) (0.126)
Large VLDL-C 0.933"  0.946" 0.665" 0.358°
(0.466)° (-0.623)"  (—0.479)°
Medium VLDL-C 0.766"  0.733" 0.694 0.520"
(-0.075) (0.141) (0.198)
Small VLDL-C 0.443>  0.389° 0.560" 0.442"
(—0.201) (0.387)° (0.269)
LDL-C 0.515*  0.452° 0.598" 0.099
(—0.248) (0.355)° (—0.248)
Large LDL-C 0.097 0.055 0.227 0.003
(—0.168) (0.272) (—0.059)
Medium LDL-C 0.318 0.254 0.415 0.005
(—0.247) (0.289) (—0.208)
Small LDL-C 0.634*  0.567" 0.684" 0.162
(—0.277) (0.358)° (—0.277)
Very small LDL-C 0.742*  0.697" 0.760" 0.184
(—0.156) (0.373)° (—0.383)°
HDL-C —0.640" -0.615" ~0.494" -0.271
(0.044) (0.112) (0.114)
Very large HDL-C -0.099 -0.094 0.052 —0.244
(0.010) (0.253) (-0.227)
Large HDL-C -0.682" -0.670" -0.510" -0.274
(—0.039) (0.164) (0.153)
Medium HDL-C -0.591° -0.579" -0.453" —0.133
(—0.024) (0.105) (0.273)
Small HDL-C -0.167 —0.105 —0.194 —0.180
(0.251) (—0.101) (—0.108)
Very small HDL-C 0.020 —=0.301 0.013 =0.060
(0.003) (=0.001) (—0.002)

Partial correlation coefficients after adjustment for serum TG are presented in
parentheses.
Abbreviations are the same as indicated in Table 1.

* p<0.001.

b p<0.01.

¢ p<0.05.
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HDL-TG/HDL-C ratios were obtained by the GP-HPLC
method. These results may indicate an over-precipitation of
TG-rich HDL particles by the precipitation reagent, but it was
unclear where the precipitated HDL should be recovered
because of a good agreement observed between the two
methods in the LDL-TG and the VLDL-TG determinations.

We examined a significance of TG measurements of major
lipoprotein classes using the correlation analyses (Table 2). Our
findings show that the levels of serum TG were positively
correlated with VLDL-C and negatively with HDL-C. Gen-
erally, most of serum TG are carried in VLDL (and CM after
meal), and correlated well with VLDL-C levels. Indeed, VLDL-
C can be estimated from measured serum TG values divided by
5, as used in the Friedewald equation [16]. In addition, there is
commonly a metabolic relationship between serum TG and
HDL-C [17-19]. We found significant negative correlations of
HDL-C and their subclass with VLDL-TG and LDL-TG as well
as serum TG, but these relationships disappeared after
adjustment for serum TG levels, indicating that no additional
information and advance are obtained from the measurements
of VLDL-TG and LDL-TG levels. Earlier studies, however,
reported high LDL-TG levels are indicative of cholesterol ester-
depleted LDL, elevated intermediate-density lipoprotein, and
dense LDL [20,21]. Consistent with these data, our results
similarly indicates increased levels of LDL-TG are associated
with the increased levels of small VLDL, small LDL, and very
small LDL, independently of serum TG levels.

It is interesting that HDL-TG levels were not associated with
HDL-C levels, because TG contents are usually increased or
decreased in parallel with cholesterol contents, as observed in
VLDL and LDL fractions. TG enrichment of HDL, which often
occurs in hypertriglyceridemic states, significantly enhances the
clearance of HDL apolipoprotein A-I from the circulation of
healthy humans [18,19]. Therefore, measurements of HDL-TG
and the HDL-TG/HDL-C ratio may provide an additional
clinical tool for assessment of individuals and have greater
ability to predict coronary heart disease risk than HDL-C itself.

In conclusion, a very simple and rapid GP-HPLC technique
was confirmed to give TG levels in LDL, which were
comparable to those obtained by the UC/precipitation method.
Further study will be required to establish a clinical utility of
measuring TG levels in each of major lipoproteins.
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