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An Enzymic and Centrifugal Method for Estimating High-Density

|ipoprotein Cholesterol

Janet K. Allen, William J. Hensley, Anthea V. Nichoils, and John B. Whitfield

Enzymic measurement of high-density lipoprotein cho-
lesterol with a centrifugal analyzer is described. We used
polyethylene glycol (M, 8000), finai concentration 100 g/L,
to precipitate low-density and very-low-density lipopro-
teins, thereby eliminating the difficulties of the commeoniy
used heparin/Mn?* precipitation method and facilitating
the use of ethylenediaminetetraacetate-stabilized plasma.
As measured by rocket immunoelectrophoresis, this final
concentration of polyethyiene giycol completely precipi-
tates 3-lipoproteins, leaving the «-lipoproteins in solution.
Between-run reproducibility (CV) was 3.8 %, within-run
reproducibility (CV) 0.8 % . Reagent costs currently are SUS
0.13 per test and large numbers of samples can be handied
conveniently. Normal ranges were compiled for 538 men
and 444 women. The high-density lipoprotein cholesterol
for men was 1.20 3= 0.31 (SD) mmok/L and for women 1.52
+ 0.38 {(SD) mmol/L.

Additional Keyphrases: normal values -
+ economics of lab. operation - enzymatic methods

Increasing epidemiological and clinical interest in the es-
timation of high-density lipoprotein {HDL) or HDL-choles-
terol (HDL-C), which correlate negatively with the risk of
coronary artery disease (1-3), has led to a need for a method
capable of handling large workicads conveniently and eco-
nomically. We have adapted the method of Viikari (4} for
HDL-C for use in the centrifugal enzymic analysis of choles-
terol.

Like other commonly used methods, this one is based on
precipitation of lipoproteins other than HDIL, followed by
meastrement of cholesterol in the supernatant fluid after
centrifugation. This precipitation is commonly achieved by
using divalent cations, such as Mn2+ or Mg?*, together with
a polyanion such as heparin or dextran sulfate {5, 6). However,
these techniques depend on the presence of divalent metal
ions, and ethylenediaminetetraacetate {EDTA}, necessary as
a lipoprotein stabilizing agent, must be used with care. Fur-
ther, Liedtke et al. {7) found that the heparin/Mn?* technique
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centrifugal analyses

interferes with enzymic cholesterol estimation and so we
turned to polyethylene glycol (M, 6000; PEG-8000) as a pre-
cipitant. The final procedure is given below.

Materials and Methods

Apparatus

A CentrifiChem 300 (Union Carbide, Tarrytown, NY) and
a Mistral 4L centrifuge (MSE, Crawley, U.K.) were used.
PEG-8000 reagent was dispensed with a Compu-Pet Auto-
matic Diluter (Alphamedics, Levittown, PA). Plasma was
dispensed with air-displacement Lancer Pipettes {Sherwood
Medical Industries, 8. Louis, MO).

Reagents

PEG-6000: Polyethylene glycol, average relative molecular
mass 6000 daltons (British Drug House), in distilied water,
200 g/L.

Cholesterol standards: Preciset (Boehringer Mannheim
GmbH).

Cholesterol reagents: Cholesterol was measured enzymi-
calty with the Boehringer Mannheim “CHOD-PAP Kit” the
reaction of the sample with cholesterol esterase and choles-
terol oxidase produces hydrogen peroxide, which, in the
presence of horseradish peroxidase (EC 1.11.1.7), reacts with
4-aminophenazone and phenot to vield 4-(p-benzoquinone-
monoiminojphenazone (8, 9). :

Methaod

Add 200 ul. of EDTA-treated plasma to 200 pl, of the
PEG-6000 selution in a plastic centrifuge tube, vortex-mix,
allow to precipitate for 5 min, then centrifuge at 2000 X g for
20 min. The supernate is aspirated with a Pasteur or air-dis-
placement pipette for cholesterol analysis. All of these oper-
ations are done at room temperature. The CentrifiChem pi-
petter is set to take 15 uL. of supernate, 45 uL of water, and 350
wL of combined “CHOD-PAP” reagent. The reaction condi-
tions are: temperature, 30 °C; wavelength, 500 nm; initial
absorbance reading at 5 s, followed by readings at 2-min in-
tervals for 12 min. Calculate the HDL-C concentration with
the use of a 1.30 mmol/L (50 mg/100 mL) and a 2.59 mmol/L
(100 mg/100 mL) cholesterol standard, allowing for the two-
fold dilution of the original sample.
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Fig. 1. Lipoprotein present, as a function
of polyethylene glycol concentration

Five specimens of EDTA-treated plasma were
precipitated with finai concentrations of PEG-6000
ranging from 0 to 140 g/L.. These specimens had
HDL-C varying from 0.33 te 2.18 mmol/t, and total
cholesterol varying from 5.3 to 7.6 mmot/L. Ta
compare resuits, the values of HDL-C and a-lipo-
protein were expressed as a percertage of the value
at 100 g/L PEG-8000. S-lipoprotein is expressed as
a percenrtage of the value at 0 g/l PEG-6000. The
meansg are shown for HDL-C {—¥; n-lipoprotein (-
« =}, and G-lipaprotein (- - -)

HDL~CHOLESTEROL, MMOL/L.
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Fig. 2. Distributions of HDL-C concentrations in plasma of 539 men and 444 women atiending a multiphasic heatth-screening cen-



Table 1. HDL-Cholesterol Concentrations Reported for Several Populations

Mean SD Aeference range

Popuiation No.- mmol/L Skewness Kurtosis
Medicheck, men, ages 19-79 539 1.20 0.31 0.7-1.9 0.886 1.96
Medicheck, women, ages 18-78 444 1.52 0.38 0.9-2.4 0.72 1.37
Framingham Study, men (3) 1025 1.19 '
Framingharm Study, women (3) 1445 1.48
Norwegian men ( 77), ages 40-59 247 1.46 6.31
Norwegian women { 17}, ages 19-58 23 1.54 0.29
Tromso, Norway, women (2) 11 1.33 0.42

Results

Choice of PEG-6000 Concentration

Viikari (4) used a final concentration of 120 g/L of PEG-
60090, but when increasing concentrations of PEG-6000 were
used, from 0 to 140 g/L, a plateau in supernate cholesterol
concentration was found between 60 and 120 g/L. These su-
pernates were examined by rocket immunoelectrophoresis
(10) with use of agarose gels dually impregnated with anti-
bodies against human o~ and #-lipoproteins (Behringwerke
AG). 8-Lipoprotein was still present at 60 g/L PEG-6000, with
traces remaining at 80 g/L. and none at higher concentrations
of PEG-6000. o-Lipoprotein was present in all supernates at
the concentration found in the original plasma (Figure 1}, A
final concentration of 100 g/L. PEG-8000 was chosen. Because
equal volumes of sample and reagent were used, the reagent
itzelf contained 200 g of PEG-6000 per liter.

Precision

Between-run precision was assessed by repeated analysis
of the specimens collected for the establishment of reference
ranges. These were kept at 4 °C between analyses, which were
done on 20 successive working days. Within-run precision was
assessed by using a freeze-dried preparation of human origin
{Precilip; Boehringer Mannheim). The results were: be-
tween-run 1.28 + 0.046 (SD}) mmol/L, CV 3.6%, n = 20; and
within-run .78 £ 0.008 (SD} mmol/L, CV 0.8%, in == 20.

Cost of Analysis

The direct reagent costs per patient specimen (allowing for

a proportion of standards and controls} currently amount to ~

$A 0.12 (3US 0.13). One person can assay 80 specimens in haif
a working day.

Reference Ranges

These were compiled separately for men and women, from
983 people attending a multiphasic bealth-screening center
(Medicheck Referrai Centre, Sydney) who had blood collected
for biochemical anaiyses. All specimens were from people who
had been fasting at least 12 h. There were 539 men ranging in
age from 19 to 79 years (average age, 43.5h years) and 444
women ranging in age from 17-78 years (average age, 42.0
vears). Plasma from blood collected into ethylenediamine-
tetraacetate was kept at 4 °C until analyzed within three days
of collection. The reference range was taken as that range that
excluded 2.5% at the upper and 2.5% at the lower boundary.
Estimates of mean, standard deviation, skewness, and kurtosis
are also given in Table 1. The frequency distributions for men
and women are shown in Figure 2. It is interesting to compare
these ranges with those reported by others using heparin/
Mn2* precipitation, as this gives an assessment of any bias
that might be present. Qur values are very similar to those
found in Framingham, Massachusetts (3}, as shown in Table
i

We conclude that this method is both convenient and eco-
nomical. Results are comparable to those of other methods
and the precision more than fulfills the criterion of Tonks (12)
that the analytical standard deviation should be less than a
quarter of the population standard deviation. The use of en-
zZyme reagents is more convenient than the strong acids oth-
erwise necessary and also has the potential advantage that free
and esterified cholesterol in HDL could be measured by
omitting cholesterol esterase from the reagent.

We thank Dr. Hugh G. Gallagher and Mr. Gary Stellino, of the
Medicheck Referrai Centre, Sydney, New South Wales, Australia,
for their kind co-operation in providing samples for the determination
of reference ranges.
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