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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY OF HUMAN
SERUM LIPOPROTEINS

SELECTIVE DETECTION OF TRIGLYCERIDES BY ENZYMATIC REAC-
TION

ICHIRO HARA®*, KEIKO SHIRAISHI* and MITSUYO OKAZAKI
Laboratory of Chemistry, Department of General Education, Tokyo Medical and Dental University. Koh-
nodai, Ichikawashi, Chiba prefecture 272 (Japan)

SUMMARY

A simple and convenient method for detection and quantitation of triglyce-
rides in each lipoprotein fraction (chylomicron, VEDL, LDL and HDL) has been
developed by high-performance liguid chromatography followed by enzymatic reac-
tion using a high-speed reaction type chromatograph.

Triglycerides in serum lipoproteins eluted from the gel permeation column
(TSK GEL) could be sensitively and selectively deiected by the absorbance at 550 nm
using a commercial enzyme reagent kit.

The distribution of triglycerides in each lipoprotein fraction couid be examined
with a small amount of serum (10-30 gl) in less than ) min by this method.
Moreover, free glycerol could be detected as a sharp peak at the elution volume of
total permeation of the column.

This technique was found to be suitable for the study of triglyceride-rich lipo-
proteins such as chylomicron and VLDE.

INTRODUCTION

Serum lipoproteins are usually defined according to their density: very-low-
density lipoprotein (VLDL), low-density lipoprotein (LDL) and high-density lipo-
protein (HDL, and HDL ;). However, it is well known that there is a high correlation
between lipoprotein density and particle size, owing to their chemical composition
and structure. :

We have succeeded in applying bigh-performance liquid chromatography
(HPLC) with gel permeation columns fot serum lipoprotein analysis!->. The direct
quantitation method for cholesterol in each ‘ipoprotein fraction from a small amount
of serum (10--20 ul) was developed by comit ning two methods: separation by HPLC
with gel permeation columns and selective detection of cholesterol by enzymatic
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reaction®*. This technique can be applied to the selective detection of other lipid
components, such as triglycerides and phospholipids, using an appropriate reagent.
In fact. we have established the quantitation method of choline-containing phos-
pholipids in serum lipoproteins using a commescial enzyme reagent kit®.

In this paper, we describe a procedure of selective detection for triglycerides by
a method combining HPLC and enzymatic reaction in post-column effluent. Elution
patterns of triglyceride are examined for human sera from normal and pathological
subjects. A few examples of monitoring a change of lipoprotein distribution are also
reported. Evaluation of the gel permeation column for lipoprotein analysis and the
effect of elongation of the column on the separation are also investigated.

EXPERIMENTAL

Apparatus

HPLC was carried out using the high-speed chemical derivatization chromato-
graph (HLC 805, Toyo Soda, Yamaguchi, Japan), as described previously3* except
that the enzymatic reaction was done by using a stainless-steel tube (20 m x 0.5 mm
L.D.) in 2 thermostatted water bath (Thermo Mini TM-100. Tokyo Rikakikai, Tokyo
Japan).

Ultracentrifugation for the separation of the standard lipoprotein fractions
from human serum was carried out using an RP 55 rotor in an Hitachi 55P-2 ultra-
centrifuge. After centrifugation, lipoproteins in the top layer were collected with an
Hitachi tube slicer (Model TSU2. Hitachi, Tokyo, Japan).

Materials and methods

Samples. Human sera :.;ed in this experiment were obtained from normolipi-
demia, hyperlipidemia and patients with various diseases after 12-16 h of fasting.
Standard lipoprotein fractions for analysis by HPLC were prepared from the serum
by the sequential flotation method of Havel er al.°. Ascitic chylomicron was prepared
from abdominal ascites as the 4 < 1.006 fraction after centrifugation at 10.500 g for
24 h.

Standard proteins (thyroglobulin, y-globulin, S-lactoglobulin, cytochrome ¢
and albumin) dissolved in 0.15 Af NaCl at a concentration of 0.1-1.0 %, were used to
obtain the relationship between molecular weight and elution volume for the gel
permeation column.

Reagents. The concentration of triglycerides in the samples subjected to HPLC
or in the fraction separated by HPLC was enzymatically determined using a commer-
cially available reagent kit (Determiner TG, Kyowa Medex, Tokyo, Japan). This
reagent was obtained in premixed lyophilized vials together with buffer solution.
When reconstituted with {per vial) 85 ml of 0.1 M Good buffer (pH 6.75) containing
detergents and aldehyde trapping reagent, the individual components were present in
the foliowing concentrations: lipoprotein lipase, 1 unit/ml; glycero! oxidase, 33.4
units/mi; peroxidase. 10 units/ml; 4-am8in 4-aminoantipyrine, 0.5 mAf; N-ethyl-N-
(3-methyiphenyl)-N'-acetylethylendiamine, 0.9 mM. The concentration of cholesterol
in the loaded samples or in the fraction separated by HPLC was determined using a
commercial enzyme reagent kit (Determiner TC*555”", Kyowa Medex) as described
previously>*.
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Separation of lipoproteins by HPLC. The separation of lipoproteins was per-
formed by HPLC with gel permeation columns (TSK GEL, GS5000PW and
G4000PW; Toyo Soda). Experimental conditions were as follows: column,
G5009PW, G4000PW, G5000PW + GS5000PW (cach column, 600 x 7.5 mm I.D.);
eluent, 0.15 M NaCl; flow-rate, 0.50 ml/min.

Detection of triglycerides in flow diagram. Triglycerides were detected by
measuring the 4;5q of the post-column effluent, described previously for cholesterol
quantitation®*. The A5, of the mixed eluate and enzyme solution (Determiner
TG kit) was monitored after passage through a stainless steel reaction tube (20 m x
0.5 mm 1.D.) at 45°C using the high-speed chemical derivatization chromatograph.
The flow-rate of the enzyme solution {Determiner TG) was 0.40 mi/min.

RESULTS AND DISCUSSION

Recently, highly sensitive and simple quantitation methods for serum triglyce-
rides have been developed using various enzymatic reaction systems’'°, and the
determination of triglycerides can be precisely and reproducibly performed with a
very small amount of serum (2C u4l) in an aqueous system.

For the detection of triglycerides in the eluate from the gel permeation column,
we used a commercial enzyme reagent kit (Determiner TG), which had been de-
veloped using a new enzyme, glycerol oxidase!!-12. The enzymatic reaction schemes
for the selective detection of triglycerides are as follows:

lipoprotein lipase

triglycerides + H,O l free glycerol + fatty acid

glycerol oxidase

free glycerol + O, l - glyceraldehyde + H,O,

peroxidase

4-aminoantipyrine + EMAE + 2H,0, quinone diimine dye + 4H,O

where EMAE is N-ethyl-N-(3-methylphenyl)-N’-acetylethylendiamine.

Triglycerides can be measured by the 4., of the quinonediimine dye (4, =
555 nm) which is produced by the above reaction schemes using this reagent kit. The
end-point of this reaction can be obtained within 5 min after incubation at 37°C in a
test-tube. We successfully applied this reagent kit for the detection of triglycerides in
the flow diagram by HPLC using the following experimental conditions: temperature
of the reaction bath, 45°C; dimensions of the reactor, 20 m x 0.5 mm LD.; flow-rate
of the main path (i.e. the pathway of the eluate from the column), 0.50 ml/min; flow-
rate of the enzyme solution (Determiner TG), 0.40 ml/min. The A4, of the mixed
eluate and enzyme solution was monitored after passage through the reactor.

The elution patterns monitored by the A5, using the G50060PW column are
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shown in Fig. 1 for the standard lipoprotein fractions (chylomicron, VLDL, LDL,
HDL. and HDL,) which were prepared by the sequential flotation methods®. The
elution profile of free glycerol is also presented in the same figure (Fig. 1j). Free
glycerol in the applied samples to HPLC was detected as a sharp peak at the elution
volume of total permeation of the column.

The relationship of the molecular weights of proteins and lipoproteins to clu-
tion volumes was investigated by monitoring the A,q, using the standard proteins
and lipoproteins. The results for the G5000PW column are shown in Fig. 2. All the
plots for proteins and lipoproteins in the molecular weight range from 10* to 10° are
almost on the straight line.

Fig. 3 presents typical elution patterns monitored by the A, for various
amounts of human seruin applied to the HPLC apparatus. Sample is the whole serum
from the patient with primary biliary cirrhosis, which contains 173 mg/dl of triglyce-
rides. A very small amount of serum (5 ul) gave five clearly separated peaks: chylo-
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Fig. 1. Elution patterns of the A, for standard samples. ~olumn, GS400PW (600 x 7.5 mm 1.D);
eluent, 0.15 M NaCl, fow-rate, 0.50 ml/min (main path), 0.49 m(/min {(¢nzyme soluiion. Determiner TG
kit); temperature of the reactor (20 m x 0.5 mm I.D., stainless steel tube), 45°C. Samples: a, ascitic
chylemicron; b-d, chylomicron + VLDL fraction (d < 1.006); e-g, LDL (d 1.006-1.063); h, HDL, (d
1.063-1.125); i, BDL, (4 1.125-1.210); j, free glycerol. i

Fig. 2. Relationship between molecular weight and elution volume for G3000PW column. Column,
G30COPW (600 x 7.5 mm LD.};eluent, 0.15 M NaCl; flow-rate, 0.50 ml/min; detector,. A_go- Samples: 1,
ascitiz chylomicron; 2, LDL; 3, thyroglobulin (boving); 4, HDL,; 5. HDL;; 6. 7-giobulin (human); 7,
alburain (humazn); 8, f-lactoglobulin (bovine); 9, cytochrome c.



HPLC OF HUMAN SERUM LIPOPROTEINS

e gt
~

0.2[A85](10av)

Pegg —
[

0.1{ABSI(10zv)

.

J\ |
c \‘ 0.04[ABS] (10w}
d _J\/\’\/\/\__ 0 coLAES] (Fomet

% : 1 1 M L
2a 30 40 50
elution time (min)

553

Fig. 3. Elution curves monitored by the A5, for various amoun?’s of human serum applied to HPLC.
Sampie: serum of patient with primary biliary cirrhosis (173 mg/dl of triglycerides). Loaded voiume: a, 40
a2l b,20 4l; ¢, 10 pl; d, 5 pl. Elution position: 1 = chylomicron; 2 = VLDL; 3 = LDL; 4 = HDL,; 5 =

HDL,; 6 = albumin; 7 = free glycerol. HPLC conditions as in Fig. 1.
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Fig 4. Elution patterns of the A, for various human sera. Sample: A, normal male; B, hyperlipidemia;
C, liver ciithosis; D, normal child; E, fatty <hild; F, baby one day after birth. Loaded volume: 10-50 pl.
Peaks: 1 = chylomicron; 2 = VI.DL; 3 = LDL; 4 = HDL,; 5 = HDL,; 6 = bilirubin; 7 = free glycerol.

HPLC conditions as in Fig. 1.
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micron, VLDL, LDL, HDL and free glycerol. The arrow in Fig. 3 indicates the
eludon position of each lipoprotein fraction, serum albumin and free glycerol. The
elution positions were determined from the results shown in Fig. 1 and Fig. 2. Thesc
fractions are designated by the numbers: 1, chylomicron; 2, VLDL; 3, LDL; 4,
HD1 ,: 5. HDL;; 6, albumin; 7. free glycerol. As showa in Fig. 3, the GS000PW
column was found to be useful for the separation of the large-particle-size fractions of
serum lipoproteins such as chylomicron, VLDL and LDL. On the other hand. small-
caticle-size fractions, such as HDL, and HDL;, eluted as one peak.

The detection limit for triglycerides by this method was found to be 1 ug per
one separated peak (see Fig. 3d). This indicates that ca. 50 ug of triglycerides per
millilitre of serum can be detected when 20 yl of serum is analysed. Although the peak
responce of the A5, increased slightly with increased serum volume, the elution
patterns obtained for serum volumes from 10 to 40 ul were very similar. This shows
that the quantitation of triglycerides in each lipoprotein and that of free glycerol can
be performed from the peak area of the 4,5, and the concentration of triglycerides in
applied samples with use of 1040 u of whole serum.

In Fig. 4. typical elution paiterns monitored by the A5, are presented for six
examples of human sera: A, normal male; B, hyperlipidemia; C, liver cirrhosis; D,
normal child; E, fatty child; F. baby one day after birth. Six distinct peaks of the A5,
were observed. They were identified from the results shown in Fig. 1 and Fig. 2 as
follows: 1, chylomicron; 2, VLDL; 3, LDL; 4, HDL,; 5, HDGL,; 6, pigments such as
bilirubin which adsorb to serum albumin; 7, free glycerol. Among these peaks, the
elution position of VLDL (peak 2) varied with the individual subjects. This result is
consistent with the fact that the VLDL fraction has a wide distribution of particle size
and has many subclasses'*~'7. The hyperlipidemic sera (subjects B and E) present a
larger amount of large-particle-size lipoprotein fractions, such as chylomicron and
VLDL, than that of normolipidemic sera (subjects A, C and D). This method was
found to give much information about large-particle-size lipoproteins that contained
a high amount of triglycerides.

In the case of liver cirrhosis (subject C), a sharp peak of HDL, and a shoulder
peak of bilirubin are observed. We have reported the decrease in serum HDL;-
cholesterol level in the case of liver cirrhosis using our HPLC method!®. In the case of
the one-day-old baby (subject F), which contains a high amount of bilirubin, a large
peak is detected at the elution position of serum albumin (peak 6). These results
indicate that this method can give qualitative data about smail-particle-size fractions.

It is weil known that there is an appropriate amount of free giycerol in human
serum'?2°_ By our HPLC method, free glycerol can be detected as a sharp peak at the
elution volume of total permeation as shown in Fig. 1. The content of free glycerol
was found to vary with the individual subjects (see peak 7 of Fig. 4).

Fig. 5 shows two examples of  the application of this method for monitering a
change of lipoprotein distribution. One is a change of elution patterns due to fasting
time in the case of an obese woman (Fig. 5A). The other is the comparison of
lipoprotein distribution between the fresh serum and the freezing-thawing serum for
a triglyceride-rich subject (Fig. 5B) and a triglyceride-poor subject (Fig. 5C). The
latter example indicates that large-particle-size fractions, such as chylomicron and
VLDL, increase on freezing-thawing. On the other hand, in the case of the subject
containing a very low level of VLDL, no change was observed as shown in Fig. 5C.
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Fig. 5. Elution patterns of the Asq for human sera: examples of monitoring pattern change. Samples: A,

serum of obese woman, (6 h of fasting), (16 b of fasting); B, hyperlipidemia, (fresh
serpm), (freezing-thawing serum); C, normolipidemia, (fresh serum). (freezing~
thawing serum). Loaded volume: A. 30 p; B, 10 ul; C, 30 pl. Peaks as in Fig. 4. HPLC conditions as in Fig.
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Fig. 6. Comparison of elution pattern of the A5, between G4000PW and GSC00PW columns. Samples:
human serum (A, acute liver hepatitis; B and C, hyperlipidemia). Loaded volume: A, 30 pi; B, 10 pi; C, 30
ul. Peaks as in Fig. 4. HPLC conditions as in Fig. §.
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Thus our results are consistent with the fact that evaluation of lipoproteins of frozen
serumn by electrophoretic procedures is possible only for the subject of a very low level
of VLDL?1-22,

Elution patterns of the A, for the same subject were compared on the
G4000PW and G35000PW columns (see Fig. 6). In the case of G4000PW, chylomicron
and VLDL elute as one peak at the void volume, and LDL is completely separated
from VLDL. Therefore, the G4000PW column is preferable for evaluating the level of
LDL.

Lastly, the effect of elongation of the column on the separation was examined
using a single column of G5000PW and a combined column of G5000PW -+
G5000PW. Elongation of the column was found to increase the resolution of the
separation for all lipoprotein fractions. as shown in Fig. 7. Detailed examination of
subciasses of the VLDL fraction can be performmed by using the G5000PW +
G3000PW system (see peak 2 of Fig. 7A). The elution patterns of cholesterol moni-
tored by the A5, tsing Determiner TC5355™ are also presented in the same Figure
for reference. From these experiments, it can be seen that the combination of the
elution patterns of triglycerides and cholesterol give much information on the nature
of serum lipoproteins in normal and pathological subjects.

The establishment of the selective detection method for triglycerides in serum
lipoproteins by HPLC should help to make progress rapid in the study of lipoprotein
metabolism and diagnosis of the various diseases. We are now examining the pattern
analysis of the Fredrickson et al. typing system for familial hyperlipidemia®? using
our HPLC method.
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Fiz 7. Eluition patterns of triglycerides (. ) and cholesterol (. } for human serum. Columaus,
G5000PW, G5000PW + GS000PW (each column, 600 x 7.5 mm I.D.); sample, human serum of hyper-
lipidemia; loaded volumes, 20 ul HPLC corditions for triglyceride monitor as in Fig. 1. HPLC conditions
for chclesterol monitor: flow-rate, 0.50 ml/min (main path) and 0.20 ml/min (enzyme solution, Determiner
TC5557); temperature of the reactor (20m x 0.25 mm 1.D., stainless stee] tube), 40°C. Peaks as in Fig. 4.




HPLC OF HUMAN SERUM LIPOPROTEINS 557
ACKNOWLEDGEMENTS

The authors acknowledge the gifts of serum by Dr. H. Itakura and Dr. T.
a of Tokyo University Hospital and Dr. C. Naito of Tokyo Teishin Hospital.

This work was supported by a research grant from Nissan Scnence Foundatlon.

~
o]
R
£ g

REFERENCES

M. Okazaki, Y. Ohno and I. Hara, J. Chromatogr., 221 (1980) 257.
Y. Ohno, M. Qkazaki and I. Hara_ J Biochem., 89 IIQRI\ 1675,

NAGU, VAL RORALZARD &0 XL iakd, 5. SR, S \a70i)

M. Okazaki, Y. Ohno and I. Hara, J. Btacl‘em 89 (1981) 879.

M. Okazaki, K. Shiraishi, Y. Ohno and I. Hara, J. Chromatogr., 223 (1981) 285.

M. Okazaki, N. Hagiwara and 1. Hara, J. Biochem., 91 (1982) 1381-1389.

R_J. Havel, H. A. Eder and J. H. Bragden, J. Clin. Invest., 34 (1955) 1345.

G. Bucolo and H. David, Clin. Ckem., 19 (1973) 476.

K. Whitlow and N. Gochman, Clin. Chem., 24 (1978) 2018.

R. E. Megraw, D. E. Dunn and H. G. Biggs, Clin. Chem., 25 (1979) 273.

10 H. Winaltasaputla, V. N. Mallet, S. S. Kuan and G. G. Guilhault, Clin. Chem., 25 (1980) 613.

11 T. Uwajima, H. Akita, K. Ito, A. Mihara, K. Aisaka and O. Terada, Agr. Biol. Chem.. 43 (1979) 2633.

12 T. Uwajima, H. Alkita. K_ Ito, A. Mihara, K. Aisaka and 9. Terada, Agr. Biol. Chem., 43 (1980) 399.

13 S. H. Quarfordt, A. Nathans, M. Dowdea and H. L. Hildarman, J. Lipid Res.. 13 (1972) 435.

14 T. Sata, R. J. Havel and A. L. Jones, J. Lipid Res., 13 (1972) 757.

15 W_ R. Hazzard, F. T. Lindgren and E. L. Bierman, Biochim. Biophyvs. Acta, 202 (197Q) 517.

16 C.J. Packard, J. Shepherd, S. Jones, A. M. Gotto and D. Taunton, Biochim. Biophys. Acta, 372 (1979)
269.

17 A. Pagnan, R. J. Havel, J. P. Kane and L. Kotite, J. Lipid Res., 18 (1977) 613.

18 M. Okazaki, I. Hara, A. Tanaka, T. Kodama and S. Yokoyama. New Eng. J. Med., 304 (1981) 1608.

19 K. Stinshoff, D. Weisshaar. F. Staeler. D. Hesse, W. Gruber and E. Steier, Clin. Chem., 23 (1977)
1029.

20 H. A. Schwertner, R. C. McLaren and E. L. Arnold, Clin. Chem., 25 (1979) 520.

21 F.T.Hatch, F. T. Lindgren, G. L. Adamson, L. C. Jensen. A. W. Wong and R . Levy, J. Lab. Clin.
AMed., 81 (1973) 946.

22 F. T. Lindgren, A. Silvers. R. Jutagir, L. Layshot and D. D. Bradley, Lipids, 12 (1977) 278.

23 D. S. Fredrickson, R. I. Levy and R. S. Lees, New Eng. J. Med., 276 (1967) 148.

O WOV W -



