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SUMMARY 

A simple and convenient method for detection and quantitation of triglyce- 
rides in each lipoprotein fraction (chylomicron, VLDL, LDL and HDL) has been 
developed by high-performance liquid 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 detected by the absorbance at 550 nrn 
using a commercial enzyme reagent kit_ 

The distribution of triglycerides in each lipoprotein fraction couid be examined 
with a small amount of serum (10-50 ~1) in less than f? 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 !ipo- 
proteins such as chylomicron and VLDL_ 

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 b$h-performance liquid chromatography 
(HPLC) with gel permeation columns for serum lipoprotein anaiysisx*“. The direct 
quantitation method for cholesterol in each lipoprotein fraction from a small amount 
of serum (10-20 d) was developed by comtming two methods: separation by HPLC 
with gel permeation columns and selecti~re detection of cholesterol by enzymatic 

* Presen: address: Rexirch Laboratory, lvxishita Pharmaceutical co., Ltd., Osbinohara, Yasu- 
cho, Yasu-gun, Siri@ prefxture 520-23. Japan) 
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reaction3**. 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 cholinecontaining phos- 
pholipids in serum lipoproteins using a commercial enz+me reagent kits_ 

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_ 

E?CPERIMENTAi_ 

Appariltus 

HPLC was carried out using the&&h-speed chemical derivatization chromato- 
graph (HLC 805, Toyo Soda, Yamagucl$ Japan), as described previously3*’ except 
that the enzymatic reaction was done by us-mg a stainless-steel tube (20 m x 0.5 mm 
I.D.) in a thermostatted water bath (Therm0 Mini TM-100. Tokyo Rikakikai, Tokyo 
Japan)_ 

Ultracentrifugation for the separation of the‘ standard lipoprotein fractions 
from human serum was carried out using = 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 TSUZ Hitachi. Tokyo, Japan)_ 

Materich and methods 
Sampies. 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 Have1 er aL6. Ascitic chylomicron was prepared 
from abdominal ascites as the d -c 1.006 fraction after centrifugation at 10.500 g for 
14 h. 

Standard proteins (thyroglobulin. -* i-globulin, &lactoglobulin, cytochrome c 
and albumin) dissolved in 0.15 &I NaCl at a concentration of 0. l-l .O o/0 were used to 
obtain the relationship between moiecular weight and elution volume for the gel 
permeation column. 

Reugents. The concentration of triglycerides in the samples subjected to HPLC 
or in *ihe fraction separated by HPLC was enzyx.atkalIy determined using a commer- 
cially available reagent kit (Determiner TG, Kyowa Medex, Tokyo, Japan). This 
reagent was obtained in premixed lyophilizcd vials together with butTer 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; glycerol oxidase, 33.4 
units/ml; peroxidase, 10 units!ml; 4-am8in 4_aminoantipyrine, 0.5 n&1; Nethyl-N- 
(3-methyZphenyl)-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‘XS’, Kyowa Medex) as described 
previously3-a_ 
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Separation of lipoproteins by HPLC. The separation of lipoproteins was per- 
formed by HPLC with gel permeation columns (TSK GEL, G5OOOPW and 
G4OOOPW; Toyo Soda)_ Experimental conditions were as follows: column, 
G50oPW, G4OOOPW, G5000PW t GSOQOPW ( each column, 600 x 7.5 mm I-D.); 
eluent, 0.15 M NaCl; flow-rate, 0.50 ml/min. 

Detection of trigi)-cerides in flow diagram. Triglycerides were detected by 
measuring the A,,, of the postcolumn effluent, described previously for cholesterol 
quantitation3*+. The A,,, 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 I.D.) at 45°C using the high-speed chemical derivatization chromatograph. 
The flow-rate of the enzyme solution (Determiner TG) was 0.40 ml/min. 

RESULTS AND DISCUSSION 

Recently, highly sensitive and simple quantitation methods for serum triglyce- 
rides have been developed using various enzymatic reaction systems7-‘o, and the 
determination of triglycerides can be precisely and reproducibly performed with a 
very small amount of serum (2C .ul) 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”.“. The enzymatic reaction schemes 
for the selective detection of triglycerides are as follows: 

lipoprotein lipase 

triglycerides t Hz0 
L 

free glycerol -i- fatty acid 

glycerol oxidase 

free glycerol f O2 1 
glyceraldehyde + HzOl 

peroxidase 

Caminoantipyrine f EMAE + 2H,0Z I -quinone diimine dye f 4H10 

where EMAE is N-ethyl-N-(3-methylphenyl)-N’-acetylethylendiamine_ 
Triglycerides can be measured by the A,,, of the quinonediimine dye (E., = 

555 nm) which is produced by the above reaction schemes using this reagent kit. The 
end-point of this reaction can be obttned 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, 2(! m x 0.5 mm I.D.; 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/m& The A,,, of the mixed 
eluate and enzyme solution was monitored after passage through the reactor. 

The elution patterns monitored by the Asso using the G50OOPW column are 
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Fig. 3. Elution curves monitored by *be A,,, for various amoun’3 of buma serum applied to HPLC. 
Sampier serum of patient with primary bilkry cirrhosis (173 mg/dl of triglycerides). Loaded volume: a, 40 
fl; b. 20 @; c, 10 ,ul; d, 5 @. 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 orthe A,,, for various human sera_ Svnple: A, normal mtrle: B. hyperlipidemia: 
C, liver ci&tosis; D, normal child; E, fatty child; F, baby one day zfter birth. Loaded volume: 10-50 dl- 
Pe2k 1 = cllylomicron: 2 = VLDL; 3 = LDL; 4 = HDL,; 5 = HDL,; 6 = bilirubin; 7 = freeglycerol. 
HPLC conditiom as in Fig. 1. 
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micron, VLDL, LDL, HDL and lrree glycerol_ The arrow in Fig. 3 indicates the 
durion position of each lipoprotein fraction, serum albumin and free glycerol. The 
eiution positions were determined from the results shown in Fig. 1 and Fig. 2. These 
fractions are designated by the numbers: I, chylomicron; 2, VLDL; 3, LDL; 4, 
HDL,; 5_ HDL,; 6, albumin; 7, free glycerol_ As sholxrn in Fig. 3, the GSOOOPW 
column was found to be useful <or the separation of the large-particle-size fractions of 
serum lipoproteins such as chylomicron, VLDL and LDL- On the other hand. small- 
~aticle-size fractions, such as HDL, and HDL,, eluted as one peak. 

The detection limit for tri&cerides by this method was found to be 1 pg per 
one separated peak (see Fig. 3d). This indicates that ca. 50 pg of ?riglycerides per 
milliiitre of serum can be detected when 20 fi of serum is analysed. Although the peak 
responce of the A,,, increased slightly with increased serum volume, the elution 
patterns obtained for serum volumes from IO to 40 ~1 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 “IjsO and the concentration of triglycerides in 
applied samples with use of IO-40 d of whole strum. 

In Fig. 4. typical eIution patterns monitored by the A,,, are presented for six 
e?;ampIes of human sera: A, normal male; I& hyperlipideea; C, liver cirrhosis; D, 
normal child; E, fatty child; F, baby one day after birth. Six distinct peaks of the A550 
were observed. They were identified from the resuIts shown in Fig. 1 and Fig. 2 as 
follows: 1, chylomicron; 2, VLDL; 3, LDL; 4, HDL2; 5, HDL,; 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 s~bclasses’~-“. 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 HDLz and a shoulder 
peak of bilirubin are observed. We have reported the decrease in serum HDL,- 
cholesterol Ieve! in the case of liver cirrhosis using our HPLC method”. In the case of 
the one-day-olG 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 czn give qualitative data about sma&particIe-size fractions. 

It is weil known that there is an appropriate amount of free glycerol in human 
e-x9.2o_ By our HPLC method, free glycerol can be detected as a sharp peak at the 
elution volume of total permeation as shown in Fig. I. 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 monitoring a 
change of lipoprotein distribution. One is a change of elution patterns due fo fasting 
time in tie 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 tri$yceride-rich subject (Fig. 5B) and a triglyceride-poor subject (Fig. 5C). The 
latter etiple indicates that large-particle-size fractions, such as chylomicron and 
VIDL, increase on freezing-thawing. On the other hand, in the case of the subject 
containing a very low IeveI of VLDL, no change was observed as shown in Fig. 5C_ 
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Ag. 5. Elution patterns of the A,,, for human scra; examples of monitoring pattern change. Samples: A. 
scrmz of obese woman. - (6 h of fasting), - (16 h of fasting); B, hyperlipidcraia, - (fresh 

==), - (freezin~thawing serum); C, normotipidemia. - (fresh sexum). - (freezing- 
thawing semm). Loaded volume: & 30 fi1; B. 10 41; C. 50 fl_ Pezks as in Fig. 4_ HPLC conditions as in Fig. 
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Fig. 6. Con;pacison of elution pattern of the A,,,, between G4OOOPW and GSOOQPW columns. Samples: 
human senrm (A, acute liver hepatitis; B and C, h~peslipidemia). L.oaded volume: A. Xl fl1; B, 10 4; C, 30 
@_ Peaks as in Fig. 4. HPLC conditions as in Fig. 1. 
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Thus our results are consistent with the fact that evaIuation of lipoproteins of frozen 
serum by ehzctrophoretic procedures is possible only for the subject of a very low level 
of VLDL”‘“‘. 

Elution patterns of the &,, for the same subject were compared on the 
G4OOOPW and GXlOOPW columns (see Fig. 6)_ In the case of G4OOOPW, chylomicron 
and VLDL elute as one peak at the void volume, and LDL is completely separated 
from VLDL. Therefore, the G4OOOPW column is preferable for evaluating the level of 
LDL. 

LastIy, the effect of elongation of the column on ‘Lhe separation was examined 
using a single column of GSOOOPW and a combined column of G5OOOPW i- 
G5OOOPW. 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 
subc’rasses of the VLDL fraction can be performed by using the GSOOOPW + 
G5OOOPW system (see peak 2 of Fig. 7A). The elution patterns of cholesterol moni- 
tored by the ASS, using Detetiner TC355” 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. typin g system for familial hyperlipidemiaz3 using 
our HPLC method. 

EOOON GSOON + 65OOON 
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I=~J- 7. Elution patterns of tri&azridu (---- ) and c~olestcrol (- ) for human n Colunlns_ 
G_S@OP’X, GSOOOPW t GXXMPW ( each column, 600 x 7.5 - LD.); -plc, human strum of hyper- 
lipidemia; loaded uohunes. 20 d HPLC conditions for triglyceride monitor as in Fig_ 1. HPLC conditions 
for chclesterol monitor: flow-rate, 0.50 m!/min (main path) and 0.20 ml/xnin (e-me solution. Determiner 
TC-SS5-); temperature of the rextor (20 m x 0.25 mm I.D., stainless steel tnbe), 40cC_ Peaks as in Fig_ 4. 
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