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(7) ABSTRACT

The present invention provides a method and a reagent for
the simple and sensitive determination of cholesterol in
remnant-like particles in a biological sample without the
separation of components of the sample. The method com-
prises contacting the sample with (i) cholesterol esterase, (ii)
cholesterol oxidase or cholesterol dehydrogenase, and (iii)
phospholipase in the presence of oxygen or an oxidized
coenzyme, and measuring the formed hydrogen peroxide or
reduced coenzyme. The reagent comprises (i) cholesterol
esterase, (ii) cholesterol oxidase or cholesterol dehydroge-
nase, and (iii) phospholipase.
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METHOD AND REAGENT FOR DETERMINATION
OF CHOLESTEROL IN REMANT-LIKE
PARTICLES

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method and a
reagent for the quantitative determination of cholesterol in
remnant-like particles which is considered as a risk factor
for arteriosclerosis and other diseases in clinical tests.

[0002] In clinical tests, cholesterol in high density lipo-
protein (HDL) is considered as a negative risk factor for
arteriosclerosis and cholesterol in low density lipoprotein
(LDL) is considered as a positive risk factor for arterioscle-
rosis. Thus, the determination of cholesterol of such classes
is frequently performed in the field of clinical testing. In
recent years, it has been demonstrated that cholesterol in
lipoproteins formed by lipid metabolism and the like is a
more closely linked risk factor for arteriosclerosis than LDL
cholesterol. Such lipoproteins include remnant-like par-
ticles, and the determination of cholesterol in remnant-like
particles is given health insurance scores by the Ministry of
Health, Labour and Welfare in Japan.

[0003] For the determination of cholesterol in remnant-
like particles, a method is known which comprises separat-
ing remnant-like particles from a sample using anti apoli-
poprotein B100 antibody and anti apolipoprotein Al
antibody, and measuring cholesterol in the separated rem-
nant-like particles [Arteriosclerosis (Domyakukoka), 25 (9,
10), 371 (1998)]. However, this method employs affinity
chromatography using antibodies and requires separation of
components of a sample, which makes it a cumbersome and
time-consuming method.

[0004] An object of the present invention is to provide a
method and a reagent for the simple and sensitive determi-
nation of cholesterol in remnant-like particles without the
separation of components of a sample.

SUMMARY OF THE INVENTION

[0005] The present inventor has found that in the deter-
mination of cholesterol in a biological sample containing
lipoproteins such as HDL, LDL, chylomicrons (CM), very
low density lipoprotein (VLDL), CM remnant, VLDL rem-
nant and intermediate density lipoprotein (IDL) by using
cholesterol esterase and cholesterol oxidase or cholesterol
dehydrogenase, cholesterol in remnant-like particles (e.g.,
CM remnant, VLDL remnant and IDL remnant) can be
specifically determined by additionally using phospholipase.
The present invention has been completed based on this
finding.

[0006] That is, the present invention relates to the follow-
ing (1)-(18).

[0007] (1) A method for the quantitative determination of
cholesterol in remnant-like particles in a biological sample,
which comprises contacting the biological sample with (i)
cholesterol esterase, (ii) cholesterol oxidase or cholesterol
dehydrogenase, and (iii) phospholipase in an aqueous
medium in the presence of oxygen or an oxidized coenzyme,
and measuring the formed hydrogen peroxide or reduced
coenzyme.

[0008] (2) The method according to (1) wherein a surfac-
tant exists in the aqueous medium when the biological
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sample is contacted with (i) cholesterol esterase, (ii) cho-
lesterol oxidase or cholesterol dehydrogenase, and (iii)
phospholipase.

[0009] (3) The method according to (1) wherein a surfac-
tant is added to the biological sample prior to the contact
with (i) cholesterol esterase, (ii) cholesterol oxidase or
cholesterol dehydrogenase, and (iii) phospholipase.

[0010] (4) The method according to (2) or (3) wherein said
surfactant is a surfactant which inhibits the action of cho-
lesterol esterase and cholesterol oxidase or cholesterol dehy-
drogenase on cholesterol in lipoproteins other than remnant-
like particles.

[0011] (5) The method according to any of (2) to (4)
wherein said surfactant is a polyoxyalkylene derivative or a
polyoxyethylene-polyoxypropylene copolymer or its deriva-
tive.

[0012] (6) The method according to (1) wherein a poly-
oxyethylene-polyoxypropylene copolymer or its derivative
is added to the biological sample prior to the contact with (i)
cholesterol esterase, (ii) cholesterol oxidase or cholesterol
dehydrogenase, and (iii) phospholipase, and a polyoxyalky-
lene derivative is added when the biological sample is
contacted with (i) cholesterol esterase, (ii) cholesterol oxi-
dase or cholesterol dehydrogenase, and (iii) phospholipase.

[0013] (7) The method according to (5) or (6) wherein said
polyoxyalkylene derivative is polyoxyethylene alkyl ether,
polyoxyethylenestyrenated phenyl ether or polyoxyethylene
long-chain branched alkyl ether.

[0014] (8) The method according to (5) or (6) wherein said
polyoxyethylene-polyoxypropylene copolymer or its deriva-
tive is a compound represented by general formula

RO—(C;H,0),—(C;H:0),—(C,H,0)—H M

[0015] (wherein a, b and c, which may be the same or
different, each represents an integer of 1 to 200, and R
represents straight-chain or branched alkyl).

[0016] (9) The method according to any of (1) to (8)
wherein said phospholipase is phospholipase D, phospholi-
pase C or phospholipase A2.

[0017] (10) Areagent for the quantitative determination of
cholesterol in remnant-like particles, comprising (i) choles-
terol esterase, (ii) cholesterol oxidase or cholesterol dehy-
drogenase, and (iii) phospholipase.

[0018] (11) The reagent according to (10), further com-
prising a surfactant.

[0019] (12) The reagent according to (11) which com-
prises a first reagent comprising the surfactant and a second
reagent comprising (i) cholesterol esterase, (ii) cholesterol
oxidase or cholesterol dehydrogenase, and (iii) phospholi-
pase.

[0020] (13) The reagent according to (11) or (12) wherein
said surfactant is a surfactant which inhibits the action of
cholesterol esterase and cholesterol oxidase or cholesterol
dehydrogenase on cholesterol in lipoproteins other than
remnant-like particles.

[0021] (14) The reagent according to (11) or (12) wherein
said surfactant is a polyoxyalkylene derivative or a poly-
oxyethylene-polyoxypropylene copolymer or its derivative.
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[0022] (15) The reagent according to (12) wherein said
surfactant in the first reagent is a polyoxyethylene-polyox-
ypropylene copolymer and the second reagent further com-
prises a polyoxyalkylene derivative.

[0023] (16) The reagent according to (14) or (15) wherein
said polyoxyalkylene derivative is polyoxyethylene alkyl
ether, polyoxyethylenestyrenated phenyl ether or polyoxy-
ethylene long-chain branched alkyl ether.

[0024] (17) The reagent according to (14) or (15) wherein
said polyoxyethylene-polyoxypropylene copolymer or its
derivative is a compound represented by general formula

RO—(CH,0),—(C;H0),—(C,H,0)—H M

[0025] (wherein a, b and c, which may be the same or
different, each represents an integer of 1 to 200, and R
represents straight-chain or branched alkyl).

[0026] (18) The reagent according to any of (10) to (17)
wherein said phospholipase is phospholipase D, phospholi-
pase C or phospholipase A2.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a graph showing the correlation between
the cholesterol concentrations (mg/dl) determined using the
reagents of Example 1 (ordinate) and those determined using
the RLP-C determination kit of Japan Antibody Institute
(abscissa).

DETAILED DESCRIPTION OF THE
INVENTION

[0028] The reaction for the determination of cholesterol in
remnant-like particles according to the present invention is
carried out in an aqueous medium, preferably in a buffer
solution.

[0029] Buffers useful in the buffer solution include tris(hy-
droxymethyl)aminomethane, phosphate buffer, borate buffer
and Good’s buffer. Examples of Good’s buffer are N-(2-
acetamido)-2-aminoethanesulfonic acid (ACES), N-(2-ac-
etamido)iminodiacetic acid (ADA), N,N-bis(2-hydroxy-
ethyl)-2-aminoethanesulfonic acid (BES), 3-[N,N-bis(2-
hydroxyethyl)  amino]-2-hydroxypropanesulfonic  acid
(DIPSO), N-(2-hydroxyethyl)piperazine-N'-2-ethane-
sulfonic acid (HEPES), 2-(N-morpholino)ethanesulfonic
acid (MES), 3-(N-morpholino)propanesulfonic  acid
(MOPS), 3-(N-morpholino)-2-hydroxypropanesulfonic acid
(MOPSO), piperazine-N,N'-bis(2-ethanesulfonic  acid)
(PIPES) and piperazine-N,N'-bis(2-hydroxypropane-3-sul-
fonic acid) (POPSO).

[0030] The pH of the buffer solution is 4 to 10, preferably
5 to 9. The concentration of the buffer is preferably 5 to 500
mM, more preferably 10 to 200 mM, particularly preferably
20 to 100 mM.

[0031] As the cholesterol esterase, any enzyme capable of
hydrolyzing cholesterol ester can be used. Suitable enzymes
include cholesterol esterases and lipoprotein lipases derived
from microorganisms and animals.

[0032] As the cholesterol oxidase, any enzyme capable of
oxidizing cholesterol to form hydrogen peroxide can be
used. Suitable enzymes include cholesterol oxidases derived
from microorganisms and animals.
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[0033] As the cholesterol dehydrogenase, any enzyme
capable of oxidizing cholesterol and reducing an oxidized
coenzyme can be used. Suitable enzymes include cholesterol
dehydrogenases derived from microorganisms and animals.

[0034] In order to improve the specificity and stability of
these enzymes, they may be chemically modified with a
group having polyethylene glycol as a main component, a
water-soluble oligosaccharide residue, a sulfopropyl group,
or the like. Enzymes obtained by recombinant DNA tech-
niques can also be used.

[0035] The respective concentration of cholesterol
esterase, cholesterol oxidase and cholesterol dehydrogenase
in a reaction mixture is preferably 0.01 to 200 U/ml, more
preferably 0.1 to 100 U/ml.

[0036] In the reaction for the determination of cholesterol
in remnant-like particles according to the present invention,
surfactants or cholic acids which are often used to activate
cholesterol esterase, cholesterol oxidase and cholesterol
dehydrogenase can additionally be used so far as they do not
affect the specificity of the reaction. Further, various salts for
solubilizing proteins such as globulin in a biological sample
may be used.

[0037] Surfactants useful for activating cholesterol
esterase, cholesterol oxidase and cholesterol dehydrogenase
include anionic surfactants such as alkyl sulfonate (e.g.,
1-pentasulfonate, 1-hexasulfonate, 1-heptasulfonate and
1-octasulfonate). The surfactants are used at a concentration
of 0 to 5%. As the cholic acid, cholic acid, deoxycholic acid,
taurocholic acid, chenodeoxycholic acid, etc. can be used at
a concentration of 0 to 5%.

[0038] Examples of the salts are sodium chloride, sodium
sulfate, potassium chloride, potassium sulfate, magnesium
chloride, magnesium sulfate, magnesium acetate, lithium
chloride, lithium sulfate, ammonium chloride, ammonium
sulfate, magnesium nitrate and calcium nitrate. The salts are
used at a concentration of 0 to 100 mM.

[0039] As the phospholipase, any enzyme capable of
hydrolyzing phospholipids can be used. Suitable enzymes
include phospholipases derived from animals, plants and
microorganisms, for example, phospholipase D, phospholi-
pase C and phospholipase A2.

[0040] The concentration of phospholipase in a reaction
mixture is preferably 0.01 to 200 U/ml, more preferably 0.1
to 100 U/ml

[0041] When a combination of cholesterol esterase and
cholesterol oxidase is used, the reaction catalyzed by these
enzymes results in the formation of hydrogen peroxide from
oxygen. The determination of the formed hydrogen peroxide
can be carried out, for example, by forming a pigment using
4-aminoantipyrine and phenol, 4-aminoantipyrine and
Trinder’s reagent, or a highly sensitive chromogen, in the
presence of peroxidase, and by measuring the absorbance of
a reaction mixture colored by the formed pigment.

[0042] Examples of suitable phenols are phenol, 4-chlo-
rophenol, m-cresol and 3-hydroxy-2,4,6-triiodobenzoic acid
(HTIB).

[0043] Examples of the Trinder’s reagents (General Cata-
log of Dojin Kagaku Kenkyusho, 19th ed., 1994) are anilines
such as N-sulfopropylaniline, N-ethyl-N-(2-hydroxy-3-sul-
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fopropyl)-m-toluidine (TOOS), N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3,5-dimethylaniline (MAOS), N-ethyl-N-(2-
hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline (DAOS),
N-ethyl-N-sulfopropyl-m-toluidine (TOPS), N-(2-hydroxy-
3-sulfopropyl)-3,5-dimethoxyaniline (HDAOS), N,N-dim-
ethyl-m-toluidine, N,N-disulfopropyl-3,5-dimethoxya-

niline, N-ethyl-N-sulfopropyl-m-anisidine, N-ethyl-N-
sulfopropylaniline, N-ethyl-N-sulfopropyl-3,5-
dimethoxyaniline, N-sulfopropyl-3,5-dimethoxyaniline,

N-ethyl-N-sulfopropyl-3,5-dimethylaniline, N-ethyl-N-(2-
hydroxy-3-sulfopropyl)-m-anisidine, N-ethyl-N-(2-hy-
droxy-3-sulfopropyl) aniline and N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3,5-dimethoxyaniline, N-ethyl-N-(3-
methylphenyl)-N'-succinylethylenediamine (EMSE), and
N-ethyl-N-(3-methylphenyl)-N'-acetylethylenediamine.

[0044] Examples of the highly sensitive chromogens are
10-(N-methylcarbamoyl)-3,7-bis(dimethylamino)phe-
nothiadine (MCDP) disclosed in Japanese Published Exam-
ined Patent Application No. 33479/85, bis[3-bis(4-chlo-
rophenyl)methyl-4-dimethylaminophenyl] amine (BCMA)
disclosed in Japanese Published Examined Patent Applica-
tion No. 27839/92, and the compound disclosed in Japanese
Published Unexamined Patent Application No. 296/87.

[0045] The concentration of these phenols, 4-aminoan-
tipyrine, Trinder’s reagents and highly sensitive chromogens
is preferably 0.01 to 10 mg/ml.

[0046] When a combination of cholesterol esterase and
cholesterol dehydrogenase is used, the reaction catalyzed by
these enzymes results in the formation of NAD(P)H, which
is a reduced coenzyme, from NAD(P), which is an oxidized
coenzyme. The formed NAD(P)H can be determined by
measuring the absorbance of a reaction mixture at 300 to 500
nm, preferably 330 to 400 nm, particularly preferably ca.
340 nm. The determination of NAD(P)H can also be carried
out by forming a formazan pigment by addition of diapho-
rase and a tetrazolium salt and then determining the forma-
zan pigment by colorimetry.

[0047] The enzymatic reactions are carried out at 10 to 50°
C., preferably 30 to 40° C., usually 37° C., for 1 to 30
minutes, preferably 2 to 10 minutes.

[0048] There is no specific restriction as to the biological
sample to which the present invention is applied. For
example, the invention is applicable to blood and blood
fractions such as plasma and serum.

[0049] In the present invention, in order to improve the
accuracy of the determination of cholesterol in remnant-like
particles, it is preferred to add a surfactant which inhibits the
action of cholesterol esterase and cholesterol oxidase or
cholesterol dehydrogenase on cholesterol in lipoproteins
other than remnant-like particles, alone or in combination
with the above-mentioned surfactant which activates cho-
lesterol esterase and cholesterol oxidase or cholesterol dehy-
drogenase. This surfactant may be added when the biologi-
cal sample is contacted with (i) cholesterol esterase, (ii)
cholesterol oxidase or cholesterol dehydrogenase, and (iii)
phospholipase, together with these enzymes, but is prefer-
ably added to the biological sample prior to the contact with
these enzymes.

[0050] As the surfactant which inhibits the action of
cholesterol esterase and cholesterol oxidase or cholesterol
dehydrogenase on cholesterol in lipoproteins other than
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remnant-like particles, any surfactant can be used that
reduces the action of cholesterol esterase and cholesterol
oxidase or cholesterol dehydrogenase on cholesterol in
lipoproteins other than remnant-like particles. Useful sur-
factants include polyoxyalkylene derivatives and polyoxy-
ethylene-polyoxypropylene copolymers or derivatives
thereof.

[0051] Suitable polyoxyalkylene derivatives include poly-
oxyethylene alkyl ether, polyoxyethylenestyrenated phenyl
ether and polyoxyethylene long-chain branched alkyl ether.
The alkyl in these derivatives includes alkyl having 8 or
more carbon atoms such as octyl and nonyl.

[0052] Examples of the polyoxyalkylene derivatives
include commercially available polyoxyethylene alkyl
ethers such as Nonion HS-210, Nonion HS-215, Nonion
HS-208.5 and Nonion HS-208 (all produced by NOF Cor-
poration) and Emulgen L-40, Emulgen 911 and Emulgen
810 (all produced by Kao Corporation), commercially avail-
able polyoxyethylenestyrenated phenyl ethers such as
BLAUNON TSP-50 (Aoki Yushi Co., Ltd.), and commer-
cially available polyoxyethylene long-chain branched alkyl
ethers such as Unilube MT0620B (NOF Corporation).

[0053] The hydrophile-lipophile balance (hereinafter
referred to as HLB) of the polyoxyalkylene derivatives is
preferably 9 to 20.

[0054] The polyoxyethylene-polyoxypropylene copoly-
mers include random copolymers and block copolymers of
polyoxyethylene and polyoxypropylene. An example of the
copolymer is a compound represented by general formula
®:

RO—(C,H,0),—(C;Hs0),—(CH,0)—H M
[0055] (wherein a, b and c, which may be the same or
different, each represents an integer of 1 to 200, and R
represents straight-chain or branched alkyl).

[0056] The straight-chain or branched alkyl is preferably
alkyl having 1 to 30 carbon atoms, more preferably alkyl
having 2 to 24 carbon atoms.

[0057] Examples of the compounds represented by gen-
eral formula (I) include commercially available ones such as
Pullulonic L-121, Pullulonic L-122, Pullulonic L-101, Pul-
lulonic P-103 and Pullulonic F-108 (all produced by Asahi
Denka Kogyo Co. Ltd.). The molecular weight of the
polypropylene glycol group in the compounds represented
by general formula (I) is preferably 2050 or more, more
preferably 2750 or more, particularly preferably 3250 or
more. The HLLB of the polyoxyethylene-polyoxypropylene
copolymers is preferably 1 to 6.

[0058] The concentration of the surfactant which inhibits
the action of cholesterol esterase and cholesterol oxidase or
cholesterol dehydrogenase on cholesterol in lipoproteins
other than remnant-like particles is not specifically limited,
but is preferably 0.001 to 10%, more preferably 0.01 to 5%,
particularly preferably 0.05 to 1%.

[0059] The reaction mixture may further comprise a lipo-
protein coagulant, an additional enzyme, etc., if necessary.

[0060] Examples of the lipoprotein coagulant are polyan-
ions such as phosphorus wolframate, dextran sulfate and
heparin, and salts of divalent metals such as magnesium,
calcium and cobalt. An example of the additional enzyme is
ascorbate oxidase.
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[0061] Certain embodiments of the present invention are
illustrated in the following examples.
EXAMPLE 1 Reagent 1
[0062] The following reagents for the determination of Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM
cholesterol in remnant-like particles were prepared. Co., Ltd.)
TOOS (Dojin Kagaku Co., Ltd.) 0.3 gl
Sodium sulfate 2 g/l
Unilube MT-0620B (NOF Corporation) 0.5 gl
R ] Peroxidase (POD, Toyobo Co., Ltd.) 10 U/ml
cagent Ascorbate oxidase (AOD, Asahi Chemical 2 U/ml
Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM Industry Co., Lid.) R (2
Co., Ltd.) eagent £
Toos (Dojin Kagaku Co., Ltd.) 0-3 ¢l Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM
Sodium sulfate 2 g/l Co., 1td.)
Pullu19n1c F-108 (Asahi Denka Kogyo Co., Ltd.) 1l 4-Aminoantipyrine (Nacalai Kagaku Co., Ltd.) 0.5 g/l
Peroxidase (POD, Toyobo Co., Ltd.) 10 U/ml .
- - : Emulgen L-40 (Kao Corporation) 2 g/l
Ascorbate oxidase (AOD, Asahi Chemical 2 U/ml >
Industry Co., Ltd.) Peroxidase (Toyobo Co., Ltd.) 10 U/ml
’ Cholesterol esterase (CEBP, Asahi Chemical 1 U/ml
Industry Co., Ltd.)
Cholesterol oxidase (Kyowa Hakko Kogyo 2 U/ml
[0063] Reagent 2 Co., Ltd.)
Phospholipase D (Asahi Chemical Industry 5 U/ml
Co., Ltd.)
Reagent 2
Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM EXAMPLE 4
Co., Ltd.) . .
4-Aminoantipyrine (Nacalai Kagaku Co., Ttd.) 0.5 gl [0066] Th.e following .reagent.s for the determination of
Emulgen 1.-40 (Kao Corporation) 2 gl cholesterol in remnant-like particles were prepared.
Peroxidase (Toyobo Co., Ltd.) 10 U/ml
Cholesterol esterase (CEBP, Asahi Chemical 1 U/ml
Industry Co., Ltd.)
Cholesterol oxidase (Kyowa Hakko Kogyo 2 U/ml
Cou 1) Reagent 1 _
Phospholipase D (Asahi Chemical Industry 5 U/ml Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM
Co., Ltd.) Co., Ltd)
TOOS (Dojin Kagaku Co., Ltd.) 0.3 g/l
Sodium sulfate 2g/l
EXAMPLE 2 BLAUNON TSP-50 (Aoki Yushi Co., Ltd.) 2 g/l
Peroxidase (POD, Toyobo Co., Ltd.) 10 U/ml
[0064] The following reagents for the determination of Ascorbate oxidase (AOD, Asahi Chemical 2 Ufml
cholesterol in remnant-like particles were prepared. Industry Co., Ltd.)
Reagent 2
Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM
Co., Ltd.)
Reagent 1 4-Aminoantipyrine (Nacalai Kagaku Co., Ltd.) 0.5 g/l
, . Emulgen L-40 (Kao Corporation) 2 gl
Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM Peroxidase (Toyobo Co., Ltd.) 10 U/ml
Co., Ltd.) . Cholesterol esterase (CEBP, Asahi Chemical 1 U/ml
TOOS (Dojin Kagaku Co., Ltd.) 0.3 gl Industry Co., Ltd.)
Sodium sulfate 2 ¢/l Cholesterol oxidase (Kyowa Hakko Kogyo 2 U/ml
BLAUNON TSP-50 (Aoki Yushi Co., Ltd.) 2 gl Co., 1td.)
Peroxidase (POD, Toyobo Co., Ltd.) 10 U/ml Phospholipase C (Asahi Chemical Industry 20 U/ml
Ascorbate oxidase (AOD, Asahi Chemical 2 U/ml Co., Ltd.)
Industry Co., Ltd.)
Reagent 2
Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM
Co., Lid) EXAMPLE 5
4-Aminoantipyrine (Nacalai Kagaku Co., Ltd.) 05 g/l [0067] The following reagents for the determination of
Emulgen L-40 (Kao Corporation) 2 g/l N . ;
Peroxidase (Toyobo Co., Ltd.) 10 U/ml cholesterol in remnant-like particles were prepared.
Cholesterol esterase (CEBP, Asahi Chemical 1 U/ml
Industry Co., Ltd.)
Cholesterol oxidase (Kyowa Hakko Kogyo 2 U/ml
Co., Ltd.) Reagent 1
Phospholipase D (Asahi Chemical Industry 5 U/ml —
Co., Ltd.) Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM
Co., Ltd.)
TOOS (Dojin Kagaku Co., Ltd.) 0.3 gl
XAM Sodium sulfate 2 g/l
) E PLE 3 o BLAUNON TSP-50 (Aoki Yushi Co., Ltd.) 2 g/l
[0065] The following reagents for the determination of Peroxidase (POD, Toyobo Co., Ltd.) 10 U/ml

cholesterol in remnant-like particles were prepared.
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-continued
Ascorbate oxidase (AOD, Asahi Chemical 2 U/ml
Industry Co., Ltd.)
Reagent 2
Good’s buffer pH 6.8 (MOPS, Dojin Kagaku 20 mM
Co., Ltd.)
4-Aminoantipyrine (Nacalai Kagaku Co., Ltd.) 0.5 gl
Emulgen L-40 (Kao Corporation) 2 g/l
Peroxidase (Toyobo Co., Ltd.) 10 U/ml
Cholesterol esterase (CEBP, Asahi Chemical 1 U/ml
Industry Co., Ltd.)
Cholesterol oxidase (Kyowa Hakko Kogyo 2 U/ml
Co., Ltd.)
Phospholipase A2 (Asahi Chemical Industry 50 U/ml
Co., Ltd.)
EXAMPLE 6

[0068] Seventy fresh serum samples were subjected to the
determination of cholesterol in remnant-like particles
according to the following procedure.

[0069] Reagent 1 of Example 1 (2.25 ml) was put into a
cell of a spectrophotometer and 30 ul of a serum was added
thereto, followed by stirring and then heating at 37° C. for
5 minutes. To the cell was added 0.75 ml of Reagent 2 of
Example 1 previously heated to 37° C., followed by stirring
and then heating for 5 minutes. The change in absorbance at
555 nm was measured. The same procedure was repeated
using a standard serum solution having a concentration of
cholesterol in remnant-like particles of 49.6 mg/dl as deter-
mined by the RLP-C determination kit of Japan Antibody
Institute to prepare a calibration curve. The concentration of
cholesterol in remnant-like particles in the sample was
determined from the above change in absorbance.

[0070] Separately, the above 70 fresh serum samples were
subjected to the determination of cholesterol in remnant-like
particles using the RLP-C determination kit of Japan Anti-
body Institute. The correlation between the obtained values
and the values obtained above was examined.

[0071] The result is shown in FIG. 1. The cholesterol
concentrations (mg/dl) determined using the reagents of
Example 1 and those determined using the RLP-C determi-
nation kit of Japan Antibody Institute, which is a reagent for
the determination of cholesterol in remnant-like particles,
showed a good correlation, giving a coefficient of correlation
of 0.945. This result indicates that cholesterol in remnant-
like particles can be determined by a simple procedure by
the use of the reagents of Example 1.

EXAMPLE 7

[0072] The experiment was carried out in the same manner
as in Example 6, except for the use of the reagents of
Example 2. The obtained coefficient of correlation was 0.84.
This result indicates that cholesterol in remnant-like par-
ticles can be determined by a simple procedure by the use of
the reagents of Example 2.

EXAMPLE 8

[0073] The experiment was carried out in the same manner
as in Example 6, except for the use of the reagents of
Example 3. The obtained coefficient of correlation was 0.93.
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This result indicates that cholesterol in remnant-like par-
ticles can be determined by a simple procedure by the use of
the reagents of Example 3.

EXAMPLE 9

[0074] The experiment was carried out in the same manner
as in Example 6, except for the use of the reagents of
Example 4. The obtained coefficient of correlation was 0.87.
This result indicates that cholesterol in remnant-like par-
ticles can be determined by a simple procedure by the use of
the reagents of Example 4.

EXAMPLE 10

[0075] The experiment was carried out in the same manner
as in Example 6, except for the use of the reagents of
Example 5. The obtained coefficient of correlation was 0.85.
This result indicates that cholesterol in remnant-like par-
ticles can be determined by a simple procedure by the use of
the reagents of Example 5.

What is claimed is:

1. A method for the quantitative determination of choles-
terol in remnant-like particles in a biological sample, which
comprises contacting the biological sample with (i) choles-
terol esterase, (ii) cholesterol oxidase or cholesterol dehy-
drogenase, and (iii) phospholipase in an aqueous medium in
the presence of oxygen or an oxidized coenzyme, and
measuring the formed hydrogen peroxide or reduced coen-
zyme.

2. The method according to claim 1 wherein a surfactant
exists in the aqueous medium when the biological sample is
contacted with (i) cholesterol esterase, (ii) cholesterol oxi-
dase or cholesterol dehydrogenase, and (iii) phospholipase.

3. The method according to claim 1 wherein a surfactant
is added to the biological sample prior to the contact with (i)
cholesterol esterase, (ii) cholesterol oxidase or cholesterol
dehydrogenase, and (iii) phospholipase.

4. The method according to claim 2 or 3 wherein said
surfactant is a surfactant which inhibits the action of cho-
lesterol esterase and cholesterol oxidase or cholesterol dehy-
drogenase on cholesterol in lipoproteins other than remnant-
like particles.

5. The method according to any of claims 2 to 4 wherein
said surfactant is a polyoxyalkylene derivative or a poly-
oxyethylene-polyoxypropylene copolymer or its derivative.

6. The method according to claim 1 wherein a polyoxy-
ethylene-polyoxypropylene copolymer or its derivative is
added to the biological sample prior to the contact with (i)
cholesterol esterase, (ii) cholesterol oxidase or cholesterol
dehydrogenase, and (iii) phospholipase, and a polyoxyalky-
lene derivative is added when the biological sample is
contacted with (i) cholesterol esterase, (ii) cholesterol oxi-
dase or cholesterol dehydrogenase, and (iii) phospholipase.

7. The method according to claim 5 or 6 wherein said
polyoxyalkylene derivative is polyoxyethylene alkyl ether,
polyoxyethylenestyrenated phenyl ether or polyoxyethylene
long-chain branched alkyl ether.

8. The method according to claim 5 or 6 wherein said
polyoxyethylene-polyoxypropylene copolymer or its deriva-
tive is a compound represented by general formula (I):

RO—(C,H,0),—(C;Hs0),—(CH,0)—H M
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(wherein a, b and ¢, which may be the same or different,
each represents an integer of 1 to 200, and R represents
straight-chain or branched alkyl).

9. The method according to any of claims 1 to 8 wherein
said phospholipase is phospholipase D, phospholipase C or
phospholipase A2.

10. A reagent for the quantitative determination of cho-
lesterol in remnant-like particles, comprising (i) cholesterol
esterase, (ii) cholesterol oxidase or cholesterol dehydroge-
nase, and (iil) phospholipase.

11. The reagent according to claim 10, further comprising
a surfactant.

12. The reagent according to claim 11 which comprises a
first reagent comprising the surfactant and a second reagent
comprising (i) cholesterol esterase, (ii) cholesterol oxidase
or cholesterol dehydrogenase, and (iii) phospholipase.

13. The reagent according to claim 11 or 12 wherein said
surfactant is a surfactant which inhibits the action of cho-
lesterol esterase and cholesterol oxidase or cholesterol dehy-
drogenase on cholesterol in lipoproteins other than remnant-
like particles.
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14. The reagent according to claim 11 or 12 wherein said
surfactant is a polyoxyalkylene derivative or a polyoxyeth-
ylene-polyoxypropylene copolymer or its derivative.

15. The reagent according to claim 12 wherein said
surfactant in the first reagent is a polyoxyethylene-polyox-
ypropylene copolymer and the second reagent further com-
prises a polyoxyalkylene derivative.

16. The reagent according to claim 14 or 15 wherein said
polyoxyalkylene derivative is polyoxyethylene alkyl ether,
polyoxyethylenestyrenated phenyl ether or polyoxyethylene
long-chain branched alkyl ether.

17. The reagent according to claim 14 or 15 wherein said
polyoxyethylene-polyoxypropylene copolymer or its deriva-
tive is a compound represented by general formula (I):

RO—(C,H,0),—(C;Hs0),—(CH,0)—H M

(wherein a, b and ¢, which may be the same or different,
each represents an integer of 1 to 200, and R represents
straight-chain or branched alkyl).

18. The reagent according to any of claims 10 to 17
wherein said phospholipase is phospholipase D, phospholi-
pase C or phospholipase A2.
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