US 20120220050A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0220050 A1

Koide et al.

(54)

(75)

(73)

@

(22)

(30)

METHOD OF PURIFYING 8-ISOPROSTANE

Inventors: Satoshi Koide, Tokyo (JP); Kenji

Yokoyama, Tokyo (JP); Yoshio
Suzuki, Tokyo (JP)

Assignees: National Institute of Advanced

Industrial Science and
Technology, Chiyoda-ku (JP);
Tanita Corporation, Itabashi-Ku

(JP)
Appl. No.: 13/364,754
Filed: Feb. 2, 2012

Foreign Application Priority Data

Feb. 28,2011  (JP) wcooeviiiiiiciciiciiice 2011-042812

43) Pub. Date: Aug. 30, 2012
Publication Classification

(51) Int.CL

GOIN 33/53 (2006.01)

Cco7C 7712 (2006.01)

GOIN 21/64 (2006.01)
(52) US.CL ... 436/501; 436/139; 585/822; 585/823
57 ABSTRACT

A method of purifying 8-isoprostane is provided that includes
a step of contacting a liquid sample containing 8-isoprostane
with an ion exchange support having a quaternary ammonium
salt immobilized thereon such that 8-isoprostane in the liquid
sample is retained on the ion exchange support and a step of
eluting 8-isoprostane from the ion exchange support using a
first eluent containing a water-soluble organic solvent and
water as main components.
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METHOD OF PURIFYING 8-ISOPROSTANE

[0001] This application is based on Japanese patent appli-
cation NO. 2011-042812, the content of which is incorpo-
rated hereinto by reference.

BACKGROUND
Technical Field

[0002] The present invention relates to a method of purify-
ing 8-isoprostane.

RELATED ART

[0003] 8-isoprostane is a prostaglandin-like compound
formed by oxidation of phospholipid contained in cell mem-
brane or lipoprotein with free radicals. Oxidative stress in
vivo can be noninvasively evaluated by measuring 8-isopros-
tane contained in a biological sample such as urine or serum.
A kit for measuring 8-isoprostane by an immunoassay is also
commercially available.

[0004] In analysis of 8-isoprostane contained in a biologi-
cal sample, it is known that contaminants such as proteins is
removed by a pretreatment in order to improve analytical
precision.

[0005] In Japanese Laid-Open Patent Publication No.
2004-157119, it is described about a technique for carrying
out a pretreatment in which a deproteinized and delipidated
specimen is dissolved in a buffer mixed n-hexane, 2-propanol
and acetic acid at a specific ratio, put on an NH, column,
washed, and eluted in order to measure the concentration of
8-isoprostane contained in a body fluid by an immunoassay.
[0006] In WO 2008/065895, it is described about a tech-
nique for removing contaminants and extracting an F,-iso-
prostane compound by a two-step solid-phase extraction
employing solid-phase extraction supports having different
solid-phase capacities. In WO 2008/065895, such a technique
is described that solvent exchange for LC-MS/MS analysis,
concentration in order to enhance analytical sensitivity and
sample purification can be carried out simultaneously in a
short period of time.

SUMMARY

[0007] However, since the techniques described in the
above-mentioned documents use a nonpolar solvent such as
hexane, there are problems in terms of safety such as toxicity
and the effect on the environment. Furthermore, since dispos-
able plastic equipment is not resistant to hexane, such conve-
nient and clean equipment cannot be used. Therefore, there is
room to improve the techniques described in the above-men-
tioned documents in terms of simplicity of operation.

[0008] The present invention has been accomplished in
light of the above-mentioned circumstances, and it is an
object thereof to provide a technique that enables purification
of 8-isoprostane to be carried out safely and simply.

[0009] In one embodiment, there is provided
[0010] a method of purifying 8-isoprostane, the method
comprising

[0011] contacting a liquid sample containing 8-isoprostane
with an ion exchange support having a quaternary ammonium
salt immobilized thereon such that 8-isoprostane in the liquid
sample is retained on the ion exchange support, and
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[0012] eluting 8-isoprostane from the ion exchange support
using a first eluent containing a water-soluble organic solvent
and water as main components.

[0013] In another embodiment, there is provided

[0014] a method of analyzing 8-isoprostane using 8-iso-
prostane that has been purified by the above-mentioned
method of purifying 8-isoprostane.

[0015] In another embodiment, there is provided

[0016] a kit for purifying 8-isoprostane, used in the above-
mentioned method of purifying 8-isoprostane.

[0017] In another embodiment, there is provided

[0018] akit for analyzing 8-isoprostane, used in the above-
mentioned method of analyzing 8-isoprostane.

[0019] In accordance with the present invention, an ion
exchange support having a quaternary ammonium salt immo-
bilized thereon is used, and 8-isoprostane is retained on the
quaternary ammonium. Therefore, it is possible to separate
8-isoprostane from a cationic substance and a nonionic sub-
stance contained in the liquid sample. Furthermore, 8-iso-
prostane can easily be eluted from the ion exchange support
by means of an eluent containing water and a water-soluble
organic solvent as main components, which has little toxicity
and effect on the environment. Therefore, it is possible to
simply separate 8-isoprostane from an anionic substance that
adsorbs strongly on the quaternary ammonium salt. Accord-
ingly, it is possible to purify 8-isoprostane safely and simply.
[0020] In accordance with the present invention, it is pos-
sible to purify 8-isoprostane safely and simply.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other objects, advantages and fea-
tures of the present invention will be more apparent from the
following description of certain preferred embodiments taken
in conjunction with the accompanying drawings.

[0022] FIG. 1 shows a flowchart for explaining a method of
purifying 8-isoprostane, related to an embodiment.

[0023] FIG. 2 shows a flowchart for explaining a method of
purifying 8-isoprostane, related to an embodiment.

[0024] FIGS. 3A and 3B show diagrams illustrating
examples.

[0025] FIGS. 4A and 4B show diagrams illustrating
examples.

DETAILED DESCRIPTION

[0026] The invention will be now described herein with
reference to illustrative embodiments. Those skilled in the art
will recognize that many alternative embodiments can be
accomplished using the teachings of the present invention and
that the invention is not limited to the embodiments illustrated
for explanatory purposed.

[0027] Inall the drawings, similar components are denoted
by similar reference numerals and symbols, thus avoiding
duplication of the explanation as appropriate.

[0028] FIG. 1 is a flowchart for explaining the method of
purifying 8-isoprostane (8-1P) of the present embodiment. As
shown in FIG. 1, the present embodiment includes a step
(S101) of preparing a liquid sample containing 8-isoprostane,
a step (S102) of contacting the liquid sample containing
8-isoprostane with an ion exchange support having a quater-
nary ammonium salt immobilized thereon such that 8-iso-
prostane in the liquid sample is retained on the ion exchange
support, and a step (S103) of eluting 8-isoprostane from the



US 2012/0220050 Al

ion exchange support using a first eluent containing a water-
soluble organic solvent and water as main components.
[0029] In S101, the liquid sample containing 8-isoprostane
is not limited as long as it has a composition that can make the
ion exchange support retain 8-isoprostane. It is preferably a
liquid containing a water-soluble organic solvent and water as
main components for the liquid being capable of dissolving
8-isoprostane. In the present specification, ‘containing a
water-soluble organic solvent and water as main components’
can mean that the total content of the water-soluble organic
solvent and the water in the liquid is 50 vol % or more,
preferably 80 vol % or more, and further preferably 90 vol %
or more.

[0030] In the present embodiment, one or more types of
water-soluble organic solvents selected from the group con-
sisting of methanol, ethanol, propanol, and acetonitrile may
be used as the water-soluble organic solvent, and ethanol is
preferable from the viewpoint of safety. The content of etha-
nol in the liquid sample may be set such that 8-isoprostane can
be dissolved and 8-isoprostane can be retained on the ion
exchange support, and it may be 10 to 50 vol %.

[0031] Furthermore, the liquid sample containing 8-iso-
prostane preferably contains a buffer that may be adjusted so
as to have a pH of 5.5 to 8.5, preferably 6.0 to 8.0, and more
preferably 6.5 to 7.5. In the present specification, the buffer is
a solution of a predetermined acid in water. The type of the
buffer may be selected as appropriate according to the pH. For
example, an acetic acid buffer may be used for a pH range of
5.5 to 5.6, a citric acid buffer for a pH range of 5.51t0 6.2, a
citric acid-phosphoric acid buffer for a pH range of 5.5t0 7.0,
a phosphoric acid buffer for a pH range of 5.5 to 8.5, and a
Tris-phosphoric acid buffer for a pH range of 7.2 to 8.5.
[0032] In particular, a solution of 8-isoprostane in a liquid
mixture of ethanol and a phosphoric acid buffer is preferable
as the liquid sample. In the present specification, the ‘phos-
phoric acid buffer’ may mean a liquid having a predetermined
pH, which is mixed water with phosphoric acid and/or a
phosphate. The pH of the phosphoric acid buffer may be 5.5
to 8.5, preferably 6.0 to 8.0, and more preferably 6.5 to 7.5.
The phosphate contained in the ‘phosphoric acid buffer’ may
be one type selected from sodium salts, potassium salts, and
ammonium salts of phosphoric acid, or a combination
thereof. In particular, it is preferable to dissolve 8-isoprostane
in a liquid mixture of ethanol and a phosphoric acid buffer
(pH 7). In the present specification, the pH is measured at 25°
C.

[0033] The liquid sample containing 8-isoprostane may be
prepared by pretreatment of a biological sample. FIG. 2 is a
flowchart for explaining a method of pretreating a biological
sample. This pretreatment method includes a step (S201) of
preparing a biological sample containing 8-isoprostane
(8-1P), a step (S202) of contacting the biological sample
containing 8-isoprostane with a reverse phase support so that
8-isoprostane is retained on the reverse phase support, a step
(S203) of washing the reverse phase support in a state in
which 8-isoprostane is retained thereon, and a step (S204) of
eluting 8-isoprostane from the reverse phase support using a
second eluent containing a water-soluble organic solvent and
water as main components to thus obtain a liquid sample.
[0034] A body fluid such as urine, blood, or saliva can be
used as the biological sample prepared in S201. An example
used urine as the biological sample is explained below. From
the viewpoint of reliably carrying out measurement, the
amount of urine sampled may be 0.5 to 50 mL, preferably 1.0
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to 10 mL, and more preferably 1.5 to 5.0 mL. The original
urine that has been sampled may be used as it is. The urine
may be diluted with a predetermined buffer or water, or be
added an additive such as a chelating agent. Although it is
preferable that the urine is treated immediately after sam-
pling, it is allowed to treat the urine in a few hours to a few
days after sampling.

[0035] Thereversephase supportusedin S202 is preferably
formed from a material having a straight-chain hydrocarbon
group having 1 to 30 carbon atoms as a functional group.
From the viewpoint of more efficiently treating 8-isoprostane
in the biological sample, it is more preferably a straight-chain
hydrocarbon group having 8 to 22 carbon atoms, and even
more preferably 10 to 20 carbon atoms. The amount of
reverse phase support may be 0.1 to 10 times the amount of
urine.

[0036] More specifically, silica gel having an octadecylsilyl
(ODS) group chemically bonded thereto can be exemplified
as a material for the reverse phase support. Regarding the
manner in which a silylating agent is bonded in the silica gel
having an octadecylsilyl (ODS) group chemically bonded
thereto, the silylating agent may be bonded to silanol groups
of the silica gel at 1:1. In other word, a monomeric bonding
manner may be employed. In this way, it is possible to prevent
a reverse phase packing from getting excessively hydropho-
bic. From the viewpoint of having more desirable hydropho-
bicity, the reverse phase support may have a support surface
carbon (C) content of 18% or less as an element ratio, and
preferably 15% or less.

[0037] Thereverse phase support preferably contains small
particles having 0.5 to 10 um of an equivalent circle diameter
measured by a flow particle image analyzer at 1 to 20 cumu-
lative % as a particle number. Furthermore, it may further
contain large particles having 20 to 100 pm of an equivalent
circle diameter measured by the above-mentioned analyzer at
65 to 99 cumulative % as a particle number, and preferably 78
to 99 cumulative %. In this way, even when a contaminant that
has slightly different attributes such as molecular weight and
properties from 8-isoprostane is contained, separation thereof
can be carried out simply and reliably. This reason is thought
to be that formulating particles having different particle sizes
at a specific ratio allows small particles to enter between large
particles, to maximize the surface area of the support per unit
volume, and thereby improving the retentivity for 8-isopros-
tane.

[0038] From the viewpoint of efficiently carrying out sepa-
ration of 8-isoprostane, the proportion as a particle number of
small particles having 0.5 to 10 pm of an equivalent circle
diameter measured by a flow particle image analyzer may be
4 to 19 cumulative %, preferably 4 to 13 cumulative %, and
more preferably 6 to 13 cumulative %. Moreover, the propor-
tion as a particle number of large particles having 20 to 100
um of an equivalent circle diameter measured by the above-
mentioned analyzer may be 68 to 95 cumulative %, preferably
78 to 93 cumulative %, and more preferably 85 to 91 cumu-
lative %.

[0039] The flow particle image analyzer is a device for
acquiring an image of particles during passage by irradiating
with light such as stroboscopic light a flow cell in which a
sample containing particles as a measurement target is flow-
ing, and calculating a parameter showing particle shape such
as equivalent circle diameter by image analysis. Since par-
ticles that have collapsed to an oval shape are present in
practice, the equivalent circle diameter is defined as the diam-
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eter of a sphere that is assumed to have the same projection
area as the particle projection area of the particle that is
actually measured. Specific examples of the flow particle
image analyzer include the FPIA-3000 manufactured by Sys-
mex Corporation.

[0040] The reverse phase support may contain larger
medium particles having 35 to 60 um of a particle size mea-
sured by a sedimentation method, and smaller medium par-
ticles having 10 to 30 um of a particle size measured by a
Coulter method. The ratio by weight of the larger medium
particles having 35 to 60 pm of the particle size and the
smaller medium particles having 10 to 30 um of the particle
size may be in the range of 80:20 to 95:5 (the larger medium
particles:the smaller medium particle). In this way, the recov-
ery rate of 8-isoprostane can be further improved. From the
viewpoint of improving the balance between recovery rate for
8-isoprostane and separation time, the ratio by weight of the
larger medium particles having 35 to 60 um of the particle size
and the smaller medium particles having 10 to 30 pum of the
particle size is preferably 90:10 (the larger medium particles:
the smaller medium particle).

[0041] Thebiological sampleis preferably contacted with a
reverse phase support that has been fully conditioned in
advance with water and an alcohol, and more preferably
conditioned with ethanol and pure water (and further with a
bufter). The method of contacting the biological sample with
the reverse phase support is not particularly limited and may
be a batch method or a column method. From the viewpoint of
8-isoprostane being efficiently concentrated the column
method is suitable. In step S202, a combination of silica gel
having an octadecylsilyl (ODS) group chemically bonded
thereto and a phosphoric acid buffer-ethanol liquid mixture
may be used as a combination of the reverse phase support
and a mobile phase.

[0042] Subsequently, a predetermined buffer and so on is
passed through the reverse phase support as a washing liquid,
and substances that have not been captured by the reverse
phase support is washed away (S203). The washing liquid in
S203 may contain a buffer which is adjusted to pH of 5.5 to
8.5, preferably 6.0 to 8.0, and more preferably 6.5 to 7.5. A
liquid mixture of ethanol and a phosphoric acid buffer is even
more preferable. It is more preferable that the washing liquid
may contain ethanol at 0 to 70 vol %, preferably 0to 50vol %,
and more preferably 0 to 30 vol %. The amount of washing
liquid may be set at 1 to 100 mL, preferably 1 to 50 mL, and
more preferably 1 to 20 mL. Furthermore, it is preferable that
the content of ethanol is gradually increased. It is more pref-
erable that washing is carried out with 0 to 20 vol % content
ethanol/phosphoric acid buffer, then with 20 to 40 vol %
content ethanol/phosphoric acid buffer, and then with 40 to 60
vol % content ethanol/phosphoric acid buffer.

[0043] After washing, 8-isoprostane retained on the reverse
phase support is eluted from the reverse phase support using
a second eluent containing a water-soluble organic solvent
and water as main components (S204). The second eluent
may contain a water-soluble organic solvent such as ethanol,
acetonitrile, or methanol, and the concentration thereof'in the
second eluent may be setat 10 to 100 vol %, and preferably 30
to 100 vol %. The second eluent is preferably a buffer, and the
pH of the second eluent may be 5.5 to 8.5, preferably 6 to 8,
and more preferably 6.5 to 7.5. Furthermore, the second elu-
ent is preferably a liquid mixture of ethanol and a phosphoric
acid buffer, and it is preferable that ethanol may be contained
in the second eluent at 10 to 100 vol %, preferably 30 to 100
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vol %, and more preferably 50 to 100 vol %. For example, 0.5
to 10 mL of the second eluent is passed, and about 1 mL
eluting over 0.7 to 1.7 mL is collected. The amount of eluent
and the amount of liquid collected can be increased or
decreased according to the size of the reverse phase support
used, the amount of sample, and so on. In this way, a liquid
sample containing 8-isoprostane may also be prepared
(S101).

[0044] In step S102, the liquid sample containing 8-iso-
prostane thus prepared is introduced onto an ion exchange
support having a quaternary ammonium salt immobilized
thereon. As the quaternary ammonium salt, a tetraalkylam-
monium salt represented by Formula (1) is preferable.

(CHa)n
W R3
N,

rd
~INpe

)

[0045] In Formula (1), R', R? and R? are alkyl groups
having 1 to 6 carbon atoms, n is 1 to 5, B is a resin substrate
or silica gel, and X~ is a chloride ion.

[0046] Inparticular, the ion exchange support immobilized
a trimethylammonium propyl group that is R*, R® and R> are
methyl groups and n is 3 in Formula (1) is preferable. In
Formula (1), B is silica gel or a resin substrate formed from a
copolymer of styrene and divinylbenzene and so on, and it is
preferably silica gel. The amount of ion exchange support
used is preferably such that the content (eq) of the quaternary
ammonium salt is 1 to 100000 times the number of moles of
8-isoprostane contained in the liquid sample. For example, it
may be set at 0.01 to 1 eq relative to 1 mL of urine when
8-isoprostane in urine is purified.

[0047] The method of contacting the liquid sample with the
ion exchange support is not particularly limited, and may be
a batch method or a column method. When 8-isoprostane in a
biological sample is purified, the column method is suitable.
The counterion for the quaternary ammonium salt of the ion
exchange support is preferably converted into chloride ion.
The counterion for the quaternary ammonium salt may be
converted into chloride ion by contacting the ion exchange
support with hydrochloric acid, brine, and so on. Subse-
quently, it is equilibrated with sufficient water, alcohol, and
predetermined buffer. A phosphoric acid buffer having the pH
thereof adjusted to 5.5 to 8.5, preferably 6.0 to 8.0, and more
preferably 6.5 to 7.5 can be exemplified as the buffer. This
buffer preferably contains a water-soluble organic solvent
(particularly ethanol) at 0 to 100 vol %, and preferably 10 to
80 vol %.

[0048] Inthe case of the column method, a liquid sample is
made to flow through a conditioned ion exchange support so
that 8-isoprostane is retained on the ion exchange support,
and cationic substances or nonionic substances that have not
been captured by the ion exchange support are then washed
away by means of a washing liquid containing a water-soluble
organic solvent and water as main components. As the wash-
ing liquid, for example, one that is the same as or substantially
the same as the solution used for preparation of the liquid
sample (including the second eluent) may be used. Specifi-
cally, the washing liquid in S102 may contain a water-soluble
organic solvent such as ethanol, acetonitrile, or methanol, and
the concentration thereof in the washing liquid may be set at
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10to 100 vol %, and preferably 30 to 100 vol %. The washing
liquid in S102 also preferably contains a buffer, and a buffer
having a pH of for example 5.5 to 8.5, preferably 6 to 8, and
more preferably 6.5 to 7.5 may be used. Furthermore, a liquid
mixture of ethanol and a phosphoric acid buffer is preferable,
and ethanol may be contained in the washing liquid at 0 to 100
vol %, preferably 30 to 100 vol %, and more preferably 50 to
100 vol %. The amount of washing liquid may be set at 0.1 to
100 mL, preferably 0.1 to 50 mL, and more preferably 0.1 to
20 mL.

[0049] After washing, 8-isoprostane retained on the ion
exchange support is eluted from the ion exchange support
using a first eluent containing a water-soluble organic solvent
and water as main components (S103). The first eluent may
contain a water-soluble organic solvent such as ethanol,
acetonitrile, or methanol, and the concentration thereof'in the
first eluent may be setat 10to 100 vol %, and preferably 30to
100 vol %. The first eluent may contain a buffer and the pH of
the buffer may be 5.5 to 8.5, preferably 6.0 to 8.0, and more
preferably 6.5 to 7.5. Furthermore, a liquid mixture of ethanol
and a phosphoric acid buffer is more preferable, and it is more
preferable that ethanol is contained in the first eluent at 0 to
100 vol %, preferably 30 to 100 vol %, and more preferably 50
to 100 vol %. For example, 0.1 to 10 mL of the first eluent is
passed, and about 1 mL eluting over 1.5t0 2.5 mL is collected.
The amount of eluent and the amount of liquid collected can
be increased or decreased according to the size of the support
used, the amount of sample, and so on. In this way, purifica-
tion of 8-isoprostane can be carried out.

[0050] The collected liquid contains 8-Isoprostane in high
concentration, which may be subjected to measurement for
8-isoprostane. The solvent in the collected liquid may be
removed as appropriate before analysis of 8-isoprostane.
[0051] Immunoassay, gas chromatography-mass spectros-
copy (GC/MS), liquid chromatography-mass spectroscopy
(LC/MS), and so on can be exemplified as a method of mea-
suring 8-isoprostane. A method in which 8-isoprostane is
fluorescently labeled and analyzed by means of liquid chro-
matography may also be used. A carboxylic acid as fluores-
cent labeling agent may be used for fluorescent labeling. For
example,  4-acylamino-7-mercapto-2,1,3-benzoxadiazole
(Japanese Laid-Open Patent Publication No. 2001-81082), a
benzotriazole derivative (Japanese Laid-Open Patent Publi-
cation No. 1-308268), a quinoxaline derivative (Japanese
Laid-Open Patent Publication No. 3-291272), and so on may
be used. From the viewpoint of mild labeling being possible,
2,3 ,4-tetrahydro-6,7-dimethoxy-1-methyl-2(1H)-oxoqui-
noxaline-3-propionic acid hydrazide (DMEQ-H) is prefer-
able.

[0052] A Kit for purifying 8-isoprostane used in the method
of purifying 8-isoprostane related to the present embodiment
may include an ion exchange support having a quaternary
ammonium salt immobilized thereon and a first eluent con-
taining a water-soluble organic solvent and water as main
components, and may preferably include an ion exchange
support having a trimethylammonium propyl group immobi-
lized on silica gel and a first eluent with a pH of 6.5 to 7.5
containing ethanol and a phosphoric acid buffer. The first
eluent may be in a form such that ethanol and the phosphoric
acid buffer are separately packaged and preparation thereof is
carried out by the user. Such akit includes written instructions
described the method of purifying 8-isoprostane related to the
present embodiment. Furthermore, the kit for purifying 8-iso-
prostane may be made as a kit for analyzing 8-isoprostane.
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[0053] A kit for analyzing 8-isoprostane contained in a
biological sample may further include the above-mentioned
reverse phase support which is formed from a material having
a straight-chain hydrocarbon group having 1 to 30 carbon
atoms as a functional group and having a carbon content on
the support surface of 18% or less as an element ratio, and a
second eluent containing a water-soluble organic solvent and
water as main components, in addition to the above-men-
tioned kit for purifying 8-isoprostane. The second eluent is
preferably a solution containing ethanol and a phosphoric
acid buffer at pH of 6.5 to 7.5. As is the case with the first
eluent, the second eluent may also be in a form such that
ethanol and the phosphoric acid buffer are separately pack-
aged and preparation thereof is carried out by the user. Such
a kit includes written instructions described the above-men-
tioned method of purifying 8-isoprostane in a biological
sample and a method of analyzing 8-isoprostane that has been
purified by this method.

[0054] Embodiments of the present invention are explained
above by reference to the attached drawings, but they are only
illustrations of the present invention, and various configura-
tions other than those described above may be employed.
[0055] One embodiment to purify 8-isoprostane in urine is
explained in the above embodiments. In case of purification
of 8-isoprostane in serum, a concentration operation may be
carried out before quantitative determination since the normal
value of 8-isoprostane is about 1/100 of the value in urine. For
example, a 100 times concentration operation involving set-
ting a serum sample in a heat block at 50° C. and removing
solvent under a flow of nitrogen may be added. In this way, an
8-isoprostane peak in serum can be clearly observed when
8-isoprostane is subjected to HPLC analysis by fluorescent
labeling.

EXAMPLES
Example 1

[0056] A reverse phase column packing was prepared by
uniformly mixing ODS-AQ manufactured by YMC having
particle sizes of 50 pm and 20 um at a ratio by weight of 50
um:20 um=90:10 as a reverse phase support. The 50 um
particle size was measured by a sedimentation method and the
20 pm particle size was measured by a Coulter method. The
reverse phase column packing thus prepared contained small
particles having 0.5 to 10 pum of an equivalent circle diameter
measured by a flow particle image analyzer (FPLA-3000
manufactured by Sysmex Corporation) of at 10 cumulative %
as a particle number and large particles having 20 to 100 pm
of an equivalent circle diameter measured by the above ana-
lyzer at 90 cumulative % as a particle number. A reverse phase
column charged with 500 mg of this packing was prepared,
and passed ethanol and water in that order for conditioning.
[0057] A total of 2 mL of sample prepared by mixing 1.4
mL of urine (National Institute of Advanced Industrial Sci-
ence and Technology, volunteer (human), National Institute
of Advanced Industrial Science and Technology, Ethical
Review Committee, Approval No. 15000-A-20081215-001)
and 0.6 mL of an 80 mM phosphoric acid buffer (pH 7.0,
containing 4 mM EDTA (ethylenediaminetetraacetic acid))
was introduced onto the above reverse phase column. As
washing liquids, the following (i), (ii), and (iii) below were
used in sequence for washing.

(i) 2% (v/v) ethanol-containing 10 mM phosphoric acid
buffer (pH 7.0): 6.0 mL
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(i1) 30% (v/v) ethanol-containing 10 mM phosphoric acid
buffer (pH 7.0): 4.0 mL

(iii) 50% (v/v) ethanol-containing 10 mM phosphoric acid
buffer (pH 7.0): 0.8 mL

[0058] Subsequently, a fraction obtained by passing 0.7 mL
of 50% (v/v) ethanol-containing 10 mM phosphoric acid
buffer (pH 7.0) was collected as a fraction containing 8-iso-
prostane.

[0059] Following this, an SAX manufactured by Varian
(ion exchange capacity: 0.8 meq/g, amount of packing 0.5 g,
column size 3 mL, column shape syringe type, polypropy-
lene) was prepared as an ion exchange support, and the frac-
tion containing 8-isoprostane collected from the reverse
phase support was introduced onto the conditioned SAX.
Conditioning of the SAX was carried out by passing ethanol
and pure water in that order. The SAX onto which 8-isopros-
tane had been introduced was washed with 0.4 mL of 50%
(v/v) ethanol-containing 10 mM phosphoric acid buffer (pH
7.0), and then a fraction obtained by passing 0.8 mL of 50%
(v/v) ethanol-containing 10 mM phosphoric acid buffer (pH
7.0) was collected as a fraction containing 8-isoprostane.

Comparative Example 1

[0060] The procedure of Example 1 was repeated except
that the fraction containing 8-isoprostane that had been eluted
from the reverse phase support was not passed through an
SAX.

Example 2

[0061] The procedure of Example 1 was repeated except
that a urine sample obtained from a different specimen was
used.

Comparative Example 2

[0062] The procedure of Example 2 was repeated except
that the fraction containing 8-isoprostane that had been eluted
from the reverse phase support was not passed through an
SAX.

Evaluation

[0063] 150 pL of each fraction from Examples 1 and 2 and
Comparative Examples 1 and 2 was taken, mixed with 75 pLL
of Reagent I, 60 uL. of Reagent II, and 15 plL of Reagent III,
and reacted at 70° C. for 20 minutes. Subsequently, cooling
was carried out by means of running water for 10 minutes. An
SCX manufactured by Varian (ion exchange capacity: 0.8
meq/g, amount of packing 0.25 g, column size 3 mL, column
shape syringe type, polypropylene) was prepared by condi-
tioning with ethanol and pure water in that order, and the
cooled reaction liquid was introduced. After washing with 0.2
mL of 8% (v/v) ethanol-containing 10 mM phosphoric acid
buffer (pH 7.0), a fraction obtained by passing 0.2 mL of 8%
(v/v) ethanol-containing 10 mM phosphoric acid buffer (pH
7.0) was collected as an analytical sample for 8-isoprostane.
The analytical sample thus collected was injected into an
HPLC as it was.

<Reagents>

[0064] Reagent I 10 mM 1,23 4-tetrahydro-6,7-
dimethoxy-1-methyl-2(1H)-oxoquinoxaline-3-propionic
acid hydrazide (DMEQ-H)/dimethylformamide
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Reagent 1I: 10% (v/v) pyridine/20 mM hydrochloric acid-
containing ethanol

Reagent I11: 0.5 M 1-ethyl-3-(3-dimethylaminopropyl)carbo-
diimide hydrochloride/purified water

<HPLC Conditions>
[0065]
Flow rate 1.2 mL/min
Column oven 50° C.
Analysis column Divelosil ODS MGS5 (250 mm, @4.6 mm)
Amount injected 10 uL
Fluorescence detector Ex: 367 nm, Em: 445 nm
Mobile phase Methanol:25 mM acetic acid/sodium
acetate (pH 4.5) = 55:45 (isocratic)
[0066] HPLC charts are shown in FIGS. 3A, 3B, 4A, and

4B. In FIGS. 3A and 3B, A denotes Example 1 and B denotes
Comparative Example 1. In FIGS. 4A and 4B, A denotes
Example 2 and B denotes Comparative Example 2. Examples
1 and 2 were carried out twice, A of FIG. 3A shows a chart of
the first one of Example 1, and A of FIG. 3B shows a chart of
the second one of Example 1. Similarly, A of FIG. 4A shows
a chart of the first one of Example 2, and A of FIG. 4B shows
a chart of the second one of Example 2. In FIGS. 3A, 3B, 4A,
and 4B, C denotes an evaluation carried out in the same way
as for the Examples and Comparative Examples by dissolving
2 ng of 8-isoprostane authentic sample manufactured by Cay-
man in 0.2 mL of 8% (v/v) ethanol-containing 10 mM phos-
phoric acid buffer (pH 7.0). Furthermore, in FIGS. 3A, 3B,
4A, and 4B, D denotes one in which a specimen used in
Example 1 of A was mixed first with 8-isoprostane authentic
sample solution (10 ng/ml) and a column treatment was
carried out. D of FIG. 3A denotes a mixture of the 8-isopros-
tane authentic sample solution with a specimen of the first one
of Example 1, and D of FIG. 3B denotes a mixture of the
8-isoprostane authentic sample solution with a specimen of
the second one of Example 1. D of FIG. 4A is a mixture of the
8-isoprostane authentic sample solution with a specimen of
the first one of Example 2, and D of FIG. 4B is a mixture of the
8-isoprostane authentic sample solution with a specimen of
the second one of Example 2. As shown by the chart of C in
FIGS. 3A and 3B, the retention time for 8-isoprostane was
about 19 minutes. The peak of 8-isoprostane was hidden by a
peak of a contaminant in the Comparative Example, but the
peak of 8-isoprostane could be confirmed in the Example.

[0067] Itisapparent that the present invention is not limited
to the above embodiment, and may be modified and changed
without departing from the scope and spirit of the invention.

What is claimed is:
1. A method of purifying 8-isoprostane, the method com-
prising:

contacting a liquid sample containing 8-isoprostane with
an ion exchange support having a quaternary ammo-
nium salt immobilized thereon such that 8-isoprostane
in the liquid sample is retained on the ion exchange
support; and

eluting 8-isoprostane from the ion exchange support using
a first eluent containing a water-soluble organic solvent
and water as main components.
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2. The method according to claim 1, wherein the ion
exchange support has a tetraalkylammonium salt represented
by Formula (1) below immobilized thereon, and

(CH),
j R’

7~
X N
R Ng2

wherein, in Formula (1), R*, R?, and R? are alkyl groups
having 1 to 6 carbon atoms, n is 1 to 5, B is a resin
substrate or silica gel, and X~ is a chloride ion.

3. The method according to claim 1, wherein the method
further comprises:

contacting a biological sample containing 8-isoprostane

with a reverse phase support such that 8-isoprostane is
retained on the reverse phase support;
washing the reverse phase support while retaining the
8-isoprostane on the reverse phase support; and

eluting 8-isoprostane from the reverse phase support using
a second eluent containing a water-soluble organic sol-
vent and water as main components to obtain the liquid
sample,

wherein the reverse phase support is formed from a mate-

rial that has a straight-chain hydrocarbon group having 1
to 30 carbon atoms as a functional group and has a
carbon content on the support surface of 18% or less as
an element ratio.

4. The method according to claim 3, wherein the reverse
phase support comprises small particles having 0.5 to 10 pm
of an equivalent circle diameter measured by a flow particle
image analyzer at 1 to 20 cumulative % as a particle number.

5. The method according to claim 4, wherein the reverse
phase support further comprises large particles having 20 to
100 pm of an equivalent circle diameter measured by a flow
particle image analyzer at 65 to 99 cumulative % as a particle
number.
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6. The method according to claim 3, wherein the material
for the reverse phase support is silica gel having an octade-
cylsilyl group.

7. The method according to claim 3,

wherein the reverse phase support comprises larger

medium particles having 35 to 60 um of a particle size
measured by a sedimentation method, and smaller
medium particles having 10 to 30 um of a particle size
measured by a Coulter method, and the ratio by weight
of the larger medium particles having 35 to 60 um of the
particle size and the smaller medium particles having 10
to 30 um of the particle size is in the range of 80:20 to
95:5 (the larger medium particles:the smaller medium
particles).

8. The method according to claim 3, wherein the biological
sample is urine, saliva, or blood.

9. The method according to claim 1, wherein the water-
soluble organic solvent is ethanol.

10. The method according to 9, wherein the ethanol content
in the first eluent is 10 to 100 vol %.

11. The method according to claim 1, wherein the first
eluent has a pH of 6.5 to 7.5.

12. The method according to claim 11, wherein the first
eluent comprises a phosphoric acid buffer.

13. A method of analyzing 8-isoprostane using 8-isopros-
tane that has been purified by the method according to claim
1.

14. The method according to claim 13, wherein 8-isopros-
tane that has been purified by the method of purifying 8-iso-
prostane is fluorescently labeled, and 8-isoprostane is ana-
lyzed by a high-performance liquid chromatographic
method.

15. The method according to claim 14, wherein 8-isopros-
tane that has been purified by the method of purifying 8-iso-
prostane is analyzed by an immunoassay.

16. A kit for purifying 8-isoprostane, the kit being used in
the method according to claim 1.

17. A kit for analyzing 8-isoprostane, the kit being used in
the method according to claim 13.

s * sk sk
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