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Description

BACKGROUND

Technical Field

[0001] The present disclosure relates to a sample anal-
ysis method, a capillary electrophoresis solution, and a
sample analysis kit.

Related Art

[0002] In the field of clinical examination, proteins such
as hemoglobin contained in erythrocytes, albumin, glob-
ulin or the like contained in serum, and the like are rou-
tinely analyzed.
[0003] For example, in hemoglobin, there is HbA1c as
an analysis target for diagnosing diabetes or grasping a
medical condition. HbS (sickle-cell hemoglobin), HbC,
HbD, HbE, HbA2, HbF, and the like are widely used as
analysis targets for diagnosing abnormal hemoglobinop-
athy and β-thalassemia symptoms. Japanese Patent Ap-
plication Laid-Open (JP-A) No. 2016-136135 discloses
a sample analysis method including separating various
kinds of hemoglobin in an alkaline solution containing a
cationic polymer by capillary electrophoresis.
[0004] Albumin and γ-globulin in the serum are used
as indices of various diseases such as multiple myeloma,
nephrotic syndrome, liver cirrhosis, and nutritional disor-
der.
[0005] For example, for a patient with multiple myelo-
ma, normal antibody production is not performed due to
canceration of plasma cells in the bone marrow, and an
abnormally produced monoclonal immunoglobulin or a
part thereof exhibits M-proteinemia that appears in the
serum or urine. Therefore, M protein is an important index
that serves as a guide for the diagnosis and therapeutic
effect of multiple myeloma. In the clinical examination,
as a method of measuring albumin and γ-globulin, a BCP
improvement method, a Biuret method, a serum protein
fractionation method using an electrophoresis method,
and the like are known, but measurement by an electro-
phoresis method is essential for detection of M protein.
[0006] Usually, most of immunoglobulins in serum are
polyclonal antibodies, and thus show a broad peak in the
γ-globulin fraction in a case in which electrophoresis is
performed.
[0007] On the other hand, M protein is a monoclonal
antibody and has a single charge, and thus shows a sharp
peak called M peak in the γ-globulin fraction. Therefore,
in the electrophoresis method, the presence or absence
of M protein can be distinguished.
[0008] As described above, the examination of serum
proteins such as albumin and γ-globulin by an electro-
phoresis method is useful for detecting M protein and
grasping the clinical conditions of various diseases, and
thus is widely used as a screening examination for serum
protein abnormalities.

[0009] Among protein fraction examinations using an
electrophoresis method, a capillary electrophoresis
method has been increasingly demanded in recent years
since it has a short analysis time and can process many
specimens.
[0010] As a method of separating albumin and γ-glob-
ulin by a capillary electrophoresis method, for example,
JP-A No. 2004-517338 discloses an alkaline pH, free so-
lution capillary electrophoresis method for analyzing a
clinical sample containing protein constituents, the meth-
od including at least one step of introducing the sample
into a capillary tube containing a buffer system, which
contains a biological buffer solution with a pKa in a range
of from 8.8 to 10.7 at 25°C and at least one additive ca-
pable of increasing an ionic strength of the buffer system,
and discloses that each globulin containing albumin and
γ-globulin contained in serum having monoclonal gam-
mopathy is separated within 10 minutes.
[0011] Japanese National-Phase Publication (JP-A)
No. 2004-517339 discloses an alkaline pH, free solution
capillary electrophoresis method for analyzing a sample
containing a protein constituent, the method including at
least one step of introducing the sample into a capillary
tube including a buffer system, the buffer system further
containing at least one additive capable of hydrophobi-
cally interacting with one or more protein constituents
and capable of providing the protein constituent or con-
stituents with one or more negative charges and of mod-
ifying the electrophoretic mobility, in which each globulin
containing albumin and γ-globulin contained in normal
serum is separated within 10 minutes.

SUMMARY

[0012] In the conventional capillary electrophoresis
methods, it takes about 10 minutes to separate albumin
and γ-globulin, and in the case of analyzing a large
amount of specimen in the field of clinical examination
or the like, it is necessary to prepare a system including
a plurality of capillaries in order to shorten the separation
time.
[0013] An object of an embodiment of the disclosure
is to provide a sample analysis method capable of sep-
arating albumin and γ-globulin from a sample containing
albumin and γ-globulin, in a shorter time than in a con-
ventional method, a capillary electrophoresis solution,
and a sample analysis kit.
[0014] A sample analysis method according to an em-
bodiment of the disclosure includes: a separation step of
separating albumin and γ-globulin from a sample con-
taining albumin and γ-globulin, in an alkaline solution by
capillary electrophoresis,
in which the alkaline solution contains a cationic polymer.
[0015] According to an embodiment of the disclosure,
it is possible to provide a sample analysis method capa-
ble of separating albumin and γ-globulin from a sample
containing albumin and γ-globulin, in a shorter time than
in a conventional method, a capillary electrophoresis so-
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lution, and a sample analysis kit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Exemplary embodiments of the present disclo-
sure will be described in detail based on the following
figures, wherein:

Fig. 1A is a top view illustrating an embodiment of a
capillary electrophoresis chip. Fig. 1B is a cross-sec-
tional view of the electrophoresis chip illustrated in
Fig. 1A.
Fig. 2A shows an electropherogram obtained using
Sample A in a sample analysis method of Example
1. Fig. 2B shows an electropherogram obtained us-
ing Sample B in a sample analysis method of Exam-
ple 1.
Fig. 3A shows an electropherogram obtained using
Sample A in a sample analysis method of Example
2. Fig. 3B shows an electropherogram obtained us-
ing Sample B in a sample analysis method of Exam-
ple 2.
Fig. 4 shows an electropherogram obtained using
Sample B in a sample analysis method of Example 3.
Fig. 5A shows an electropherogram obtained using
Sample C in a sample analysis method of Example
4. Fig. 5B shows an electropherogram obtained us-
ing Sample D in a sample analysis method of Exam-
ple 4.
Fig. 6 shows an electropherogram obtained using
Sample E in a sample analysis method of Example 5.
Fig. 7 shows an electropherogram obtained using
Sample F in a sample analysis method of Example 6.
Fig. 8 shows an electropherogram obtained using
Sample G in a sample analysis method of Compar-
ative Example 1.
Fig. 9 shows an electropherogram obtained using
Sample H in a sample analysis method of Compar-
ative Example 2.

DETAILED DESCRIPTION

[0017] An exemplary embodiment of the present in-
vention will be described. These descriptions and exam-
ples illustrate embodiments and do not limit the scope of
the invention.
[0018] In the present specification, "to" indicating a nu-
merical range is used to mean that numerical values
which are described before and after "to" are included
as a lower limit value and an upper limit value, respec-
tively.
[0019] In a numerical range described in a stepwise
manner in the disclosure, an upper limit value or a lower
limit value described in one numerical range may be re-
placed with an upper limit value or a lower limit value
described in another numerical range described in a step-
wise manner. In a numerical range described in the dis-
closure, an upper limit value or a lower limit value of the

numerical range may be replaced with a value shown in
Examples.
[0020] Each component may contain a plurality of cor-
responding substances.
[0021] When the amount of each component in a com-
position is referred to, in a case in which a plurality of
substances corresponding to each component are
present in the composition, the amount of each compo-
nent in the composition means the total amount of the
plurality of substances present in the composition unless
otherwise specified.
[0022] In the disclosure, the term "step" includes not
only an independent step but also a step by which an
intended action of the step is achieved, though the step
cannot be clearly distinguished from other steps.
[0023] In the disclosure, a combination of two or more
preferred aspects is a more preferred aspect.
[0024] In a case in which an embodiment is described
with reference to the drawings in the disclosure, the con-
figuration of the embodiment is not limited to the config-
uration illustrated in the drawings. The sizes of members
in each drawing are conceptual, and the relative relation-
ship between the sizes of the members is not limited
thereto.

[Sample Analysis Method]

[0025] A sample analysis method according to an em-
bodiment of the disclosure (hereinafter, also referred to
as "specific sample analysis method") includes a sepa-
ration step of separating albumin and γ-globulin from a
sample containing albumin and γ-globulin, in an alkaline
solution by capillary electrophoresis, in which the alkaline
solution (hereinafter, also referred to as "specific alkaline
solution") contains a cationic polymer.
[0026] According to the specific sample analysis meth-
od, albumin and γ-globulin can be separated from a sam-
ple containing albumin and γ-globulin, in a shorter time
than in a conventional method. The reason why the above
effect is exhibited is not clear, but it is presumed as fol-
lows.
[0027] Albumin and γ-globulin, which are substances
to be analyzed, are negatively charged in an alkaline so-
lution. In a case in which a negative electrode is brought
into contact with the sample introduction side and a volt-
age is applied to the substance to be analyzed, these
substances to be analyzed move to the positive electrode
side due to the charge of the substance to be analyzed
and the electroosmotic flow.
[0028] On the other hand, since the cationic polymer
has a cationic group, the cationic polymer moves from
the positive electrode side to the negative electrode side.
During electrophoresis, the substance to be analyzed
and the cationic polymer repeatedly interact with each
other via bonding and dissociation in the capillary, where-
by the substance to be analyzed is positively charged,
so that a force for pulling back the substance to be ana-
lyzed to the negative electrode side is generated. Since
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the cationic polymer has a large charge, a charge differ-
ence between the substances to be analyzed, which
have interacted with the cationic polymer, is larger than
a charge difference inherent in the substance to be an-
alyzed. Therefore, it is presumed that albumin and γ-glob-
ulin can be efficiently separated in a short time since a
difference in electrophoretic velocity between the sub-
stances to be analyzed increases.

<Separation Step>

[0029] The specific sample analysis method includes
a separation step of separating albumin and γ-globulin
from a sample containing albumin and γ-globulin, in a
specific alkaline solution by capillary electrophoresis.
[0030] Separation of albumin and γ-globulin in the sam-
ple, in the specific alkaline solution by capillary electro-
phoresis can be performed by introducing the sample
into a capillary flow path into which the specific alkaline
solution is filled, and applying a voltage to the whole or
a part of the capillary flow path after introduction of the
sample.
[0031] By applying the voltage, albumin and γ-globulin
in the sample can be electrophoresed and separated.
[0032] The voltage can be applied to the capillary flow
path by bringing a negative electrode into contact with
the sample introduction side of the capillary flow path and
bringing a positive electrode into contact with the specific
alkaline solution supply side.
[0033] The cross-sectional shape of the capillary flow
path is not particularly limited, and may be a circular
shape, a rectangular shape, or other shapes.
[0034] In the case of a rectangular shape, each of the
flow path height and the flow path width of the capillary
flow path is preferably from 1 mm to 1000 mm, more pref-
erably from 10 mm to 200 mm, and still more preferably
from 25 mm to 100 mm. In the case of a circular shape,
the inner diameter of the capillary flow path is preferably
10 mm or more or 25 mm or more and is preferably 100
mm or less or 75 mm or less.
[0035] The flow path length of the capillary flow path
is preferably from 10 mm to 150 mm and more preferably
from 20 mm to 60 mm.
[0036] Examples of the material for the capillary flow
path include glass, fused silica, and plastic. Examples of
the plastic include polymethyl methacrylate (PMMA),
polycarbonate, polystyrene, polytetrafluoroethylene (PT-
FE), and polyetheretherketone (PEEK).
[0037] The separation step may be performed using a
capillary electrophoresis chip in which the capillary flow
path is made into a microchip.
[0038] The capillary electrophoresis chip can include
a sample holding tank, an electrophoretic liquid holding
tank, and a capillary flow path, in which the sample hold-
ing tank and the electrophoretic liquid holding tank are
communicated with each other via the capillary flow path.
[0039] The size of the capillary electrophoresis chip is
not particularly limited, and is preferably appropriately

adjusted. The size of the capillary electrophoresis chip
can be, for example, from 10 mm to 200 mm in length,
from 1 mm to 60 mm in width, and from 0.3 mm to 5 mm
in thickness.
[0040] The volume of each of the sample holding tank
and the electrophoretic liquid holding tank is appropriate-
ly determined according to the inner diameter and the
length of the capillary flow path, and is preferably from 1
mm3 to 1000 mm3 and more preferably from 5 mm3 to
100 mm3.
[0041] The amount of the sample to be filled into the
sample holding tank is not particularly limited, and can
be from 1 mL to 70 mL.
[0042] The amount of the specific alkaline solution to
be filled into the electrophoretic liquid holding tank is not
particularly limited, and can be from 1 mL to 70 mL.
[0043] The voltage applied to both ends of the capillary
flow path is preferably from 500 V to 10000 V, and more
preferably from 500 V to 5000 V
[0044] The electrophoresis time of capillary electro-
phoresis in the separation step is preferably from 50 sec-
onds to less than 250 seconds, and more preferably from
60 seconds to 200 seconds.
[0045] In the capillary flow path, a liquid flow from the
negative electrode side toward the positive electrode side
may be generated. Examples of the liquid flow include
an electroosmotic flow.
[0046] The inner wall of the capillary flow path is pref-
erably coated with a cationic substance or an anionic
substance.
[0047] By coating the inner wall of the capillary flow
path with a cationic substance, the inner wall of the cap-
illary flow path can be positively charged. As a result, an
electroosmotic flow from the negative electrode side to-
ward the positive electrode side can be easily generated
in the capillary flow path.
[0048] In a case in which the inner wall of the capillary
flow path is coated with the anionic substance, the inner
wall of the capillary flow path is negatively charged, but
the cationic polymer contained in the specific alkaline
solution is bonded to the inner wall of the negatively
charged capillary flow path. As a result, the inner wall of
the capillary flow path is positively charged, and the elec-
troosmotic flow from the negative electrode side toward
the positive electrode side can be easily generated in the
capillary flow path as described above.
[0049] The cationic substance is not particularly limit-
ed, and a silane coupling agent having a cationic func-
tional group and the like can be used. From the viewpoint
of improving the separation accuracy, the cationic sub-
stance is preferably a polymer having a quaternary am-
monium base.
[0050] The anionic substance is not particularly limited,
and polysaccharides having an anionic group, a silane
coupling agent having an anionic functional group, and
the like can be used.
[0051] Examples of the polysaccharides having an an-
ionic group include sulfated polysaccharides, carboxy-
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lated polysaccharides, sulfonated polysaccharides, and
phosphorylated polysaccharides.
[0052] Examples of the sulfated polysaccharides in-
clude chondroitin sulfate, heparin, heparan, fucoidan,
and salts thereof. Examples of the carboxylated polysac-
charides include alginic acid, hyaluronic acid, and salts
thereof.
[0053] Figs. 1A and 1B illustrate an embodiment of a
capillary electrophoresis chip. Fig. 1A is a top view illus-
trating an embodiment of a capillary electrophoresis chip,
and Fig. 1B is a cross-sectional view of the electrophore-
sis chip illustrated in Fig. 1A.
[0054] The capillary electrophoresis chip illustrated in
Figs. 1A and 1B includes a capillary flow path 1, a sample
holding tank 2, and an electrophoretic liquid holding tank
3, in which the sample holding tank 2 and the electro-
phoretic liquid holding tank 3 are communicated with
each other via the capillary flow path 1. The capillary
electrophoresis chip has a detection unit 4 for detecting
albumin and γ-globulin that have been separated from a
sample in the capillary flow path 1. The detection unit 4
may be arranged around a periphery of the capillary flow
path 1 (for example, below the capillary flow path 1).
[0055] Each of the sample holding tank 2 and the elec-
trophoretic liquid holding tank 3 may includes an elec-
trode for applying a voltage to both ends of the capillary
flow path 1 (not illustrated). Specifically, the sample hold-
ing tank 2 (sample introduction side) can include a neg-
ative electrode, and the electrophoretic liquid holding
tank 3 (specific alkaline solution supply side) can include
a positive electrode.
[0056] The position of the detection unit 4, that is, the
length required for separation (distance from the sample
holding tank 2 to the detection unit 4, x in Fig. 1A) can
be appropriately determined according to the length of
the capillary flow path 1 or the like. In a case in which the
length (x + y in Fig. 1A) of the capillary flow path 1 is from
10 mm to 150 mm, the distance (x) from the sample hold-
ing tank 2 to the detection unit 4 is preferably from 5 mm
to 140 mm, more preferably from 10 mm to 100 mm, and
still more preferably from 15 mm to 50 mm.

-Specific Alkaline Solution-

[0057] In the disclosure, "alkaline" means that the pH
is more than 7.0. The pH of the specific alkaline solution
is preferably higher than the isoelectric points of albumin
and γ-globulin, and is preferably from 8.5 to 12.0, more
preferably from 9.0 to 11.0, and still more preferably from
9.0 to 10.0.
[0058] In the disclosure, the pH of the specific alkaline
solution is the pH of the specific alkaline solution at 25°C,
and is measured using a pH meter 30 minutes after the
electrode is immersed. As the pH meter, F-72 manufac-
tured by HORIBA, Ltd. or a device similar thereto can be
used.
[0059] The specific alkaline solution contains a cationic
polymer. The specific alkaline solution may contain two

or more cationic polymers.
[0060] In the disclosure, the "cationic polymer" means
a polymer having a cationic group.
[0061] In the disclosure, the "cationic group" includes
a cationic group and a group that is ionized to become a
cationic group.
[0062] Examples of the cationic group include a prima-
ry amino group, a secondary amino group, a tertiary ami-
no group, a quaternary ammonium base, and an imino
group. Among them, from the viewpoint of shortening the
separation time of albumin and γ-globulin, a primary ami-
no group or a secondary amino group is preferable, and
a secondary amino group is more preferable.
[0063] The cationic polymer is preferably water-solu-
ble. In the disclosure, "water-soluble" means that a target
substance is dissolved in an amount of 1 mass% or more
in water at 25°C.
[0064] Examples of the cationic polymer having prima-
ry to tertiary amino groups or a cationic group that can
be ionized into primary to tertiary amino groups include
polyallylamine, polyvinylamine, polylysine, polyarginine,
polyhistidine, polyornithine, polydiallylamine, polymeth-
yldiallylamine, polyethyleneimine, diallylamine-acryla-
mide polymer, dimethylamine-ammonia-epichlorohydrin
polymer, and allylamine-diallylamine polymer.
[0065] Examples of the cationic polymer having an im-
ino group or a cationic group that can be ionized into an
imino group include polyethyleneimine.
[0066] Examples of the cationic polymer having a qua-
ternary ammonium base or a cationic group that can be
ionized into a quaternary ammonium base include poly-
quaternium, dimethylamine-ammonia-epichlorohydrin
polymer, dimethylamine-epichlorohydrin polymer, and
diallyldimethylammonium chloride polymer.
[0067] In the disclosure, "polyquaternium" refers to a
cationic polymer including a constituent unit derived from
a monomer having a quaternary ammonium group. Poly-
quaternium can be confirmed by INCI (International No-
menclature for Cosmetic Ingredients) directory. In one or
more embodiments, examples of the polyquaternium in-
clude polydiallyl dimethyl ammonium salts such as poly-
quaternium-6 (poly(diallyl dimethyl ammonium chloride),
polyquaternium-7 (copolymer of acrylamide and diallyl
dimethyl ammonium chloride), polyquaternium-4 (diallyl
dimethyl ammonium chloride-hydroxyethyl cellulose co-
polymer), and polyquaternium-22 (copolymer of acrylic
acid and diallyl dimethyl ammonium chloride), and poly-
quaternium-2 (poly[bis(2-chloroethyl)ether-alt-1,3-
bis[3-(dimethylamino)propyl]urea]).
[0068] As the cationic polymer, in addition to the am-
monium salt, in one or more embodiments, a cationic
polymer of an onium salt such as a phosphonium salt,
an oxonium salt, a sulfonium salt, a fluoronium salt, or a
chloronium salt can also be used.
[0069] Examples of the cationic polymer having a hy-
drazide group or a cationic group that can be ionized into
a hydrazide group include aminopolyacrylamide.
[0070] From the viewpoint of shortening the separation
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time of albumin and γ-globulin, the cationic polymer pref-
erably includes at least one selected from the group con-
sisting of dimethylamine-ammonia-epichlorohydrin poly-
mer, dimethylamine-epichlorohydrin polymer, dial-
lylamine-acrylamide polymer, polyethyleneimine, polyal-
lylamine, diallylamine polymer, allylamine-diallylamine
polymer, methyldiallylamine polymer, and diallyldimeth-
ylammonium chloride polymer, more preferably includes
at least one selected from the group consisting of dimeth-
ylamine-ammonia-epichlorohydrin polymer, dimethyl-
amine-epichlorohydrin polymer, diallylamine-acrylamide
polymer, polyethyleneimine, and polyallylamine, and still
more preferably includes at least one selected from the
group consisting of dimethylamine-ammonia-epichloro-
hydrin polymer and diallylamine-acrylamide polymer.
[0071] The cationic polymer described above may be
in the form of a salt, and examples thereof include hy-
drochloride.
[0072] From the viewpoint of shortening the separation
time of albumin and γ-globulin, the weight average mo-
lecular weight of the cationic polymer is preferably from
10,000 to 500,000, more preferably from 12,000 to
300,000, still more preferably from 15,000 to 150,000,
particularly preferably from 20,000 to 130,000, and most
preferably from 20,000 to 100,000.
[0073] The reason why the separation time of albumin
and γ-globulin is shortened by setting the weight average
molecular weight of the cationic polymer within the above
numerical range is not clear, but it is presumed as follows.
[0074] The isoelectric points of albumin and γ-globulin
(IgG as a representative component) are around pH 5
and around pH 5 to 9, respectively.
[0075] Since albumin has a lower isoelectric point than
γ-globulin, the negative charge of albumin is larger than
that of γ-globulin in the alkaline solution, so that the in-
teraction with the cationic polymer is strong.
[0076] Therefore, it is presumed that by setting the
weight average molecular weight of the cationic polymer
to 500,000 or less, it is possible to suppress an excessive
increase in difference between the force for pulling back
albumin to the negative electrode side and the force for
pulling back γ-globulin to the negative electrode side,
which are generated by the interaction with the cationic
polymer, and it is possible to further shorten the separa-
tion time of albumin and γ-globulin.
[0077] It is presumed that by setting the weight average
molecular weight of the cationic polymer to 10,000 or
more, it is possible to suppress an excessive decrease
in difference between the force for pulling back albumin
to the negative electrode side and the force for pulling
back γ-globulin to the negative electrode side, which are
generated by the interaction with the cationic polymer,
and the separation accuracy can be improved.
[0078] In the disclosure, the weight average molecular
weight of the cationic polymer refers to the catalogue
value. In a case in which there is no catalog value of the
weight average molecular weight, the weight average
molecular weight is a weight average molecular weight

in terms of polyethylene glycol measured by a gel per-
meation chromatography (GPC) method.
[0079] From the viewpoint of shortening the separation
time of albumin and γ-globulin, the content ratio of the
cationic polymer with respect to the total mass of the
specific alkaline solution is preferably from 0.01 mass%
to 10 mass%, more preferably from 0.05 mass% to 8.0
mass%, still more preferably from 0.1 mass% to 5.0
mass%, and still more preferably from 1.0 mass% to 3.0
mass%.
[0080] As the cationic polymer, one synthesized by a
conventionally known method may be used, or a com-
mercially available one may be used.
[0081] The specific alkaline solution may contain wa-
ter. Examples of water include distilled water, ion-ex-
changed water, pure water, and ultrapure water.
[0082] The content ratio of water with respect to the
total mass of the specific alkaline solution is not particu-
larly limited, and can be from 10 mass% to 99.9 mass%.
[0083] The specific alkaline solution may contain ad-
ditives such as a non-surfactant-type zwitterionic sub-
stance (non-surfactant-type betaine or the like), a pH
buffering substance, and a preservative for suppressing
proliferation of microorganisms, and the like. Examples
of the preservative include sodium azide, ethylparaben,
and Proclin.
[0084] In the disclosure, the "non-surfactant-type zwit-
terionic substance" means a zwitterionic substance that
does not form micelles. In the disclosure, "not forming
micelles" means not forming micelles in an aqueous me-
dium or not substantially forming micelles. In the disclo-
sure, "not substantially forming micelles" means that the
critical micelle concentration is preferably 200 mmol/L or
more and more preferably 300 mmol/L or more, and still
more preferably, a zwitterionic substance has not critical
micelle concentration.
[0085] In the disclosure, "zwitterionic substance"
means a compound having a positively charged group
and a negatively charged group at positions not adjacent
to each other in the same molecule, having no hydrogen
atom capable of being dissociated bonded to an atom
having a positive charge, and having no charge as a
whole molecule.

-Sample-

[0086] The sample contains albumin and γ-globulin.
[0087] Examples of γ-globulin include IgG, IgM, IgA,
IgD, and IgE, and the sample may contain at least one
selected from the group consisting of IgG, IgM, IgA, IgD,
and IgE, and may contain two or more selected from the
group consisting of IgG, IgM, IgA, IgD, and IgE.
[0088] The contents of albumin and γ-globulin with re-
spect to the total mass of the sample are particularly lim-
ited, and can be set from 0.001 mass% to 100 mass%.
[0089] The form of the sample is not particularly limited,
and may be those prepared from a sample raw material
or may be a sample raw material itself.
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[0090] Examples of the sample raw material include
raw materials containing albumin and γ-globulin, and bi-
ological samples.
[0091] Examples of the biological sample include
blood, serum, plasma, and those prepared from these,
serum and plasma are preferable, and serum is more
preferable.
[0092] Examples of blood, serum, and plasma include
blood, serum, and plasma collected from a living body,
and include blood, serum, and plasma of mammals other
than human, and blood, serum, and plasma of human.
[0093] From the viewpoint of improving the separation
accuracy, the sample preferably contains an alkaline so-
lution containing a cationic polymer.
[0094] The sample containing the alkaline solution can
be obtained by diluting the sample raw material using the
alkaline solution. The dilution rate is preferably from 1.2
times to 100 times, more preferably from 2 times to 60
times, and still more preferably from 3 times to 50 times
on a volume basis. The material used for dilution is not
particularly limited, and examples thereof include a pH
adjusting agent (for example, hydrochloric acid or the
like), a surfactant (for example, EMULGEN LS-110 (man-
ufactured by Kao Corporation) or the like), an antiseptic
(for example, sodium azide or the like), an ionic strength
adjusting agent (for example, sodium chloride or the like),
and a refractive index adjusting agent (for example, sac-
charides such as sucrose).
[0095] The alkaline solution may be the same as or
different from the specific alkaline solution filled into the
capillary flow path.

<Detection Step>

[0096] The specific sample analysis method can in-
clude a detection step of detecting albumin and γ-globulin
separated in the separation step.
[0097] Albumin and γ-globulin can be detected by an
optical method. Examples of the detection by an optical
method include measurement of absorbance.
[0098] More specifically, albumin and γ-globulin can
be detected by irradiating the separated albumin and γ-
globulin with light having a wavelength of 280 nm to ob-
tain an absorbance spectrum in which the vertical axis
represents absorbance and the horizontal axis repre-
sents time.
[0099] In the case of using a capillary electrophoresis
chip for separating albumin and γ-globulin, it is preferable
to irradiate the detection unit with light having a wave-
length of 280 nm.
[0100] Albumin and γ-globulin may be detected using
an electropherogram (differential waveform) obtained by
differentiating the waveform of the absorbance spectrum
with respect to time.
[0101] An embodiment of the specific sample analysis
method will be described with reference to Figs. 1A and
1B. The specific sample analysis method is not limited
to that described below.

[0102] First, the specific alkaline solution containing a
cationic polymer is filled as an electrophoretic liquid into
the electrophoretic liquid holding tank 3 of the capillary
electrophoresis chip, and the specific alkaline solution is
filled into the capillary flow path 1 by capillary action.
[0103] Next, the sample is added to the sample holding
tank 2 of the capillary electrophoresis chip into which the
specific alkaline solution is filled.
[0104] The sample to be added to the sample holding
tank 2 can be prepared by diluting serum, which is a
sample raw material, with the alkaline solution.
[0105] A negative electrode is brought into contact with
the sample holding tank 2 and a positive electrode is
brought into contact with the electrophoretic liquid hold-
ing tank 3 (not illustrated), and a voltage is applied to
both ends of the capillary flow path 1, that is, between
the sample holding tank 2 and the electrophoretic liquid
holding tank 3. As a result, the sample is introduced from
the sample holding tank 2 into the capillary flow path 1,
the sample containing albumin and γ-globulin moves
from the sample holding tank 2 toward the electrophoretic
liquid holding tank 3, and albumin and γ-globulin are sep-
arated.
[0106] In the detection unit 4, albumin and γ-globulin
are detected by irradiation with light having a wavelength
of 280 nm and measurement of absorbance by an ab-
sorbance measuring device.
[0107] The sample analysis method of the disclosure
can be used for diagnosis, treatment, and the like of mul-
tiple myeloma, nephrotic syndrome, liver cirrhosis, nutri-
tional disorder, and the like.

[Capillary Electrophoresis Solution]

[0108] A capillary electrophoresis solution according
to an embodiment of the disclosure contains a cationic
polymer, the capillary electrophoresis solution being
used for separation of albumin and γ-globulin by capillary
electrophoresis.
[0109] A preferred embodiment of the capillary elec-
trophoresis solution is the same as the specific alkaline
solution used in the specific sample analysis method,
and thus the description thereof is omitted here.

[Sample Analysis Kit]

[0110] A sample analysis kit according to an embodi-
ment of the disclosure includes a container containing
the above-described capillary electrophoresis solution,
and an electrophoresis chip including a sample holding
tank, an electrophoretic liquid holding tank, and a capil-
lary flow path, in which the sample holding tank and the
electrophoretic liquid holding tank are communicated
with each other via the capillary flow path.
[0111] Preferred embodiments of the capillary electro-
phoresis solution and the electrophoresis chip are the
same as those of the specific alkaline solution and the
electrophoresis chip used in the specific sample analysis
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method, and thus the description thereof is omitted here.
[0112] Examples of the material for the container con-
taining the capillary electrophoresis solution include
glass, fused silica, and plastic. The plastic has been de-
scribed above, and thus the description thereof is omitted
here.
[0113] The disclosure may relate to the following em-
bodiments.

<1> A sample analysis method, including a separa-
tion step of separating albumin and γ-globulin from
a sample comprising albumin and γ-globulin, in an
alkaline solution by capillary electrophoresis,
in which the alkaline solution contains a cationic pol-
ymer.
<2> The sample analysis method according to <1>,
wherein a weight average molecular weight of the
cationic polymer is from 10,000 to 500,000.
<3> The sample analysis method according to <1>
or <2>, wherein a weight average molecular weight
of the cationic polymer is from 15,000 to 150,000.
<4> The sample analysis method according to any
one of <1> to <3>, wherein the cationic polymer in-
cludes at least one selected from the group consist-
ing of dimethylamine-ammonia-epichlorohydrin pol-
ymer, dimethylamine-epichlorohydrin polymer, dial-
lylamine-acrylamide polymer, polyethyleneimine,
polyallylamine, diallylamine polymer, allylamine-di-
allylamine polymer, methyldiallylamine polymer, and
diallyldimethylammonium chloride polymer.
<5> The sample analysis method according to any
one of <1> to <4>, wherein a content ratio of the
cationic polymer with respect to a total mass of the
alkaline solution is from 0.01 mass% to 10 mass%.
<6> The sample analysis method according to any
one of <1> to <5>, wherein an electrophoresis time
of capillary electrophoresis in the separation is from
50 seconds to less than 250 seconds.
<7> The sample analysis method according to any
one of <1> to <6>, wherein a pH of the alkaline so-
lution is from 8.5 to 12.0.
<8> A capillary electrophoresis solution, containing
a cationic polymer, in which the capillary electro-
phoresis solution is used for separation of albumin
and γ-globulin by capillary electrophoresis.
<9> A sample analysis kit, including:

a container containing the capillary electro-
phoresis solution according to <8>; and
an electrophoresis chip including a sample hold-
ing tank, an electrophoretic liquid holding tank,
and a capillary flow path,
in which the sample holding tank and the elec-
trophoretic liquid holding tank are communicat-
ed with each other via the capillary flow path.

EXAMPLES

[0114] Examples will be described below, but the dis-
closure is not limited to these Examples at all. In the fol-
lowing description, unless otherwise specified, "part(s)"
and "%" are all on a mass basis.
[0115] In the following Examples and Comparative Ex-
amples, electrophoresis was performed by a continuous
sample introduction method.

<Separation Device and Measuring Apparatus>

[0116] As a separation device, a resin chip having the
capillary flow path 1 with the structure illustrated in Fig.
1 (flow path width: 40 mm, flow path height: 40 mm, flow
path length: 30 mm, distance (x) from the sample holding
tank 2 to the detection unit 4: 20 mm) was used. The
capacity of each of the sample holding tank 2 and the
electrophoretic liquid holding tank 3 was set to 60 mL.
The inner wall of the capillary flow path was coated with
polydiallyldimethylammonium chloride.
[0117] As a measuring device, an electrophoresis de-
vice self-manufactured was used.

«Example 1»

[0118] The following substances were mixed, and so-
dium hydroxide and water were added until the pH
reached 9.8 to prepare a specific alkaline solution (cap-
illary electrophoresis solution) 1. The content ratio of the
cationic polymer with respect to the total mass of the
specific alkaline solution 1 was set to 1.5 mass%.

(Composition of Specific Alkaline Solution 1)

[0119]

· Dimethylamine-ammonia-epichlorohydrin polymer
1 (cationic polymer, KHE102L manufactured by
SENKA corporation, weight average molecular
weight: from 20,000 to 100,000) 1.5 mass%
· Sodium azide 0.02 mass%
· EMULGEN LS-110 (manufactured by Kao Corpo-
ration) 0.1 mass%
· Sodium hydroxide aqueous solution
· Water

[0120] An albumin/y-globulin mixed solution 1 having
the following composition was prepared.

(Composition of Albumin/y-Globulin Mixed Solution 1)

[0121]

· 250 mg/mL albumin (manufactured by Wako,
010-27601) 25 mass/vol%
· 250 mg/mL γ-globulin (manufactured by Sigma,
G4386-1G) 25 mass/vol%

13 14 



EP 4 361 623 A1

9

5

10

15

20

25

30

35

40

45

50

55

[0122] The albumin/y-globulin mixed solution 1 was di-
luted (dilution rate 41 times (volume basis)) with a diluent
1 (pH 8.8) having the following composition to obtain
Sample A.
[0123] In the diluent 1, hydrochloric acid and water
were added until the pH of the solution reached 8.8.

(Composition of Diluent 1)

[0124]

· Polyethyleneimine (cationic polymer, manufac-
tured by Wako, weight average molecular weight:
70,000) 0.75 mass%
· Sucrose 7.87 mass%
· Sodium chloride 0.26 mass%
· Sodium azide 0.018 mass%
· EMULGEN LS-110 (manufactured by Kao Corpo-
ration) 0.40 mass%
· Hydrochloric acid
· Water

[0125] A human biological serum sample containing
albumin and γ-globulin was prepared, and diluted (dilu-
tion rate 7 times (volume basis)) with a diluent (pH 8.8)
having the following composition to obtain Sample B.
[0126] To the electrophoretic liquid holding tank 3, 60
mL of the specific alkaline solution 1 was added, and the
specific alkaline solution 1 was filled into the capillary
flow path 1 by capillary action.
[0127] To the sample holding tank 2, 60 mL of Sample
A was added.
[0128] Next, a negative electrode was brought into
contact with the sample holding tank 2, a positive elec-
trode was brought into contact with the electrophoretic
liquid holding tank 3, and electrophoresis was started by
applying a voltage under constant current control of 75
mA.
[0129] During electrophoresis, the detection unit 4 was
irradiated with light of 280 nm, and the absorbance was
measured to obtain an absorbance spectrum. An elec-
tropherogram was obtained by differentiating the wave-
form of the absorbance spectrum with respect to time.
Electrophoresis was performed for 200 seconds. The ob-
tained electropherogram is shown in Fig. 2A.
[0130] A prototype self-manufactured was used for
light irradiation, absorbance measurement, and electro-
pherogram acquisition.
[0131] An electropherogram was obtained in the same
manner as described above, except that Sample A was
changed to Sample B. The obtained electropherogram
is shown in Fig. 2B.
[0132] As is apparent from the electropherograms
shown in Figs. 2A and 2B, according to the sample anal-
ysis method of Example 1 using the specific alkaline so-
lution containing a cationic polymer, albumin and γ-glob-
ulin could be separated within 200 seconds.

«Example 2»

[0133] The following substances were mixed, and so-
dium hydroxide and water were added until the pH
reached 9.8 to prepare a specific alkaline solution (cap-
illary electrophoresis solution) 2. The content ratio of the
cationic polymer with respect to the total mass of the
specific alkaline solution 2 was set to 1.5 mass%.

(Composition of Specific Alkaline Solution 2)

[0134]

· Dimethylamine-ammonia-epichlorohydrin polymer
2 (cationic polymer, KHE105L manufactured by
SENKA corporation, weight average molecular
weight: from 100,000 to 500,000) 1.5 mass%
· Sodium azide 0.02 mass%
· EMULGEN LS-110 (manufactured by Kao Corpo-
ration) 0.1 mass%
· Sodium hydroxide aqueous solution
· Water

[0135] An electropherogram using Sample A and an
electropherogram using Sample B were obtained in the
same manner as in Example 1, except that the specific
alkaline solution 1 was changed to the specific alkaline
solution 2. The obtained electropherograms are shown
in Figs. 3A and 3B, respectively.
[0136] As is apparent from the electropherograms
shown in Figs. 3A and 3B, according to the sample anal-
ysis method of Example 2 using the specific alkaline so-
lution containing a cationic polymer, albumin and γ-glob-
ulin could be separated within 200 seconds.

«Example 3»

[0137] The following substances were mixed, and so-
dium hydroxide and water were added until the pH
reached 9.8 to prepare a specific alkaline solution (cap-
illary electrophoresis solution) 3. The content ratio of the
cationic polymer with respect to the total mass of the
specific alkaline solution 3 was set to 1.5 mass%.

(Composition of Specific Alkaline Solution 3)

[0138]

· Dimethylamine-epichlorohydrin polymer 1 (cationic
polymer, KHE107L manufactured by SENKA corpo-
ration, weight average molecular weight: from
20,000 to 100,000) 1.5 mass%
· Sodium azide 0.02 mass%
· EMULGEN LS-110 (manufactured by Kao Corpo-
ration) 0.1 mass%
· Sodium hydroxide aqueous solution
· Water
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[0139] An electropherogram using Sample B was ob-
tained in the same manner as in Example 1, except that
the specific alkaline solution 1 was changed to the spe-
cific alkaline solution 3 and the electrophoresis time was
changed to 60 seconds. The obtained electropherogram
is shown in Fig. 4.
[0140] As is apparent from the electropherogram
shown in Fig. 4, according to the sample analysis method
of Example 3 using the specific alkaline solution contain-
ing a cationic polymer, albumin and γ-globulin could be
separated within 60 seconds.

«Example 4»

[0141] The following substances were mixed, and so-
dium hydroxide and water were added until the pH
reached 9.8 to prepare a specific alkaline solution (cap-
illary electrophoresis solution) 4. The content ratio of the
cationic polymer with respect to the total mass of the
specific alkaline solution 4 was set to 1.5 mass%.

(Composition of Specific Alkaline Solution 4)

[0142]

· Diallylamine salt-acrylamide polymer 1 (cationic
polymer, KCA100L manufactured by SENKA corpo-
ration, weight average molecular weight: from
20,000 to 100,000) 1.5 mass%
· Sodium azide 0.02 mass%
· EMULGEN LS-110 (manufactured by Kao Corpo-
ration) 0.1 mass%
· Sodium hydroxide aqueous solution
· Water

[0143] An albumin/y-globulin mixed solution 2 having
the following composition was prepared.

(Composition of Albumin/y-Globulin Mixed Solution 2)

[0144]

· 40 mg/mL albumin (manufactured by Wako,
010-27601) 4 mass/vol%
· 40 mg/mL γ-globulin (manufactured by Sigma,
G4386-1G)4 mass/vol%

[0145] The albumin/y-globulin mixed solution 2 was di-
luted (dilution rate 7 times (volume basis)) with a diluent
2 (pH 8.8) having the following composition to obtain
Sample C.
[0146] In the diluent 2, hydrochloric acid and water
were added until the pH of the solution reached 8.8.

(Composition of Diluent 2)

[0147]

· Polyethyleneimine (cationic polymer, manufac-
tured by Wako, weight average molecular weight:
70,000) 0.75 mass%
· Non-surfactant-type sulfobetaine (NDSB-201 man-
ufactured by Tokyo Chemical Industry Co., Ltd., 3-(1-
pyridino)propanesulfonic acid) 8.05 mass%
· Sucrose 7.87 mass%
· Sodium chloride 0.26 mass%
· Sodium azide 0.018 mass%
· EMULGEN LS-110 (manufactured by Kao Corpo-
ration) 0.4 mass%
· Hydrochloric acid
· Water

[0148] A human biological serum sample containing
albumin and γ-globulin was prepared, and diluted (dilu-
tion rate 7 times (volume basis)) with a diluent (pH 8.8)
having the following composition to obtain Sample D.
[0149] An electropherogram using Sample C or Sam-
ple D was obtained in the same manner as in Example
1, except that the specific alkaline solution 1 was changed
to the specific alkaline solution 4, Sample A was changed
to Sample C or Sample D, and the electrophoresis time
was changed to 150 seconds. The obtained electrophe-
rograms are shown in Figs. 5A and 5B, respectively.
[0150] As is apparent from the electropherograms
shown in Figs. 5A and 5B, according to the sample anal-
ysis method of Example 4 using the specific alkaline so-
lution containing a cationic polymer, albumin and γ-glob-
ulin could be separated within 150 seconds.

«Example 5»

[0151] The following substances were mixed, and 3-
hydroxypropanesulfonic acid was added until the pH
reached 9.0 to prepare a specific alkaline solution (cap-
illary electrophoresis solution) 5. The content ratio of the
cationic polymer with respect to the total mass of the
specific alkaline solution 5 was set to 1.0 mass%.

(Composition of Specific Alkaline Solution 5)

[0152]

· Polyethyleneimine (cationic polymer, manufac-
tured by Wako, weight average molecular weight:
70,000) 1.0 mass%
· Non-surfactant-type sulfobetaine (NDSB-201 man-
ufactured by Tokyo Chemical Industry Co., Ltd., 3-(1-
pyridino)propanesulfonic acid) 10.06 mass%
· Sodium azide 0.02 mass%
· 3-Hydroxypropanesulfonic acid
· Water

[0153] The albumin/y-globulin mixed solution 2 was di-
luted (dilution rate 7 times (volume basis)) with the spe-
cific alkaline solution 5 to obtain Sample E.
[0154] An electropherogram using Sample E was ob-
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tained in the same manner as in Example 4, except that
the specific alkaline solution 4 was changed to the spe-
cific alkaline solution 5, Sample C was changed to Sam-
ple E, and the electrophoresis time was changed to 120
seconds. The obtained electropherogram is shown in Fig.
6.
[0155] As is apparent from the electropherogram
shown in Fig. 6, according to the sample analysis method
of Example 5 using the specific alkaline solution contain-
ing a cationic polymer, albumin and γ-globulin could be
separated within 120 seconds.

«Example 6»

[0156] The following substances were mixed, and 3-
hydroxypropanesulfonic acid was added until the pH
reached 9.8 to prepare a specific alkaline solution (cap-
illary electrophoresis solution) 6. The content ratio of the
cationic polymer with respect to the total mass of the
specific alkaline solution 6 was set to 1.0 mass%.

(Composition of Specific Alkaline Solution 6)

[0157]

· Polyallylamine (cationic polymer, manufactured by
NITTOBO MEDICAL CO., LTD., weight average mo-
lecular weight: 25,000) 1.0 mass%
· Sodium azide 0.02 mass%
· 3-Hydroxypropanesulfonic acid
· Water

[0158] The albumin/y-globulin mixed solution 2 was di-
luted (dilution rate 7 times (volume basis)) with a diluent
3 (pH 9.8) having the following composition to obtain
Sample F.
[0159] In the diluent 3, 3-hydroxypropanesulfonic acid
was added until the pH of the solution reached 9.8.

(Composition of Diluent 3)

[0160]

· Polyallylamine (cationic polymer, manufactured by
NITTOBO MEDICAL CO., LTD., weight average mo-
lecular weight: 25,000) 1.0 mass%
· Non-surfactant-type sulfobetaine (NDSB-201 man-
ufactured by Tokyo Chemical Industry Co., Ltd., 3-(1-
pyridino)propanesulfonic acid) 10.06 mass%
· Sodium azide 0.02 mass%
· 3-Hydroxypropanesulfonic acid
· Water

[0161] An electropherogram using Sample F was ob-
tained in the same manner as in Example 4, except that
the specific alkaline solution 4 was changed to the spe-
cific alkaline solution 6, Sample C was changed to Sam-
ple F, and the electrophoresis time was changed to 60

seconds. The obtained electropherogram is shown in Fig.
7.
[0162] As is apparent from the electropherogram
shown in Fig. 7, according to the sample analysis method
of Example 6 using the specific alkaline solution contain-
ing a cationic polymer, albumin and γ-globulin could be
separated within 60 seconds.

<<Comparative Example 1»

[0163] The following substances were mixed, and 3-
hydroxypropanesulfonic acid was added until the pH
reached 9.8 to prepare a specific alkaline solution (cap-
illary electrophoresis solution) 10.

(Composition of Specific Alkaline Solution 10)

[0164]

· Arginine 1.74 mass%
· Sodium azide 0.02 mass%
· 3-Hydroxypropanesulfonic acid
· Water

[0165] The albumin/y-globulin mixed solution 2 was di-
luted (dilution rate 7 times (volume basis)) with the spe-
cific alkaline solution 10 to obtain Sample G.
[0166] An electropherogram using Sample G was ob-
tained in the same manner as in Example 4, except that
the specific alkaline solution 4 was changed to the alka-
line solution 10, Sample C was changed to Sample G,
and the electrophoresis time was changed to 200 sec-
onds.
[0167] The obtained electropherogram is shown in Fig.
8.
[0168] As is apparent from the electropherograms
shown in Fig. 8, according to the sample analysis method
of Comparative Example 1 using the specific alkaline so-
lution not containing a cationic polymer, albumin and γ-
globulin could not be separated within 200 seconds.

<<Comparative Example 2»

[0169] The following substances were mixed, and 3-
hydroxypropanesulfonic acid was added until the pH
reached 9.8 to prepare an alkaline solution (capillary
electrophoresis solution) 11.

(Composition of Specific Alkaline Solution 11)

[0170]

· Arginine 1.74 mass%
· Polyethylene glycol (non-ionic polymer, manufac-
tured by Wako) 1.0 mass%
· Sodium azide 0.02 mass%
· 3-Hydroxypropanesulfonic acid
· Water
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[0171] The albumin/y-globulin mixed solution 2 was di-
luted (dilution rate 7 times (volume basis)) with the spe-
cific alkaline solution 11 to obtain Sample H.
[0172] An electropherogram using Sample H was ob-
tained in the same manner as in Example 4, except that
the specific alkaline solution 4 was changed to the alka-
line solution 11, Sample C was changed to Sample H,
and the electrophoresis time was changed to 200 sec-
onds. The obtained electropherogram is shown in Fig. 9.
[0173] As is apparent from the electropherogram
shown in Fig. 9, according to the sample analysis method
of Comparative Example 2 using the specific alkaline so-
lution not containing a cationic polymer, albumin and γ-
globulin could not be separated within 200 seconds.

Claims

1. A sample analysis method, comprising:

a separation step of separating albumin and γ-
globulin from a sample comprising albumin and
γ-globulin, in an alkaline solution by capillary
electrophoresis,
wherein the alkaline solution comprises a cati-
onic polymer.

2. The sample analysis method according to claim 1,
wherein a weight average molecular weight of the
cationic polymer is from 10,000 to 500,000.

3. The sample analysis method according to claim 1 or
2, wherein a weight average molecular weight of the
cationic polymer is from 15,000 to 150,000.

4. The sample analysis method according to claim 1 or
2, wherein the cationic polymer comprises at least
one selected from the group consisting of dimethyl-
amine-ammonia-epichlorohydrin polymer, dimethyl-
amine-epichlorohydrin polymer, diallylamine-acryla-
mide polymer, polyethyleneimine, polyallylamine,
polydiallylamine, allylamine-diallylamine polymer,
polymethyldiallylamine, and diallyldimethylammoni-
um chloride polymer.

5. The sample analysis method according to claim 1 or
2, wherein a content ratio of the cationic polymer with
respect to a total mass of the alkaline solution is from
0.01 mass% to 10 mass%.

6. The sample analysis method according to claim 1 or
2, wherein an electrophoresis time of capillary elec-
trophoresis in the separation is from 50 seconds to
less than 250 seconds.

7. The sample analysis method according to claim 1 or
2, wherein a pH of the alkaline solution is from 8.5
to 12.0.

8. A capillary electrophoresis solution, comprising a
cationic polymer,
wherein the capillary electrophoresis solution is used
for separation of albumin and γ-globulin by capillary
electrophoresis.

9. A sample analysis kit, comprising:

a container comprising the capillary electro-
phoresis solution according to claim 8; and
an electrophoresis chip comprising a sample
holding tank, an electrophoretic liquid holding
tank, and a capillary flow path,
wherein the sample holding tank and the elec-
trophoretic liquid holding tank are communicat-
ed with each other via the capillary flow path.
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