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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to a method for
analyzing a sample, a capillary electrophoresis solution,
and a sample analysis kit.

2. Description of Related Art

[0002] Hemoglobin (Hb) is analyzed daily in the field
of clinical laboratory testing. The type of hemoglobin to
be analyzed differs depending on the purpose of the test-
ing. HbAlc is well known as hemoglobin to be analyzed
for the diagnosis and understanding of medical condi-
tions associated with diabetes. Variant hemoglobins,
which are typified by HbS (sickle-cell hemoglobin), HbC,
HbD, and HbE, are used as the hemoglobins to be ana-
lyzed for the diagnosis of hemoglobinopathy. HbA2 and
HbF (fetal hemoglobin) are widely used as the hemo-
globins to be analyzed for the diagnosis of β thalassemia.
[0003] Such hemoglobin analyses are conducted by
high-performance liquid chromatography (HPLC) includ-
ing ion exchange chromatography, or capillary electro-
phoresis (CE) (for example, JP 2014-95638 A, JP
2006-145537 A, JP 2012-531609 A, JP 2009-109230 A,
and Xuezhen Kang et al. (Analytical Chemistry, 2002,
74, 1038-1045)).
[0004] JP 2014-95638 A describes a hemoglobin anal-
ysis by cation exchange chromatography. Xuezhen Kang
et al. describes a hemoglobin analysis by anion ex-
change chromatography. Such HPLC, however, requires
a large and costly special device, making it difficult to
downsize the device and achieve a cost reduction.
[0005] JP 2006-145537 A describes a hemoglobin
analysis by free solution capillary electrophoresis (cap-
illary zone electrophoresis: CZE) at an alkaline pH. JP
2012-531609 A describes a hemoglobin analysis by cap-
illary electrophoresis at an alkaline pH and in the pres-
ence of a boronate compound. JP 2009-109230 A de-
scribes a hemoglobin analysis by cation exchange elec-
trokinetic chromatography using a solution containing an
anionic polymer as the pseudostationary phase. Cotton
F. et al., Evaluation of a Capillary Electrophoresis Method
for Routine Determination of Hemoglobins A2 and F,
Clinical Chemistry 45:2, 237-243 (1999) describes a CZE
method for the separation of HbA2 and HbF at an alkaline
pH.

SUMMARY OF THE INVENTION

[0006] The methods of JP 2014-95638 A and Xuezhen
Kang et al. are both HPLC and thus require a large and
costly special device, making it difficult to downsize the
device and achieve a cost reduction.
[0007] The methods of JP 2006-145537 A and JP

2012-531609 A take a long time to complete analysis
(e.g., eight minutes or more) and need a long capillary
length (e.g., 20 cm or more), making it difficult to down-
size the device.
[0008] β thalassemia patients often simultaneously
suffer from hemoglobinopathy associated with HbS, and
hence separation of HbS and HbA2 is required. Using
the method of JP 2009-109230 A, however, it is difficult
to separate HbA2 and the relatively major variant hemo-
globin, HbS.
[0009] In one aspect, the present disclosure provides
a method for analyzing a sample, a capillary electro-
phoresis solution and a sample analysis kit that are ca-
pable of improving the separation accuracy of at least
one of HbS and HbA2, shortening the analysis time and
downsizing the device.
[0010] In one aspect, the present disclosure relates to
a method according to claim 1.
[0011] In one aspect, the present disclosure relates to
a method for analyzing a sample, including: introducing
the sample into a capillary channel filled with a running
buffer; and applying a voltage to the whole or a part of
the capillary channel for capillary electrophoresis so as
to separate hemoglobin in the sample. The running buffer
is an alkaline solution containing a cationic polymer.
[0012] In one aspect, the present disclosure relates to
a capillary electrophoresis solution according to claim 11.
[0013] In one aspect, the present disclosure relates to
a sample analysis kit, including: a container containing
the capillary electrophoresis solution of the present dis-
closure; and an electrophoresis chip having a sample
reservoir, a running buffer reservoir, and a capillary chan-
nel connecting the sample reservoir and the running buff-
er reservoir.
[0014] The present disclosure can provide a method
for analyzing a sample capable of downsizing a device
and improving the separation accuracy of at least one of
HbS and HbA2, a capillary electrophoresis solution, and
a sample analysis kit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG 1A is a top view showing an embodiment of a
capillary electrophoresis chip. FIG. 1B is a cross-
sectional view of the electrophoresis chip shown in
FIG. 1A.
FIGS. 2A and 2B are exemplary electropherograms
obtained by capillary electrophoresis in Example 1.
The sample of FIG. 2A is whole blood derived from
β thalassemia patients, and the sample of FIG. 2B
is a control specimen.
FIGS. 3A and 3B are exemplary electropherograms
obtained by capillary electrophoresis in Example 2.
The sample of FIG. 3A is whole blood derived from
β thalassemia patients, and the sample of FIG. 3B
is a control specimen.
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FIG. 4 is an exemplary electropherogram obtained
by capillary electrophoresis in Example 3 (sample:
control specimen).
FIG. 5 is an exemplary electropherogram obtained
by capillary electrophoresis in Example 4 (sample:
control specimen).
FIG. 6 is an exemplary electropherogram obtained
by capillary electrophoresis in Comparative Example
1 (sample: control specimen).
FIG. 7 is an exemplary electropherogram obtained
by capillary electrophoresis in Comparative Example
2 (sample: control specimen).

DETAILED DESCRIPTION OF THE INVENTION

[0016] In one aspect, the present disclosure is based
on the finding that the respective fractions of hemoglobin
(at least one of HbS and HbA2) in a sample can be sep-
arated with high accuracy in a short time by conducting
capillary electrophoresis in an alkaline solution contain-
ing a cationic polymer.
[0017] Although it is uncertain why separation of he-
moglobin by capillary electrophoresis in an alkaline so-
lution containing a cationic polymer allows highly accu-
rate separation of at least one of HbS and HbA2 in the
sample in a short time, the mechanism can be considered
as follows. The isoelectric point of hemoglobin is near
neutral, and hence hemoglobin is negatively charged in
an alkaline solution. The negatively charged hemoglobin
moves to the positive electrode side when the negative
electrode is brought into contact with the sample intro-
duction side and a voltage is applied thereto. Meanwhile,
the cationic polymer moves from the positive electrode
side to the negative electrode side. The negatively
charged hemoglobin interacts with the positively charged
cationic polymer during electrophoresis. The respective
fractions of hemoglobin have different degrees of nega-
tive charge in the alkaline solution. Such a difference in
negative charge causes interaction differences between
the respective fractions of hemoglobin and the cationic
polymer, which consequently makes a difference in the
electrophoresis speed between HbA2 and HbS. Thus,
the separation accuracy of at least one of HbA2 and HbS
is improved. The present disclosure, however, is not lim-
ited to these mechanisms.

[Cationic Polymer]

[0018] The "cationic polymer" in the present disclosure
refers to a polymer having a cationic group or having a
group that can be ionized into a cationic group. In one or
more embodiments, the cationic polymer may be a
homopolymer of a monomer having a cationic group, or
a copolymer or a condensation polymer of a monomer
having a cationic group and another monomer. In one or
more embodiments, the cationic group may be, e.g., a
group containing nitrogen. In one or more embodiments,
examples of the cationic group include polymers having

a cationic group, such as primary, secondary and tertiary
amino groups, an imino group, and a quaternary ammo-
nium salt group. Polymers having any of primary, sec-
ondary and tertiary amino groups are preferred, and pol-
ymers having a primary amino group are more preferred
from the viewpoint of improving the accuracy of analysis.
In one or more embodiments, the cationic polymer is pref-
erably water soluble. In one or more embodiments, the
cationic polymer is preferably a straight-chain polymer
from the viewpoint of improving the accuracy of analysis.
The cationic polymer may be used alone or in a combi-
nation of two or more kinds.
[0019] In one or more embodiments, examples of the
cationic polymer having any of primary, secondary and
tertiary amino groups, or having a group that can be ion-
ized into any of primary, secondary and tertiary amino
groups include polyallylamine, polyvinylamine, polyly-
sine, polyarginine, polyhistidine, polyornithine, polydial-
lylamine, and polymethyldiallylamine.
[0020] In one or more embodiments, an example of
the cationic polymer having an imino group, or having a
group that can be ionized into an imino group is polyeth-
yleneimine.
[0021] In one or more embodiments, examples of the
cationic polymer having a quaternary ammonium salt
group, or having a group that can be ionized into a qua-
ternary ammonium salt group include polyquaternium,
and a dimethylamine-epichlorohydrin copolymer. In the
present disclosure, "polyquaternium" refers to a cationic
polymer including a constituent unit derived from a mon-
omer having a quaternary ammonium group. The defini-
tion of "polyquaternium" can be confirmed in the INCI
(International Nomenclature for Cosmetic Ingredients)
directory. In one or more embodiments, examples of the
polyquaternium include: polydiallyldimethylammonium
salts such as polyquaternium-6 (poly(diallyldimethylam-
monium chloride), polyquaternium-7 (copolymer of acr-
ylamide and diallyldimethylammonium chloride), poly-
quaternium-4 (diallyldimethylammonium chloride- hy-
droxyethyl cellulose copolymer), and polyquaternium-22
(copolymer of acrylic acid and diallyldimethylammonium
chloride); and polyquaternium-2 (poly[bis(2-chloroe-
thyl)ether-alt-1,3-bis[3-(dimethylamino)propyl]urea]). In
one or more embodiments, the dimethylamine-epichlo-
rohydrin copolymer may include a constituent unit other
than dimethylamine-epichlorohydrin, and for example it
may include ethylene diamine and the like.
[0022] Further, in one or more embodiments, the cat-
ionic polymer may be a cationic polymer of an onium salt,
such as a phosphonium salt, an oxonium salt, a sulfonium
salt, a fluoronium salt, and a chloronium salt.
[0023] In one or more embodiments, an example of
the cationic polymer having a hydrazide group, or having
a group that can be ionized into a hydrazide group is
aminopolyacrylamide.
[0024] The cationic polymer is preferably polyethyle-
neimine, polyallylamine, polylysine, and a combination
thereof, and more preferably polyallylamine from the
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viewpoint of improving the accuracy of analysis and
shortening a measurement time.
[0025] In one or more embodiments, the weight-aver-
age molecular weight of the cationic polymer is 1000 or
more, 5000 or more, or 10000 or more from the viewpoint
of improving the accuracy of analysis, and 500000 or
less, or 300000 or less from the viewpoint of preventing
an increase in solution viscosity.

[Alkaline Solution containing Cationic Polymer]

[0026] The "alkaline solution containing a cationic pol-
ymer" in the present disclosure refers to an alkaline so-
lution in which a cationic polymer is dispersed or dis-
solved in a medium. In one or more embodiments, the
medium may be, e.g., water. In one or more embodi-
ments, examples of the water include distilled water, ion-
exchanged water, pure water, and ultrapure water. In one
or more embodiments, the alkaline solution containing a
cationic polymer is an alkaline aqueous solution contain-
ing a cationic polymer and water.
[0027] In one or more embodiments, the pH of the al-
kaline solution is preferably higher than the isoelectric
point of hemoglobin, and more preferably higher than the
isoelectric point of at least one of HbS and HbA2. The
isoelectric point of HbS is 7.2 to 7.3, and the isoelectric
point of HbA2 is 7.4 to 7.5. Hence, in one or more em-
bodiments, the pH of the alkaline solution is 7.5 or higher,
and preferably 8.5 or higher, or 9.5 or higher from the
viewpoint of improving the accuracy of analysis and
shortening the measurement time. It is preferably 12.0
or lower, or 11.0 or lower from the viewpoint of preventing
denaturation of hemoglobin. The above pH is the pH of
the alkaline solution at 25°C that is measured after 30-
minute immersion of electrodes of a pH meter.
[0028] In one or more embodiments, the content of the
cationic polymer in the alkaline solution is 0.01% (W/V)
or more, 0.05% (W/V) or more, or 0.1% (W/V) or more
from the viewpoint of improving the accuracy of analysis,
and 10.0% (W/V) or less, 8.0% (W/V) or less, or 5.0%
(W/V) or less from the viewpoint of preventing an increase
in solution viscosity.

[Sample]

[0029] In one or more non-limiting embodiments, the
"sample" of the present disclosure may be, e.g., a sample
prepared from a sample material, or the sample material
itself. In one or more non-limiting embodiments, the sam-
ple material may be, e.g., a sample containing hemo-
globin, or a biological sample. In one or more non-limiting
embodiments, the biological sample may be, e.g., blood,
or a blood-derived material containing erythrocyte com-
ponents. The blood may be, e.g., blood sampled from a
living body, and examples of the same include, in one or
more non-limiting embodiments, blood of an animal,
blood of a mammal, and blood of a human. The blood-
derived material containing erythrocyte components may

be, e.g., a material that is separated or prepared from
blood and contains erythrocyte components, and exam-
ples of the same include, in one or more non-limiting em-
bodiments, a fraction of blood cells obtained by removing
plasma, a concentrate of blood cells, freeze-dried blood
or blood cells, a hemolyzed sample obtained by hemo-
lyzing whole blood, centrifuged blood, blood obtained
through spontaneous sedimentation, and washed blood
cells.

[Sample Analysis Method]

[0030] In one aspect, the present disclosure relates to
a method for analyzing a sample (hereinafter, also re-
ferred to as the "sample analysis method"). In one aspect,
the sample analysis method of the present disclosure
includes separating, in an alkaline solution containing a
cationic polymer, hemoglobin in a sample by capillary
electrophoresis. Further, in one aspect, the sample anal-
ysis method of the present disclosure includes introduc-
ing a sample into a capillary channel filled with a running
buffer; and applying a voltage to the whole or a part of
the capillary channel for capillary electrophoresis so as
to separate hemoglobin in the sample. The running buffer
is an alkaline solution containing a cationic polymer.
[0031] In one or more embodiments, the present dis-
closure can improve the separation accuracy of at least
one of HbS and HbA2. In one or more not particularly
limiting embodiments, the present disclosure can sepa-
rate at least one of HbS and HbA2 in a short time in a
small device, and preferably provide effects of improving
the separation accuracy and the separation speed of HbS
and HbA2.
[0032] In one or more embodiments, the separation of
hemoglobin includes separating at least one of HbS and
HbA2, and preferably includes separating HbS and
HbA2. Further, in one or more embodiments, the sepa-
ration of hemoglobin includes separating at least one of
HbS and HbA2, and at least one of HbF, HbC, HbD, and
HbE.
[0033] In one or more embodiments, the sample anal-
ysis method of the present disclosure includes separating
hemoglobin using a running buffer that is an alkaline so-
lution containing a cationic polymer.
[0034] In one or more embodiments, hemoglobin is
separated using a capillary channel. In one or more em-
bodiments, the capillary channel is a tube having an inner
diameter of 100 mm or less. The tube may have any cross-
sectional shape such as a circle or a rectangle. In one or
more embodiments, the length of the capillary channel
is 10 mm or more, or 20 mm or more, and 150 mm or
less, or 60 mm or less. In one or more embodiments, the
inner diameter of the capillary channel is 10 mm or more,
or 25 mm or more, and 100 mm or less, or 75 mm or less.
[0035] In one or more embodiments, the capillary
channel is preferably coated with a cationic substance
or an anionic substance. Such coating with a cationic
substance can positively charge the inner wall of the cap-
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illary channel, thereby easily causing an electroosmotic
flow that runs from the negative electrode side toward
the positive electrode side of the capillary channel. When
the capillary channel is coated with an anionic substance,
the capillary channel is negatively charged. However, the
cationic polymer contained in the alkaline solution is
bonded to the negatively-charged capillary channel, and
the inner wall of the capillary channel is positively
charged, thereby easily causing an electroosmotic flow
that runs from the negative electrode side toward the
positive electrode side of the capillary channel in the
same manner as described above. In one or more em-
bodiments, the sample analysis method of the present
disclosure includes causing a liquid flow from the nega-
tive electrode side toward the positive electrode side of
the capillary channel. In one or more embodiments, the
liquid flow is preferably an electroosmotic flow.
[0036] In one or more embodiments, the cationic sub-
stance may be, e.g., the above cationic polymer, or a
silane coupler having a cationic functional group. A pol-
ymer having a quaternary ammonium salt group is pre-
ferred from the viewpoint of improving the accuracy of
analysis.
[0037] In one or more embodiments, the anionic sub-
stance may be, e.g., polysaccharides having an anionic
group, or a silane coupler having an anionic functional
group. In one or more embodiments, examples of the
polysaccharides having an anionic group include sulfat-
ed polysaccharides, carboxylated polysaccharides, sul-
fonated polysaccharides, and phosphorylated polysac-
charides. In one or more non-limiting embodiments, ex-
amples of the sulfated polysaccharides include chondroi-
tin sulfate, heparin, heparan, fucoidan, and salts thereof.
Examples of the carboxylated polysaccharides include
alginic acid, hyaluronic acid, and salts thereof. When the
polysaccharide having an anionic group is a salt, exam-
ples of the counter ion include ions of an alkali metal, an
alkaline earth metal, an amine compound, and an organic
base. In one or more embodiments, examples of the salts
of carboxylated polysaccharides include sodium salt, po-
tassium salt, lithium salt, calcium salt, ammonium salt,
tris salt, arginine salt, lysine salt, histidine salt, trishy-
droxymethyl aminomethane salt, dimethylaminoethanol
salt, triethanolamine salt, diethanolamine salt, and cre-
atinine salt. In one or more non-limiting embodiments,
examples of the carboxylated polysaccharides include
alginic acid, and salts thereof (e.g., sodium alginate).
[0038] In one or more embodiments, the sample anal-
ysis method of the present disclosure is preferably con-
ducted using a capillary electrophoresis chip having a
microchipped capillary channel. In one or more embod-
iments, the electrophoresis chip has a length of 10 to 200
mm, a width of 1 to 60 mm, and a thickness of 0.3 to 5
mm, or a length of 30 to 70 mm, a width of 1 to 60 mm,
and a thickness of 0.3 to 5 mm. A non-limiting embodi-
ment of the capillary electrophoresis chip will be de-
scribed later.
[0039] In one or more embodiments, the sample anal-

ysis method of the present disclosure includes applying
a voltage to the whole or a part of the capillary channel
for capillary electrophoresis. In one or more embodi-
ments, the sample analysis method of the present dis-
closure includes bringing a negative electrode into con-
tact with the sample introduction side and applying a volt-
age thereto, and preferably includes bringing a negative
electrode and a positive electrode into contact with the
sample introduction side and the running buffer supply
side, respectively, and applying a voltage thereto.
[0040] In one or more embodiments, the sample is
preferably prepared using an alkaline solution containing
a cationic polymer from the viewpoint of improving the
separation accuracy. In one or more embodiments, the
sample analysis method of the present disclosure in-
cludes diluting the sample material using an alkaline so-
lution containing a cationic polymer so as to prepare the
sample. In one or more embodiments, the dilution rate
is 1.2 to 100 times, 2 to 60 times, or 3 to 50 times. When
the sample material contains an ion component in such
a concentration that the ion component may affect the
separation capability, in one or more embodiments, the
dilution rate is 2 to 1000 times, 5 to 300 times, or 10 to
200 times. In one or more embodiments, the composition
of the alkaline solution containing a cationic polymer used
for preparation of the sample may be the same or different
from that of the liquid (running buffer) to be filled in the
capillary channel.
[0041] In one or more embodiments, the alkaline so-
lution may include at least a non-detergent amphoteric
ionic substance, or a pH buffer substance, or a preserving
agent for preventing development of microorganisms,
etc. In one or more embodiments, examples of the pre-
serving agent include sodium azide, ethylparaben, and
proclin.
[0042] In one or more embodiments, the non-detergent
amphoteric ionic substance is preferably a substance not
having a pH buffer action, and more preferably a sub-
stance not exhibiting or practically not exhibiting a pH
buffer action at the pH of the electrophoresis condition,
from the viewpoint of improving the accuracy of analysis.
In one or more embodiments, the non-detergent ampho-
teric ionic substance is preferably a non-detergent
betaine, more preferably a non-detergent sulfobetaine or
a non-detergent carboxy betaine, further preferably a
non-detergent substance having a quaternary ammoni-
um cation and a sulfo group(-SO3-) or a carboxyl group
(-COO-) at sites not adjacent to each other in the same
molecule, and further more preferably a non-detergent
sulfobetaine (NDSB), from the viewpoint of improving the
accuracy of analysis. In one or more non-limiting embod-
iments, examples of the NDSB include NDSB-201 (3-(1-
Pyridinio)-1-propanesulfonate, C8H11NO3S), NDSB-211
(Dimethyl(2-hydroxyethyl)ammonium propane sul-
fonate, C7H17NO4S), NDSB-221 (3-(1-methylpiperidin-
1-ium-1-yl)propane-1- sulfonate, C9H19NO3S), NDSB-
195 (Dimethylethylammonium propane sulfonate,
C7H17NO3S), and NDSB-256 (Dimethylbenzylammoni-
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um propane sulfonate, C12H19NO3S).
[0043] In one or more non-limiting embodiments, the
pH buffer substance may be any substance that has a
pH buffer action at the pH of the electrophoresis condi-
tion. In one or more non-limiting embodiments, examples
of the pH buffer substance include BES (N,N-Bis(2-hy-
droxyethyl)-2-aminoethanesulfonic acid), MOPS (3-Mor-
pholinopropanesulfonic acid), TES (N-Tris(hydroxyme-
thyl)methyl-2-aminoethanesulfonic acid), HEPES
(2-[4-(2-Hydroxyethyl)-1-piperazinyl] ethanesulfonic ac-
id), TRICINE (N-[Tris(hydroxymethyl)methyl]glycine),
PIPES (Piperazine-1,4-bis(2-ethanesulfonic acid)),
POPSO (Piperazine-1,4-bis(2-hydroxy-3-propanesul-
fonic acid), dihydrate), carbonic acid, phosphoric acid,
boric acid, glycine, alanine, leucine, arginine, lysine, his-
tidine, taurine, aspartic acid, asparagine, hydroxyproline,
proline, threonine, serine, glutamic acid, glutamine, va-
line, cysteine, methionine, isoleucine, leucine, tyrosine,
phenylalanine, ornithine, tryptophan, trishydroxymethyl-
aminomethane, dimethylaminoethanol, triethanolamine,
diethanolamine, monoethanolamine, N-methylamino
ethanol, creatinine, imidazole, barbital, ammonia, ethyl-
amine, diethylamine, and triethylamine. In one or more
non-limiting embodiments, examples of the other pH buff-
er substances include diamine compounds such as 1,4-
diaminobutane.
[0044] In one or more embodiments, the sample anal-
ysis method of the present disclosure includes detecting
fractions of hemoglobin separated by capillary electro-
phoresis. In one or more embodiments, the detection can
be conducted by detecting fractions of hemoglobin sep-
arated by capillary electrophoresis using an optical proc-
ess. The detection using an optical process may be, e.g.,
a measurement of absorbance. In one or more embodi-
ments, the wavelength of the absorbance may be, e.g.,
415 nm.
[0045] In one or more embodiments, the sample anal-
ysis method of the present disclosure may further include
analyzing an electropherogram obtained by an optical
process. When separating (conducting capillary electro-
phoresis) sample components while sampling continu-
ously, it is difficult to individually identify each hemoglobin
in the sample based on the obtained electropherogram.
However, by an analysis operation of the electrophero-
gram, each hemoglobin in the sample can be separated
and analyzed individually. This analysis operation of the
electropherogram may include: conducting an operation
on the electropherogram to obtain electropherograms
that are separated based on the mobility (separation
time); and determining the proportion of components of
the hemoglobin in the sample on the basis of the height
and/or area of each peak of the obtained electrophero-
gram. Examples of the operation include differential op-
eration and difference operation.
[0046] In one aspect, the present disclosure relates to
a method for measuring hemoglobin in a sample, includ-
ing measuring hemoglobin in the sample using the sam-
ple analysis method of the present disclosure. The sam-

ple is as described above. In one or more non-limiting
embodiments, the measurement method of the present
disclosure includes measuring at least one of HbS and
HbA2, the HbS serving as an indicator of hemoglobinop-
athy and HbA2 serving as an indicator of β thalassemia.
Therefore, in another aspect, the present disclosure re-
lates to a method for measuring hemoglobin, including
measuring at least one of HbS and HbA2 using the sam-
ple analysis method of the present disclosure. Preferably,
the measurement method of the present disclosure is a
method including separating and measuring HbS and
HbA2 using the sample analysis method of the present
disclosure, from the viewpoint of simultaneously diag-
nosing β thalassemia and hemoglobinopathy.

[Capillary Electrophoresis Solution]

[0047] In one aspect, the present disclosure relates to
a capillary electrophoresis solution that is alkaline and
contains a cationic polymer and water. In the present
disclosure, in one or more embodiments, the term "cap-
illary electrophoresis solution" refers to a solution filling
a capillary channel in capillary electrophoresis. In one or
more embodiments, the capillary electrophoresis solu-
tion of the present disclosure may be used as a solution
for preparing the sample. In one or more embodiments,
the capillary electrophoresis solution of the present dis-
closure can be used for the sample analysis method of
the present disclosure, contributing to the improvement
of the accuracy of analysis of the sample, and preferably
contributing to the improvement of the accuracy of anal-
ysis and the shortening of the measurement time.
[0048] The capillary electrophoresis solution of the
present disclosure may be the above alkaline solution
containing a cationic polymer.

[Sample Analysis Kit]

[0049] In one aspect, the present disclosure relates to
a sample analysis kit, including: a container containing
the capillary electrophoresis solution of the present dis-
closure; and a capillary electrophoresis chip. In the sam-
ple analysis kit of the present disclosure, the capillary
electrophoresis chip has a sample reservoir, a running
buffer reservoir, and a capillary channel connecting the
sample reservoir and the running buffer reservoir. In one
or more embodiments, the sample analysis kit of the
present disclosure can be used for the sample analysis
method of the present disclosure, contributing to the im-
provement of the accuracy of analysis of the sample, and
preferably contributing to the improvement of the accu-
racy of analysis and the shortening of the measurement
time. The explanations and embodiments of the capillary
electrophoresis solution, the capillary channel, and the
capillary electrophoresis chip are as described above.
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[Sample Analysis System]

[0050] In one aspect, the present disclosure relates to
a sample analysis system using a capillary electrophore-
sis chip, including: a holding portion that holds a container
containing the capillary electrophoresis solution of the
present disclosure and a capillary electrophoresis chip;
a power supply portion that applies a voltage to the cap-
illary electrophoresis chip; and a control portion that con-
trols switching of the polarity of a voltage applied to the
capillary electrophoresis chip.
[0051] Hereinafter, a non-limiting embodiment of the
sample analysis method of the present disclosure will be
described.

(Embodiment 1)

[0052] The following exemplifies a case in which a cap-
illary electrophoresis chip shown in FIGS. 1A and 1B is
used and whole blood is used as a sample material.
[0053] FIGS. 1A and 1B are schematic diagrams show-
ing one or more non-limiting embodiments of the config-
uration of the capillary electrophoresis chip used in the
sample analysis method of the present disclosure. FIG
1A is a top view showing an embodiment of a capillary
electrophoresis chip. FIG. 1B is a cross-sectional view
of the electrophoresis chip shown in FIG. 1A.
[0054] The capillary electrophoresis chip shown in
FIGS. 1A and B has a capillary channel 10, a sample
reservoir 11, and a running buffer reservoir 12. The cap-
illary channel 10 connects the sample reservoir 11 and
the running buffer reservoir 12. A detecting portion 13 is
formed in the capillary channel 10. The length and the
inner diameter of the capillary channel 10 as well as the
size of the capillary electrophoresis chip are as described
above.
[0055] The capacity of each of the sample reservoir 11
and the running buffer reservoir 12 is determined appro-
priately in accordance with the inner diameter, the length,
etc., of the capillary channel 10. In one or more embod-
iments, the each capacity is in the range from 1 to 1000
mm3, and preferably from 5 to 100 mm3. Each of the
sample reservoir 11 and the running buffer reservoir 12
may be provided with an electrode for applying a voltage
to both ends of the capillary channel 10.
[0056] The position for the measurement, i.e., the
length required for separation (the distance from the sam-
ple reservoir 11 to the detecting portion 13, "x" in FIG.
1A), can be determined suitably on the basis of the length
of the capillary channel 10, etc. When the length of the
capillary channel 10 (x+y in FIG. 1A) is in the range from
10 to 150 mm, the distance (x) to the detecting portion
13 is in the range from 5 to 140 mm, 10 to 100 mm, or
15 to 50 mm.
[0057] The material of the capillary channel 10 may
be, e.g., glass, fused silica, or plastic. Examples of the
plastic include polymethyl methacrylate (PMMA), poly-
carbonate, polystyrene, polytetrafluoroethylene (PTFE),

and polyetheretherketone (PEEK).
[0058] The capillary channel 10 may be a commercially
available capillary. The capillary electrophoresis chip
may be a commercially available chip for HbA1c.
[0059] The following describes an exemplary sample
analysis method using the capillary electrophoresis chip
shown in FIGS. 1A and 1B.
[0060] First, the running buffer reservoir 12 of the cap-
illary electrophoresis chip is filled with the capillary elec-
trophoresis solution of the present disclosure (the alka-
line aqueous solution containing a cationic polymer) as
a running buffer so that the capillary channel 10 is filled
with the running buffer by capillary action.
[0061] Next, a sample is placed in the sample reservoir
11 of the capillary electrophoresis chip filled with the run-
ning buffer.
[0062] The sample to be placed in the sample reservoir
11 can be prepared by diluting whole blood as a sample
material with the capillary electrophoresis solution of the
present disclosure.
[0063] Then, a negative electrode and a positive elec-
trode are brought into contact with the sample reservoir
11 and the running buffer reservoir 12, respectively, and
a voltage is applied to both ends of the capillary channel
10, i.e., between the sample reservoir 11 and the running
buffer reservoir 12. Thereby, the sample including hemo-
globin is introduced from the sample reservoir 11 to the
capillary channel 10, and hemoglobin is separated while
the sample moves from the sample reservoir 11 toward
the running buffer reservoir 12. In one or more non-lim-
iting embodiments, the voltage to be applied to the both
ends of the capillary channel 10 is in the range from 500
to 10000V, or 500 to 5000V.
[0064] Thereafter, a measurement is conducted at a
detecting portion 13. For example, the measurement can
be conducted by an optical process such as measure-
ment of absorbance at a wavelength of 415 nm.
[0065] By the analysis as described above, it is possi-
ble to measure hemoglobin, and preferably it is possible
to separate and measure HbS and/or HbA2. Further-
more, by the analysis operation of the obtained electro-
pherogram, it is possible to measure, e.g., the rate (%)
and the amount of each hemoglobin separated. There-
fore, the sample analysis method of the present disclo-
sure can be utilized for the prevention, diagnosis, treat-
ment, etc., of hemoglobinopathy and β thalassemia.
[0066] The present disclosure can relate to one or
more embodiments described below.

[1] A method for analyzing a sample, including sep-
arating hemoglobin in the sample by capillary elec-
trophoresis,
wherein the separation of hemoglobin is conducted
in an alkaline solution containing a cationic polymer.
[2] A method for analyzing a sample, including:

introducing a sample into a capillary channel
filled with a running buffer; and
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applying a voltage to a whole or a part of the
capillary channel for capillary electrophoresis so
as to separate hemoglobin in the sample,
wherein the running buffer is an alkaline solution
containing a cationic polymer.

[3] The method for analyzing a sample according to
[1] or [2], further including preparing the sample us-
ing an alkaline solution containing a cationic poly-
mer.
[4] The method for analyzing a sample according to
any one of [1] to [3], wherein the cationic polymer
includes at least one selected from the group con-
sisting of primary, secondary and tertiary amino
groups, an imino group, a quaternary ammonium salt
group, a hydrazide group, and a combination thereof.
[5] The method for analyzing a sample according to
any one of [1] to [4], wherein a pH of the alkaline
solution is in a range from 7.5 to 12.0.
[6] The method for analyzing a sample according to
any one of [1] to [5], wherein the alkaline solution
further includes one selected from the group consist-
ing of a non-detergent amphoteric ionic substance,
a pH buffer substance, and a combination thereof.
[7] The method for analyzing a sample according to
any one of [2] to [6], wherein a cationic substance or
an anionic substance is bound to the capillary chan-
nel.
[8] The method for analyzing a sample according to
any one of [2] to [7], further including causing a liquid
flow from a negative electrode side toward a positive
electrode side in the capillary channel.
[9] The method for analyzing a sample according to
any one of [2] to [8], further including bringing a neg-
ative electrode into contact with a sample introduc-
tion side and applying a voltage thereto.
[10] A capillary electrophoresis solution for hemo-
globin separation analysis that is alkaline and con-
tains a cationic polymer and water.
[11] The capillary electrophoresis solution according
to [10], wherein the cationic polymer includes at least
one selected from the group consisting of primary,
secondary and tertiary amino groups, an imino
group, a quaternary ammonium salt group, a hy-
drazide group, and a combination thereof.
[12] The capillary electrophoresis solution according
to [10] or [11], further including one selected from
the group consisting of a non-detergent amphoteric
ionic substance, a pH buffer substance, and a com-
bination thereof.
[13] A sample analysis kit, including:

a container containing the capillary electro-
phoresis solution according to any one of [10]
to [12]; and
an electrophoresis chip having a sample reser-
voir, a running buffer reservoir, and a capillary
channel connecting the sample reservoir and

the running buffer reservoir.

[0067] Hereinafter, the present disclosure will be de-
scribed further based on examples and comparative ex-
amples. However, the present disclosure is not limited
to the following examples.

EXAMPLES

(Example 1)

<Preparation of Electrophoresis Solution>

[0068] An electrophoresis solution 1 was prepared by
adding the following substances to pure water.

[Electrophoresis Solution 1]

[0069]

1.0% (W/V) polyethyleneimine (manufactured by
Wako Pure Chemical Industries, Ltd., weight-aver-
age molecular weight: 70000)
0.02% (W/V) sodium azide
500 mM NDSB-201 (non-detergent sulfobetain,
3-(1-pyridinio)-1-propanesulfonate)
3-hydroxypropanesulfonic acid (for pH adjustment)
pH 9.0

<Hemoglobin Sample>

[0070] Two kinds of the following hemoglobin samples
were prepared:

• whole blood derived from β thalassemia patients not
containing HbS; and

• control specimen containing HbA, HbA2, HbS, and
HbF (manufactured by Bio-Rad Laboratories, Inc.).

<Separation Device and Measurement Device>

[0071] A resin chip having the capillary channel 10
structured as shown in FIGS. 1A and 1B was used as a
separation device (channel: width 40 mm, height 40 mm,
length 30 mm, separation length 20 mm). The capacity
of each of the sample reservoir 11 and the running buffer
reservoir 12 was 10 mL. The inner wall of the capillary
channel was coated with polydiallyl dimethylammonium
chloride.
[0072] An electrophoresis device manufactured by
ARKRAY, Inc. was used as a measurement device.

<Capillary Electrophoresis>

[0073] The capillary electrophoresis was conducted by
a continuous sample introducing method in the proce-
dure described below.
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1. 9 mL of the electrophoresis solution 1 was added
to the running buffer reservoir 12 of the chip, so that
the capillary channel 10 was filled with the electro-
phoresis solution 1.
2. 9 mL of the sample diluted 41 times with the elec-
trophoresis solution 1 was added to the sample res-
ervoir 11 of the chip.
3. A negative electrode and a positive electrode were
brought into contact with the sample reservoir 11 and
the running buffer reservoir 12, respectively, and a
voltage of 1000 V was applied thereto so as to start
electrophoresis.
4. Absorbance at 415 nm was measured at the de-
tecting portion 13 so as to obtain an electrophero-
gram. The electrophoresis was conducted for 60
seconds.

[0074] FIGS. 2A and 2B show the results. FIG. 2A is
the result obtained using the whole blood derived from β
thalassemia patients, and FIG. 2B is the result obtained
using the control specimen.
[0075] As shown in FIGS. 2A and 2B, in both of the
samples, the alkaline electrophoresis solution containing
polyethyleneimine allowed separation of HbA2, HbS,
HbA, and HbF within 60 seconds with an effective cap-
illary length of 20 mm.

(Example 2)

[0076] The measurement was conducted in the same
manner as in Example 1 except that an electrophoresis
solution 2 below was added to the running buffer reservoir
12 instead of the electrophoresis solution 1, an electro-
phoresis solution 3 below was used to dilute the sample
instead of the electrophoresis solution 1, and the meas-
urement time was 75 seconds.

[Electrophoresis Solution 2]

[0077]

1.0% (W/V) polyallylamine (manufactured by NIT-
TOBO MEDICAL CO., LTD., weight-average molec-
ular weight: 25000)
0.02% (W/V) sodium azide
500 mM NDSB-201
3-hydroxypropanesulfonic acid (for pH adjustment)
pH 9.8

[Electrophoresis Solution 3]

[0078]

1.0% (W/V) polyallylamine (manufactured by NIT-
TOBO MEDICAL CO., LTD., weight-average molec-
ular weight: 25000)
0.02% (W/V) sodium azide
3-hydroxypropanesulfonic acid (for pH adjustment)

pH 9.8

[0079] FIGS. 3A and 3B show the results. FIG. 3A is
the result obtained using the whole blood derived from β
thalassemia patients, and FIG. 3B is the result obtained
using the control specimen.
[0080] As shown in FIGS. 3A and 3B, in both of the
samples, the alkaline electrophoresis solution containing
polyallylamine allowed separation of HbA2, HbS, HbA,
and HbF within 75 seconds with an effective capillary
length of 20 mm.

(Example 3)

[0081] The measurement was conducted in the same
manner as in Example 1 except that an electrophoresis
solution 4 below was used instead of the electrophoresis
solution 1, the applied voltage was 1500 V, and the meas-
urement time was 45 seconds. The control specimen of
Example 1 was used as a hemoglobin sample.

[Electrophoresis Solution 4]

[0082]

100 mM arginine
1.0% (W/V) polyL-lysine hydrochloride (manufac-
tured by PEPTIDE INSTITUTE, INC., weight-aver-
age molecular weight: 8000 or more)
0.02% (W/V) sodium azide
3-hydroxypropanesulfonic acid (for pH adjustment)
pH 9.8

[0083] FIG. 4 shows the results. As shown in FIG. 4,
the alkaline electrophoresis solution containing polyL-
lysine allowed separation of HbA2, HbS, HbA, and HbF
within 45 seconds with an effective capillary length of 20
mm.

(Example 4)

[0084] The measurement was conducted in the same
manner as in Example 3 except that an electrophoresis
solution 5 below was used instead of the electrophoresis
solution 4, and the measurement time was 80 seconds.

[Electrophoresis Solution 5]

[0085]

100 mM arginine
0.25% (W/V) polyethyleneimine (manufactured by
Wako Pure Chemical Industries, Ltd., weight-aver-
age molecular weight: 1800)
0.75% (W/V) polyallylamine (manufactured by NIT-
TOBO MEDICAL CO., LTD., weight-average molec-
ular weight: 150000)
3-hydroxypropanesulfonic acid (for pH adjustment)
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pH 9.8

[0086] FIG. 5 shows the results. As shown in FIG. 5,
the alkaline electrophoresis solution containing polyeth-
yleneimine and polyallylamine allowed separation of
HbA2, HbS, HbA, and HbF within 70 seconds with an
effective capillary length of 20 mm.

(Comparative Example 1)

[0087] The measurement was conducted in the same
manner as in Example 1 except that an electrophoresis
solution 6 below was used instead of the electrophoresis
solution 1, the applied voltage was 1500 V, and the meas-
urement time was 70 seconds. The control specimen of
Example 1 was used as a hemoglobin sample.

[Electrophoresis Solution 6]

[0088]

20 mM MES
1.0% (W/V) polyethyleneimine (manufactured by
Wako Pure Chemical Industries, Ltd., weight-aver-
age molecular weight: 70000)
0.02% (W/V) sodium azide
3-hydroxypropanesulfonic acid (for pH adjustment)
pH 6.0

[0089] FIG. 6 shows the results. As shown in FIG. 6,
it was confirmed that none of HbA2, HbS, HbA, and HbF
were separated by the electrophoresis solution (pH 6.0)
that contained polyethyleneimine as a cationic polymer
but was not alkaline.

(Comparative Example 2)

[0090] The measurement was conducted in the same
manner as in Comparative Example 1 except that an
electrophoresis solution 7 below was used instead of the
electrophoresis solution 1, and a positive electrode was
brought into contact with the sample reservoir 11 and a
negative electrode was brought into contact with the run-
ning buffer reservoir 12.

[Electrophoresis Solution 7]

[0091]

100 mM arginine
1.0% (W/V) chondroitin sulfate C sodium (manufac-
tured by Wako Pure Chemical Industries, Ltd.)
0.02% (W/V) sodium azide
3-hydroxypropanesulfonic acid (for pH adjustment)
pH 9.8

[0092] FIG. 7 shows the results. As shown in FIG. 7,
it was confirmed that none of HbA2, HbS, HbA, and HbF

were separated by the electrophoresis solution contain-
ing an anionic polymer instead of a cationic polymer.
[0093] The invention may be embodied in other forms
without departing from the essential characteristics
thereof. The embodiments disclosed in this application
are to be considered in all respects as illustrative and not
limiting. The scope of the invention is indicated by the
appended claims rather than by the foregoing descrip-
tion, and all changes which come within the meaning and
range of equivalency of the claims are intended to be
embraced therein.

Claims

1. A method for analyzing a sample, comprising sepa-
rating at least one of HbS and HbA2 fractions of he-
moglobin in the sample by capillary electrophoresis,
wherein the separation of hemoglobin is conducted
in an alkaline solution, wherein the pH of the alkaline
solution is in a range from 7.5 to 12.0, characterised
in that the alkaline solution contains 0.01 % W/V to
10.0 % W/V cationic polymer.

2. The method for analyzing a sample according to
claim 1, comprising:

introducing the sample into a capillary channel
filled with a running buffer; and
applying a voltage to a whole or a part of the
capillary channel for capillary electrophoresis so
as to separate at least one of HbS and HbA2
fractions of hemoglobin in the sample,
wherein the running buffer is the alkaline solu-
tion containing a cationic polymer as defined in
claim 1.

3. The method for analyzing a sample according to
claim 1 or 2, further comprising preparing the sample
using an alkaline solution containing a cationic pol-
ymer.

4. The method for analyzing a sample according to any
one of claims 1 to 3, wherein the cationic polymer
includes at least one selected from the group con-
sisting of primary, secondary and tertiary amino
groups, an imino group, a quaternary ammonium salt
group, a hydrazide group, and a combination thereof.

5. The method for analyzing a sample according to any
one of claims 1 to 4, wherein the alkaline solution
further includes one selected from the group consist-
ing of a non-detergent amphoteric ionic substance,
a pH buffer substance, and a combination thereof.

6. The method for analyzing a sample according to any
one of claims 2 to 5, wherein a cationic substance
or an anionic substance is bound to the capillary
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channel and wherein the cationic substance is se-
lected from the group consisting of a cationic poly-
mer, a silane coupler having a cationic functional
group, and a polymer having a quaternary ammoni-
um salt group.

7. The method for analyzing a sample according to any
one of claims 2 to 6, further comprising causing an
electroosmotic flow from a negative electrode side
toward a positive electrode side of the capillary chan-
nel.

8. The method for analyzing a sample according to any
one of claims 2 to 7, further comprising bringing a
negative electrode into contact with a sample intro-
duction side of the capillary channel and applying a
voltage thereto.

9. The method for analyzing a sample according to any
one of claims 1 to 8, wherein the sample is a biolog-
ical sample.

10. The method for analyzing a sample according to
claim 9, wherein the sample is blood or a blood-de-
rived material containing erythrocyte components.

11. A capillary electrophoresis solution for separating at
least one of HbS and HbA2 fractions of hemoglobin
that is alkaline, and wherein the pH of the solution
is in a range from 7.5 to 12.0, characterised in that
the solution contains 0.01 % W/V to 10.0 % W/V
cationic polymer and water.

12. The capillary electrophoresis solution according to
claim 11, wherein the cationic polymer includes at
least one selected from the group consisting of pri-
mary, secondary and tertiary amino groups, an imino
group, a quaternary ammonium salt group, a hy-
drazide group, and a combination thereof.

13. The capillary electrophoresis solution according to
claim 11 or 12, further including one selected from
the group consisting of a non-detergent amphoteric
ionic substance, a pH buffer substance, and a com-
bination thereof.

14. A sample analysis kit, comprising:

a container containing the capillary electro-
phoresis solution according to any one of claims
11 to 13; and
an electrophoresis chip having a sample reser-
voir, a running buffer reservoir, and a capillary
channel connecting the sample reservoir and
the running buffer reservoir.

Patentansprüche

1. Verfahren zur Analyse einer Stichprobe, umfassend
die Separation von mindestens einem der HbS- und
HbA2-Anteile von Hämoglobin in der Stichprobe
durch Kapillarelektrophorese,
wobei die Separation von Hämoglobin in einer alka-
lischen Lösung durchgeführt wird, wobei der pH-
Wert der alkalischen Lösung in einem Bereich zwi-
schen 7,5 und 12,0 liegt, dadurch gekennzeichnet,
dass die alkalische Lösung 0,01% W/V bis 10,0%
W/V kationisches Polymer enthält.

2. Verfahren zur Analyse einer Stichprobe nach An-
spruch 1, umfassend:

Einbringen der Stichprobe in einen Kapillarka-
nal, der mit einem Laufpuffer gefüllt ist; und
Anlegen von Spannung an den ganzen oder ei-
nen Teil des Kapillarkanals für die Kapillarelek-
trophorese, um so mindestens einen der HbS-
und HbA2-Anteile von Hämoglobin in der Stich-
probe zu separieren,
wobei der Laufpuffer die alkalische Lösung ist,
die ein kationisches Polymer enthält, nach An-
spruch 1.

3. Verfahren zur Analyse einer Stichprobe nach An-
spruch 1 oder 2, weiter umfassend die Vorbereitung
der Stichprobe mit einer alkalischen Lösung, die ein
kationisches Polymer enthält.

4. Verfahren zur Analyse einer Stichprobe nach einem
der Ansprüche 1 bis 3, wobei das kationische Poly-
mer mindestens eine aufweist, die ausgewählt ist
aus der Gruppe, die aus primären, sekundären und
tertiären Aminogruppen, einer Iminogruppe, einer
quartären Ammoniumsalzgruppe, einer Hydrazid-
gruppe und einer Kombination davon besteht.

5. Verfahren zur Analyse einer Stichprobe nach einem
der Ansprüche 1 bis 4, wobei die alkalische Lösung
weiter eine aufweist, die ausgewählt ist aus der
Gruppe, die aus einer detergensfreien amphoteren
ionischen Substanz, einer pH-Puffersubstanz und
einer Kombination davon besteht.

6. Verfahren zur Analyse einer Stichprobe nach einem
der Ansprüche 2 bis 5, wobei eine kationische Sub-
stanz oder eine anionische Substanz an den Kapil-
larkanal gebunden ist und wobei die kationische
Substanz aus der Gruppe ausgewählt ist, die aus
einem kationischen Polymer, einem Silanverbinder
mit einer kationischen Funktionsgruppe und einem
Polymer mit einer, quartären Ammoniumsalzgruppe
besteht.

7. Verfahren zur Analyse einer Stichprobe nach einem
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der Ansprüche 2 bis 6, weiter umfassend das Aus-
lösen eines elektroosmotischen Flusses von der Sei-
te einer negativen Elektrode zur Seite der positiven
Elektrode des Kapillarkanals.

8. Verfahren zur Analyse einer Stichprobe nach einem
der Ansprüche 2 bis 7, weiter umfassend das Her-
stellen des Kontakts einer negativen Elektrode mit
einer Seite des Kapillarkanals, an der die Stichprobe
eingebracht wird und das Anlegen von Spannung
daran.

9. Verfahren zur Analyse einer Stichprobe nach einem
der Ansprüche 1 bis 8, wobei die Stichprobe eine
biologische Stichprobe ist.

10. Verfahren zur Analyse einer Stichprobe nach An-
spruch 9, wobei die Stichprobe Blut oder ein aus Blut
gewonnenes Material, das Erythrozytbestandteile
enthält, ist.

11. Kapillarelektrophoreselösung zur Separation von
mindestens einem der HbS- und HbA2-Anteile von
Hämoglobin, der alkalisch ist und wobei der pH-Wert
der Lösung in einem Bereich zwischen 7,5 und 12,0
liegt, dadurch gekennzeichnet, dass die Lösung
0,01 % W/V bis 10,0 % W/V kationisches Polymer
und Wasser enthält.

12. Kapillarelektrophoreselösung nach Anspruch 11,
wobei das kationische Polymer mindestens eine auf-
weist, die ausgewählt ist aus der Gruppe, die aus
primären, sekundären und tertiären Aminogruppen,
einer Iminogruppe, einer quartären Ammoniumsalz-
gruppe, einer Hydrazidgruppe und einer Kombinati-
on davon besteht.

13. Kapillarelektrophoreselösung nach Anspruch 11
oder 12, weiter umfassend eine, die ausgewählt ist
aus der Gruppe, die aus einer detergensfreien am-
photeren ionischen Substanz, einer pH-Puffersub-
stanz und einer Kombination davon besteht.

14. Stichproben-Analysekit, umfassend:

einen Behälter, der die Kapillarelektrophore-
selösung nach einem der Ansprüche 11 bis 13
enthält; und
einen Elektrophoresechip mit einem Stichpro-
benreservoir, einem Laufpufferreservoir und ei-
nem Kapillarkanal, der das Stichprobenreser-
voir und das Laufpufferreservoir verbindet.

Revendications

1. Procédé d’analyse d’un échantillon, comprenant une
séparation d’au moins une de fractions d’hémoglo-

bine HbS et HbA2 dans l’échantillon par électropho-
rèse capillaire,
dans lequel la séparation d’hémoglobine est condui-
te dans une solution alcaline, dans lequel le pH de
la solution alcaline est dans une gamme de 7,5 à
12,0, caractérisé en ce que la solution alcaline con-
tient de 0,01% P/V à 10,0% P/V de polymère catio-
nique.

2. Procédé d’analyse d’un échantillon selon la reven-
dication 1, comprenant :

une introduction de l’échantillon dans un canal
capillaire rempli d’un tampon de migration ; et
une application d’une tension à l’ensemble ou
une partie du canal capillaire pour de l’électro-
phorèse capillaire de manière à séparer au
moins une de fractions d’hémoglobine HbS et
HbA2 dans l’échantillon,
dans lequel le tampon de migration est la solu-
tion alcaline contenant un polymère cationique
telle que définie dans la revendication 1.

3. Procédé d’analyse d’un échantillon selon la reven-
dication 1 ou 2, comprenant en outre une préparation
de l’échantillon en utilisant une solution alcaline con-
tenant un polymère cationique.

4. Procédé d’analyse d’un échantillon selon l’une quel-
conque des revendications 1 à 3, dans lequel le po-
lymère cationique inclut au moins un élément sélec-
tionné parmi le groupe consistant en des groupes
amino primaire, secondaire et tertiaire, un groupe
imino, un groupe de sel d’ammonium quaternaire,
un groupe hydrazide, et une combinaison de ceux-ci.

5. Procédé d’analyse d’un échantillon selon l’une quel-
conque des revendications 1 à 4, dans lequel la so-
lution alcaline inclut en outre un élément sélectionné
parmi le groupe consistant en une substance ionique
amphotère non détergente, une substance tampon
de pH, et une combinaison de celles-ci.

6. Procédé d’analyse d’un échantillon selon l’une quel-
conque des revendications 2 à 5, dans lequel une
substance cationique ou une substance anionique
est liée au canal capillaire et dans lequel la substan-
ce cationique est sélectionnée parmi le groupe con-
sistant en un polymère cationique, un agent de cou-
plage au silane présentant un groupe fonctionnel ca-
tionique, et un polymère présentant un groupe de
sel d’ammonium quaternaire.

7. Procédé d’analyse d’un échantillon selon l’une quel-
conque des revendications 2 à 6, comprenant en
outre provoquer un flux électro-osmotique depuis un
côté d’électrode négative vers un côté d’électrode
positive du canal capillaire.
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8. Procédé d’analyse d’un échantillon selon l’une quel-
conque des revendications 2 à 7, comprenant en
outre une mise en contact d’une électrode négative
avec un côté d’introduction d’échantillon du canal
capillaire et une application d’une tension sur celle-
ci.

9. Procédé d’analyse d’un échantillon selon l’une quel-
conque des revendications 1 à 8, dans lequel
l’échantillon est un échantillon biologique.

10. Procédé d’analyse d’un échantillon selon la reven-
dication 9, dans lequel l’échantillon est du sang ou
un matériau dérivé du sang contenant des compo-
sants érythrocytes.

11. Solution d’électrophorèse capillaire pour séparer au
moins une de fractions d’hémoglobine HbS et HbA2
qui est alcaline, et dans laquelle le pH de la solution
est dans une gamme de 7,5 à 12,0, caractérisée
en ce que la solution contient de 0,01 % P/V à 10,0
% P/V de polymère cationique et d’eau.

12. Solution d’électrophorèse capillaire selon la reven-
dication 11, dans laquelle le polymère cationique in-
clut au moins un élément sélectionné parmi le grou-
pe consistant en des groupes amino primaire, se-
condaire et tertiaire, un groupe imino, un groupe de
sel d’ammonium quaternaire, un groupe hydrazide,
et une combinaison de ceux-ci.

13. Solution d’électrophorèse capillaire selon la reven-
dication 11 ou 12, incluant en outre un élément sé-
lectionné parmi le groupe consistant en une subs-
tance ionique amphotère non détergente, une subs-
tance tampon de pH, et une combinaison de celles-
ci.

14. Kit d’analyse d’échantillons, comprenant :

un récipient contenant la solution d’électropho-
rèse capillaire selon l’une quelconque des re-
vendications 11 à 13 ; et
une puce d’électrophorèse présentant un réser-
voir d’échantillons, un réservoir de tampons de
migration, et un canal capillaire reliant le réser-
voir d’échantillons et le réservoir de tampons de
migration.
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